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Abstract

This paper analyzes the effectiveness of the electricity social rate, the Bono Social
de Electricidad, introduced in 2009 in Spain’s electricity market. It is a policy aimed at
increasing the affordability of electricity by entailing a discount on prices for vulnerable
consumers. Using data from the family budget surveys from 2006 to 2017, we rely on a
difference-in-differences approach to measure its causal impact on energy poverty and to
further analyze how the introduction of this measure affected the consumption behavior
of households. We find that, on average, the introduction of the policy has reduced the
likelihood of energy poverty of households eligible for the social rate. Nevertheless, the
magnitude of the effect is quite modest as it corresponds in practice to only 59,000
households that are no longer in energy poverty as a result of the measure. We fur-
ther show that, in reaction to lower effective prices, households do not increase their
consumption of electricity. In other words, the increased affordability did not induce
a change in the consumption behavior in terms of quantity purchased but it entirely

resulted in a decrease in electricity expenditure.
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1 Introduction

Traditionally, energy poverty, i.e. the inability to ensure the provision of basic energy
services at an affordable cost, was considered to be a concern related almost exclusively
to developing countries. However, during the last decade, the issue has also made it to
the policy agenda in developed economies. In the European Union, for instance, 50 mil-
lion households are in a situation of energy poverty.! A growing literature documents the
adverse effects of energy poverty on economic outcomes (Bohr and McCreery, 2020; Burlin-
son et al., 2021), health (Awaworyi Churchill and Smyth, 2021; Pan et al., 2021; Prakash
and Munyanyi, 2021), subjective well-being (Awaworyi Churchill et al., 2020; Zhang et al.,
2021) and other outcomes such as housing tenure (Munyanyi et al., 2021), basic carbon
needs (Okushima, 2021), or the likelihood of experiencing physical violence (Hailemariam
et al., 2021).

While this situation is widespread throughout Europe, its geographical distribution is quite
uneven, the issue particularly afflicting Southern and Eastern Member States (Tirado Her-
rero et al., 2014). Spain has not been spared by this phenomenon. Indeed, the severity of
the 2008 crisis seems to have made the issue of energy poverty even more acute in Spain
than in other European countries (Tirado Herrero and Jiménez Meneses, 2016; Haas, 2019).
As a response, the Spanish government introduced in 2009 an electricity social rate: the
Bono Social de Electricidad (BSE).? It is a policy entailing a discount on the electricity
prices for vulnerable consumers. Its objective is to decrease energy poverty by increasing

consumer’s affordability.

The goal of this paper is twofold. First, we investigate the effectiveness of this instrument
in tackling energy poverty. Second, we aim to understand how the measure affected directly

households and their consumption behavior.

To be able to assess the effectiveness of the BSE on energy poverty in Spain, we use data
from the family budget surveys from 2006 to 2017. We rely on a standard difference-
in-differences approach to compare the evolution of energy poverty before and after the
introduction of the BSE in 2009 for households that meet the criteria for BSE eligibility,
relative to the evolution of energy poverty of the control group, i.e. households that are
not eligible for the social rate. In a second step, we investigate the mechanisms through
which this subsidy directly affected households. In particular, we apply the same difference-

in-differences model to three different dependent variables, namely the effective price of

"https://www.energypoverty.eu/about/what-energy-poverty.

2This measure specifically focuses on electricity and not energy as a whole. Therefore, throughout the
paper, we focus on energy poverty related only to electricity but we refer to it as energy poverty to remain
consistent with the literature. Moreover, as shown by Tirado Herrero and Jiménez Meneses (2016), the rise
in electricity expenditure is the most significant increase among domestic energy costs after 2008 in Spain.


https://www.energypoverty.eu/about/what-energy-poverty.

electricity, the quantity of electricity consumed, and the total expenditure on electricity.

Our results show that the BSE, as introduced in 2009, was effective in reducing energy
poverty among the eligible households. Nevertheless, they also show that the magnitude of
the effect is quite modest. Indeed, the BSE significantly reduces the likelihood of energy
poverty for an eligible household by 2 percentage points. It corresponds to only 59,000
households that are no longer in energy poverty as a result of the introduction of the BSE,
out of 2.8 million households still in energy poverty. The second part of the analysis confirms
that the BSE decreases the effective price of electricity faced by users benefiting from the
program. In response to this lower effective price, households do not increase the quantity
of electricity consumed. As a result, the entire effect of the subsidy is channeled through a
reduction in the expenditure on electricity. This increased affordability of electricity does
therefore not imply a change of consumption behavior for electricity. We complement our
analysis with a discussion from a policy perspective and we conclude that even though our
main results are conservative and represent a lower bound for the true effect of the BSE, the
policy cannot be described as successful in reducing energy poverty and could be improved

on several dimensions.

Our results add to the recent literature on the determinants of energy poverty. This litera-
ture has widely analyzed the main micro-level drivers of energy poverty. It has shown that
socio-economic conditions and dwelling characteristics are important predictors of energy
poverty. For instance, Healy and Clinch (2004); Thomson and Snell (2013); Miniaci et al.
(2014); Legendre and Ricci (2015); Lasarte Navamuel et al. (2018); Tirado Herrero et al.
(2018); and Drescher and Janzen (2021) show for different European countries that income,
education, employment, owning the dwelling, the number of household members, living in
urban areas, and the marital status of the household head are key factors in determining
whether a household is in a situation of energy poverty. They also stress the importance of
housing conditions such as the age of the dwelling, its low energy efficiency, whether it is
a detached house, or the presence of dampness as determinants of energy poverty. Similar
characteristics matter as well in the United States (Mohr, 2018) and in South Asia (Abbas
et al., 2020). Moreover, the source of fuel and heating system are also important deter-
minants of energy poverty (Legendre and Ricci, 2015; Drescher and Janzen, 2021; Kahouli
and Okushima, 2021). A recent study investigating the prevalence of energy poverty during
the COVID-19 pandemic in the United States also shows that those who required the use
of an electronic medical device experienced higher rates of energy poverty (Memmott et al.,
2021). Besides socio-economic conditions and dwelling characteristics, recent papers have
identified other determinants of energy poverty such as climate (Feeny et al., 2021; Ka-
houli and Okushima, 2021), ethnic diversity (Awaworyi Churchill and Smyth, 2020; Paudel,
2021), racial inequality (Wang et al., 2021), financial inclusion (Koomson and Danquah,
2021; Dogan et al., 2021) or gambling behavior (Farrell and Fry, 2021).



There exist fewer studies analyzing the role of policy reforms on the growing issue of energy
poverty, both in Europe and at a global scale, even though there exists a large literature
on their overall social effects (see for instance Bagnoli et al. (2021) for a review). Freund
and Wallich (1997) started a debate on the welfare effects of rising household energy prices
toward long-run marginal costs in Poland. They show that such reforms would lead to
energy poverty among the most vulnerable consumers. Such conclusions have been validated
for Albania and Bulgaria (Waddams Price and Pham, 2009), and Montenegro (Silva et al.,
2009). Pacudan and Hamdan (2019) show for Brunei Darussalam that under an increasing
block tariff, the welfare losses associated with higher energy prices would be higher for non-
poor households and that energy poverty would not rise. Furthermore, Poggi and Florio
(2010) show that privatizations in the energy sector increase the likelihood of deprivation,

defined as the difficulty in paying bills.

