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Abstract  

Energy is required for development because it facilitates production and makes day to day activity 
less cumbersome. The industrial revolution and the progress after that would not have been 
possible without increased energy use. Issues related to energy use in developing countries are 
complicated. These countries use energy derived mostly from non-renewable sources such as 
petroleum, coal and inefficient fuels like firewood, and biomass. Thus, energy use leads to 
environmental pollution. Hence, policy measures aimed at the development imperative may conflict 
with policies relating to conserving the environment. Against this background, the paper tries to 
examine the relationship between energy use and development at the macro and micro levels and 
how energy use affects the environment. This study is exploratory and relies on traditional literature 
review. Our study relates to nonrenewable energy sources in the context of developing countries. 
We find that there is no uniformity of results in the relationship between energy use, development 
and the state of the environment. We recommend further studies to ascertain the causes of such 
inconclusiveness. At the household level, people are deprived of the assured and adequate supply 
of efficient fuels for domestic use. Hence, policy measures should strive to ensure ease of access to 
reliable and affordable energy sources as development proceeds. 
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Introduction 

Humankind has been using energy since the 
beginning of life on earth. The primary source of 
energy for our predecessors was the sun which 
supplied energy directly or indirectly. In the 
course of time, humans could learn the use of 
other renewable and non-renewable energy 
sources on earth. Energy as a ‘good’ refers to 
different types of energy sources, including both 
renewable and non-renewable for the supply of 
power, necessary for the desired action. 
However, ‘energy-as-a-service’ refers to an 
emerging business model which deals with the 
management of customer’s energy portfolio and 
related issues. Our study refers to the use of 
nonrenewable energy, which is used for 
industrial, commercial and domestic purposes. 

With the advancement of mechanisation, energy 
consumption increases.  It has been predicted 
that world energy consumption will grow by 30 
per cent until 2040 (IEA, 2017).  The significant 
share of this demand is likely to come from 
developing countries due to their professed goal 
of achieving higher levels of income, 
employment and socio-economic well being. It 
has been observed that developing countries can 
experience an improvement in their standard of 
living with increased energy use (Arto et al., 
2016).   

Although energy is crucial for development, 
mainstream economists have not given due 
recognition to energy consumption (Stern, 
2014). They consider land, labour, capital and 
enterprise as primary factors of production. 
Energy goods have been considered as 
intermediary inputs in the production process. 
However, it is difficult to ignore the role of 
energy in the production process and allied 
economic activity if the laws of thermodynamics 
are taken into consideration. The first law of 
thermodynamics states that energy can neither 
be created nor destroyed.    Energy has two 
components ‘exergy’ and ‘anergy’. Exergy is a 
useful part of the energy which may be utilised 
for production.  The residual from this process is 

                                                           
1 The entropy of a system is measured by the temperature per unit which is lost while using energy 

called anergy.   According to the second law of 
thermodynamics, the transformation of matter 
requires a minimum quantity of energy.  As 
energy is transformed from one matter to 
another, the entropy or disorder increases in a 
closed system. Therefore, the production 
process has to use low entropy energy and 
discard high entropy materials like wastes into 
the evironmnent.1 Since exergy is wholly 
exhausted in the production process like any 
other factor, it should be considered  a factor of 
production (Kummel et al., 2010; Ayres, 1998). 
The fact that all energy cannot be recycled to get 
back the original quantum of energy implies that 
in a closed system, the increased use of energy 
may be unsustainable in the future. Ecological 
economists have given due importance to the 
sustainable use of energy in economic growth 
and development. 

Against these backdrops, this research  seeks to 
explore the issue of energy use in developing 
countries. It discusses the issue of energy 
consumption and its relation to the environment 
and development. The use of energy is an 
essential issue because it is positively related to 
growth and pollution. To the best of our 
knowledge, the present study, based on an 
extensive survey of existing literature, is the first 
to examine the relationship between energy use, 
development and the environment, looking 
simultaneously at the macro and micro levels, in 
the setting of developing country experience. 

