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Abstract
As countries develop, they are likely to face challenges in meeting growing energy demand
and in ensuring energy security. Given this, and the problem of climate change, improv-
ing demand-side energy efficiency is pivotal to ensuring sustainable development. However,
agents often underinvest in energy-efficient technologies due to behavioral failures such as
low levels of energy-related financial literacy, defined as the combination of energy knowl-
edge and cognitive abilities needed to evaluate the lifetime costs of durables. Using novel
data, we analyze the levels and determinants of energy-related financial literacy of house-
holds in urban areas in the eastern lowlands of Nepal, and whether it is correlated with their
attitudes towards replacement of energy-inefficient appliances. We find that respondents
have low levels of energy-related financial literacy, and higher levels of literacy are associ-
ated with more rational attitudes towards appliance replacement. The findings of this study
are relevant to addressing the energy-efficiency gap in developing countries.
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1. Introduction
Climate change is a global phenomenon, which requires concerted action in terms of
reductions of greenhouse gas (GHG) emissions by all sectors of society, whether resi-
dential, transport, agriculture or commercial. Reducing energy consumption from fossil
fuels is one means of achieving reductions in emissions. However, this is easier said
than done, given the dominance of fossil fuels in the global energy mix (World Energy
Council, 2016). Achieving energy efficiency in consumption is another important way
to mitigate climate change, with the added benefit of being a (relatively) less costly mea-
sure to achieve GHG emission reduction targets, especially at the economy-wide level
(Stern, 2007). Energy efficiency measures are often referred to as the ‘low-hanging fruit’
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of energy saving, given that they are relatively simple and yield large benefits, while hav-
ing the potential to deliver more than half the emissions cuts needed to keep the increase
in global temperatures within 2◦C (Sustainable Energy for All, 2015).

Furthermore, while low- and middle-income countries (LMICs) have low levels of
per capita energy consumption relative to developed countries, higher levels of expected
future growth, along with the expected increases in their population, imply that energy
consumption (and the use of energy services) is likely to increase. This may have further
repercussions on GHG emissions, and thus on climate change, as well as on ensuring
energy security. The latter point is more crucial for small countries like Nepal that have
a high share of renewables in the production of electricity, but still need to invest a lot
in the development of the necessary energy infrastructure to meet the growing demand.
In this context, it is then vital that policy-makers implement policies to improve energy
efficiency in order to optimize the investment in the electricity supply infrastructure, and
to ensure sustainable development.1

One (relatively) low-cost means of achieving energy efficiency is by investing in
energy-saving technologies. However, the economic literature abounds with examples
of underinvestment in such technologies (and the resulting private and social losses).
A range of market and non-market (e.g., behavioral psychology) failures are responsi-
ble for this ‘energy-efficiency gap’, where individuals may make suboptimal investment
decisions when the benefits and costs of owning a durable are distributed unevenly over
time (Hausman, 1979; Jaffe and Stavins, 1994; Allcott and Greenstone, 2012; Gillingham
and Palmer, 2014).

Important examples of market failures include uninternalized externalities from
energy consumption, and imperfect information, as well as a lack of capital (or even hid-
den costs of investment in energy-efficient technologies) (Schleich, 2009). Such failures
imply that consumers and firms may not be able to exploit privately-profitable energy
efficiency investments. In an LMIC context, the high transaction costs of acquiring infor-
mation on the attributes of new energy-saving technologies that are available to them, or
of making an investment analysis of their costs and benefits, are important examples of
market failures (Jeuland et al., 2015). Further, in settings where energy access is a serious
concern, credit and information-related market failures, along with weak institutions,
may further depress clean technology adoption (Pattanayak et al., 2018).

Behavioral failures that may result in the energy-efficiency gap often stem from the
risk and uncertainty involved (such as high implied discount rates for investments in
energy efficiency), loss aversion and bounded rationality (Schleich, 2009). While neo-
classical economics assumes that rational decision makers choose the optimal solution
given their budget constraint and given all available alternatives, real-world decision
makers may often fail to behave as ‘Homo Economicus’.

One form of bounded rationality is the failure of agents to compute the life-cycle costs
of durables correctly when making decisions to invest in energy-saving technologies.
Energy-efficient technologies usually have higher upfront costs than other appliances,
despite their lower operating costs, which means that households need to have the com-
putational abilities as well as energy-related knowledge in order to calculate the cost over

1Developing countries can achieve benefits from investments in energy efficiency with an investment of
90 billion annually over 12 years, which is only half of what these economies would otherwise need to spend
on their energy supply infrastructure to keep pace with increased demand (Farrell and Remes, 2009). Due
to lower labor costs, this study also found that costs associated with energy efficiency are 35 per cent lower
in developing countries than in developed countries.
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the lifetime of the appliance. Blasch et al. (2018) coin a new term for this conjoint abil-
ity, namely energy-related financial literacy, which is the combination of energy-related
knowledge and cognitive abilities (or computational skills) that agents need in order to
take decisions with respect to their investment decisions in durables, for the production
of energy services and their consumption.

Although the per capita energy consumption in developing countries is usually quite
low, one can expect, at least in urban areas, that agents will purchase more energy con-
suming appliances and vehicles as their disposable incomes increase when their coun-
tries witness economic growth and development (Wolfram et al., 2012). This implies
that the risks of bounded rationality, and therefore of low levels of energy-related finan-
cial literacy, are likely to be high. However, little is known about the ability of agents
to undertake an investment analysis before making these technological choices, which
may have repercussions on the efficiency of the technologies that they end up purchas-
ing. While there are some studies (Klapper et al., 2015) that have looked at the role of
price constraints or lack of information in hampering greater adoption of energy-saving
technologies in LMICs, to the best of our understanding, this research has not consid-
ered whether these barriers may stem from a lack of ability of agents to do investment
calculations when they face uncertainty and risks, and how low levels of education and
literacy may play a role.

A few studies in the context of developed countries have analyzed the effects of higher
levels of energy-related financial literacy on the identification of the most cost-efficient
technologies by respondents (Blasch et al., 2017a,b, 2018, 2019). However, very little is
known about this in the LMIC context.We hypothesize that this is a significant gap in the
energy and development literature. These investments are likely to influence the paths
of energy consumption in developing countries in the coming decades. Thus, two pieces
of policy-focused research are helpful: (1) What are the determinants of energy-related
financial literacy in LMICs, such as Nepal (which is one of the poorest countries in the
world, with a per capita annual income of US$ 835)?, and (2) Are higher levels of energy-
related financial literacy correlated with the replacement attitudes regarding inefficient
appliances in the Nepali context? Furthermore, we also provide information on the
levels of financial literacy for households in some of the urban areas in the lowlands
of Nepal.