Only a few studies look specifically at the effectiveness of policies aimed at decreasing
energy poverty. Giannini Pereira et al. (2011) show that rural electrification in Brazil was
successful in reducing energy poverty. More recently, Bienvenido-Huertas (2021) has shown
that the economic and unemployment aids during the COVID-19 pandemic were insufficient
to avoid energy poverty. In Spain, the only paper that has, to our knowledge, focused on
the introduction of the BSE is Garcia Alvarez and Tol (2020). Contrary to the approach we
take, they use perceived indicators of energy poverty, such as the ability to keep the house
adequately warm, or whether there are insulation or moisture problems in the dwelling.
They find that the introduction of the BSE had no significant impact on these indicators,
and if anything, has made the problem worse. The main difference in our approach is that we
focus on an expenditure-based measure of energy poverty and that it allows investigating
the mechanism of consumption behavior, by showing that consumers do not change the

quantity of electricity consumed.

In sum, our contribution is threefold. First, we add to the scarce literature on the effec-
tiveness of policy instruments tackling energy poverty. In particular, we look at a specific
instrument that targets prices only for vulnerable consumers and independently of the quan-
tity of electricity consumed. Second, we provide evidence on household behavioral response
following the introduction of a social rate. We do so by investigating in detail the effect of
this policy on quantities of electricity consumed and the resulting expenditure on electricity.
Third, we contribute to the large debate on energy poverty in Spain and its determinants

across both socioeconomic characteristics and policy reforms.

The remainder of the paper is structured as follows. Section 2 reviews the definition and
different measurements of energy poverty, and then provides context on the Spanish case
and the specific characteristics of the BSE. In section 3 and section 4, respectively, we review

the data and the empirical strategy used in the analysis. Section 5 presents the results, first



focusing on the effect of the BSE on energy poverty, and then on the mechanisms behind
such an effect. We present the robustness checks in section 6. Finally, section 7 evaluates

the BSE from a policy perspective while section 8 concludes.

2 Background

In this section, we first review the concept of energy poverty and its indicators. We then
describe the energy poverty background in Spain and give details on the introduction of the
BSE.

2.1 Energy poverty

This subsection focuses on the definition of energy poverty, the different types of indicators

used to measure it, and the reasons behind the choices made in this analysis.

2.1.1 Definition of the concept

Energy poverty is often defined as a situation in which households are not able to adequately
heat or provide required energy services in their homes at an affordable cost (Pye et al.,
2015). While in developing countries much of the focus is on access and availability of mod-
ern energy services (Okushima, 2017), developed countries mainly focus on the affordability
of energy. This multidimensional concept covers the interaction between five components:
(i) energy costs, (ii) income, (iii) energy efficiency, (iv) individual energy needs and (v)
climatic conditions (Healy and Clinch, 2002; Phimister et al., 2015; Okushima, 2017).

As such, even though the concepts of energy poverty and income poverty are related, the
first is not a mere symptom of the second since many other components are involved.
Several empirical studies have confirmed that these are two severe and distinct issues. For
instance, Hills (2012) stresses the vulnerability of energy-poor households resulting from
the low energy efficiency of housing, which would require high capital costs to overcome,
and which has adverse health consequences. Phimister et al. (2015) further show that
while income and energy poverty are two important issues, the proportion of households
that are both in a situation of income poverty and energy poverty is quite low, therefore
these two issues require different interventions. This is also validated by a recent study
that shows that even though electricity utilities adopt a redistributive tariff, that is shifting
costs from households with low electricity use to those with high use, this does not lead to
a meaningful redistribution from high-income to low-income households. This is due to the

loose correlation between electricity use and income (Levinson and Silva, Forthcoming).



2.1.2 Indicators and measures

Given the multidimensional nature of energy poverty, there is an important debate in the
literature on the choice of an appropriate indicator, which is however key in deciding how to
deal with it (Heindl and Schuessler, 2015; Thomson et al., 2016; Deller, 2018). The literature
distinguishes between two main types of indicators: the consensual indicators, based on
self-reported measures of energy poverty and expenditure-based indicators, capturing the
affordability of energy services using information on household spending (see for instance
Rademacekers et al. (2016), Thomson et al. (2016), or Castano-Rosa et al. (2019) for detailed

reviews of the different definitions of energy poverty).

In our analysis, there are three reasons to prefer expenditure-based indicators. First, ac-
cording to Rademaekers et al. (2016), expenditure-based indicators are currently the most
appropriate measures of energy poverty in the European context. Second, the use of bud-
getary information allows disentangling whether the effect of a policy on energy poverty
comes through prices or quantities consumed. And finally, in the context of the Spanish
BSE, a social rate for electricity in particular, expenditure-based indicators allow to specifi-
cally look at electricity expenditure, instead of all energy sources, which is not feasible when

using consensual measures.
Among expenditure-based indicators, we rely on the EP-2M indicator defined as follows:

A household is in energy poverty if its share of expenditure on electricity is more than

twice the median of the country.

This indicator allows identifying households allocating an unusually high share of expendi-
ture to electricity, therefore detecting households who compromise on the consumption of
other goods because of energy costs. This indicator is widely recommended (see Rademaek-
ers et al., 2016) and it is one of the primary indicators used by both the recently created
European Energy Poverty Observatory and the Spanish National Strategy against Energy
Poverty 2019-2024 (Ministerio para la Transicién Ecoldgica, 2019). Moreover, by using a
threshold defined by the median of the distribution, we avoid making an arbitrary decision
on the share of electricity expenditure that is considered too high. We ensure in section 6

that our results are robust to alternative definitions of the energy poverty indicator.

2.2 Energy poverty in Spain

Energy poverty has become a growing issue in Spain, particularly since the beginning of
the financial crisis in 2008. Figure 1 shows the evolution of the share of households in a
situation of energy poverty, as measured by the indicator used in the empirical analysis

(EP-2M). The figure shows that the share of households in energy poverty increased from



around 12.5% to 15% from 2007 to 2009. It then decreased steadily until reaching 12% in
2014, a level at which it has remained quite stable until 2017.

Figure 1 also shows that the decrease in the share of households in a situation of energy
poverty started in 2009, coinciding with the introduction of the BSFE. It is, however, impos-
sible to graphically determine whether such a decrease was the result of the implementation
of the measure, or whether it was related to other factors, such as an attenuation in the

effects of the crisis. This is what we address in our econometric analysis.
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Figure 1: Evolution of the share of households in energy poverty in Spain. Note: The
vertical dashed line in 2009 represents the year of introduction of the BSE. Data source:

EPF 2006-2017.
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Figure 2: Total expenditure on electricity and share of electricity expenditure, by quin-
tiles. Notes: Averages over the period 2006-2017. Quintiles are based on the per capita
expenditure distribution. Expenditure is indexed on IPC (base 2016). Data source: EPF
2006-2017.

Since our measure of energy poverty is based on the share of expenditure allocated to



electricity, it is relevant to understand how much do households spend on electricity and
what share of their total expenditure it represents. Figure 2 illustrates these two variables
for the different quintiles of the total expenditure distribution. It shows that, although
total expenditure on electricity is increasing with income levels, the share of expenditure
allocated to electricity is itself decreasing with income levels. The richest quintile of the
population spends on average less than 2% of its expenditure on electricity, while this is more
than doubled for the poorest quintile of the population. This heterogeneity across quintiles
illustrates why the EP-2M indicator is based on the share of electricity expenditure rather

than on total expenditure on electricity.