The structure of the paper is as follows. The next 
section describes the review plan. The 
subsequent, section discusses the relationship 
between energy use and economic growth at the 
macro level. This section reviews studies related 
to developing countries. Following this, it 
explores the relationship between energy use 
and growth of income at the household level. 
This is followed by section where we discuss the 
relationship between energy use and the 
environment. The last section winds up the 
discussion with concluding remarks.  
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Review Plan  

This research is exploratory in nature, which tries 
to investigate the experiences of developing 
countries in the arena of energy use. Thus, we 
gain a broad understanding of the topic in 
exploratory research. The literature review is a 
research method which is commonly used in an 
exploratory study. Such study needs a flexible 
plan for the formulation of ideas and insights 
which is possible with the help of traditional 
literature review.  It describes a phenomenon 
and provides a comprehensive picture of the 
problems (Jesson et al., 2011). The traditional 
literature review is not as rigorous as systematic 
literature review as it has to allow flexibility in an 
investigation of a research problem. Such type of 
review provides a scope to assess theories or 
hypotheses by critically examining methods and 
results of other primary studies with an 
emphasis on background and contextual 
material.    

There is no predetermined criterion to select 
research articles for undertaking a traditional 
literature review. Initially, articles were selected 
with the help of keywords like ‘energy’, 
‘environment’ and ‘development’. Different 
studies that discuss the relationship between 
energy use and development have been drawn 
from across the world, but the majority of these 
relate to Asian countries  (Zhang et al., 2012; 
Akhmat and Zaman, 2013; Ahmed and Long, 
2014; Sehjpal et al., 2014; Cheng and  
Urpelainen,  2014; Behera,  2015; RECAP,  2017).   
We do not restrict the selection of articles to this 
region though Asian countries draw the 
attention of researchers for their high energy 
demand for the development and industrial 

activities (RECAP, 2017) and thus, there are 
plenty of articles that may be taken up for 
review.  Besides, we have drawn studies on 
other developing countries depending on their 
contextual relevance. In traditional review 
choice of paper is purposive (Jesson et al., 2011) 
and one moves from one paper to another 
following up the lead. We have included peer-
reviewed published papers and working papers 
published by organisations of international 
repute like the Asian Development Bank, World 
Health Organisation, International Energy 
Agency and United Nations. Thus, there are 64 
papers, all interwoven by threads of argument. 
The analysis and synthesis of the selected 
literature are purely discursive, which refers to 
the crucial paradigm or ideas prevailing in the 
arguments in a particular document. The 
traditional literature review does not require a 
methodological report. However, we have 
prepared diagrams and flow charts to present 
the content of the literature that has been 
surveyed. In the next section, we discuss energy 
use and development at the macro level. 

Energy Use and Development at the Macro 
Level 

Energy provides the motive force and makes 
mass production easy. The industrial revolution 
would not have been possible without energy. 
To understand the relationship between energy 
use and development, researchers commonly 
use four hypotheses: neutrality hypothesis, 
feedback hypothesis, conservation hypothesis 
and growth hypothesis (Ozturk, 2010; Apergis 
and Payne, 2011; Chen et al., 2007; Yoo, 2006).  
These have been depicted in Figure 1. 
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Figure 1: Relation between Energy use and Growth 
Source: Constructed by the Authors with Inputs from Review 

The neutrality hypothesis holds that there is no 
causal relationship between economic growth 
and energy consumption. In other words, 
neither economic growth will cause an increase 
in energy consumption, nor will energy 
consumption generate economic growth. Thus, 
energy does not play an vital role in economic 
growth, and any related conservation measures 
will not hamper production related activities 
(Chen et al., 2007). Contrary to this, the feedback 
hypothesis describes a two-way causality 
between energy consumption and economic 
growth. This hypothesis reinforces a mutual 
dependence between growth and energy use 
and any action aimed at energy conservation 
may adversely affect economic growth if an 
adequate supply of energy is not ensured in 
advance (Shahbaz et al., 2012). 

The conservation hypothesis postulates that 
economic growth leads to energy consumption, 
and this relationship is unidirectional and not 
vice versa (Nasreen et al., 2014). This means that 
the economic development of a nation is not 
much dependent on the use of energy. As a 

result, energy conservation policies will not 
affect growth adversely. The reverse is the case 
with growth hypothesis. This hypothesis 
postulates that energy consumption leads to 
economic growth and an effort to minimise 
energy use will hamper economic growth 
(Wolde-Rufael, 2006).  

The relationship between economic growth and 
energy use has been extensively studied in the 
last couple of decades. Asian countries are found 
to have exhibited bidirectional causality 
(Nasreen and Anwar, 2014), but evidence from 
South Asian countries tends to support the 
neutrality hypothesis (Akhmat and Zaman, 
2013). Other studies found a neutral relationship 
between economic growth and energy use 
(Masih and Masih, 1996;  Soytas and Sari, 2003).  