In 2017, households accounted for about 45 per cent of the total electricity con-
sumption in Nepal whereas only 65 per cent of the population had access to the grid,
even though this number has been steadily increasing by about 10 per cent annually
(Nepal Electricity Authority, 2017). The current electricity supply, predominantly based
on run-of-the-river type hydropower plants, has been unable to meet Nepal’s growing
peak time demand. Demand-side management measures to improve end-use efficiency
at the household level may yield significant reductions in electricity consumption. Even
though Nepal primarily uses hydropower, which is a renewable resource, it is important
to stress that achieving energy efficiency is a crucial goal in the Nepalese context. There
are two reasons for this: (1) it will enable the Nepalese electricity authorities to reduce
peak demand, and avoid load-shedding, which will have other related benefits such as
reduced air pollution (given the rampant use of diesel-run generators due to frequent
interruptions, for instance), and (2) it may improve the balance of payments situation
due to reduced imports of fuel from India.

This study is the first, to our knowledge, to undertake an analysis of energy-related
financial literacy in a developing country context. Using novel data from a survey
conducted in some of the urban municipalities in the eastern Terai region (lowlands)
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of Nepal with the cooperation of the Nepal Electricity Authority (NEA), we provide
descriptive evidence on the appliance stock, energy-related literacy and financial knowl-
edge, as well as information on environment-related attitudes and behavior for a sample
of about 2,000 households that have regular access to electricity. We then estimate the
determinants of energy-related financial literacy using an ordered probit regression
model. In the second part of this study, we evaluate the association between higher lev-
els of energy-related financial literacy of respondents, and the rationality in attitudes
regarding replacement of a major household appliance that is old and inefficient. While
we are not able to causally identify the effect of literacy on level of rationality, to the best
of our knowledge this is still one of the first studies in LMICs that explores this research
question.2

Credit and liquidity constraints are also likely to play an important role in underin-
vestment in energy-efficient durables, especially in low- and middle-income countries
such as Nepal. Purchasing appliances requires an investment to be made upfront, which
may not be affordable for all households. In order to mitigate this concern, we focus our
attention in this study on urban households that have regular access to electricity, and
already own at least a few appliances.

The results show that the levels of appliance ownership are low for households in the
region, as one can expect. We find that the levels of energy-related knowledge, as well
as their computational skills and financial literacy, are quite poor for the respondents
in these households. Regarding the determinants of energy-related financial literacy, we
find that there is a gender gap, with females having lower levels of literacy than males.
This finding has been confirmed in developed countries as well, with females scoring
lower on measures of both computational skills and of energy knowledge. Moreover, we
also observe that less-educated households have lower levels of energy-related financial
literacy, while income is not found to be a significant determinant of this score, unlike
in developed countries (Blasch et al., 2018).

While we do not observe the actual replacement behavior of these households in this
cross-sectional analysis, we have information on their revealed attitudes regarding the
replacement of a major appliance that is old and inefficient. We find that higher levels
of energy-related financial literacy, especially stronger computational abilities, are asso-
ciated with lower levels of irrationality and bounded rationality of consumers, and are
correlated with more rational attitudes towards replacement of old and inefficient appli-
ances. This suggests that it is important to understand the binding constraints towards
greater energy-efficient technology adoption in a developing country context.

Our contribution through this paper is to shed light on the level and determinants
of energy-related financial literacy, and on the underlying barriers to higher levels of lit-
eracy that are specific to LMICs. Furthermore, this paper aims to inform policy-makers
about how limited levels of energy-related financial literacy may influence consumers’
attitudes towards replacement of old and inefficient household appliances. The insights
we derive from this study are a useful step towards the design of demand-side man-
agement policies that may address low literacy levels. This is particularly relevant to
policy-makers looking to address behavioral reasons for the energy-efficiency gap in
developing countries.

2The survey question used for this purpose actually aims to capture the potential reasons for respondents’
existing (and likely, actual) non-replacement of a major old and inefficient household appliance. Looking
at the choice of statements, we can identify individuals who behave more rationally than others.
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The remaining sections are organized as follows. Section 2 reviews the literature on
the topics of energy-related literacy and financial literacy in the context of household
energy consumption and adoption of new appliances. Section 3 describes the survey and
the data used. Section 4 discusses the empirical strategy and presents the econometric
analysis. Section 5 presents the results and section 6 concludes.

2. Literature review
In this paper, we are interested in two interrelated types of literacy, which we argue are
important in determining whether households are able to correctly value the benefits
from the adoption of energy-efficient durables (such as appliances). The first is the idea
of financial literacy, or computational ability in general, which would facilitate the per-
forming of an investment analysis. The effects of higher levels of financial literacy have
been extensively studied for both developed and developing countries, with regard to
retirement decisions (such as pensions) as well as the adoption of other financial prod-
ucts and services (Lusardi and Mitchell, 2007; Lusardi et al., 2009; Lusardi and Mitchell,
2011, 2014; Xu and Zia, 2012; Karakurum-Ozdemir et al., 2018). This literature finds
an important role for financial literacy programs in determining financial knowledge-
related outcomes, but also in determining financial behavior. For instance, education
through financial literacy programs has been found to have a profound effect on the like-
lihood of opening savings accounts (and the take-up of financial products in general),
but also on financial proficiency scores and knowledge (Xu and Zia, 2012; Bruhn et al.,
2014). However, except for Blasch et al. (2018), few studies have considered whether
this measure may be correlated with the adoption of energy-efficient technologies (or
durables, in general).

Another aspect of literacy that may play a role in facilitating the ability of house-
holds to perform an investment analysis, which may then influence their adoption of
energy-efficient durables, is their knowledge of energy-related matters, such as whether
they are cognizant of the operating costs of appliances, or of possible savings from the
use of energy-efficient technologies. This has been understudied in the literature, in
comparison to the determinants of financial literacy, even in developed countries. Pre-
vious papers have studied the effects of environmental attitudes and behavior (Ameli
and Brandt, 2015), as well as prices (Jacobsen, 2015), on energy-efficient adoption deci-
sions, but less is known about the role of households’ knowledge in determining these
choices. Studies such as Brounen et al. (2013) and Kalmi et al. (2017) have found that
households suffer from low levels of energy literacy (or energy knowledge) in theNether-
lands and Finland respectively. One study that emphasized the importance of knowledge
is Mills and Schleich (2012), who find that knowledge about energy consumption and
energy-efficient technology options has a strong correlation with the household-level
adoption of energy conservation practices, but not necessarily with the adoption of
energy-efficient appliances. In a recent study, Prest (2020) finds that the most criti-
cal determinant of electricity demand for Irish households in response to a policy of
peak-load pricing was whether consumers were aware of the policy.

Other studies have looked at the link between being able to compute the lifetime costs
of appliances and a household’s decision to purchase energy-efficient appliances. Blasch
et al. (2018) evaluate the determinants of energy-related financial literacy, and also show
that higher levels of energy-related financial literacy are correlated with the share of
energy-efficient technologies (in this case, light bulbs) adopted by households. They
use data from a sample of European countries (Italy, the Netherlands and Switzerland)
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for their analysis, and propose the concept of ‘energy-related financial literacy’, which
encompasses both energy-related knowledge and cognitive skills, to process available
information in order to take informed energy-related investment decisions.