Besides the heterogeneity across quintiles, there exists a spatial heterogeneity in energy
poverty across Spain. Figure 3 shows the regional differences in the average share of house-
holds in a situation of energy poverty by region over the years 2006 to 2017. Regions in
the southern half of the country, namely Andalucia, Balearic Islands, Castilla La Mancha,
Comunidad Valenciana, Extremadura, and Murcia are particularly affected, especially when
compared with the northern regions. While the average ranges from 5% to 14% of energy
poverty in the northern regions, it climbs to 15% to 22% in the southern ones. There is

therefore a regional pattern in the distribution of energy poverty in Spain.
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Figure 3: Energy poverty in Spain: differences across regions. Note: Average share of
households in EP-2M over 2006-2017. Data source: EPF 2006-2017.

2.3 The social electricity rate in Spain (BSE)

To address the surging energy poverty, the Spanish government introduced the Bono Social
de Electricidad (BSE) in 2009 through Royal Decree-Law 6/2009.% Tt is an electricity social
rate introduced as a response to pressure from various sources, including the public opinion
and media, as well as supranational organizations. Indeed, the European Union also urged
Spain to tackle the energy poverty (Tirado Herrero et al., 2014). The objective of this
measure is to improve the affordability of electricity for vulnerable consumers, and it is the

only measure at the national level that directly targets energy poverty.

Shttps://www.boe.es/eli/es/res/2009/06/26/(2)
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In practice, the BSE is a price subsidy that equals the difference between the regulated
tariff and a reference value known as the reduced tariff.* The subsidy is advertised as
being entirely financed by the private electricity operators, instead of with public funds.?
However, in practice, the burden is likely to be carried by the consumers and the government

instead of the private companies. We will discuss this in more detail in section 7.

This policy targets vulnerable consumers through the following rule. A household is eligible

for the BSE by meeting (at least) one of the following four criteria:
(1) Large families with 3 dependent children or more;
(2) All active members of the household are unemployed;
(3) Retirees receiving the minimum pension;

(4) Consumers having contracted power in their homes lower than 3kW.

3 Data and descriptive statistics

This section describes the dataset and presents in detail each of the variables used in the

analysis. It also provides descriptive statistics on the key variables.

3.1 Data

The empirical analysis in this paper relies on repeated cross-sections from the Spanish
annual Family Budget Survey (EPF), from 2006 to 2017.5 The survey collects detailed
information on the expenditure of Spanish households, it also includes various household
and dwelling characteristics. Initially, the dataset contained 261,478 valid observations.
Following the data cleaning process, the sample used in the analysis consists of between
246,928 and 246,744 observations, depending on the variable (see A for the details of the

cleaning process).

3.2 Energy poverty and other outcome variables

The main outcome variable of the analysis is whether a household is in a situation of energy
poverty, which we measure using the EP-2M indicator. Figure 4 presents the evolution
of the threshold for energy poverty, i.e. twice the median of national expenditure share.

It shows that the 2M threshold varies considerably over the period of study. It remained

4The regulated tariff was known as Precio Voluntario al Pequerio Consumidor until 2013, and Tarifa de
ultimo recurso since then.

Shttps://www.cnmc.es/node/373177

SEncuesta de Prespupuesto Familiares, collected by the National Institute of Statistics (INE) https:
//ine.es.
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stable around 3% during the first years of the period of study. In other words, the median
household spent 1.5% of its expenditure on electricity. Then, between 2008 and 2012, and
coinciding with the surge in energy poverty following the beginning of the great recession,
the 2M threshold jumped to around 5%, remaining stable until the end of the period of
study.

2*Median share of electricity expenditure (%)
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Figure 4: Evolution of 2M threshold over time. Data source: EPF 2006-2017.

Panel A of Table 1 presents the descriptive statistic for both the share of electricity expen-
diture and energy poverty. Over the period of study, Spanish households spend on average

2.6% of their expenditure on electricity, and 13% of them are in a situation of energy poverty.

Then, to understand the mechanisms of the policy, we introduce three additional outcome
variables. Panel B of Table 1 presents their descriptive statistics. We first compute the
effective price of electricity faced by households by dividing expenditures by quantities.
This results in an average effective price of 0.214 euro per kWh.” We then look at the
quantity of electricity consumed. On average households consume 3330 kWh per year.
Finally, we look at the expenditure on electricity. Households spend on average 668 euros

per year on electricity.

3.3 Treatment variable

To be able to measure the causal impact of the introduction of the BSE on energy poverty,
the treatment and controls groups consist respectively of the households who are eligible for
the subsidy and those who are not. Since the dataset does not include whether a household
actually subscribed to the subsidy, our identification strategy consists of selecting those
households in the survey that fill the criteria to receive the subsidy, in other words, those

that are eligible for the BSFE, in order to form the treatment group.

"Note that whenever we mention prices and expenditures, they have been converted in real terms using
IPC in base 2016.
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N Mean  St. Dev.

Panel A:
Share of electricity expenditure 246,928  0.026 0.017
Energy poverty (EP-2M) 246,928  0.130 0.336
Panel B:
Effective price of electricity (€/kWh) 246,928  0.214 0.055
Quantity of electricity consumed (kWh/year) 246,928 3329.74 2386.40
Expenditure on electricity (€/year) 246,928 668.47  418.42

Notes: Average over 2006-2017. Expenditure and effective prices are indexed using
IPC base 2016. N: number of observations. St. Dev.: standard deviation.

Table 1: Summary statistics of household electricity consumption

As explained in section 2.3, households are eligible for the BSE if they fill (at least) one
out of four criteria. These relate to large families, unemployment, pensions, and power
contracted. The survey data allow to perfectly identify households related to the first two
categories, i.e. the large families and households where all active members are unemployed.
The data also allow creating a proxy variable for the third criteria, i.e. retirees receiving
the minimum pension (see B for a description of the construction of this proxy). The data
do not however allow for the creation of a proxy variable for the fourth criteria, the one
related to the power contracted by the households. Therefore, we rely on the hypothesis
that many households that are concerned with this criteria are anyhow identified through
one of the three other criteria.® This means that on average over the period of the analysis,
15.95% of households in the sample are eligible for the BSE.

Once we have identified eligible households, we can compare the share of households that
are eligible for the BSE according to our computations, and the share of households that
actually received the BSE, i.e. the official beneficiaries as detailed by the regulator CNMC.
Figure 5 shows the evolution of these two shares between 2006 and 2017. Note that as the
BSE was only introduced in 2009, there are no actual beneficiaries before that year. We can
however identify households that fulfill the eligibility criteria even before 2009. The figure
also shows that except for 2009 and 2010, the number of eligible beneficiaries, as identified
in the analysis, is above the official number of subscriptions. This is consistent with the fact
that eligible households are by definition more numerous than those who actually subscribed
to the BSE.”

8This hypothesis induces a risk of spillover from the treatment to the control group, which reduces the
observed difference between these two groups. The proxy for the minimum pension criteria might also induce
spillovers between the two groups. Both of these effects, however, go in the same direction, that is that the
treatment effect observed in the analysis is an under-estimation of the true effect of the policy.

9This also reduces concerns that by not including the criteria about contracted power we could have
excluded a large share of eligible households.

11
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Figure 5: Households eligible for the BSE and official beneficiaries - 2006-2017.