While exploring the relationship between 
economic growth and energy consumption, it 
was found that there  was no uniformity across 
among developing countries regarding the 
causality between energy use and growth 
(Apergis and Payne, 2011; Shahateet, 2014; 
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Wolde-Rufael, 2006; Behera, 2015). Even for the 
same country, results were found to differ across 
studies. For example, the experience of India 
vindicated the conservation hypothesis (Behera, 
2015). On the contrary, the neutrality hypothesis 
has also been observed in the case of India 
(Ghosh, 2010). Yet other studies found bi-
directional causality between energy 
consumption and GDP (Soytas and Sari, 2003; 
Paul et al., 2004; Gollagari and Rena, 2013). The 
inconsistencies in these finding may have arisen 
due to the use of different datasets about 
alternate periods and the use of different 
statistical/econometric tools. Such non-
conclusiveness on the relation between energy 
use and growth at the macro level in the case of 
developing countries may create problems while 
approaching the task of policy formulation. In 
the following section, the use of energy and 
development at the household level is discussed.  

Energy Use and Development at the 
Household Level 

The household sector plays a vital role in 
determining energy consumption as it accounts 
for 29 per cent of the economy’s energy 
consumption and contributes to 21 per cent of 
total carbon emissions (UN, 2016). A significant 
part of the total energy consumption at the 
household level is accounted for by non-
commercial sources consisting of fuelwood, 
animal and agricultural wastes and other 

sources. Such type of energy use may not be 
sustainable in the long run (Zhou et al., 2008).  

With an increase in income, households are 
expected to shift to superior fuels like LPG or 
electric cook stove.  Thus, transit from traditional 
fuels and cooking stoves to modern fuels and 
cooking technology. Households, during the 
transition phase, consume inefficient fuels such 
as charcoal and kerosene. When households 
prefer superior fuel to inferior fuel one after 
another along a vertical scale, the phenomenon 
is called ‘energy ladder’. This phenomenon is 
predicted based on the ‘economic theory of 
consumers’ behaviour’ which is consistent with 
the neoclassical theory where the consumer 
progressively moves on to, more sophisticated 
energy carriers as income increases (Hosier and  
Dowd, 1987 ). This is shown in Figure 2.  

The understanding of the concept requires using 
some concepts of microeconomics. The ‘energy 
ladder’ hypothesis assumes that modern and 
cleaner fuels are normal goods, and traditional 
fuels are inferior goods. ‘Goods’ in economics 
are materials having a utility which satisfies 
human wants and energy is a ‘good’ because it 
has utility. Fuel is a normal good (say, LPG, 
biogas) when its demand increases with a rise in 
income. The reverse is the case with inferior 
fuels (say, kerosene, firewood, coal ) and 
demand for such commodity declines when 
income increases (Maddala, 2004). 
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Figure 2: Energy ladder hypothesis 
Source: Constructed by the Authors with Inputs from Review 

Interestingly, evidence from the literature shows 
that households in developing countries do not 
climb the energy ladder when income increases; 
instead, they tend to consume a combination of 
fuels for cooking and lighting. Thus, instead of 
moving up the ladder step by step with 
increasing incomes, they choose a combination 
of fuels, which is known as fuel stacking. This 
phenomenon of fuel stacking is peculiar to 
developing countries and has gained attention 
during the last two decades.   

At the household level, energy demand may be 
determined by economic, geographic, housing 
and demographic characteristics (Pachauri, 
2004; IEA, 2006; Hosier et al., 1993) as well as by 
natural factors like temperature (Xiaohua and 
Jingfei, 2005). To some extent, socio-cultural 
factors also play an essential role in determining 
household energy choice (Ogwumike et al., 
2014; Sehjpal et al., 2014; Akpalu et al., 2011; 
Ngui et al., 2011; Peng et al., 2010; Masera and 
Navia, 1997). In rural areas of developing 
countries, modern fuels play a relatively modest 
role and are often confined to the top income 
groups (Heltberg, 2004). For example, in Mexico, 
people prefer firewood for cooking traditional 

items despite having access to modern energy 
(Masera et al., 2000). This indicates that 
household with increased income may not 
automatically climb up the energy ladder. 
Rather, people tend to use combinations of 
energy sources, each for a particular purpose, 
instead of completely abandoning a particular 
type of energy (Horst and Hovorka, 2008). Some 
studies find a non-linear relationship between 
income and fuel choice in India and Ethiopia (Rao 
and Reddy, 2007; Abebaw, 2007). When such 
relationship is non-linear, it may take the shape 
of an elongated ‘S’ or a ‘U’, and the average 
consumption of firewood or any traditional 
energy becomes very low at a threshold level of 
income. With an increase in income, people may 
prefer to use modern energy. Beyond a certain 
increase in income, the elasticity of demand for 
energy declines. This phenomenon resembles 
the classic case of the Engel Curve, which 
describes how expenditure on a household item 
changes with income.   