A stream of literature based on developed countries such as Switzerland has found
that many households have poor levels of energy-related financial literacy, and that this
is often associated with households taking suboptimal decisions regarding identification
of the appliances having the lowest lifetime costs (Blasch et al., 2017a,b, 2019). These
studies have also found a largely positive impact of enhancing both a household’s energy
knowledge and their ability to do financial calculations, on their ability to identify the
appliances having the lowest lifetime costs. Blasch et al. (2017a) show that more lit-
erate households are more likely to consume less electricity, and Blasch et al. (2017b,
2019) find that households which have higher levels of literacy are more likely to cal-
culate investment costs for themselves, rather than relying on simple rule-of-thumb
heuristics.

Our paper is methodologically similar to that of Blasch et al. (2018), in that we are
also seeking to understand the determinants of energy-related financial literacy, but in
an LMIC context.3 For developing countries, there is neither much evidence on the bar-
riers to greater adoption of energy-efficient technologies in general, nor evidence on the
determinants of energy-related financial literacy or on the ability of households to com-
pute lifetime costs. We find this to be a big gap in the literature, especially because these
countries suffer from already low levels of education and literacy (Klapper et al., 2015).
Moreover, as their populations and incomes increase, LMIC households are more likely
to purchase appliances and vehicles, which is likely to influence energy consumption
pathways in the coming decades (Wolfram et al., 2012).

This paper attempts to fill this gap at least partially, by: (a) providing a descriptive
analysis of appliance stock, financial literacy and energy-related financial literacy, as well
as replacement attitudes for our sample; and (b) analyzing the determinants of energy-
related financial literacy for a sample of urban households in the eastern lowlands of
Nepal. While we do not have information on electricity consumption or other types of
behavior, such as actual adoption of an energy-efficient appliance, which may be inter-
preted as a direct outcome of having a high level of energy-related financial literacy, we
also seek to: (c) evaluate the association between higher levels of literacy and attitudes
of households regarding replacement of old and inefficient appliances. The results of
this study provide important findings that enable us to undertake future experiments to
study the effects of enhancing literacy in influencing households’ adoption decisions.

3. Data
The data is drawn from a household-level survey conducted by the Centre for Energy
Policy and Economics (CEPE), ETH Zurich, in collaboration with the Nepal Electric-
ity Authority (NEA).4 The survey was administered during the first quarter of 2018. A
total of 2,042 respondents and households were part of the survey that was conducted
in some of the urban municipalities in the Morang and Sunsari districts of Nepal, e.g.,

3Kumar (2019) also looks at the determinants of energy-related financial literacy (represented as latent
clusters with low, mid and high level of literacy instead of a numeric score) for a large sample of Swiss
respondents.

4The survey questionnaire was developed by CEPE and was based on insights from some of our earlier
household surveys on residential energy consumption (Blasch et al., 2017b, 2018).
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Urlabari, Itahari, Biratnagar, Duhabi and Dharan. These municipalities belong to the
eastern Terai region (lowlands) of Nepal.5 The survey was paper-based and in the local
language (Nepali) and consisted of 31 questions spread over 6 pages. At the beginning
of the survey, there was an introductory page with project information, incentives for
participation and a few basic instructions. The survey was administered by the local dis-
tribution offices of the NEA with the help of their on-field meter-readers – that is, the
utility’s staff who are responsible for physically visiting the addresses having electric-
ity meters, checking the meter readings and handing out the electricity bills for the last
month (or last quarter if it is a remote location).6 Further details on the project and the
household survey can be found in the report, ‘A descriptive overview of literacy, attitudes
and behaviorus towards energy consumption in Nepal’ (Kumar, 2018).

The questions included in the survey were designed to collect information on
households’ sociodemographic characteristics, dwelling-related attributes, capital stock,
energy-related knowledge, computational skills, attitudes and behavior towards electric-
ity consumption and adoption of energy-efficient appliances. Below we present some
descriptive statistics of the data.

3.1. Descriptive statistics
3.1.1. Sociodemographic and dwelling characteristics
Table 1 shows the percentage distribution of the basic sociodemographic characteris-
tics of the respondents and households. Both genders are almost equally represented in
the data. The typical respondent is married, lives in a joint family, both the respondent
and the spouse are educated at the primary level (below high school), and the monthly
household income is less than Rs.20,000.7 One in every three households declares that
they regularly receive foreign remittance from a family member who works abroad.8
The median age of respondents in the household survey is found to be 43 years. The
most frequent response with regard to the total number of people regularly living in the
household is 4.

Table A1 in the online appendix presents some information on the features of the
dwelling. Most respondents live in a single family house (97.5 per cent) and in most
cases the house is owned by a member of the household (95.2 per cent). Almost half of
the households belong to the town of Urlabari, the second largest city (after Biratnagar)
in theMorang District in the lowlands of Nepal. Themost frequent response on the total
number of bedrooms and living rooms within the dwelling is 4.

5The Terai region of Nepal is geographically different from the Hilly, Himal and Trans-Himalayan
regions. The Terai region spreads over the entire southern and southeastern strip of the country border-
ing India and is home to most of Nepal’s economic activity (other than tourism) and industries, primarily
in the agricultural sector.

6Around six to eight of the meter-readers, who worked in different municipalities, were involved in the
distribution of the paper survey to respondents and, thereafter, in the collection of the completed surveys.
The surveys were distributed to all respondents on their regular meter-reading visits and there were no
particular criteria in selecting them, other than them having a metered electricity connection and being
willing to participate and complete the survey. The distribution and collection was stopped once the target
sample of 2,000 to 2,100 respondents was reached.

7Rs. is Nepali Rupees. Rs. 1,000 = US$8.80 (exchange rate on 15 February 2019).
8As a share of GDP, Nepal was the third largest recipient of remittances in the world in 2015, which

accounted for 29 per cent of its GDP (Sharma, 2017).
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Table 1. Basic sociodemographic attributes of the survey sample

Attribute Percentage (%) N#

Gender Male 53.96 1972
Female 46.04

Marital Status Married 89.66 2002
Single 9.34
Divorced 1.00

Type of household Joint 79.47 1992
Nuclear 19.88
Sharing apartment with friends 0.65

Education Below high school 60.26 1988
Secondary school (class 10/12) 34.51
University 5.23

Spouse’s education Below high school 64.54 1867
Secondary (class 10/12) 29.35
University 6.11

Monthly household income Less than 20,000 57.39 2002
20,000–50,000 26.12
More than 50,000 8.54
No answer/do not know 7.94

Regular foreign remittance Yes 32.44 1985
No 67.56

#Sample excluding missing values from a total of 2,042 observations.

Tables A2 and A3 in the online appendix provide these summary statistics for the
regression sample of table 6 of our results.

3.1.2. Capital stock
The survey asked respondents if they owned certain types of household appliances, a
motorcycle, or an inverter-battery system (or backup-system), and whether or not they
were planning to buy or replace these durables in the next two years. Table 2 shows the
share of responses to this question as percentages. We find that the share of households
owning an electric rice cooker ismore than 60 per cent, followed by fridge (58.4 per cent),
motorcycle (39.5 per cent), an inverter-battery based electricity backup system (21.4 per
cent), washing machine (8.9 per cent), electric geyser (8.5 per cent) and air-conditioner
(4 per cent). The share of households planning to add or replace one of these appliances
in the next two years varies from 2–5 per cent.

