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The provision of adequate, reliable, and affordable energy has been considered as a cornerstone of
development. More than one-third of the world’s population has a very limited access to modern
energy services and suffers from its various negative consequences. Researchers have been exploring
various dimensions of household energy use in order to design strategies to provide secure access to
modern energy services. However, despite more than three decades of effort, our understanding of
household energy use patterns is very limited, particularly in the context of rural regions of the
developing world. Through this paper, the past and the current trends in the ﬁeld of energy analysis are
investigated. The literature on rural energy and energy transition in developing world has been
explored and the factors affecting households’ decisions on energy use are listed. The and the factors
affecting households’ decisions on energy use are listed. The gaps identiﬁed in the literature on rural
household energy analysis provide a basis for developing an alternative model that can create a more
realistic view of household energy use. The three dimensional energy proﬁle is presented as a new
conceptual model for assessment of household energy use. This framework acts as a basis for building
new theoretical and empirical models of rural household energy use.
& 2011 Elsevier Ltd. All rights reserved.
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1. Introduction
While energy is not generally considered a basic human need, the
provision of adequate, reliable, and affordable energy is a precondition for meeting these needs. Given its strong links to economic
growth and social objectives, energy service provision is a cornerstone of development. Having access to modern energy systems
(e.g. electricity or liqueﬁed petroleum gas (LPG)) impacts human
wellbeing by reducing health and safety risks associated with
traditional energy use (Agarwal and Bina, 1986; Bruce et al., 2000;
IEA, 2002, 2006; Smith, 1987), decreasing time budget constraints
on household members, particularly women and children, increasing
labor productivity and income (Barnes et al., 1996; ESMAP, 2003;
IEA, 2002), and improving gender inequality and literacy (Cecelski
and Elizabeth, 2002; ESMAP, 2004; Rukato, 2002).
More than one-third of the world’s population has limited
access to modern energy services. Almost two and a half billion
people rely entirely on traditional biofuels as their cooking fuel
and suffer from its various negative socioeconomic impacts such
as adverse health impacts, accounting for over 1.6 million deaths
annually. Projections estimate that both the number of biofuel
dependent households and demand for energy will increase even
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as the share of traditional biofuel dependent households drops
(IEA, 2006).
Approximately 1.6 billion people, or one quarter of the world
population, have no access to electricity, 80% of whom reside in
rural areas of the developing world. Sub-Saharan Africa and South
Asia have the highest number of people without access to electricity.
Despite the apparent large drop in the number of people without
access to electricity globally (2 billion in 1990–1.6 billion in 2005),
this fall is mainly caused by swift development in China. For the rest
of the developing world, the number of people without access to
electricity has steadily grown in the same period, and without any
new policy implementation, this number will be around 1.4 billion
people by 2030 (IEA, 2010; Saghir, 2005).
Household energy consumption in developing countries was
about 1090 Mtoe1 in 2004, accounted for approximately 10% of
total world primary energy demand. Most of this energy is used
for cooking, as well as heating and lighting (IEA, 2006). Household
energy use has unique characteristics that make it harder to
assess and analyze compared to other sectors. For instance, there
is diversity in energy systems at both the household energy
demand side and the energy supply side. There is insufﬁcient

1
Mtoe: Million tons of Oil equivalent is a unit of energy. One tones of oil
equivalent is the amount of energy released by burning one tone of crude oil
which is approximately 42 GJ (Giga Joule).
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data due to lack of recorded household energy transactions.
Particularly in rural areas, traditional biofuels are also often part
of a complex and interrelated household production system that
produces food, fodder, construction material, income, as well as
fuel (Leach, 1987).
Researchers have been exploring various dimensions of household energy use in order to design and implement strategies not
only to provide secure access to energy services but also to
facilitate the transition to modern fuels, eradicate energy poverty,
address environmental concerns and mitigate green house gas
emissions. Yet despite more than three decades of effort, our
understanding of household energy use patterns and the variables
associated with household energy use remains limited, particularly with reference to the developing world (Elias et al.,
2005; ESMAP, 2003; Farsi et al., 2007; Heltberg, 2004; Leach,
1992; Masera et al., 2000; Pachauri, 2007). In order to achieve
development goals through energy, we require better knowledge
of how people make decisions related to their energy use. A lack
of information on this decision making process is the most
challenging problem facing energy analysts, particularly when
trying to predict response to major perturbations in energy
systems and consider new alternative interventions that are very
dissimilar to the past experiences (Stern and Paul, 1986).
This paper builds upon current knowledge of household
energy use and develops a new conceptual framework to guide
analyses of household energy choices. It focuses on the household
energy transition process. Past and current trends in the ﬁeld of
energy analysis are investigated. The objective of this paper is not
to provide a detailed household energy analysis; rather, it reviews
current knowledge on energy analysis and identiﬁes factors
affecting the energy requirements and energy use patterns among
households with a particular focus on inhabitants of rural regions
of the developing world.
1.1. Organization
Section 2 provides a brief overview of the literature on
household energy use and a review of different types of energy
analysis used to understand household energy. Section 3 focuses
on the process of household energy transition in the developing
world. The factors affecting household energy use are categorized
and listed. In a ﬁnal section, the shortcomings in the literature are
identiﬁed and a new conceptual framework is presented.

2. Energy analysis and underlying assumptions
Following the 1970s’ oil crisis, energy scholars devoted substantial effort to understanding household energy usage. In the
developed world their efforts focused on reducing oil consumption, increasing energy efﬁciency, and investigating the impacts
of oil price ﬂuctuation on the economy. Energy research in the
developing world focused on the perception of a fuelwood crisis.
Increasingly research in the developing world is conducted with a
view to understanding the impacts of energy use on the environment, human welfare, and security of supply (ESMAP, 2003).
Engineering, economics, psychology, sociology, and anthropology
have been the main contributors to the ﬁeld of household energy
use and each approach has its own biases, frameworks, and
techniques (Keirstead, 2006).
2.1. Physical–technical–economic models (PTEM)
The ﬁeld of energy analysis has been dominated by physical–
technical–economic models (PTEM) of consumption. In such
models, changes in consumer demand and energy use patterns