Thus, it is difficult to conclusively affirm that 
people use modern energy for cooking as 
income grows. People stack fuels for lighting as 
well. Almost 1.2 billion people in the world do 
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not have access to electricity and the supply of 
electricity to connected households is erratic 
(IEA, 2019). For lighting, people prefer 
electricity, but they have to store kerosene or 
other standby sources due to the unreliable 
supply of electricity in most developing countries 
(Muller and Yan, 2016). In areas where electricity 
supply is not feasible, people use solar or 
distributed generation of electricity from 
renewable sources.  

Energy Use and Environmental Pollution 

Developing countries mostly use fossil fuels like 
petroleum, coal, and natural gas or biomass and 
the share of renewable energy is negligible in 
their total energy consumption (IEA, 2019). 
However, developed countries are no exception 
to this phenomenon as they too depend on 
nonrenewable energy. Use of fossil fuel emits 
carbondioxide (CO2) and other noxious elements 

into the environment.  While discussing the 
relationship between energy consumption and 
the environment, researchers often use the 
concept of the Environmental Kuznets curve 
(EKC). The EKC hypothesises an inverted U 
shaped curve in which pollution related 
parameters are plotted against per capita 
income. The EKC is based on the original Kuznets 
curve, which describes the relationship between 
economic growth and income inequality 
(Kuznets, 1955). When a country tries to achieve 
growth, it has to increase its productive capacity 
and so the increase in energy usage (Figure 3). 
Thus a country is producing pollution rapidly 
until the country reaches the middle-income 
stage and after that, as the country’s income 
increases it could reduce the emission of 
pollution through the use of various control and 
command policies as well as market 
intervention. 

   

Figure 3: Environmental Kuznets Curve 
Source: Constructed by the Authors with Inputs from Review 

 

 

For those countries where gross national income 
per capita is $995 or less, there exists hardly any 
study because researchers may not have 
discerned any causal relationship between 
growth and CO2 emission precisely because of 
their low rates of growth and level of 
industrialisation.2Therefore, these countries 

                                                           
2 Grouping of countries to discuss the EKC relation in 
developing countries have been taken from the World 
Bank. It classifies countries of the world into low income, 

have been studied with the help of a panel, 
which includes several countries taken together. 
In a group of 32 Latin American and Caribbean 
countries, Al mulali et al. (2013) find that 60 per 
cent of the countries taken up in their study 
revealed a bidirectional relationship between 
energy consumption, economic growth and CO2 

lower middle income, upper middle income and high 
income countries. But World Bank does not divide 
countries into groups in terms of level of development. 

•Pollution gradually 
increases

Low income

•Pollution rapidly 
increases and towards 
the end of this stage 
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•Pollution starts 
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High income
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emission though they did not vindicate the EKC 
hypothesis. It may well have been that these 
low-income countries had started 
emphasising on the service sector or tourism 
for growth and sustainability. For instance, 
there is a significant growth in the service 
sector in certain lower income Asian countries 
such as Bangladesh, Nepal, Cambodia, Vietnam 
etc (Estrada et al., 2013). In other words, 
economic development is not energy intensive 
in these countries. Therefore, the results are not 
conclusive of the relationship between 
economic growth and CO2 emission in low-
income countries.  

The results are mixed for those countries whose 
gross national income per capita is between $ 
996 and $ 3895 (Saboori and Sulaiman, 2013; 
Pardo and Ruiz, 2012; Freitas et al., 2011; 
Narayanan et al., 2010; Ozturk, 2010). They are 
clubbed as lower-middle-income countries, and 
EKC did not describe the experience of any of 
these countries except for Pakistan and the 
Democratic Republic of Congo. Hence, here, too, 
the results are not conclusive of the relationship 
between economic growth and (CO2) emission. 
However, we get contrasting results for the 
upper-middle-income countries whose gross 
national income per capita ranges between 
$3,896 and $12,055. We find that there exists an 
EKC type of relation between energy use and 
pollution (Sharma, 2010; Robalino-Lopez et al., 
2014; Mensah, 2014). One new hypothesis has 
been found for South Africa in which emission 
causes economic growth (Mensah, 2014). It is 
true that South Africa has a sizeable industrial 
base consisting mainly of a high-intensity mining 
sector which needs ample amounts of energy. 
For Mexico, Sheinbaum-Pardo et al. (2012) find 
that the manufacturing sector was the major 
contributor to CO2 emissions. Sharma (2011) 
finds that besides per capita GDP, trade 
openness too causes CO2 emission. The relation 
between CO2 emission and energy use after 
globalisation in India mirrors EKC (Vidyarthi, 
2013; Murthy, 2012). In India, carbon emission is 
highly elastic with respect to real per capita 
income and energy use (Shahbaz et al., 2014; 
Kanjilal et al., 2013). The situation demands 
policy measures for sustainable development 