3.2. Definition of literacy scores
Measurement of the level of energy-related knowledge and computational skills was
one of the main objectives of the survey which consisted of several questions for this
purpose. Below we present an overview of these questions and use the responses to con-
struct three types of scores, following the approach in Blasch et al. (2018). Our first
score is an index that measures energy knowledge, and the second is a score of that we
term ‘computational skills’, which is a combination of financial literacy along with the
ability to do a lifetime cost calculation. The final measure has been referred to as energy-
related financial literacy, which is defined as the sum of the energy knowledge as well as
computational skills scores of the respondents.
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Table 2. Capital stock and plan to add or replace in the next two years

Appliance Yes (%) No (%) Planned (%) N#

Electric rice cooker 62.12 37.88 4.43 1985

Fridge 58.43 41.57 4.72 1970

Washing machine 8.90 91.10 3.86 1842

Motorcycle 39.46 60.54 3.01 1893

Electric geyser 8.51 91.49 2.76 1845

Inverter-battery system 21.43 78.57 2.36 1862

Air-conditioner 4.00 96.00 2.08 1824

#Sample excluding missing values from a total of 2,042 observations.

Table 3. Energy-related knowledge

N Mean St. Dev. Min Max

Energy costs of a rice-cooker 1,766 0.122 0.327 0 1

Energy costs of a ceiling fan 1,763 0.107 0.309 0 1

Energy costs of a TV 1,747 0.218 0.413 0 1

Energy costs of a refrigerator 1,740 0.132 0.339 0 1

Compare: Incandescent vs. LED bulb 1,979 0.423 0.494 0 1

Savings: Incandescent vs. LED bulb 1,982 0.316 0.465 0 1

Notes: All variables are binary with 1 implying a correct response.

3.2.1. Energy-related knowledge
Questions on energy-related knowledge checked whether respondents knew the cost of
electricity (in monetary terms) for some of the daily electricity consuming activities, or
energy services, at home, and whether they were able to compare two energy services
and determine which one consumed more electricity. The respondents were also asked
how much they thought the percentage of energy savings was when using an LED bulb
as opposed to an incandescent bulb.9 These questions are described in table A4 in the
online appendix; summary statistics on the correct responses are presented in table 3.

The mean values in table 3 are on the lower side (in an absolute sense). In general,
this highlights a low level of energy-related knowledge among the Nepalese respondents
in our sample. Among all questions, respondents seem to be better informed about
comparison and savings on LED bulbs compared to regular incandescent bulbs. This
is likely due to the fact that the NEA has been actively promoting the benefits of LED

9For the questions about the monetary cost of energy services, respondents had to select one answer
for each question among the given choices. The choices in Nepali Rupees (Rs.) were Rs. 0–5, Rs. 6–10, Rs.
11–20, Rs. 21–50, Rs. 50+ and DNK (Do not know). For the questions that provided respondents with two
energy services and asked them which, in general, consumes more electricity, the choices consisted of each
of the two energy services under comparison, one option that said both consume the same, and DNK. The
choices for the savings on an LED bulb compared to an incandescent bulb were 5–10 per cent, 30–50 per
cent, 70–80 per cent, and DNK.
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Table 4. Financial literacy and computational skills

N Mean St. Dev. Min Max

Simple interest 1,922 0.136 0.343 0 1

Inflation 1,949 0.239 0.427 0 1

Compound interest 1,956 0.283 0.450 0 1

Lifetime cost comparison 1,962 0.093 0.291 0 1

Notes: All variables are binary with 1 implying a correct response.

bulbs through advertisements and information campaigns since 2016 (Nepal Electricity
Authority, 2017).10

The index capturing energy-related knowledge is created as the sum of the number of
questions which the respondent answered correctly (theoretically, it can vary from 0 to 6,
given that we ask 6 questions tomeasure the respondent’s knowledge and energy-related
awareness).11 In our sample, a plurality (almost 40 per cent) of households incorrectly
answered (or did not know the answer to) every question related to energy consumption.

3.2.2. Computational skills
The questionnaire contained a few questions to assess the level of financial literacy and
computational skills. Some of these questions pertain to calculations of simple interest,
compound interest as well as to the effects of inflation, which are standard in the financial
literacy literature (Lusardi and Mitchell, 2014).12 Additionally, we asked the respon-
dents a question that sought to identify their ability to perform an investment analysis
by means of comparing two appliances. This question captures whether households can
compare two fridges, and identify the one having a lower lifetime cost (defined as the sum
of the purchasing cost, and the operating costs).13 These questions are described in table
A4 in the online appendix; the summary statistics on correct responses are presented in
table 4.

Table 4 depicts a generally low level of financial skills. Nearly 30 per cent of respon-
dents appear to be aware of how to calculate a compound interest rate. Understanding
of the interplay of rate of inflation and bank interest rate appears to be lower. The poor
performance in the simple interest question when compared to the compound interest
question is somewhat strange. It might be due to the use of a larger monetary amount
(Rs. 10,000) and a longer time duration (5 years) in the simple interest question, which,
if true, again points to cognitive limitations of consumers in processing large numbers.

10It is worth pointing out that a low level of energy-related knowledge is also common in developed
economies, as shown by Blasch et al. (2017b, 2019) for households in Switzerland and Blasch et al. (2018)
for a European sample. Relatively speaking, the level of energy-related knowledge found in these studies is
(only) slightly better than that found here.

11We also asked a few additional questions on energy consumption of certain appliances, which have not
been used to create this index because of low ownership rates for these appliances, such as washingmachines
(9 per cent) and electric water heaters/geysers (8.5 per cent), in our sample.

12It should be noted that the classic financial literacy literature considers three aspects: interest calculation,
effect of inflation and risk-diversification (Lusardi and Mitchell, 2009). We did not ask a question on risk-
diversification here as its role in the domain of appliance choice or household consumption is not apparent.
Instead, we considered two separate questions related to simple and compound interest calculations to
construct our index.

13This question is adapted from a similar question in Blasch et al. (2017b).
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On the other hand, this may also have happened due to the layout of the questionnaire,
as this particular question started on page 4, and ended on page 5 in the paper survey.14
Lastly, respondents perform very poorly on the question concerning identification of the
appliance with the lower lifetime cost – only about 1 in 10 answer this correctly – which
highlights the inability of consumers to perform investment analysis in the domain of
appliance choice. We originally planned to conduct a randomized controlled trial using
this question, by providing half of the respondents with a one-page educational brochure
on how to calculate the lifetime cost of a durable before they answered this question.
Unfortunately, because of logistical limitations, this could not be implemented. How-
ever, about 20 per cent of the respondents still ended up receiving the survey with the
brochure attached to the end of the questionnaire, but this was not communicated to
them. Later in the empirical section, we also account for this aspect.