are determined by changes in technologies, which are mainly
driven by the cost of energy relative to consumer income
(Lutzenhiser, 1993). Technical models make detailed estimations
of energy ﬂows though physical systems and calculate the energy
requirements based on physical laws. Studies on overall household energy use (Leach, 1987), lighting (Stokes et al., 2004), and
appliance usage (Hart et al., 2004) are examples of technology
based studies. The drawback is that their estimates do not match
well with real world measurements because they fail to recognize
humans as active energy users who manipulate energy devices
and interact with energy devices and energy ﬂows at all stages of
energy systems (Wilhite et al., 2000). Economic models try to go
further than technical models in exploring human decisions
regarding energy usage. They seek to understand the implications
of energy prices, taxes, income and expenditure on household
energy use (Farsi and Pachauri, 2007; Gundimeda and Köhlin,
2008; Heltberg, 2005; Hosier et al., 1987; Saboohi, 2001; Tiwari
and Piyush, 2000). For example, discrete choice modeling and
economic engineering analysis apply the economic theory of
rational choice, in which individuals are considered to be rational
actors who seek constantly to maximize their utility under certain
budget constraints, have a set of ordered, well-deﬁned, invariant
and consistent preferences, and choose the alternative with the
highest utility among the consumption choices (Wilson et al.,
2007). Yet a large body of empirical evidence shows that people
do not respond rationally to economic and technical opportunities
(Cogoy and Mario, 1995; Fernandez, 2001; Frederick et al., 2002;
Kooreman, 1996). In addition, household consumption is inﬂuenced
by non-economic factors and social context. For instance, personal
commitment is a key determinant of the household decisions to
adopt energy saving measures (Lutzenhiser, 1993). Thus, policy
analyses have tended to exaggerate the importance of energy prices
and technologies while undermining the importance of non-economic factors (Stern and Paul, 1986). As Stern described, heavy
reliance on economic theories has not only misinformed many
policies but also mislead analysts by focusing attention on economic
concepts and away from many critical and important social and
psychological concepts (Stern and Paul, 1986).
2.2. Psychology based approaches
Energy analysis has focused largely on the physical and
technological dimensions of energy use as well as on the effects
of energy price ﬂuctuations; the human dimension of energy use
has been largely overlooked (Laitner, 2007). Schipper confessed
that ‘‘those of us who call ourselves energy analysts have made a
mistakey we have analyzed energy. We should have analyzed
human behavior’’ (Cherfas, 1991).
The most routine forms of energy use involve complex
behavioral, cognitive, and social processes, yet these processes
are poorly understood (Keirstead, 2006; Lutzenhiser, 1993;
Stern and Paul, 1986; Wilhite et al., 2000). Incorporating social
variables into economic and technical models has been found to
signiﬁcantly improve the accuracy of these models in estimating
household energy demand. Social psychology is the ﬁrst discipline
that tried to address human behavior in an energy context by
focusing on individual motivation and information. Technology
adoption theories are the result of sociologists’ and psychologists’
attempts to understand why people adopt or do not adopt new
and more efﬁcient conversion technologies Wilhite et al., 2000.
The Diffusion of Innovation (DOI) model has a broad empirical
basis and describes a social communication process through
person to person and media channels that inﬂuence individuals’
decisions in adoption of new technologies. The theory assumes a
linear progression of knowledge, awareness, intention, and behavior that results in the adaptation of technologies (Rogers, 2003).
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DOI models are not able to properly address cases where ‘‘adoption
of new technologies is constrained by situational factors such as lack
of resources and lack of access to these technologies’’ Wilson et al.,
2007, as is the case where there is no access to a particular energy
carrier. Similarly, other behavioral models try to describe how
knowledge will result in action; in the theory of cognitive dissonance, individuals strive for consistency between their knowledge,
attitudes, and actions; in the theory of planned behavior (TPB),
attitudes are formed from an individual’s believe about a behavior
as well as the evaluation of the outcomes of that behavior (Ajzen
and Icek, 1991). While these theories have been successfully applied
to explain human choices in a wide variety of contexts, their
application in the energy ﬁeld has been limited.
2.3. Sociological and anthropological models
People do not simply change behavior or adopt new technology based on awareness and attitudes (Wilson et al., 2007).
Sociologists and anthropologists believe that human behavior is
social and collective, and that energy models that intend to
include behavioral dimensions should consider the social context
of individual actions (Lutzenhiser, 1993). They believe individuals
decisions are determined by social and technological systems and
any transformation in energy use is caused by broader social
transformation; for example the work of Shove on changing our
perception of comfort and cleanliness (Shove, 2003). Therefore,
focusing on individual behavior as the only predictor of energy
use is oversimplistic and counterproductive. Household energy
demand is not the product of individual decisions but rather a
product of social demand (Guagnano et al., 1995). To date, most
theories and models do not account for the relationships between
individual behavior and socio-technical arrangements (Wilhite
et al., 2001).
2.4. Integrated approaches
The failure of energy conservation programs to meet their
anticipated energy saving targets was the ﬁrst sign of limitations
to disciplinary approaches to energy analysis (Keirstead, 2006).
Integrated approaches to household energy use analysis are required
to provide a more realistic and comprehensive understanding
of energy usage than isolated and disciplinary studies. Such an
approach needs to simultaneously address the social and behavioral
determinants of energy use as well as economic and technological
aspects of energy use. It should consider individuals and institutions
and their complex relationships as well as adequately account for
social networks which contribute to change (Stern and Paul, 1986;
Wilhite et al., 2000). Many researchers have tackled the integrated
approach to decision making; examples of such models are the
behavioral model (Van Raaij et al., 1983), the multigenic model
(Wilk and Richard, 2002), and the model of environmentally
signiﬁcant individual behavior (Stern and Paul, 2000). The integrated
model proposed by Stern incorporates both individual variables
(including attitudinal and habit and routine) and contextual variables (including external conditions and personal capabilities) that
inﬂuence environmentally signiﬁcant behavior (Stern and Paul,
2000; Wilson et al., 2007). However, there has been limited progress
in developing such models Wilson et al., 2007. A number of underlying factors hindering the development of integrated approaches
have been identiﬁed by researchers including:
1. The institutional barriers to integrating disciplines: While most
energy research is considered ‘‘too applied’’ by social scientists, among technically trained energy analysts, social science
research is often perceived as ‘‘too theoretical’’ (Lutzenhiser,
1993); Achieving integration between social scientists and
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technically trained energy analysts requires ‘‘greater openness
on the part of the dominant economic-engineering tradition
and a more applied focus on the part of behavioral scientists’’
(Wilson et al., 2007).
2. Poor communication: Integrated models often communicate in
qualitative terms while a successful approach should be able
to communicate policy options and inform other models
quickly and transparently (Keirstead, 2006).
3. Limited scope and scale: Integrated approaches have been
concerned mainly about small scale issues, which limits their
ability to provide insight at a larger scale (e.g. at the sectoral
level). A proper approach requires being inclusive to be able to
address broad scale issues whilst ﬂexible to be able to address
the speciﬁc issue at the small scale (Keirstead, 2006).
4. Lack of objective behavioral data: There is a signiﬁcant lack of
qualitative studies on household energy use in developing
countries (see Section 4). Insufﬁcient understanding of household behavior with regard to energy use hinders attempts to
test such integrated models, limiting the applicability and the
development of such models.
Despite evidence that purely economic and technical models
perform poorly, they are still the dominant models in energy
analysis and inﬂuence policy makers (Lutzenhiser et al., 2009;
Webler et al., 2010; Wilhite et al., 2001). Further improvement of
integrated approaches is vital to make them more credible and to
make them a viable alternative to the existing PTEM-based
decision making (Keirstead, 2006).
2.5. Studies on rural household energy use in the developing world
Most of the approaches discussed so far are drawn from
research conducted in developed countries. These include developed country studies that collect disaggregated (e.g. household)
level data and incorporate a behavioral dimension. Such data is
very limited when it comes to the developing world.2
The studies conducted in the developing world that do exist
for a large part take place in urban areas (see Barnes et al., 2005;
Barnes and Qian, 1992; Chambwera and Muyeye, 2004; Dube and
Ikhupuleng, 2003; ESMAP, 1999; Farsi et al., 2007; Fitzgerald
et al., 1990; Guptaa and Kohlin, 2006; Tiwari and Piyush, 2000).
Although these ﬁndings provide insight on household energy use
patterns, applying the ﬁndings of these studies to rural areas
should be done with caution due to the unique characteristics of
rural regions. Rural areas differ from urban regions in that: (a) the
prevalence of freely gathered traditional biofuels and their cost
(in monetary term) is zero; (b) modern fuels are not available and
in many cases their distribution is unreliable; (c) the price of
modern fuels as well as their transaction cost is usually high; (d) a
large portion of income in rural regions is non-cash and often the
cash income of rural households is too low to offer upfront
payments associated with modern energy systems; (e) income
in rural regions is uncertain and variable (e.g. seasonal) and
therefore regular payments that require commercial energy
sources or pay-back of loans are difﬁcult to manage; and, (f) local
customs related to cooking practices and methods are stronger in
rural regions than in urban centers (Masera et al., 2000).
Studies on energy use in rural households in developing countries are mainly based on descriptive statistic analysis (see Bhatt and
Sachan, 2004; Davis and Mark, 1998; ESMAP 2002, 2003; Masera
et al., 1997, 2000), econometric analysis (see Barnes and Qian,
1992; ESMAP, 2003; Fitzgerald et al., 1990; Heltberg, 2004, 2005;
2
The author was not able to ﬁnd any behavioral research that focused on
energy consumption in rural households in poor developing nations.
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Heltberg et al., 2000; Hosier et al., 1987; Jiang, 2004; Leiwen and
O’Neill, 2003; Wuyuan et al., 2008), and, to a much lesser extent,
computational models (see (Alam et al., 1997; Howells et al., 2005,
2002)). A majority of the quantitative studies in this ﬁeld are based
on economic theories, such as the household energy model developed by Howells et al. (2005).