strategies. Economic growth is responsible for 
CO2 emission in China (Zhang et al., 2012). 
Energy use leads to the growth of output, but at 
the same time, it causes pollution. Jalil et al. 
(2009) examine the EKC relationship for CO2 
emissions for China during 1971-2005 by using 
per capita CO2 emission as an indicator of 
environmental quality. The study confirms the 
existence of EKC for CO2 emission in China. A 
similar relationship between CO2 emission and 
energy use has been found for Pakistan as well 
(Ahmed and Long, 2014). 

Thus, it has been found that the relation 
between energy use and environmental 
pollution is not uniform among developing 
countries at the macro level. However, at the 
level of the household, the use of inefficient fuel 
sources causes pollution. Fuelwood is the 
primary source of indoor air pollution and 
subsequent illness (Malla, 2013). Almost 3 billion 
people who are mostly living in low and middle-
income countries use biomass, coal, dung cake 
or kerosene for cooking. Nearly 4 million of these 
people die from indoor air pollution-related 
diseases caused by burning of inefficient fuels 
(WHO, 2018). 

 Conclusion 

The main contribution of the paper lies in 
exploring the relationship between energy, 
environment and development. From the 
preceding analysis, we see that despite having 
similarity in the pattern of energy use and the 
level of development nothing can be precisely 
stated about the relationship between energy 
use and development based on existing 
literature. The lack of uniformity in this context 
could be due to use of different econometric 
techniques or choice of data (panel or time 
series data). The same conundrum has been 
observed at the household level, where we find 
that the energy ladder hypothesis may not be 
applicable to developing countries. Instead, 
people prefer energy stacking due to the ease of 
access to solid biomass, technological 
backwardness and typical hassles relating to 
accessibility to assured supply of efficient and 
modern sources of fuel, for instance, electricity 
(Kroon, 2013).  
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Similar is the case for the relation between 
energy use and pollution. In countries with low 
income, there is no well-defined relationship 
between energy use and pollution at the macro 
level. However, developing countries in the 
upper-middle-income group have been found to 
follow the EKC type of relationship. At the micro 
level, energy use causes indoor air pollution 
because people in developing countries are not 
only income poor but also energy poor (Pachauri 
et al., 2004) and they do not have access to the 
reliable and sustainable supply of energy.  

However, the prevalence of the phenomenon of 
fuel stacking and indoor air pollution indicates 
that people in developing countries are deprived 
of efficient fuels like LPG and electricity. The 
energy market is often distorted in developing 
countries due to the presence of subsidy 
(Sovacool and D’Agostino, 2012) and the power 
sector is often plagued by ongoing theft, 
corruption, and there is a market failure in the 
energy sector (Chaurey et al., 2012). All these 
factors lead to market failure in the energy 
market. Such market imperfections can be 
reduced, to a great extent, by allowing private 
players to operate in the market. This will ensure 
not only efficient pricing but also other benefits 
from competition, such as a reduction in cost 
and easy availability. Energy poverty can be 
sustainably reduced to a great extent by the use 
of renewable energies. A few developing 
countries have sporadically used solar panels for 
lighting or biogas for cooking (Sovacool and 
Vivoda, 2012). 

The inconclusive evidence at the macro level 
indicates that energy use is a tricky issue in 
developing countries. Therefore, there is a need 
for further research on energy use. Such studies 
should consider each country individually 
instead of taking a panel of countries. Studies 
may take into consideration the issue of energy 
demand and supply, sustainable growth and 
energy, prospects of renewable energy and 
regional trade in energy and other commodities 
based on a country’s comparative advantage. 
There is a need for undertaking meta-analyses to 
examine this relationship. It remains to be 
examined as to why there is a lack of uniformity 

in results among countries. Further, analyses 
must proceed to seek explanations as to why 
other studies come up with differing results for 
any given study. By doing so, a cogent policy 
framework may be proposed which may form 
the bedrock of an efficient planning mechanism 
geared to the conservation of energy and its 
efficient use.  
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