Our score measuring computational skills is constructed by summing up the number
of above described questions that the household answered correctly in the survey, i.e.,
it varies from 0 to 4, and considers both financial knowledge and ability to perform a
simple lifetime cost calculation of an appliance. Thus, the index attempts to represent the
computational ability of the respondents. While it is closely related to a typical measure
of financial literacy, we prefer it over financial literacy because it is more comprehensive
– it incorporates a critical component of the ability to perform an investment analysis,
namely, the ability to calculate and compare lifetime costs of appliances. Nevertheless,
for the empirical analysis, we also consider the financial literacy score that varies from 0
to 3 (i.e., without considering the lifetime cost comparison question).

3.2.3. Energy-related financial literacy
The total number of questions answered correctly by the respondent pertaining to both
energy knowledge and computational skills are the two components of the index of
energy-related financial literacy. Theoretically, the index can vary from 0 to 10 (there
are six questions aimed at capturing energy knowledge and four questions for compu-
tational skills). In our data, the maximum score that households got is 8. Interestingly,
30 per cent of the households got a score of zero,meaning that theywere unable to answer
a single question correctly.

Following the arguments listed in Blasch et al. (2018), one way to justify combin-
ing these different components together in creating the energy-related financial literacy
index, at least statistically speaking, is to check for: (a) the correlation between them, and
(b) the internal consistency of the scales that have been used to measure the two com-
ponents. The pairwise correlation coefficient between the two different indices that we
have used to measure energy-related financial literacy, namely energy knowledge and
computational skills, is found to be 27.24 per cent. The correlation coefficient between
computational skills and energy knowledge is comparable to that of about 27 per cent
for the Swiss, Italian and Dutch population (Blasch et al., 2018). This suggests that there
may be common determinants of the two factors, such as income and education, which
are closely related to one another in the context of developing countries.

14The share of responses to the simple interest question were: more than 10,700 (13.6 per cent), exactly
10,700 (8.4 per cent), less than 10,700 (9.3 per cent), and do not know (68.7 per cent). For comparison,
in the compound interest question, the share of responses were: 1,100 (0.4 per cent), 1,110 (4.1 per cent),
1,200 (17.7 per cent), 1,210 (28.3 per cent), and do not know (50 per cent). Since the compound interest
question also uses similar language to the simple interest question, the difference appears likely to be due to
the reasons already laid out above.
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Table 5. Summary statistics on the scores

Score Mean Median Std. Dev. Min. Max. Obs.

Energy knowledge 1.214 1 1.372 0 6 2,042

Computational skills 0.717 0 0.867 0 4 2,042

Energy-related financial literacy 1.930 2 1.812 0 8 2,042

Financial literacy 0.627 0 0.786 0 3 2,042

In addition, table A5 in the online appendix includes information on Cronbach’s
alpha measures which tests the internal consistency of the indices. Internal consistency
refers to the strength of association between multiple items that are used to measure the
same construct (often the components of a Likert Scale index, or a score). Higher levels of
internal consistency (usually measured using Cronbach’s alpha) indicate that the com-
ponents of the index are closely related to one another, and thus invoke more reliability
in the measure. From the results in table A5, we find that the measures of Cronbach’s
alpha are high for each combination of measures that we use. This suggests scale reli-
ability as well as internal consistency of these measures when they are used as a group
(Tavakol and Dennick, 2011).

Table 5 presents the summary statistics on the energy knowledge index, the index for
computational skills, the energy-related financial literacy index, as well as the classical
financial literacy index. Given the maximum score that was achievable, we see that the
mean scores are very low for our sample, along both dimensions of energy knowledge
and computational skills, and that no household attains scores of energy-related financial
literacy which are higher than 8 (the theoretical maximum is 10). Moreover, the low
median scores suggest that a large share of the sample fares poorly.

3.3. Replacement attitudes
The survey also asked the respondents about their attitudes regarding replacement of
old appliances. The question that the households were asked, along with the potential
responses, are listed below:

Question In case at least one of your major electrical appliances (e.g., fridge,
washing machine or geyser) is 10 or more years old and inefficient, why did
you not replace the appliance so far with a new, more efficient one? Please
choose which of the following statements is most applicable to you.

Response 1 I only replace appliances when they stop working.
Response 2 I have never really thought about it.
Response 3 So far, I didn’t informmyself because it is tedious to find out all the

information.
Response 4 I did an investment analysis, and found the current appliance to be

more cost-effective.
Response 5 High upfront costs prevent me from buying a new appliance, even

though I realize that it might be more cost-effective in the long-run.
Response 6 I do not own any old appliancess.

About 42 per cent of the respondents chose Response 6, i.e., they do not own any
old appliances. This high share likely reflects the low ownership of major appliances that
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was also seen earlier in table 2.15 Around 27 per cent selected Response 2, i.e., they
never really thought about replacing an old appliance. The share of other options were
– Response 1 (9 per cent),Response 3 (10 per cent), Response 4 (7 per cent),
and Response 5 (5 per cent).

The answers to this question could be used to gain insights into the rationality of con-
sumers, which is likely to vary across the sample. Households may exhibit irrational atti-
tudes, boundedly rational attitudes, or rational attitudes. Therefore, based on the answers
to this question, we group our sample into three categories. The first group have what
we term ‘irrational’ replacement attitudes (respondents who selected Response 2).
The second group are the ‘boundedly rational’ (those who choseResponse 1 or 3),
and lastly we identify the third group as ‘rational’ (those who opted for Response 4
or 5). Hence, we are able to identify an ordinal nature, or ranking, among the three
groups, i.e., ‘irrational’ < ‘boundedly rational’ < ‘rational’. In the second part of the
econometric analysis, we will use an ordered probit methodology in order to estimate
the determinants of this replacement attitude with a particular focus on the role of our
literacy-based indices.16

4. Empirical model
In this section, we first present the empirical model pertaining to determinants of the
different literacy scores. Next, we illustrate the empirical model to analyze the replace-
ment attitudes. For the first model, we adopt an approach similar to that of Blasch et al.
(2018), in using an ordered probit estimation to model energy knowledge, computa-
tional skills, and energy-related financial literacy (defined as the sum of the indices for
energy knowledge, and computational skills). This is intuitive, given that the dependent
variables for this set of estimations are scores, with a natural ordering (a higher score
indicates a more ‘literate’ respondent). This methodology assumes that there is a con-
tinuous, latent measure underlying the observable ordinal variable, and that it can be
expressed as

y∗
i = Xiβ + εi, (1)

where y∗
i is a latent (continuous) variable measuring the literacy score of the respon-

dents, Xi is a vector denoting the socioeconomic characteristics of household i such as
age, income, level of education and dwelling-specific characteristics, and β is the vector
of parameters that need to be estimated. εi denotes the stochastic error term, which is
assumed to be independently and identically distributed across households. This model
is estimated using maximum likelihood estimation.