progression of fuel adoption that implies moving up the ladder
means a corresponding abandonment of the lower level fuels.
This assumption is inconsistent with the ﬁndings from ﬁeld
research (Barnes and Douglas, 1992; Heltberg, 2004; Hosier
et al., 1987; Masera et al., 2000); thus, the energy ladder concept
can only provide a very limited view of reality.

3. Energy transition in the developing world

3.2. Energy stacking model

One of the larger questions that analyses of household energy
have tried to address is the nature of the transition from one set of
energy choices to another. This is a particularly important area of
inquiry as moving from traditional fuels to modern energy
carriers is associated with welfare improvement and is on the
agenda of planners and policy makers (IEA, 2010; Legros et al.,
2009).

During the past decade, a growing number of empirical studies
on household energy consumption have shown that fuel switching is not unidirectional and people may switch back to traditional biofuels even after adopting modern energy carriers; fuels
are imperfect substitutes and often speciﬁc fuels are preferred
for speciﬁc tasks; instead of simply switching between fuels,
households choose to use a combination of fuels and conversion
technologies depending on budget, preferences, and needs (Davis
and Mark, 1998; ESMAP, 2003; Heltberg, 2004; Leiwen and
O’Neill, 2003; Masera et al., 1997, 2000; Pachauri and Spreng,
2003). Based on this concept, once a modern fuel is adopted,
traditional fuels and devices are normally kept (e.g. charcoal
stove) and households only partially switch (see Fig. 2). Empirical
studies such as the study done by Leiwen in rural China (Leiwen
and O’Neill, 2003) indicate that some forms of traditional energy
are still used by the wealthiest households. Barnes proposed a
‘‘rural energy ladder’’ that illustrates the steps through which
rural households generally move from traditional biofuels and
human and animal power to a mix of traditional and modern fuels
(Barnes et al., 1996). Studies have demonstrated that despite the
common perceptions, LPG is not a perfect substitute for traditional biofuels and that there are clear fuel preferences based on
cooking practices (Masera et al., 2000). Even in places such as
Brazil where the share of traditional biofuel in overall energy
consumption has dropped as income has risen, the complete
switch to modern fuels (fossil fuel and electricity) has occurred
only at the highest income level (ESMAP, 2003).
A study of Mexican households by Mesera et al. conﬁrms this
model by showing that, as households get wealthier, the change
in energy use can be characterized as an ‘‘accumulation of energy
options’’ rather than as a linear switching between fuels. This
process is termed ‘‘fuel stacking’’(Masera et al., 2000). Fuel
stacking is commonly practiced in rural regions of the developing
world and, to a lesser extent, in urban centers (Heltberg, 2004). In
some countries, such as Ghana and Nepal, it is practiced by a
majority of the population (ESMAP, 2003; Heltberg, 2005).

3.1. Energy ladder

Modern fuels

The ‘‘energy ladder’’ hypothesis was the prominent model of
explaining household energy choice in developing countries
(Hosier et al., 1987; Leach, 1992) until a decade ago (Elias et al.,
2005). The energy ladder describes a pattern of fuel substitution
as a household’s economic situation changes (Hosier et al., 1987).
The model was developed based on the correlation between
income and uptake of modern fuels (e.g. electricity). The energy
preference ladder ranks fuels—modern fuels such as electricity
and LPG are considered superior fuels due to their high efﬁciency,
cleanliness and convenience of storage and usage and are located
higher up the ladder than traditional fuels, or inferior fuels (see
Fig. 1) (Leach, 1992).
According to this concept, households switch from traditional
energy systems to modern energy systems up the ladder at the
speed and extent allowed by factors such as household income,
fuel and equipment costs, availability and accessibility of fuels,
reliability of modern fuel distribution, and, to a lesser extent,
relative fuel prices (Masera et al., 2000).
The energy ladder concept relies on the microeconomic theory
of rational choice. It assumes that all forms of fuel (traditional and
modern) are available, that there is a universal set of fuel
preferences, and that households will choose to move up the
ladder as soon as they can afford to do so. The major achievement
of the energy ladder is its ability to capture the strong income
dependency of energy choice in households, particularly in urban
areas. However, the energy ladder concept assumes a linear

Electricity
LPG
Kerosene

Traditional fuels

Charcoal
Woodfuel
Crop residue
Dung
Low

Income
Fig. 1. The classic energy ladder.

High

Modern fuels
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ICT
Air conditioning

Electricity

Other appliances

Electricity, kerosene,
LPG

Refrigeration

Refrigeration
Electricity, Batteries

Basic appliances

Basic appliances

Traditional fuels

Electricity, Batteries

Cooking

Traditional biofuels

Space heating
Lighting

Cooking

Traditional biofuels,
Kerosene,

Space heating
Candles, batteries,
and kerosene

Lighting

Cooking

Traditional biofuels,
Kerosene,LPG, coal,
electricity

Space heating
Candles, batteries,
and kerosene

Lighting

Kerosene, electricity,
gasoline

Income
Low

High

Fig. 2. The illustration of energy stacking—adopted from IEA (2002).
Note: ICT is information and communication technology.