Figure 6 presents the share of households who are in energy poverty by eligibility for the
BSFE before and after 2009. The figure shows that households who are eligible for the BSE
are also more likely to be in a situation of energy poverty. The gap however narrows after
2009. Indeed, in both periods, there are around 11% of households not eligible for the
BSE who are in energy poverty. For eligible households, the average share of households in

energy poverty goes from 26% before 2009 to 22% after 2009.
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Figure 6: Energy poverty by eligibility for the BSE, before and after 2009. Notes: Data
from 2006 until 2017. The category “After 2009” includes the year 2009. Data source: EPF
2006-2017.

Finally, as the BSE induces a reduction in the effective price of electricity faced by house-
holds subscribing to the subsidy, Figure 7 shows the evolution of the average effective price
according to whether the household is eligible for the subsidy. It confirms that from 2009,

the year of introduction of the BSFE, the average effective price between eligible non-eligible

12



households starts diverging.

26

24

22
|

2
|

.18

Average effective electricity price (€/kWh)

©

T T T T T T T T T T T
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Year

Households not eligible for the BSE
————— Households eligible for the BSE

Figure 7: Evolution of the average effective electricity price over time. Note: prices indexed
on IPC base 2016. Data source: EPF 2006-2017.

3.4 Control variables

Based on the literature identifying the main drivers of energy poverty (in particular Tirado Her-
rero et al. (2018), Mohr (2018) Costa-Campi et al. (2019), and Garcia Alvarez and Tol
(2020)) we include a set of household, household head, and dwelling characteristics as con-
trol variables. The goal of this inclusion is twofold: first, it allows identifying the impact
of the BSE on energy poverty while controlling as much as possible for energy needs and
avoiding any potential omitted variable. Second, the analysis of the coefficients of these
variables is interesting per se, as it allows identifying which households are particularly

vulnerable to energy poverty. This also allows comparing the results with those obtained
by the existing literature.

In terms of household characteristics, we control for its size and its expenditure quintile.
In terms of the household head characteristics, we include the age, gender, marital status,
and education level of the household head.'® Finally, in terms of dwelling characteristics,
we include whether the dwelling is owned by its inhabitants, whether it is a flat, a detached
house, a new construction, i.e. is less than 25 years old, whether it has heating, the number
of rooms in the dwelling and finally its location, i.e. urban or rural. Table 2 provides basic

descriptive statistics of the control variables included in the analysis.

10The household head is the member considered to earn the main income of the household.
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N Mean St. Dev.

Controls: Household

Household size 246,928 2.774 1.225
Quintile 246,928  3.000 1.414
Controls: Household head

H.Head Age 246,928  54.30 14.86
H.Head = Man 246,928 0.716 0.451
H.Head Marital status

Single 246,927 0.156 0.363
Married 246,927 0.655 0.475
Widow 246,927 0.113 0.316
Separated 246,927 0.030 0.170
Divorced 246,927 0.047 0.212

H.Head Education
No formal education, or below secondary 246,928 0.238 0.426

Secondary education, 1st cycle 246,928 0.314 0.464
Secondary education, 2nd cycle 246,928 0.170 0.376
Higher education 246,928 0.278 0.448
Controls: Dwelling

Owning the dwelling 246,928 0.839 0.368
Flat 246,928 0.640 0.480
Detached house 246,928 0.113 0.316
New dwelling 246,834 0.361 0.480
Heating 246,926  0.645 0.478
Number of rooms 246,831 5.174 1.210
Zone = Urban 246,928 0.809 0.393

Average over 2006-2017. N: number of observations. St. Dev.: standard devia-
tion. H. Head: Household head.

Table 2: Summary statistics of control variables

14



4 Empirical strategy

4.1 Empirical framework

To determine the causal impact of the introduction of the BSE in 2009 on the likelihood
of energy poverty, we use a difference-in-differences methodology to estimate this effect
through the simulation of an experimental design with observational study data. We com-
pare the evolution of energy poverty before and after the introduction of the BSE for those
households that are eligible for it, relative to the evolution of energy poverty in the control

group, i.e. households that do not meet the criteria for BSFE eligibility.

It is important to note that in our setting, since we are not able to explicitly identify
households that actually subscribed to the BSE, we rely on the identification of eligible
households. This means that instead of measuring the Average Treatment Effect (ATE),
we measure the Intention to Treat (ITT) estimates. We therefore estimate the impact of

being eligible for the BSE and not the impact of actually receiving it.

Besides the necessity of using this ITT estimator due to the structure of the data, this
approach has several empirical advantages. First, while the criteria of BSE eligibility are
exogenously determined, the take-up of this subsidy is likely to be endogenous. Not focusing
on the take-up decision therefore allows removing this non-random part of the analysis.
Second, our approach is likely to lead to an under-estimation of the true effect of the social
rate, since some households not subscribing to the BSE are accounted for in the treatment
group. Therefore, if we find any effect, the average treatment effects of the subscription are
likely to be even larger. Finally, from a policy perspective, we estimate the effect of the
introduction of the social rate in Spain on the population, rather than only estimating the
effect for those who are benefiting from it. We therefore avoid over-optimistic conclusions
that might arise if we omit that the introduction of the policy does not necessarily lead to

a take-up of this policy.

One important assumption behind the difference-in-differences approach is the ‘parallel
trend’ assumption. In other words, we assume that without the introduction of the BSF,
both the treatment and control groups would have followed the same trend in terms of the
dependent variable. It allows the treatment and control groups to be different, but this
difference needs to be constant over time in absence of the treatment. This allows us to rely
on the control group as a counterfactual that informs us of what would have happened to
households eligible for the BSF in absence of the introduction of the policy, and to compare
it to the actual energy poverty of eligible households after the introduction of the policy.

To assess the validity of this assumption, we present the evolution of the shares of households

in energy poverty for both groups in Figure 8. A vertical line in 2009 represents the year
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of introduction of the BSE. For the parallel trend assumption to hold, the treatment and
control groups should have a parallel trend before the policy. This seems to hold according
to Figure 8 (see C for another test of the parallel trend assumption following the approach
used by Li et al. (2016) and Zhou et al. (2020)). Figure 8 also offers a first intuition at the
reduction of the difference between the treatment and the control groups in the BSE period
(i.e. from 2009 onward).
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Figure 8: Parallel trend assumption - Evolution of EP-2M over time. Data source: EPF
2006-2017.

4.2 Difference-in-differences model

The main difference-in-differences (DiD) model is presented in Equation 1.

Yijt = Bo + B1BSEtreatment; + BaPost, + f3BSEtreatment; x Post, + BaXiji + €ije (1)

Where Y, the outcome of interest, is the energy poverty status of household ¢ in treatment
group j (j = 1 if the household is eligible for the BSE, the treatment group, and j = 0 if it
is in the control group) in year ¢t (¢t = 2006, ...2017).

0 if j=0
1 if j=1

(Not eligible for the BSE)

BSFEtreatment; = {

if t< 2009

0
POStt: .
1 if t>2009

(Eligible for the BSE)

(Before the introduction of the BSE)
(After the introduction of the BSE)
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B3 is the coefficient of interest as it represents the effect of introducing the BSE on the
eligible households. X;;; are household-specific characteristics that include controls about
the household, the household head, and the dwelling.