The probability that household i has reached a literacy level of j (where j can vary from
0 to 10 in the case of the model estimating energy-related financial literacy), is given by

Pr(yi = j) = Pr(kj−1 < y∗
i ≤ kj),

− ∞ = k0 < k1 < · · · kj · · · < kJ = ∞, j ∈ 1, 2, 3, . . . , J, (2)

15Note that the question asked about a major electrical appliance that is 10 or more years old. Given the
low ownership of appliances in our survey conducted in 2018, it can be expected that a lower number of
households may even have bought a major appliance before 2009.

16Respondents who chose Response 6 to the question are not considered as they are not relevant in
our analysis of determinants of replacement attitude.
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where the yis are the ordinal values of the literacy score, and the kjs are the threshold
parameters. We estimate this model separately for each score that we are interested in,
namely the energy knowledge of the households, their skills score, the energy-related
financial literacy index; lastly, we also estimate the determinants of the financial literacy
score.

In the second part, we evaluate the association between these literacy scores and
the replacement attitudes among our sample of Nepalese households. While we do not
observe their actual replacement behavior, the respondents are asked about their rea-
sons for not having replaced their old and inefficient appliances. Recall that, based on
the replacement attitudes, we were able to group our sample into three categories –
‘irrational’, ‘boundedly rational’, and ‘rational’. These groups exhibit an ordinal nature,
i.e., ‘irrational’ < ‘boundedly rational’ < ‘rational’. We also use, in this case, an ordered
probit methodology.

We first estimate the association between energy-related financial literacy and the
level of rationality in replacement attitudes. This estimation can be represented by the
expression for the ordered probit regression:

r∗i = Eiα + Xiβ + νi, (3)

where r∗i is a latent (continuous) variable measuring the replacement attitudes of the
households, Ei is the energy-related financial literacy score of household i, and Xi
denotes the same vector of socioeconomic characteristics of household i that we used
for the previous estimation. νi denotes the stochastic error term, which is assumed to be
independently and identically distributed across households.

The probability that household i has reached a level of rationality j in terms of
replacement attitudes (where j can vary from 1 (irrational) to 3 (rational)), is given by

Pr(ri = j) = Pr(sj−1 < r∗i ≤ sj)

− ∞ = s0 < s1 < · · · sj · · · < sJ = ∞, j ∈ 1, 2, 3, . . . , J, (4)

where the ris are the ordinal values of the replacement attitudes as defined above, and
the sjs are the threshold parameters.

We then also estimate this model in a specification using the components of the
energy-related financial literacy score separately, i.e., introducing the energy knowl-
edge index along with the computational skills measure as independent variables.
Finally, we incorporate the financial literacy score as an independent variable in one
specification.

In the estimation of equation (3), there is a concern about endogeneity which pre-
vents us from causally identifying the effect of literacy on the level of rationality. For
instance, it is not straightforward to rule out the possibility of correlated unobservables
influencing both the dependent variable and our explanatory variables, such as having a
bank account or membership in a co-operative (since engagement in financial services
helps to accumulate computational skills).17 In order to partially mitigate this concern,

17According to the Department of Co-operatives, in 2017 Nepal had around 34,512 co-operatives of dif-
ferent types, such as saving and credit, multipurpose, agriculture, dairy and many more. Among all types of
co-operatives, saving and credit co-operatives, which are community based savings and credit groups, are
most common. In addition to controls such as education and income, effect of membership in co-operatives
might also be expected to play a role in the formation of computational skills (we thank an anonymous
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we control for important determinants of both attitudes and literacy (such as education
and income, as well as the total number of investments already made by households in
appliances and personal mobility).

It is also likely that credit constraints influence outcomes such as replacement atti-
tudes, given that energy-efficient appliances are often relatively more expensive, and
that households may not be able to afford them, irrespective of their levels of energy-
related financial literacy. For our sample, we feel that this is relatively less likely to be
a concern, because our focus in this study is on urban households that have access to
electricity, and already own a few appliances. In our regressions, we attempt to control
for the importance of credit and liquidity constraints by including socioeconomic con-
trols for income, education, and stock of durables owned by households. Moreover, in
response to the question on replacement attitudes regarding an old appliance, we find
that only 5 per cent of respondents stated that high upfront costs prevented them from
investing in a more energy-efficient appliance.

5. Results
In this section, we first present the estimation results pertaining to determinants of the
different literacy scores. Next, we look at the estimation results with appliance replace-
ment attitudes as the outcome variable. Lastly, we present a discussion on the marginal
effects and predicted probabilities following these estimations.

The results of the baseline model, which evaluates the determinants of the literacy
scores, are presented in table 6, which includes the coefficients for the models esti-
mated using the ordered probit methodology. In column (1), we present the results for
the estimation of energy knowledge, column (2) includes the results of estimation of
computational skills, whereas column (3) presents the results of the estimation of the
energy-related financial literacy index of households (as defined in section 3.2.3). The
results of column (4) are those we estimate the determinants of financial literacy.

We find that older respondents, on average, have lower levels of energy knowledge,
whereas they have higher levels of computational skills (as can be seen in columns (1)
and (2)). The effect of age on energy-related financial literacy is insignificant (driven by
these two opposing effects on the components of the score). This is in contrast to the
findings of Blasch et al. (2018), one of which was that older households have higher lev-
els of energy-related financial literacy in the context of a sample of European countries.
Younger respondents fare better on energy knowledge, which suggests that improve-
ments in the quality of education (over time) may arguably have had an impact on
energy knowledge, while the same cannot be said of computational and/or financial
skills.

One of the most important findings of this paper, which has been confirmed in pre-
vious studies from developed countries as well, is that on average women fare much
worse than men in these surveys, with their scores on energy knowledge, skills, and
energy-related financial literacy being lower than those of male respondents (Lusardi

reviewer for bringing this point to our attention). Our survey unfortunately did not capture this aspect.
Related to this, it is worth pointing out that the study was limited to some of the urban municipalities of
Morang and Sunsari districts in the eastern lowlands of Nepal that have a better penetration of traditional
banks and othermoney lending services in addition to co-operatives, therefore implying that the households
in these regions generally have exposure to financial services.
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Table 6. Determinants of literacy scores

Energy knowledge
index Skills

Energy-related
financial literacy

Financial
literacy

Dependent variable (1) (2) (3) (4)

Age −0.005** 0.006*** −0.001 0.007***
(0.002) (0.002) (0.002) (0.002)

Whether female −0.241*** −0.289*** −0.295*** −0.289***
(0.061) (0.067) (0.060) (0.068)

Whether a low income HH −0.050 0.240*** 0.045 0.257***
(0.075) (0.082) (0.073) (0.082)

Whether respondent has low
level of education

−0.166*** −0.017 −0.155*** 0.027
(0.073) (0.076) (0.071) (0.077)

Whether married 0.056 0.065 0.061 0.04
(0.118) (0.119) (0.115) (0.124)

Number of people living in the
residence

0.006 0.006 0.004 −0.002
(0.017) (0.019) (0.016) (0.020)

Capital stock 0.075*** 0.062** 0.088*** 0.061**
(0.025) (0.030) (0.025) (0.030)

Whether house is owned −0.048 −0.035 −0.064 −0.050
(0.166) (0.209) (0.161) (0.213)