Table 1
Summary of factors determining household energy choice.
Categories

Factors

Endogenous factors (household characteristics)
Economic characteristics
Income, expenditure, landholding,
Non-economic characteristics
Household size, gender, age, household composition, education, labor, information
Behavioral and cultural characteristics
Preferences (e.g. food taste), practices, lifestyle, social status, ethnicity
Exogenous factors (external conditions)
Physical environment
Policies
Energy supply factors
Energy device characteristics

Geographic location, climatic condition,
Energy policy, subsidies, market and trade policies
Affordability, availability, accessibility, reliability of energy supplies
Conversion efﬁciency, cost and payment method, complexity of operation,

Causes of fuel stacking include: keeping traditional energy
systems as an insurance against modern energy supplier failure
(ESMAP, 1999); decreasing vulnerability to modern energy price
ﬂuctuations by diversifying energy use (e.g. use electricity for
lighting and fuelwood for cooking) (Leach, 1992; Thom and Cecile,
2000); inapplicability of alternative energy systems to cooking
methods and preferences (ESMAP, 2003; Masera et al., 2000);
high costs associated with using modern energy sources (e.g.
electrical wiring and LPG containers) preventing people from fully
adopting such energy systems (Davis and Mark, 1998); not having
capital available to purchase modern energy conversion technologies (Elias et al., 2005).
The energy ladder and fuel stacking models are different with
regards to how energy sources are adopted, yet they both assume the
existence of hierarchies in household energy services (IEA, 2002).
Cooking and heating are the ﬁrst services to be met, followed by
lighting and later entertainment. Based on this hierarchy, using
electricity for services other than lighting only happens after core
demands are met. However, studies show that the household energy
transition is not a step-like progress; Households often use, if
available, higher ranked energy carriers (e.g. electricity) even in
small quantity while satisfying their bulk of demand by lower

ranked fuels (Victor, 2002). The Energy stacking model suggests
households adopt a portfolio of energy systems and consider a range
of factors affecting the household’s energy portfolio; yet, it considers
income as the major determinant of fuel choice, and also relies
heavily on a universal hierarchy of fuels and energy services.
3.3. Factors determining household energy choice
The energy portfolio of households depends on household
decisions based on a complex interaction between economic
factors (e.g. fuel price), social factors (e.g. gender equity), cultural
factors (e.g. cooking practices) and environmental factors (e.g.
access to natural resources) (Leach, 1992; Masera et al., 2000).
What the existing literature shows is that there are a number of
factors that affect household energy choices (see Table 1).
Although these factors are presented in isolation from each other,
in the real world they are closely interrelated.
3.3.1. Endogenous factors (household characteristics)
Three sub-categories are deﬁned for household characteristics.
Economic and non-economic characteristics reﬂect the capabilities
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of households and behavioral and cultural characteristics reﬂect the
attitudes, preferences and experiences of households.
3.3.1.1. Household economic characteristics. As discussed earlier, a
large body of literature points to income as the major driver of
fuel choice and suggests that there is a strong correlation between
an increase in income and uptake of modern fuels (Barnes et al.,
1996, 2004; ESMAP, 2000, 2003; Johansson et al., 2004; Leach,
1988, 1992; Leiwen and O’Neill, 2003; Pachauri, 2004; Victor
et al., 2002; Wuyuan et al., 2008). Researchers also use expenditure instead of income as a measure of wealth (Heltberg, 2005).
However, such approximating should be done cautiously since it
might not be universally applied (Elias et al., 2005), as shown in
the studies by Leiwen in rural China.
In addition to fuel choice, studies ﬁnd that there is a strong
positive correlation between income and the amount of ﬁnal
energy used (Elias et al., 2005; Fitzgerald et al., 1990). However,
the energy consumption for basic services such as cooking and
lighting normally remains almost unchanged (ESMAP, 2003).
A study in Vietnam shows that although wealthier households
use almost 10 times more electricity than poor households, they
continue to use approximately the same amount of energy for
cooking (Tuan et al., 1996). Once people have access to all basic
energy services, a fraction of the additional income goes toward
switching to more efﬁcient and cleaner energy systems as well as
other services such as entertainment, refrigeration, and so on
(Dube and Ikhupuleng, 2003; Tiwari and Piyush, 2000).
Primary energy use is expected to follow an inverse-U path as
households adopt more efﬁcient fuel/device combinations (Elias
et al., 2005; Foster et al., 2000; Leach, 1992). However, studies
indicate that although people start using more efﬁcient energy
systems as their income rises, both their primary and useful
energy consumption increase as well (Mestl et al., 2009; Roy,
2000). In Brazil, energy consumption decreases in middle-income
households, then increases again in higher-income households
(WEC, 2004). In India, a study on the effect of increasing lighting
appliance efﬁciency showed an increase in overall energy consumption (Roy, 2000). This ‘‘rebound effect’’ is mainly due to
having access to new energy services at the same time as a high
level of unmet demand in households and the relaxation of
household budgetary constraints since more energy can be used
without additional cost (Roy, 2000).
3.3.1.2. Non-economic household characteristics. Household characteristics such as household size, gender, age, composition and
educational attainment have been found to inﬂuence energy use
(ESMAP 2000, 2003; Farsi et al., 2007; Guptaa and Kohlin, 2006;
Heltberg, 2005; Leiwen and O’Neill, 2003; Sathaye and Tyler,
1991). Household size directly affects energy use by inﬂuencing
the amount of energy consumed. Although larger households
have higher total energy consumption, they have lower per capita
energy consumption due to returns to scale (Barnes et al., 2005;
ESMAP, 1991, 2000; Fitzgerald et al., 1990; Heltberg, 2004; WEC,
2004; Wuyuan et al., 2008). Household labor has been found by
many researchers to be a determining factor of household energy
use, particularly in rural households (Arnold et al., 2006;
Bluffstone and Randall, 1995; Cooke et al., 2008; Dewees and
Peter, 1989; Hyde and Köhlin, 2000; Kohlin and Amacher, 2005;
Modi et al., 2005). Household size can also indirectly inﬂuence
energy use by changing income and resource availability; it also
triggers fuel stacking rather than fuel switching; larger households are more likely to use multiple fuels (Barnes et al., 2005;
ESMAP, 2003; Heltberg, 2004, 2005).
Gender is also found by many researchers to be a determining
factor in household fuel choice and consumption (Farsi et al.,
2007; Pachauri, 2007; Schlag and Zuzarte, 2008). Information,