Based on this model, in section 5 we systematically present five different specifications. In
the first specification, we estimate the model as in Equation 1, but without any control
variables, to be able to capture the average relationship between the BSE and the outcome
of interest. Second, we add the household-specific control variables, X;;;, which include
controls about the household, the household head, and the dwelling. Third, to account for
the time and regional variation shown in section 2, we add to the previous specification two
additional features: a linear year trend that captures changes that evolve linearly over the
time frame in our data as well as regional fixed effects to account for any time-invariant
specific regional characteristics. In the fourth model, we still account for household-specific
control variables and regional fixed effects, but we replace the linear time trend by year
fixed effects to account for regional-invariant effects that might occur over the years, not
necessarily in a linear pattern. Finally, the fifth specification replaces region fixed effects
and year fixed effects by region-year fixed effects that account for any characteristic that
might affect a region in a specific year. This means that in the fifth specification, the year
fixed effects can change over regions, or conversely, that the region fixed effects can change
over time. In all the specifications the standard errors are clustered at the region-year level
to account for the correlation of shocks that might occur within a region in a given year.

Each of these specifications is considered to be more robust than the previous ones.

In the main analysis, the outcome of interest is the dummy variable determining whether the
household is in a situation of energy poverty. In this case, we estimate the regression with a
linear probability model. In section 5.2, we investigate the mechanisms through which the
BSE directly affected households. To do so, we look at three additional variables. First,
we look at the effective price of electricity faced by the households, second, we consider the
quantities of electricity consumed by households and finally their expenditure on electricity.
The model for effective prices is a linear model. Both quantities and expenditures are
measured in logarithms to correct for their skewness, and the regressions are thus estimated

with a log-linear model.

5 Results

This section first presents and describes the difference-in-differences model measuring the
causal effect of the introduction of the BSFE on household energy poverty. The second
subsection looks then at how the BSFE directly affected households and their consumption
behavior, by looking at its effect on the effective electricity price faced by households, the

quantities of electricity consumed, and their expenditure on electricity.
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5.1 The impact of the BSE on energy poverty

In this subsection, we present the results of the main model, namely, the model measuring
the effect of the introduction of the BSE on energy poverty. As explained in section 4, given
the structure of the data, we are measuring the causal effect of households being eligible for

the BSE on their likelihood of energy poverty.

The most important result is that the DiD estimator shows a negative and significant coef-
ficient in all the specifications of the model, see Table 3. This means that the introduction
of the BSFE in 2009 caused a reduction in the likelihood of energy poverty among eligible
households. Furthermore, this significant effect is robust to the inclusion of both household
and dwelling controls, as well as to the introduction of a year trend and region, year, and
region-year fixed effects. The magnitude of the effect is reduced once we include the house-
hold and dwelling control variables but remains quite stable whatever the way we control
for time and regional differences. This means that part of the decrease in a household’s
likelihood of energy poverty observed on average is driven by other factors than the in-
troduction of the policy. Still, the BSFE has a significant role in the alleviation of energy
poverty for eligible households.

The interpretation of the magnitude of the effect of the BSE on energy poverty is as follows:
the introduction of the BSE in Spain has reduced the probability of energy poverty of eligible
households by around 2 percentage points over the period with respect to a situation in
which the BSE had not been introduced. In practice, this implies that around 59,000
households are no longer in a situation of energy poverty as a result of the introduction of
the BSE.'!' Even though it is a lower bound, the magnitude of this effect is very low as it
corresponds to only 7.7% of eligible households who were in energy poverty before 2009.

In terms of control variables, our results are intuitive with respect to the links between
energy poverty and household, household head, and dwelling characteristics, and reconcile
with the literature. First, in terms of household variables, household size shows a robust
significant and increasingly negative coefficient. In other words, larger households in terms
of number of members are associated with a lower probability of energy poverty compared
to a household of only one member. This suggests that single-member households are highly
vulnerable. The same conclusion holds for the expenditure quintile. Intuitively, the higher

the quintile, the lower the probability of being in a situation of energy poverty.

Second, concerning the role played by the household head, the coefficient for the age is

significant when including region and year fixed effects, albeit the effect is small. More-

1To be able to get this number, we first know that out of the 18.5 million households in Spain, 15.95%
of them are eligible for the BSE. This corresponds to almost 3 million vulnerable households eligible for the
BSE, out of which 2 percent are no longer in a situation of energy poverty (data on the number of households
in Spain for 2017).
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(1) (2) ®3) 4) ()

BSE Treatment 0.149*** 0.039*** 0.037*** 0.037*** 0.038***
(23.19) (6.79) (6.73) (6.72) (6.73)

Post 2009 0.001 -0.019%** 0.018*** -0.032%** -0.068***
(0.18) (-3.74) (4.14) (-6.75) (-45.42)

DiD Estimator -0.038*** -0.019*** -0.019%** -0.018*** -0.020%**
(-5.20) (-2.85) (-3.08) (-2.98) (-3.08)

Controls: Household

Household size (Base: 1 member)

2 members -0.098*** -0.097*** -0.098*** -0.098***
(-29.98) (-30.71) (-30.78) (-30.72)
3 members -0.156*** -0.155*** -0.156*** -0.156***
(-31.78) (-32.20) (-32.26) (-32.20)
4 members -0.204*** -0.204*** -0.205%** -0.205%**
(-36.37) (-36.02) (-36.01) (-35.93)
5 members -0.245%** -0.243%** -0.245%** -0.244***
(-38.56) (-38.81) (-38.93) (-38.87)
6 or more members -0.277*** -0.271%** -0.272%** -0.272%**
(-33.94) (-33.25) (-33.47) (-33.39)
Quintile (Base: 1st quintile)
2nd quintile -0.165*** -0.167*** -0.168*** -0.168***
(-43.51) (-45.75) (-45.79) (-45.62)
3rd quintile -0.225%** -0.227*** -0.229%** -0.228***
(-49.02) (-50.87) (-50.85) (-50.77)
4th quintile -0.272%** -0.274*** -0.276*** -0.276%**
(-49.80) (-50.84) (-50.89) (-50.72)
5th quintile -0.329*** -0.333*** -0.336*** -0.335%**
(-50.61) (-51.38) (-51.38) (-51.22)
Controls: Household Head
H.Head Age -0.000 0.000** 0.000*** 0.000**
(-1.42) (2.39) (2.61) (2.53)
H.Head = Man -0.008*** -0.010*** -0.010*** -0.010%**
(-4.87) (-5.67) (-5.67) (-5.70)
Marital (Base: single)
Married 0.020*** 0.015*** 0.015*** 0.015%**
(8.15) (6.22) (6.13) (6.12)
Widow 0.025*** 0.021*** 0.021*** 0.021***
(7.46) (6.50) (6.52) (6.47)
Separated 0.024** 0.020%** 0.020*** 0.020***
(5.12) (4.37) (4.32) (4.32)
Divorced 0.010** 0.009** 0.009** 0.009**
(2.60) (2.28) (2.23) (2.21)
Education (Base: no education)
Secondary, 1st cycle -0.003 0.001 0.003 0.003
(-1.20) (0.42) (1.15) (1.19)
Secondary, 2nd cycle -0.009*** -0.003 -0.001 -0.001
(-2.88) (-0.94) (-0.30) (-0.34)
Higher education -0.015*** -0.006** -0.004 -0.004
(-4.76) (-2.34) (-1.64) (-1.65)
Controls: Dwelling
Owning the dwelling -0.027*** -0.031%** -0.030*** -0.030***
(-10.34) (-12.49) (-12.33) (-12.37)
Flat -0.045*** -0.031*** -0.031*** -0.031***
(-15.43) (-13.35) (-13.31) (-13.37)
Detached house -0.004 0.009** 0.009** 0.009***
(-1.01) (2.51) (2.57) (2.63)
New dwelling 0.011%** 0.007*** 0.008*** 0.008***
(6.09) (3.95) (4.21) (4.12)
Heating -0.014%** 0.008™** 0.008*** 0.008***
(-3.58) (2.61) (2.69) (2.69)
Number of rooms 0.004*** 0.002*** 0.002*** 0.002***
B . um G on
one = Urban . -0. -0. -0.
. (2.16) (-1.06) (-1.11) (-1.06)
Constant 0.110 0.502 13.401 0.517 0.533
(16.84) (53.07) (11.26) (52.77) (71.60)
Region FE Yes Yes
Year FE Yes
Year Trend Yes
Region-Year FE Yes
N 246,928 246,744 246,744 246,744 246,744
R? 0.017 0.127 0.137 0.137 0.139

Notes: *, ** *** denote significance at the 10 percent, 5 percent and 1 percent levels respectively.
Robust standard errors in parentheses clustered by region and year. H. Head: household head. FE:
fixed effects. N: number of observations.