Number of rooms in the house 0.002 −0.063*** −0.015 −0.072***
(0.020) (0.024) (0.020) (0.025)

Whether live jointly with
extended family

−0.219*** 0.02 −0.164** 0.068
(0.083) (0.088) (0.081) (0.087)

Observations 1386 1386 1386 1386

Notes: The dependent variable in columns (1) to (2) is the sum of the number of questions pertaining to energy knowledge
and computational skills that the respondent answered correctly, respectively. In column (3), it is the total number of
questions pertaining to energy knowledge and computational skills (combined) that were answered correctly. In column
(4), it is the financial literacy score. Ordered probit methodology is used for the estimations. Coefficients are reported in
this table. The thresholds are all found to be significantly different fromone another at the 1% level. We restrict the sample
to those respondents in the age group 18–102, living in houses with less than 10 rooms and less than 12 people living in
the household, in order to reduce noise in the regressions. Huber-White heteroscedasticity-consistent standard errors are
reported in parentheses. ∗∗ and ∗∗∗ respectively denote significance at 5% and 1% levels. The coefficient of the constant
has not been reported.

andMitchell, 2014; Blasch et al., 2018; Kumar, 2019). The variable is found to be signifi-
cant at the 1 per cent level in each model of table 6. This finding has broad connotations
in the context of the general educational gap between men and women, which is even
more sharply-defined in developing countries. It also has implications for which group
should be targeted by policy-makers for educational campaigns. The optimal policymea-
sures should take into account the intra-household bargaining power of women in this
context, and how much of a say they have in investment decisions for durables.

We do not find evidence to suggest that income is a significant determinant of energy
knowledge, whereas it is found to be a significant determinant of skills and financial
literacy (with low-income households having higher scores than high income house-
holds). There may be multiple reasons for these findings. One may be that in an LMIC
context, lower-income households aremore likely to be employed in the informal sector.
These individuals are more likely to be in need of, and thereby also use, skills related to
financial calculations, than individuals earning a higher income. Secondly, low-income
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households are more likely to be reliant on credit assistance, or aid in some form, which
often requires them to be able to perform simple financial calculations in return.Without
further information on the nature of occupations of the respondents and their access to
banks and informal financial arrangements in general, it is difficult to pinpoint the exact
channel of influence. Having stated that, the result regarding the insignificance of the
income variable for the estimation of energy-related financial literacy highlights that it
may be critical to understand how the barriers towards higher knowledge and skills in
an LMIC context may differ from those in developed countries.

We also find that the role of education in determining energy knowledge, as well as
energy-related financial literacy, is positive and significant for our sample (as can be seen
in columns (1) and (3)), while we do not find this effect in column (2). Higher levels of
education are thus a strong determinant of higher levels of energy-related knowledge,
but not of their ability to perform numerical computations (which are more likely to
be influenced by lower income levels). Thus, unlike the findings of Blasch et al. (2018),
the determinants of energy knowledge and computational skills in our sample are quite
different.

In this analysis, we also control for the total ‘capital stock’ of the households, namely
the total number of investments that households have made in durables such as elec-
trical appliances, back-up systems and personal mobility. Specifically, we sum the total
number of appliances that households have already purchased (amongst rice cookers,
fridges, washing machines, water heaters, and air-conditioners), as well as investments
in inverter-battery systems, and in personalmobility (namely, whether they have already
purchased a two-wheeler such as a motorcycle). This variable aims to capture the total
number of assets that households have accumulated, with the potential to undertake an
investment calculation. We find that this variable has a positive and significant effect on
literacy scores across all models in table 6.

Moreover, our results suggest that respondentswho livewith extended family (orwith
friends) have lower levels of energy knowledge (and energy-related financial literacy)
than respondents who live in a single-family arrangement, while this is not observed in
the results of column (2). There is also no significant difference in the levels of literacy
between respondents that lived in rented versus owned households, although we do find
that respondents that live in larger houses (with more rooms) are likely to have lower
levels of computational skills, as can be inferred from column (2). This effect appears to
be in line with the previous finding regarding the negative effect of income on financial
literacy.

The results of column (4) are similar to those of column (2), given the similarity of
the dependent variables in the two estimations.

Next we examine the appliance replacement attitudes of the respondents. Recall
that the outcome variable is ordinal and depicts whether the respondent’s attitude
towards replacement of a major household durable is irrational, boundedly rational, or
rational.

In table 7, we present the results of the estimations using ordered probit methodology
for estimating the correlation between literacy scores and replacement attitudes. Column
(1) includes the results of the model using the energy-related financial literacy score as
an independent variable, column (2) uses its two components, namely energy knowledge
and computational skills as independent variables, while in column (3), we present the
results of the estimation using financial literacy as an independent variable.

We see from the results of column (1) that higher scores of energy-related financial
literacy are positively correlated to rational replacement attitudes. This is in line with
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Table 7. Association between literacy scores and replacement attitudes

Column (1) (2) (3)

Energy-related financial literacy 0.061***
(0.023)

Energy knowledge −0.042
(0.030)

Financial literacy 0.372***
(0.064)

Skills 0.356***
(0.056)

Age 0.005 0.003 0.004
(0.004) (0.004) (0.004)

Whether female −0.069 −0.061 −0.046
(0.094) (0.094) (0.094)

Whether a low income HH 0.107 −0.069 0.071
(0.095) (0.096) (0.096)

Whether respondent has low level of education 0.002 −0.033 −0.031
(0.096) (0.097) (0.096)

Whether married 0.351*** 0.345** 0.346**
(0.155) (0.156) (0.156)

Number of people living in the residence −0.040 −0.039 −0.036
(0.025) (0.025) (0.025)

Capital stock 0.010 −0.0001 −0.005
(0.037) (0.039) (0.038)

Whether house is owned −0.147 −0.128 −0.122
(0.182) (0.176) (0.180)

Number of rooms in the house 0.036 0.045 0.046*
(0.028) (0.028) (0.028)

Whether live jointly with extended family −0.191** −0.198** −0.188**
(0.105) (0.105) (0.104)

Observations 761 761 761

Akaike’s Information Criterion 1482.122 1453.83 1454.603

Notes: The dependent variable in columns (1) to (3) is an ordered variable representing rationality in replacement atti-
tudes (varying from 1 (irrational) to 2 (boundedly rational) to 3 (rational)). Ordered probit methodology is used for the
estimations in columns (1) to (3). Coefficients are reported in this table. The thresholds are all found to be significantly
different from one another at the 1% level. We restrict the sample to those respondents in the age group 18-102, living in
houses with less than 10 rooms and less than 12 people living in the household, in order to reduce noise in the regressions.
Huber-White heteroscedasticity-consistent standard errors are reported in parentheses. ∗ ,∗∗ and ∗∗∗ respectively denote
significance at 10%, 5% and 1% levels. The coefficient of the constant has not been reported.

our intuition: higher scores of energy-related financial literacy imply that respondents
are more likely to perform an investment calculation, or at least perceive the benefits
from adopting energy-efficient technologies, compared to respondents having a lower
score, and thus are more likely positively associated with being rational in terms of their
attitudes regarding replacement.