education, and social learning are also described as determining
factors in adopting energy systems. Lack of information regarding
the alternative energy systems (e.g. improved cook stoves, LPG)
and the beneﬁts associated with using them is found to be a
barrier in adoption of these systems (ESMAP, 2003; Schlag and
Zuzarte, 2008; Whitﬁeld and Darby, 2006).
3.3.1.3. Behavioral and cultural characteristics. Household preferences and habits such as food tastes and cooking practices also
inﬂuence the choice of energy system (ESMAP, 1991; Fitzgerald
et al., 1990; Heltberg, 2005; IEA, 2006). For instance, a study in
rural Mexico by Masera et al. found that people continue to use
traditional biofuels even when they can afford to use modern
fuels because tortillas are hard to cook using LPG and need to be
cooked over a direct ﬂame (Masera et al., 2000). Similarly, Indian
households prefer to use wood stoves for baking traditional bread
(IEA, 2006).
Lifestyle and other cultural factors strongly inﬂuence fuel
choice (Guptaa and Kohlin, 2006; Heltberg, 2005). In Guatemala,
indigenous ethnic groups have an energy portfolio that is signiﬁcantly different from others due to their cultural differences
(Heltberg, 2005). Moreover, household status also inﬂuences
household energy use patterns (Masera et al., 2000; Xiaohua
and Zhenmin, 2003). In rural Mexico, LPG stoves play a role as
‘‘status symbols’’ and purchasing them is perceived as parallel
with higher social status (Masera et al., 2000).
3.3.2. Exogenous factors (external conditions)
External conditions inﬂuence household decisions regarding
their energy system by affecting the choices available to households and the incentives to choose one energy technology or fuel
over another.
3.3.2.1. Physical environment. A number of geographic factors are
closely related to household energy use patterns. People, particularly poor people, living in colder climates consume more
energy than others in warm regions (Elias et al., 2005; Jiang,
2004). Bhatt’s study of mountain villages in India conﬁrmed both
seasonal variation and altitudinal variation of traditional biofuel
consumption (Bhatt and Sachan, 2004). The physical environment
also affects the supply of both fuels and technologies (discussed
further below).
3.3.2.2. Policies and regulations. Government policies to control
distribution of energy carriers and production and distribution of
energy appliances directly and indirectly affect household energy
choices (Barnes et al., 2005). However, following the prevalent
perception of income and access as the major determinants of
adopting modern fuels, most energy intervention strategies have
focused on increasing the availability of modern fuels, the reliability of the fuel distribution network, reducing the price of
modern fuels through subsidies, and dissemination of end-use
technologies.
The cost of modern fuels is often too high for the poorest
households to afford. However, highly subsidized markets in
which price signals are absent often cause wasteful energy use
(ESMAP, 2000, 2004). Various pricing policies such as lifeline
rates, cross subsidies, and blanket subsidies have been implemented with widely different outcomes. Research has shown
that the subsidies often do not target the poor properly and end
up beneﬁting middle income and even wealthy households
(ESMAP, 2000). In recent decades, there has been a growing trend
toward market strategies rather than subsidies and government
or NGO led initiatives. This is due to a variety of factors, including
the economic effect of subsidies on state budgets, the growing
realization that proﬁts can be made in the household energy
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sector, the distorting incentives that subsidies can have on
consumer behavior, beneﬁting rich people more, etc. (Dube and
Ikhupuleng, 2003; Elias et al., 2005; ESMAP, 2000; Victor and
David, 2009).
Other forms of market distortion such as regulating production
and distribution of both energy carriers and energy appliances
affect household energy choice. In China, a restriction on traditional biofuel consumption caused people to adopt coal as their
main fuel (Jiang, 2004). Rationing energy carriers in Hyderabad
discouraged people from choosing kerosene as their main energy
carrier because the ration was not sufﬁcient, distribution was not
reliable, and the ration cards have not reached to all members of
the society. At the same time, however, government policies that
increased access to LPG through both public and private distribution channels caused a signiﬁcant transition from woodfuel to
LPG (Barnes et al., 2005).
The failure rate of such policies in reaching to the target
population is relatively high, signaling the vital need for overhauling the existing policy measures and proposing innovative
and effective and well informed strategies.
3.3.2.3. Energy supply factors. Energy supply factors including the
affordability, availability, accessibility and reliability of energy
supplies are found to inﬂuence household fuel choice.
The affordability of a fuel is determined by its price which is an
important factor in household energy use, in terms of both fuel
choice and also quantity of fuel consumed (Barnes et al., 2005;
ESMAP, 2003; Heltberg, 2005; Leach, 1992; Schlag and Zuzarte,
2008; Wuyuan et al., 2008). The fuel price has been found to
affect shifts between fuels in households using multiple fuels
(Fitzgerald et al., 1990; Leach, 1992). Studies indicate the price of
a modern fuel has a stronger impact on a backward substitution
rather than an upward transition(Leach, 1992). This implies that
households gather traditional biofuels freely and continue relying
on such fuels until the cost of using such fuels exceeds adopting
other alternatives. For instance, in Indonesia, when kerosene was
heavily subsidized even poor households switched from woodfuel
to kerosene (Fitzgerald et al., 1990). In rural areas, estimating the
price of fuel is far more difﬁcult due to the prevalence of freely
gathered traditional biofuels. Self-collected traditional biofuels do
not have any monetary costs and their usage depends instead on
the opportunity costs of collection. The shadow price of fuel
collection is unobservable and unknown except to the household
itself (Heltberg et al., 2000). Therefore, an analysis based on the
relative price of modern fuels to freely gathered traditional
biofuels is prone to price overestimation or underestimation.
Method of payment also makes a difference. In some cases the
price of modern fuels such as LPG is not higher than purchased
woodfuels, but must be bought in large amounts, unlike kerosene
or woodfuels that can be purchased in small amounts on a daily
basis (Foster et al., 2000; Leach, 1992; Masera et al., 2000).
The availability, accessibility and reliability of energy supplies are
major contributing factors to fuel choice. For instance, traditional
biofuel use is prevalent in rural regions of the developing world,
particularly in places where these fuels are available locally
(Fitzgerald et al., 1990). Scarcity of traditional biofuels strongly
affects energy use and household welfare. Households generally
respond to woodfuel shortages by spending more time and labor on
collection, by purchasing more of their supply, by substituting straw,
dung, and less favorable fuels, by economizing on woodfuel use, and
by switching to commercial fuels (Agarwal and Bina, 1986; Barnes
et al., 2005; Brouwer et al., 1997; Cooke et al., 2008).
Access to reliable sources of modern fuels is also recognized as
a major factor affecting fuel choice (Barnes et al., 2005; Cecelski
and Elizabeth, 2002; ESMAP, 2002; Fitzgerald et al., 1990; Leach,
1992). The effect can be observed particularly in the pattern of
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household energy use based on settlement size and distance from
major trading routes and large cities as well as reliability and
availability of energy distribution channels (Chaurey et al., 2004;
ESMAP, 2002). Generally, the problem of access to modern fuel is
more intense in rural areas, particularly in remote and low
density areas where the distribution of modern fuels is either
insufﬁcient or unreliable (Elias et al., 2005).
The problem of access to fuels, particularly those that cannot
be self-collected, is closely linked to characteristics of the location’s infrastructure such as roads, distribution channels, and
access to markets (Fitzgerald et al., 1990; Wuyuan et al., 2008).
Factors such as electriﬁcation have been used by researchers to
demonstrate the quality of infrastructure or the level of development in the region. (ESMAP, 2003; Heltberg, 2004). Availability of
power grids not only affects the adoption of electricity and
changes the service demand of the household but also correlates
with uptake of other modern fuels (Davis and Mark, 1998;
Heltberg, 2005). Although, fuel price is sometime considered a
primary indicator of accessibility, studies in urban Java indicate
that it is not a proper determinant of fuel accessibility and
availability (Fitzgerald et al., 1990).
Reliability of the energy supply is another factor affecting the
household’s energy use. Unreliable modern energy supply in
many regions forces households to adopt multiple fuels and
resort to woodfuel that is locally gathered. For example, unreliability of kerosene in Myanmar causes people to rely on woodfuel
although its price is three times the price of kerosene (Barnes
et al., 2005).
3.3.2.4. Energy device characteristics. Energy conversion technology
is a key aspect of household energy use. Despite the advantages of
using more efﬁcient technologies (cleaner and more efﬁcient combustion), the high capital cost (e.g. of energy end-use appliances as
well as additional costs such as connection cost) associated with
using modern energy conversion technologies is a major barrier to
choosing to use modern energy systems. A survey in Kenya, Nairobi,
in 1986 found that the cost of a LPG stove and half deposit for a gas
cylinder is about 60 times more than a standard charcoal stove
(Leach, 1992). The cost of electricity connection is also frequently
identiﬁed as limiting adoption of this energy form (Barnes and
Douglas, 1988; Barnes et al., 1996; ESMAP, 2004; IEA, 2002). Barnes
et al. (2005) note that service availability and the initial cost of
service is far more important than monthly electricity payments or
the income level of consumers.
Even when energy devices are affordable, people may still not
adopt them due to their incompatibility with their existing energy
service equipment. For instance, when the energy device is not
compatible with widely used cooking pots, adoption of such
devices is hindered (Barnes et al., 1996).