Table 3: Difference-in-differences - Dependent variable: EP-2M
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over, having a man rather than a woman as the household head is associated with a lower
probability of energy poverty. The marital status shows a highly significant effect. Keep-
ing the household size fixed, any marital status, married, widow, separated, or divorced,
is associated with a higher probability of energy poverty compared to a household head
being single. And finally, the results give evidence of a link between education and energy
poverty: the higher the education level of the household head, the lower the probability of
energy poverty. This result is however not robust to the inclusion of region and year fixed

effects.

Third, concerning dwelling characteristics, owning the dwelling and living in a flat are
significantly and robustly associated with a lower probability of energy poverty. Intuitively,
owning a house is linked with higher income levels, while living in a flat rather than a house
is linked with lower expenditure needs, because of insulation issues. Similarly, living in a
detached house, in a new dwelling, with heating or having a higher number of rooms are
significantly associated with a higher probability of energy poverty. Finally, living in an
urban area rather than a rural one is associated with a higher probability of energy poverty,
though the result is not robust to the inclusion of the year trend or regional and year fixed
effects. The R? shows how important it is to include household and dwelling characteristics

in the analysis, as the goodness-of-fit jumps from 1.7% to between 12.7% when doing so.

Fourth, the inclusion of controls for spatial and temporal heterogeneity is important as well
since the goodness-of-fit further increases. As expected, each specification is more robust
than the previous one. In other words, the best model is the one in which region fixed
effects are allowed to differ over time, or conversely that time fixed effects are allowed to
differ over regions. This suggests that the evolution of energy poverty has followed different
trajectories in the different regions over time. Moreover, these results suggest that even
though the different regions in Spain have different base levels of energy poverty, and even
though they have implemented different regional policies, this is not enough to explain
the effectiveness of the BSE. In other words, even when all regional, and yearly-regional,
differences are accounted for, the BSFE still significantly decreases the likelihood of energy

poverty in Spain.

5.2 Mechanisms

As we have just shown that the introduction of the BSE has significantly and robustly
decreased the likelihood of energy poverty, we now analyze the different mechanisms through
which the subsidy directly affected households. In particular, we investigate the impact of
the BSE on three variables, namely the effective price of electricity, the quantities consumed,
and the total expenditure on electricity. We first discuss the mechanisms from a theoretical

perspective and then, we review the results.
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5.2.1 Theoretical framework

The BSFE is a subsidy implying a discount on the price of electricity for eligible consumers.
The explicit goal of this subsidy is to increase the affordability of electricity for vulnerable
consumers. There is no explicit willingness to change consumption behavior with this type
of subsidy. By opposition for instance to a subsidy that would aim at correcting for some
type of market failure by inducing a change in consumption behavior. This would be,
for example, to account for the positive externalities associated with the use of renewable

energies.

We must consider however that when a subsidy targets the affordability of a good, this
increased affordability can have indirect effects. Indeed, considering that a subsidy is a
reduction in the effective price, this in turn can have an effect on the consumption behavior
of the consumer. If we consider the partial equilibrium with only the subsidized good,
a reduction of effective price would increase its consumption for any type of normal good.
Once we consider more general equilibria and budget allocations, this might be less obvious.
When the effective price of one of the goods consumed decreases, the household can decide
to increase the consumption of this particular good, or to keep the consumption constant
and to reallocate the additional resources to the consumption of other goods, or any mix of

the two previous scenarios.

Coming back to the specific purpose of this paper, the BSE was introduced in Spain in 2009
in order to increase the affordability of electricity for vulnerable consumers. We therefore
expect a reduction in the effective price of electricity faced by eligible households. How these
households would react in terms of their consumption behavior to the reduced effective price
is however less predictable. If, in the absence of the subsidy, households are rationing their
electricity consumption, resulting for instance in an inability to keep the dwelling adequately
warm, an increase in the quantity of electricity consumed could be expected. If on the other
hand, we do not observe a change in the consumption behavior following the introduction
of the BSFE, we could either conclude that on average there is no rationing in electricity, or
that even if households would appreciate consuming more electricity, they decide to allocate
the new resources to other ends. Whatever the reason for the consumption behavior, the

results obtained in the analysis can be interpreted as revealed preferences of households.

Finally, as expenditure on electricity is by definition the effective price multiplied by the
quantity consumed, the expected effect of the BSFE on electricity expenditure depends on
the reaction of consumption to the reduced effective price. We can however describe the
two extreme scenarios. The first scenario is the one in which the increased affordability of
electricity does not affect the consumption behavior. In other words, this is the scenario
in which the subsidy reduces the effective price of electricity, which releases a new budget

completely allocated to other goods, leaving the quantity of electricity consumed unchanged.

21



The second extreme scenario is the one in which this new budget resulting from a decrease in
effective price is exclusively used for increasing the consumption of electricity, and therefore
leaving the total expenditure on electricity unchanged. There is also a continuum of other
scenarios in between these two extremes. The goal of the next section is to empirically

check each of these three effects.

5.2.2 Results

In this section, we empirically test three potential effects suggested by theory: the impact
of the BSE on the effective price of electricity, its impact on the quantities of electricity
consumed, and finally on the electricity expenditure. We do so by estimating the same
five specifications described in section 4 in terms of the inclusion of household and dwelling
controls, year trends as well as region and year fixed effects. Since expenditure and quantities

are considerably skewed, we measure both effects on the logarithms of such variables.

The first result is that BSE significantly decreases the effective price of electricity for eligible
consumers. The DiD estimator in Table 4 shows a negative and significant coefficient
in every specification of the model, thus being robust to the inclusion of household and
dwelling controls as well as year trends and regional and year fixed-effects. This confirms
the hypothesis presented in the previous section, and intuitively, this result reconciles with
the way in which the social rate is implemented as it entails a reduction in the price faced
by vulnerable consumers. More precisely, the introduction of the BSE reduces the effective
price faced by eligible households by 0.005 €/kWh. With respect to the average effective
price of eligible households before 2009, this represents a reduction of 3%.

The second result is that the BSE does not change the consumption behavior of households
in terms of quantity of electricity consumed. Table 5 shows the coefficients of the estimation
when the dependent variable is the logarithm of the quantity of electricity consumed by
households. We can see that the BSE did not have any robust effect on the quantity of
electricity consumed by the households. The first specification of the model does suggest
a positive coefficient of the DiD estimator, but the result is not robust to the inclusion
of control variables and fixed effects. This means that, even though we might observe an
average increase in the consumption of electricity for eligible households after 2009, the

increase is entirely captured by households or dwelling characteristics, or by fixed effects.