In the estimation results of column (2), we find that while the variable for energy
knowledge is insignificant in the estimation, the variable representing computational
skills is positively and significantly correlated with rationality in replacement attitudes
of households (the variable is significant at the 1 per cent level). We expect energy
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Figure 1. Effect of energy-related financial literacy on the predicted probabilities of replacement attitudes.

knowledge to play aminimal role in determining replacement attitudes, given the nature
of questions they are asked in order to assess this (namely, costs of operating major
appliances, and comparing the energy-efficiency of appliances). On the other hand, the
significance of stronger computational skills in enabling households tomake investment
decisions in developing country contexts (such as in Nepal) is likely to be higher, espe-
cially when budget constraints may dictate replacement decisions. While our data is
limited, as it does not collect information on actual electricity consumption or on the
adoption of an energy-efficient appliance, we are able to observe a positive correlation
between computational skills and how rational households are in deciding whether to
replace old and inefficient appliances.

Lastly, in column (3), we incorporate the measure of financial literacy as an indepen-
dent variable. We find that the coefficient is positive, and significant at the 1 per cent
level. However, we find that the model in column (2) has a slightly lower value of the
Akaike Information Criterion (AIC), which suggests that it has higher statistical power
than the model in column (3). We also find that being married is positively correlated to
rational replacement attitudes, whereas living with extended families is negatively cor-
related with it. This suggests that household compositionmay play a role in determining
appliance needs, as well as rationality in replacement attitudes.18

18As previously mentioned, about 20 per cent of the respondents ended up receiving a brochure attached
to the end of the survey questionnaire, which was not communicated to them. In order to test for any
unintended effects of providing information on how to compute the total lifetime cost of a durable, we
estimate all the models of table A2 in the online appendix excluding this 20 per cent of respondents. All
econometric results reported in this section are confirmed, and the coefficients are of similar magnitudes.
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Figure 2. Effect of energy knowledge and computational skills on the predicted probabilities of replacement
attitudes. (a) Energy knowledge. (b) Computational skills.

5.1. Marginal effects and predicted probabilities
The marginal effects for the estimation in column (3) of table 6 related to the determi-
nants of energy-related financial literacy are provided in table A6 in the online appendix.
The negative marginal effect of being female is found to increase with increasing energy-
related financial literacy scores, i.e., being a female additionally decreases the probability
of possessing higher levels of energy-related financial literacy. Similarly, having a low
level of education (below high school) additionally decreases the probability of having
high levels of energy-related financial literacy. These findings support our key observa-
tions regarding the gender gap in literacy levels, as well as the importance of education
in determining energy-related financial literacy in developing countries. Lastly, the
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number of investments made by households in appliances and personal mobility addi-
tionally increases the probability of possessing higher levels of energy-related financial
literacy.

Next, we present the predicted probabilities with respect to the score variables for
the replacement attitudes. Figure 1 shows the predicted probabilities for increasing
values of energy-related financial literacy from the results of column (1) of table 7
whereas figures 2a and b show the predicted probabilities for increasing values of energy
knowledge and computational skills. We find from the predicted probability plot in
figure 1 that higher levels of energy-related financial literacy are associated with an
increase in the probability of belonging to the ‘boundedly rational’ group, or the ‘ratio-
nal group’, whereas it is associated with a lower probability of belonging to the irrational
group, which is intuitive.

Figures 2a and b display the predicted probability plots for themodel of column (2) of
table 7, namely the results of the estimation using the two components of energy-related
financial literacy (energy knowledge and computational skills) as independent variables.
Figure 2a contains the plot for energy knowledge; we find that the level of energy knowl-
edge does not significantly influence the probability of belonging to a particular attitude
group, although it appears that in our case, higher levels of energy knowledge may be
associated with slightly higher probabilities of belonging to the irrational group, and
slightly lower probabilities of belonging to the boundedly rational or rational groups.
On the other hand, in figure 2b, we find that higher levels of computational skills have a
strong positive correlation in determining rationality in replacement attitudes (with the
predicted probability of being rational beingmore than 50 per cent for those who answer
all questions correctly). Furthermore, the likelihood of being irrational is negatively cor-
related to increases in computational skills. Lastly, the likelihood of being boundedly
rational and computational skills are initially positively correlated from low to medium
levels of computational skills and then negatively correlated at higher levels of compu-
tational skills, i.e., among all levels of computation skills, the likelihood of belonging to
the boundedly rational group is highest at medium levels of skills.

6. Conclusion and policy implications
Information on the adoption of appliances, environmental attitudes and behavior within
the residential sector is scarce for households in developing countries, as is information
on the determinants of their knowledge on energy-related matters and computational
skills. In this paper, using novel data from a survey of about 2,000 households conducted
in some of the urban municipalities of the eastern Terai region (lowlands) of Nepal, we
shed some light on the determinants of energy-related financial literacy of respondents,
and also identify its association with attitudes towards replacement of old and inefficient
appliances.

The initial results suggest low levels of energy-related financial literacy for our sample
and we observe that important determinants such as age and income do not necessarily
play a role in the same direction in determining them as they do for developed countries.
For instance, we find that older respondents aremore likely to have lower levels of energy
knowledge but higher levels of financial literacy. Likewise, low-income households are
more likely to have higher levels of financial literacy (a finding that is in contrast to what
is observed in developed countries), whereas higher levels of education are a strong deter-
minant of the energy knowledge (but not financial literacy). This suggests that it may be
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important, in a developing country context, to understand the nature of occupations, as
well as the formal banking and credit arrangements available to households.

At the same time, we are also able to confirm certain findings from the literature on
developed countries, primarily the lower literacy levels for female respondents compared
to male respondents. This finding has important repercussions for policy-makers in the
design of education policies catering to households in developing countries.

Furthermore, we also observe that higher levels of energy-related financial literacy,
especially stronger computational abilities, are linked to lower levels of irrationality and
bounded rationality of consumers, and are found to be associated with more rational
attitudes towards replacement of old and inefficient appliances. This may have reper-
cussions on their consequent adoption behavior as well. This is a critical finding, which
sheds light on the nature of barriers in greater adoption of energy-efficient technologies
in developing countries, but also has implications for policy design.

Thus, both the descriptive evidence and the regression-based results of this paper
provide a plethora of relevant findings on environmental and energy-related issues for
policy-makers in low- and middle-income countries. The consequences of this study
are especially far-reaching, as both development and population growth enable more
households to purchase appliances. Our goal is to highlight, based on previous literature,
that energy-related financial literacy may be an important determinant of households’
decisions to adopt (or to replace) energy-efficient technologies. Moreover, while previ-
ous studies have shown the importance of financial literacy in influencing intertemporal
decision making, we show that computational skills (more broadly defined, to include
the ability to compute lifetime costs of durables) are also strongly correlated with
replacement attitudes. Effective policy design, especially of educational or informational
programs, may benefit from taking these findings into account.

Supplementary Material. The supplementary material for this article can be found at https://doi.org/10.
1017/S1355770X20000078
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