4. An integrated approach to understanding household
energy choice
Despite the large number of studies on household energy
choice in general, and the more limited set of rural household
energy studies, there remains much that is unknown about the
household energy transition process. As Wilhite stated about 10
years ago (and still valid today), ‘‘we do not know much more
about the nature of energy demand today than we did in 1980’’
(Wilhite et al., 2000). There is a general consensus among
researchers that household energy use patterns are poorly understood and further theoretical and empirical studies are required
to formulate meaningful policies and intervention strategies
(Elias et al., 2005; ESMAP, 2003; Farsi et al., 2007; Heltberg,
2004; Leach, 1992; Masera et al., 2000; Pachauri, 2007).
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While a number of factors that determine household choice
have been examined through such studies (discussed above),
there are shortcomings in the literature that require a more
integrated approach to understand the energy transition process
in rural households.
4.1. Shortcomings of the literature on rural household energy
analysis
The shortcomings identiﬁed in the literature can be grouped
into three categories: (1) methodological issues; (2) mis-estimation of the drivers of energy use and transition; and (3) incomplete
speciﬁcation of energy systems. These issues are discussed in
further detail below.
4.1.1. Methodological issues
4.1.1.1. Predicting micro trends through macro analysis. A large
number of studies explore the correlation between energy use and a
number of factors such as population growth, technical advancement, urbanization and economic growth (see Ghosh, 2002; Jumbe,
2004; Leiwen and O’Neill, 2003; Victor et al., 2002). Although
macro-level factors inﬂuence energy use patterns, micro-trends
cannot be accurately extrapolated from national ﬁgures; particularly
in the case of poor rural households, energy use patterns may easily
be obscured by large industrial patterns (Elias et al., 2005). The
actual determining factors of household energy use can only be
found at the household level. The aggregate level of energy demand
is made up of day-to-day decisions at the household level that are
affected by a variety of socioeconomic factors.
4.1.1.2. Insufﬁcient data. Where micro-level data is used, it is
often not of the quality necessary to answer many questions.
Much of the research on household energy use in this area is
based on disaggregated data taken from large scale surveys such
as the Living Standard Measurement Surveys (LSMS) or similar
surveys such as Demographic and Health Surveys (DHS). These
surveys include information on household energy use, but the
data is insufﬁcient to accurately describe household energy use
patterns. A study by ESMAP showed that a number of such surveys only collect information on the main and secondary types of
cooking fuel, the main lighting fuel, fuel expenditure associated
with each fuel (rather than both expenditure and quantity).
Almost none of these surveys asked speciﬁcally about energy
conversion technologies adopted by households and the energy
service demand (ESMAP, 2003). The ﬁeld of energy analysis in
developing countries still requires signiﬁcantly better quantitative and qualitative data.
4.1.1.3. Correlation versus causation. Even when detailed surveys
are conducted, their estimations are often based on various forms of
regression analysis. The majority of studies on domestic energy use
rely on econometric analyses that identify the correlation between
different variables and their vector of progression (Leach, 1992).
Econometric analyses are generally more prone to problems of
causality than in-depth qualitative studies. Many of these studies
show signiﬁcant correlations yet fail to ﬁrmly establish causal
relations between these factors (Stern and Paul, 1986). For instance,
while the strong correlation between economic and energy growth
is conﬁrmed, no consensus on the casual relationship between these
two variable has been reached (Elias et al., 2005).
Moreover, many of these studies omit variables, inter-relationships between variables, and their simultaneity. Such simpliﬁcations, in turn, limit the usefulness of these studies in policy
analysis. It may result in overestimation of the impact of certain
variables; for example, if access to information about the health
costs of traditional biofuels is positively correlated with income