These results are particularly striking as they suggest that we are in one of the two extreme
scenarios presented in the previous section. In other words, the introduction of the BSFE did
reduce the effective price of electricity faced by consumers, but this did not induce a change
in consumption behavior in terms of quantity of electricity consumed. To put it differently,
the results can be seen as a revealed preference mechanism showing that households prefer

to spend the additional budget on other goods instead of electricity.
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(1) (2) (3) (4) (5)

BSE Treatment 0.001 0.002** 0.003***  0.003***  0.003***
(0.75) (2.05) (4.43) (5.30) (5.09)

Post 2009 0.063***  0.060*** 0.001 0.095***  0.094***
(20.78) (20.53) (0.37) (29.81) (610.03)

DiD Estimator -0.007***  -0.005"** -0.005*** -0.005*** -0.005***
(-4.98) (-4.04) (-5.41) (-6.95) (-7.05)

Household Controls Yes Yes Yes Yes

H. Head Controls Yes Yes Yes Yes

Dwelling Controls Yes Yes Yes Yes

Region FE Yes Yes

Year FE Yes

Year Trend Yes

Region-year FE Yes

N 246,928 246,744 246,744 246,744 246,744

R? 0.232 0.254 0.465 0.481 0.502

Notes: *, ** *** denote significance at the 10 percent, 5 percent and 1 percent levels
respectively. Robust standard errors in parentheses clustered by region and year. H.
Head: household head. FE: fixed effects. N: number of observations.

Table 4: Difference-in-differences - Dependent variable: effective price of electricity

(1) (2) (3) (4) (5)

BSE Treatment -0.193***  -0.060*** -0.068"** -0.069*** -0.064***
(-11.09) (-5.62) (-7.34) (-7.77) (-7.17)

Post 2009 -0.041* 0.011 0.191***  -0.090*** -0.108***
(-1.84) (0.67) (8.60) (-5.67) (-45.42)

DiD Estimator 0.092*** 0.017 0.014 0.012 0.006
(4.73) (1.33) (1.35) (1.21) (0.58)

Household Controls Yes Yes Yes Yes

H. Head Controls Yes Yes Yes Yes

Dwelling Controls Yes Yes Yes Yes

Region FE Yes Yes

Year FE Yes

Year Trend Yes

Region-year FE Yes

N 246,928 246,744 246,744 246,744 246,744

R? 0.006 0.205 0.251 0.261 0.266

Notes: *, ** *** denote significance at the 10 percent, 5 percent and 1 percent levels
respectively. Robust standard errors in parentheses clustered by region and year. H.
Head: household head. FE: fixed effects. N: number of observations.

Table 5: Difference-in-differences - Dependent variable: logarithm of quantity of electricity
consumed
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Finally, the third result shows that the BSFE significantly decreases the total expenditure
on electricity for eligible households, as it could be expected once we have seen the two
previous results. Table 6 shows the results for the model in which the dependent variable
is the logarithm of the expenditure on electricity. The coefficient is significant and negative
in the fifth specification of the model, which is the most robust one as we include household
and dwelling characteristics, and region-year fixed effects. In this case, the introduction of
the BSE causes the expenditure on electricity of eligible households to decrease by 1.78%.!2
Note that without including the control variables and the fixed effects, we might have
concluded the opposite effect. Indeed, specification (1), i.e. the specification in which
household and dwelling characteristics are not controlled for and fixed effects and year trends
are not included, shows a positive and significant effect on the logarithm of expenditure on
electricity. However, the goodness-of-fit increases significantly when including the different
controls, a year trend, and fixed effects, jumping from 0.05 in specification (1), to between
0.25 and 0.29 in the other ones. We can therefore conclude that the introduction of the
BSE reduces the household expenditure on electricity. This is in line with the two previous
results, namely that BSE caused a reduction in the effective price of electricity but no change
in consumption behavior. The entire effect of this subsidy policy is therefore channeled
through increased affordability that reduces expenditures on electricity and releases a budget

to be spent on other goods.

The goodness-of-fit of the three models is also worth analyzing, as it suggests that control
variables are important, but that their relative importance depends on the outcome variable.
Indeed, when we look at the effective price of electricity (Table 4), adding socio-economic
and dwelling variables does not improve the goodness-of-fit of the model by much (going
from 23.2% to 25.4%). Conversely, controlling for region and time effect substantially
increases the R? (up to between 46.5% and 50.2%). Indeed, the characteristics of the
household or the dwelling in which they live should not have a direct effect on the price they
face, hence the low explanatory power of these control variables, while the variation in price
is associated with regional and temporal variations. For the specification about quantities,
we observe a different pattern. In fact, quantities consumed are more directly dependent on
household and dwelling characteristics, which is reflected in the increase of the goodness-
of-fit between specifications (1) and (2) in Table 5, where the R? increases from 0.6% to
20.5% when including household, household head, and dwelling controls. The goodness-
of-fit for the quantities consumed does not further increase by much when controlling for
regional and temporal variation. As a result, it can be expected that household and dwelling
controls improve the goodness-of-fit of the expenditure model since expenditure involves
quantities. Table 6 further confirms this prediction, as the R? jumps from 5.4% to 25.2%
when including household and dwelling controls. This analysis suggests that household

and dwelling variables are more powerful in the prediction of the quantity of electricity

12For specification (5) in Table 6: (e~ %-%% — 1) x 100 = —1.78%
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(1) (2) 3) (4) ()

BSE Treatment -0.193**  -0.049*** -0.052"** -0.053*** -0.048***
(-12.92) (-5.49) (-6.89) (-7.24) (-6.58)

Post 2009 0.269***  0.308***  0.224**  0.364***  0.343***
(15.54) (20.37) (10.36) (43.73) (166.68)

DiD Estimator 0.060*** -0.008 -0.009 -0.013 -0.018**
(3.63) (-0.77) (-1.09) (-1.51) (-2.14)

Household Controls Yes Yes Yes Yes

H. Head Controls Yes Yes Yes Yes

Dwelling Controls Yes Yes Yes Yes

Region FE Yes Yes

Year FE Yes

Year Trend Yes

Region-year FE Yes

N 246,928 246,744 246,744 246,744 246,744

R? 0.054 0.252 0.280 0.290 0.292

Notes: *, ** *** denote significance at the 10 percent, 5 percent and 1 percent levels
respectively. Robust standard errors in parentheses clustered by region and year. H.
Head: household head. FE: fixed effects. N: number of observations.

Table 6: Difference-in-differences - Dependent variable: logarithm of expenditure on elec-
tricity

consumed and the electricity expenditure than in the prediction of the effective price faced
by households. Conversely, the variation of effective electricity prices is more closely related

to regional and temporal differences.

In sum, the BSFE does indeed have a direct effect on households. It statistically significantly
decreases the effective price of electricity that these households face. In response to this
lower effective price, households do not increase the quantity of electricity consumed and
therefore the entire effect is channeled through a reduction in the expenditure on electricity.
This increased affordability of electricity does therefore not imply a change of consumption
behavior for electricity. Thus, even if some households may be in a situation in which they
ration on their consumption of electricity, these revealed preferences suggest that either
on average there is not much rationing, or that even with rationing, households prefer to

allocate this additional budget to other expenses.