but omitted from the analysis, then the coefﬁcient for income
would have an upwards bias. The impact of some variables
(e.g. electriﬁcation) might be attributed to unobserved household
factors that are jointly correlated with this factor. For instance,
income and access to fuel may both be a function of infrastructure
quality and/or proximity to markets (ESMAP, 2003).
4.1.2. Drivers of energy use and transition
Overemphasizing or underestimating the determinants of
households’ decisions on energy use as well as energy transition
is a cause of a number of shortcomings in the literature.
4.1.2.1. Overemphasis on income. Although the impact of different
variables on household energy use patterns has been explored, many
researchers consider income as the main determining factor (ESMAP,
2003; Leach, 1992; Pachauri et al., 2004). Whitﬁeld explains that
‘‘three decades of research into the determinant of fuel choice has
failed to advance our understanding beyond an association between
higher incomes and cleaner fuel’’ (Whitﬁeld and Darby, 2006).
Overemphasizing income or expenditure may obscure other
determinants of wealth, particularly in rural areas where a large
proportion of households rely on free sources of energy and home
production and where the barter economy is prevalent. The
dominant role of traditional biofuels and the lack of access to
modern fuels in much of the rural developing world result in
income having a limited impact on energy choice. Traditional
biofuels that are often freely gathered depend more on resource
availability, labor availability, land, and livestock holdings than on
income or expenditure. A study in India on the impact of income
on commercial and non-commercial fuel consumption concluded
that ‘‘there is little evidence of correlation between non-commercial energy use and income’’ (Pachauri et al., 2004).
The key determinants of energy system choice are internal to
households, and also include but are not limited to the desire for
more ﬂexible energy sources, the desire for time free from fuel
collection and ﬁre attending to spend on other activities, the
desire to reduce the adverse health impacts of traditional energy
systems as well as the unwillingness to abandon current practices
and traditions (Elias et al., 2005).
4.1.2.2. Human dimensions of energy use. Household decision
making on energy use is a complex process mainly due to the
interrelations between economic, technical, social and cultural
issues as well as the physical environment (Masera et al., 1997).
Social and cultural factors such as cooking habits and household
characteristics may make households behave contrary to economic predictions based on income and relative fuel prices
(Foster et al., 2000).
There are a range of non-economic variables that are central to
explaining household decisions regarding energy use. Although
there is a large number of studies that point out the importance of
such variables, most of these studies do not provide any more
insight on the dynamics of such factors and why and how these
factors inﬂuence energy use. The impacts of income itself on
energy use are not well understood; while it appears to relate to
energy consumption directly, it also affects energy usage through
other sociodemographic variables in many ways. For instance,
income is an aspect of social class and can be treated as a rough
proxy for ‘‘social location,’’ which affects energy usage and
household choice (Lutzenhiser, 1993).
There is limited behavioral research on energy usage in the
developing world. Variables such as gender perspectives on
expenditure priorities and social power relations within households are not usually considered in quantitative analyses and
require qualitative study. Even in the context of the developed
world, behavioral aspects of energy use are little understood.
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An energy model should accurately predict the ways in which
individuals (and households) behave and consume energy, react
to perturbations and historical events, and respond to interventions. Such accuracy can be achieved only when individual
(household) behavior is properly understood. More in depth
studies on the behavioral aspects of energy use in rural households of developing countries is necessary not only to enhance
existing models and theories but also to formulate proper policy
and design effective intervention. Moreover, behavioral research
conducted in a developed world context should be adapted and
customized to inform future research in developing countries
whilst accounting for the structural differences in both energy
systems and socioeconomic systems (Urban et al., 2007).
4.1.3. Energy systems
4.1.3.1. Energy services versus energy quantity. Energy services
have received limited attention and research often relies on the
quantity of energy demand, often an aggregate number that is the
lump sum of various energy requirements. However, people do
not use energy but obtain beneﬁts from the services provided by
energy. The term energy services is used to describe these beneﬁts,
such as illumination or cooked meals (Pachauri and Spreng,
2003). As Whitile described, ‘‘graphs of increasing energy consumption are, in fact, graphs of the societal appropriation or
increasingly intensive use of technologies such as cooking devices, lighting systems, refrigeration, and so on’’ (Wilhite et al.,
2000). Estimations that are based solely on the quantity of energy
demand are problematic when considering the differences in the
services that are provided by technologies. The illumination of
different lighting devices may differ signiﬁcantly due to inherent
differences between these sources. For instance, although 60
candles emit as much light as a 60 W incandescent bulb based on
luminous ﬂux, their lights are not comparable (ESMAP, 2000).
In addition, many studies assume energy service requirements
are constant and estimate energy requirements based solely on fuel
and conversion technology. These methods do not consider the
variation in energy consuming behaviors for different energy
systems. Evidence shows that adopting different forms of energy
systems accompanies changes in patterns of energy use such as
power setting, amount of time for cooking, the types of food cooked,
and nighttime lighting hours. These shortcomings often result in
underestimation of household energy requirement (Fitzgerald et al.,
1990). Changes in household behavior followed by changes in
energy service demand should be incorporated in energy analysis
to have a realistic view of household energy use. These changes may
be triggered by change in lifestyle that transforms household energy
use patterns. Pointing to the impact of lifestyle on energy use,
Schipper states: ‘‘lifestyle changes could eat into everything you
think you’ve saved [by adopting efﬁcient systems]’’ (Cherfas, 1991)
4.1.3.2. Reducing the complexity of household energy use. Households adopt different energy systems to satisfy their various
energy service demands. An energy system is a series of processes
through which primary energy3 is extracted, converted in one or
more steps to ﬁnal energy,4 and then converted again through
energy end use devices to useful energy.5 The useful energy provided by energy systems beneﬁts consumers through energy
3

Primary energy: The energy carrier prior to any form of conversion (e.g. crude oil).
Final energy: An energy carrier that is suitable for use in end use energy
devices such as stoves (e.g. electricity, kerosene, diesel).
5
Useful energy: Also called utilized energy, energy output, end-use delivered
energy, or available energy. The energy that is needed for a speciﬁc task, such as
heat needed to cook a meal. Depending on the efﬁciency of the conversion
technology it may be as little as 5–8% of primary energy input or as high as
95–100% in the heat delivered (Leach, 1987).
4
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services such as cooked food and indoor lighting and both the
energy systems and energy requirements can vary signiﬁcantly
among households. A single energy device can be used to satisfy
multiple needs (e.g. cook stoves for cooking, water heating, space
heating), multiple energy systems can satisfy a single service
requirement (e.g. lighting by ﬁre in three stone stove, kerosene
wick lamp, or torches), and end use energy can be produced in the
home through some sort of conversion (e.g. use batteries and dry
cells to produce electricity).
Engineering-based approaches have been used by researchers
to estimate the energy required to satisfy the basic needs of a
household; Goldemberg estimated a household’s direct primary
energy requirement per unit of time to satisfy their basic needs is
about 500 W per person, the Advisory Board on Energy (ABE) in
India estimated approximately 33 W of useful energy per capita is
needed (Pachauri et al., 2004). Such estimations are based on a
number of assumptions regarding energy systems adopted by
households, such as the energy conversion technology used, its
efﬁciency and intensity of use. They are additionally based on
normative deﬁnitions of basic needs, which can be problematic as
basic needs depend on complex factors such as climate, culture,
region and period in time in addition to subjective wants
(Goldemberg, 1996; Pachauri et al., 2004).
Moreover, household energy systems are often oversimpliﬁed
and their different aspects examined in isolation of each other to
simplify the models and analysis. A majority of existing research has
focused on fuel choice and to a lesser extent on the combination of
fuel and energy device used. Their focus is mainly on the energy
carriers (ESMAP, 2003; Farsi et al., 2007; Masera et al., 1997, 2000;
Pachauri, 2007) and to lesser extent on fuel/device mix (Chambwera
and Muyeye, 2004; Edwardsa et al., 2004; Tuan et al., 1996)
However, household energy systems are really a combination
of three factors: energy carriers, energy conversion technologies,
and energy service demands. For instance, the energy requirement for cooking, which can account for up to 90% of household
energy demand among poor populations in the developing world
(Elias et al., 2005), depends on the speciﬁc cooking service
requirements (i.e. boiling water for tea and slow-cooking a stew
are two very different requirements), the cooking device, and the
cooking fuel. Cooking service requirements change depending on
multiple factors such as household size, number of meals cooked
per day, meal ingredients, and cooking methods. Energy requirements for cooking also depend on the energy carrier and the
energy conversion technology (i.e. cookstove efﬁciency).
The energy delivered to a cooking pot per kilogram of fuel differs
signiﬁcantly, ranging from 3 MJ/kg of fuel for a three stone
wood ﬁre up to 25–30 MJ/kg of fuel for an LPG stove (Barnes
et al., 1996).6
Similar dimensions of energy systems can be explored for
lighting, space heating, water heating and other energy consuming
activities. Addressing these three interrelated concepts together is
necessary for a realistic approach to household energy analysis.
Furthermore, these three dimensions of household energy systems
need to be investigated for each energy consuming activity
to be able to create a detailed proﬁle of household energy use.
Doing so will also illuminate the inter-relationships between
these varying activities since devices and carriers can be used to
meet multiple energy services (e.g. cook stoves provide cooking,
heating and lighting services). If treated in aggregate or only
according to fuel or technology, such interdependencies are not
captured.

6
Energy delivered to pot based on fuel’s energy content and the efﬁciency of
conversion technologies typically used in developing countries (Barnes et al.,
1996).
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4.2. A new approach to household energy analysis
The gaps in the literature on rural household energy analysis
provide a basis for developing an alternative conceptual model
that can create a more realistic view of household energy use. The
three dimensional energy proﬁle is presented as a new framework
for assessment of household energy use (see Fig. 3). This framework acts as a basis for building new theoretical and empirical
models of rural household energy use. At the center of the
framework is the relationship between energy services, devices
and carriers. Around that are the various factors inﬂuencing the
energy proﬁle of the household.
The framework addresses energy use at the most disaggregated
level, the household, and can be used with both quantitative and
qualitative data Therefore, the framework is able to capture the
micro-trends based on quantitative information as well as objective
qualitative data. It also provides a template for capturing the casual
relations between different aspects of household energy use.
As discussed earlier, household energy use patterns depend on
simultaneous decisions on the type of energy carriers and energy
conversion technologies as well as energy service requirements,
which together can be considered the Household Energy System.
The proposed framework addresses all three dimensions of these
systems simultaneously while considering the close interrelations
between them and their dynamics. The framework focuses
particular attention on the energy services instead of energy
quantity to shed more light on the human side of energy use
and create a more realistic view of household energy use.
With the three dimensional energy proﬁle at the center, a
range of inﬂuential drivers affecting these three dimensions can
be enumerated and assessed. Household energy use can be
affected by a range of drivers through complex, interacting, and

reciprocal linkages. Meeting the cooking service requirement of a
household, for instance, depends on the availability and affordability of energy carriers and conversion technologies, household
characteristics (e.g. income, household size), household preferences, and so forth. The framework, while considering income as a
determining factor under the category of capabilities, avoids
overemphasis on income by drawing equal importance to other
sets of variables and determinants. Moreover, the three dimensional energy proﬁle framework draw together different dimensions of human behavior in order to capture the relationship
between human agency and energy consumption.
Determining factors affecting household decision regarding
energy consumption, located in the circle, are strongly interrelated and simultaneously affect the three dimensions of household energy use pattern. This part of the framework is adopted
from the integrated model of pro-environmental behavior that is
described in Section 2.4. Four types of casual variables are
identiﬁed by Stern (Stern and Paul, 2000) under two main
domains; attitudinal factors and habits and experiences under the
personal domain, and personal capabilities and external conditions
under the contextual domain.
Attitudinal factors include behavior-speciﬁc beliefs, values and
personal norms. Habits and experiences such as standard operating procedures and routines are the key determinant in human
behaviors since behavior change often requires breaking routings
and creating new ones.
Personal capabilities include socioeconomic status, technical
skills and resources required for an action. Sociodemographic
factors such as gender, age, ethnicity, education, and income, can
all be considered as personal capacities. External conditions
include factors such as market actors, technologies, regulations,
formal and informal institutions, economic performance, supply

Fig. 3. Endogenous and exogenous factors inﬂuencing energy proﬁle.
Notes: (a) only examples of variables are shown in the boxes. This is not a complete list of variables related to energy use. (b) The categories of variables affecting energy
use is adopted from Wilson et al. (2007).
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chains, social interactions and norms, etc. Policies are also under
this category (Stern and Paul, 2000; Wilson et al., 2007). Most of
the literature on human dimension of energy use has addressed
the factors described under the contextual domain that includes
personal capabilities and external conditions.
In this paper, instead of the set of variables suggested by Stern
and Wilson et al. the determining factors reviewed in the previous
section are used, except for the attitudinal variable. However,
there are a number of variables associated with each category
that need to be identiﬁed and incorporated in the framework.
It provides a basis for further qualitative studies on energy use in
rural households.
As a ﬁnal note, a full assessment of these drivers and interactions
between them, as well as their causal relationship with energy
systems, requires a multiscale approach in order to understand how
changes at different scales (e.g. household, community, national,
international) affect household energy use.

4.3. Energy transition in a three dimensional energy proﬁle model
Based on the three dimensional energy proﬁle framework, a
new method of identifying household energy transitions is proposed here. Energy transitions in this model are not limited to
switching between fuels, stacking multiple fuels, or adopting
improved cook stoves. Instead they include all three dimensions
of household energy systems. The three-dimensional graph below
provides a holistic view of household energy system characteristics
and the shifts occur due to changes in any of three dimensions
of household energy system (i.e. energy service demand, energy
carrier, energy conversion technology). This graph is a representation of the ‘‘social appropriation’’ (Wilhite et al., 2001) of energy
use along with increasing use of a more efﬁcient and modern
energy system.
A change along the path shown in Fig. 4 can be seen as an
improvement in overall household energy usage. For instance, the
improvement shown by the arrow in Fig. 4 can be the result of:
increase in energy service demand that is often associated with a
higher welfare level (e.g. more warm meals, brighter room, more
comfortable room temperature); fuel switching to higher quality
and cleaner fuel (e.g. switch from wood to LPG); adopting higher
efﬁciency energy appliance (e.g. replacing a traditional cookstove
with an improved one).
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The graph of energy transition is not necessarily a smooth and
continuous line. Rather, it is most likely in the shape of steps in
each of the three dimensions. There are a number of drivers
affecting the three dimensions of energy use, described earlier in
this section that triggers such a transition. The cumulative effect
of a range of drivers or the affect of each factor on the transition of
energy use can be visualized through the proposed graph.

5. Conclusion
There is a large gap in the literature regarding the behavioral
aspects of energy use. Although some research has attempted to
include cultural and habitual factors and has conﬁrmed their
importance, there is almost no research that explores these
variables and their dynamics in detail. For instance, while an
econometric analysis looks at the differences between energy use
in households headed by males and females, there is no explanation of why these differences exist and how they may change. As a
ﬁnal note, the growing concern about energy and household
welfare, impacts of climate change, and energy security requires
a more realistic understanding of household energy use. An indepth study of the human dimension of energy use is a vital
step for improving our understanding of household energy use in
rural regions of developing countries. The proposed conceptual
framework provides a basis for both qualitative and quantitative
research. The framework addresses the gaps identiﬁed in the
literature by focusing on household level qualitative and quantitative data in order to be able to capture micro-trends based on
appropriate information and identify the casual relationship
between variables. By incorporating a range of personal and
contextual variables the framework avoids overemphasizing
income as the major determinant of energy consumption and
also addresses the human dimension of energy use. Finally, the
three dimensional energy proﬁle considers all three dimensions of
energy systems (i.e. energy services, energy carriers, and energy
conversion devices) and their interrelations in order to have a
realistic view of household energy use.
The three dimensional energy proﬁle framework can act as a
basis for building new theoretical and empirical models of rural
household energy use. Such models along with in depth study of
rural energy usage are a precondition for formulating any meaningful strategy.
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