6 Robustness checks

6.1 Alternative measures of energy poverty

In this section, we test whether our results on energy poverty hold when we use alternative

indicators.
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6.1.1 Alternative indicator: Hidden energy poverty

As the definition of energy poverty is quite broad, different indicators are used in practice.
In the analysis, we have focused on one indicator: EP-2M, which classifies households as in
energy poverty if their share of expenditure on electricity is above twice the national median.
This measure captures households that allocate an unusually high share of expenditure
to electricity. There are however alternative expenditure-based indicators that reflect a
different aspect of energy poverty. In particular, there exists the concept of hidden energy
poverty (HEP) that identifies households whose electricity spending is “abnormally low”,
which might indicate restricted spending. It is included, with EP-2M, as one of the most
important indicators of energy poverty (Rademaekers et al., 2016). A household is therefore
considered to be in hidden energy poverty if its electricity expenditure is below half the
national median.!®> In our sample, on average 9% of households are in HEP and there
is a significant and positive correlation between HEP and BSE eligibility (see D for the

descriptive statistics).

The goal of this section is to check whether the BSE also has an effect on hidden energy
poverty. This is indeed validated in Table 7, as the table shows that the introduction of
the BSE significantly reduces the likelihood of HEP by 1 to 1.2 percentage points. This
corresponds to an additional 29,500 households that go out of energy poverty because of the
BSE. In other words, the effectiveness of the BSE on reducing energy poverty is robust to
whether the indicator looks at households who spend a too large share of their expenditure
on electricity or whether it looks at households who have abnormally low levels of electricity

expenditure.

6.1.2 Sensitivity analysis of the threshold for EP-2M

The indicator we have used, EP-2M, classifies households as in energy poverty if their share
of expenditure spent on electricity is above twice the national median. The goal of this
section is to conduct a sensitivity analysis to the threshold, i.e. twice the median, in order
to check whether the results are robust to this choice. To do so, we construct different
measures of energy poverty according to different thresholds being X times the median,
with X = {1,1.25,1.5,...3}.

We confirm that our results are robust to the choice of the threshold in Figure 9. It
shows that for all thresholds between 1.75 times the median and 3 times the median, the

introduction of the BSE reduces the likelihood of energy poverty at the 95% significance

131t is important to note that contrary to EP-2M, HEP has to be constructed using the absolute expen-
diture rather than the share of expenditure spent on electricity. Indeed, as hinted in Figure 2, lower-income
households spend on average less on electricity in absolute value, but more as a share of their expenditure.
Therefore, using absolute expenditure allows identifying households that spend an abnormally low amount
of expenditure on electricity.

26



(1) (2) (3) (4) ()

BSE Treatment 0.102***  0.040*** 0.040***  0.040***  0.038"**
(13.80) (7.08) (7.51) (7.55) (7.25)

Post 0.019***  0.006*  0.039*** -0.018*** -0.009***
(5.75) (1.92) (11.88) (-4.09) (-6.71)

DiD Estimator -0.041***  -0.012* -0.012** -0.012**  -0.010*
(-5.03) (-1.89) (-1.99) (-2.06) (-1.71)

Household Controls Yes Yes Yes Yes

H. Head Controls Yes Yes Yes Yes

Dwelling Controls Yes Yes Yes Yes

Region FE Yes Yes

Year FE Yes

Year Trend Yes

Region-year FE Yes

N 246,928 246,744 246,744 246,744 246,744

R? 0.009 0.102 0.108 0.108 0.110

Notes: *, ¥* *** denote significance at the 10 percent, 5 percent and 1 percent levels
respectively. Robust standard errors in parentheses clustered by region and year. H.
Head: household head. FE: fixed effects. N: number of observations.

Table 7: Difference-in-differences - Dependent variable: hidden energy poverty

level. The main results are therefore not dependent on the specific choice of the threshold

of twice the median. See E for the complete table of the results.

6.1.3 Restrict the sample to low-income households

An important debate related to the choice of the indicator is about the population that can
be considered as being in energy poverty. Some countries prefer to consider only low-income
households in their official metrics. For instance, Belgium’s official indicator is EP-2M but
restricted only to the five lower deciles of the income distribution (Rademaekers et al.,
2016). In this section, we check whether our results hold when considering only the bottom

half sample in terms of income.*

First, almost all of the vulnerable households according to the BSE are among the lower-
income sample. Eligible households to the social rate correspond to nearly 30% of the
lower-income households, while they correspond only to 2% of the higher-income households.

Second, 19% of lower-income households are in energy poverty, while this figure decreases

to 7% for the higher-income households.

14 As recommended by (Rademaekers et al., 2016), we consider the equivalized income. In other words,
we normalize the household income to its size, considering the age distribution. The first adult has a weight
of 1, then any additional adult has a weight of 0.5 to account for economies of scale, and any additional
child has a weight of 0.3.
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Coefficients of interaction terms

Figure 9: Sensitivity analysis of the energy poverty threshold. Notes: Threshold for energy
poverty: above X times the national median of that year, with X = {1,1.25,1.5,...3}. Each
point represents the estimated coefficient of the interaction between the BSE treatment
dummy and the Post 2009 dummy in the specification that includes household, household
head, and dwelling controls, and region-year fixed effects (i.e. specification 5). The error
bars represent the 95% confidence interval, with robust standard errors clustered by region
and year. The shaded area corresponds to the baseline EP-2M. Data source: EPF 2006-
2017.

Table 8 presents the results of the impact of BSE eligibility among the five lowest deciles
of the income distribution. It confirms that the BSE significantly reduces the likelihood of
energy poverty for the eligible households. In terms of magnitude, it is a 1.8 percentage
point decrease, which corresponds to a 6.4% decrease with respect to the average among
eligible households before 2009. The result from our baseline model is therefore similar to

the one obtained when we consider only lower-income households.

6.2 The effect of BSE on income poverty

Income poverty is a distinct issue from energy poverty. However, the introduction of the
BSE could also have had an effect on income poverty since, as our results have shown, the
social subsidy has an effect on expenditure through lower effective prices, thus liberating a
share of income. In this subsection, we analyze whether the introduction of the BSE has

had an effect on eligible household’s likelihood of being in income poverty.

First, Table 9 presents the distribution of households according to these two measures, i.e.
energy and income poverty. It confirms that while 13% of the sample is in energy poverty,
only 4.6% are also in income poverty. Each of these issues should therefore be treated

separately from a policy perspective.

Second, Table 10 presents the results of the estimations in which the dependent variable is
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(1) (2) 3) (4) ()

BSE Treatment 0.122**  0.031***  0.030**  0.030***  0.031***
(18.30) (5.42) (5.24) (5.22) (5.38)

Post 0.010 -0.022***  0.017***  -0.031*** -0.073***
(1.23) (-3.38) (2.64) (-3.96) (-32.20)

DiD Estimator -0.055**  -0.016** -0.017*** -0.016** -0.018***
(-7.33) (-2.48) (-2.61) (-2.49) (-2.71)

Household Controls Yes Yes Yes Yes

H. Head Controls Yes Yes Yes Yes

Dwelling Controls Yes Yes Yes Yes

Region FE Yes Yes

Year FE Yes

Year Trend Yes

Region-year FE Yes

N 123,468 123,365 123,365 123,365 123,365

R? 0.009 0.115 0.125 0.126 0.128

Notes: *, ** *** denote significance at the 10 percent, 5 percent and 1 percent levels
respectively. Robust standard errors in parentheses clustered by region and year. H.
Head: household head. FE: fixed effects. N: number of observations. Lower-income
households correspond to the lowest five deciles in terms of equivalized income.

Table 8: Difference-in-differences - Energy poverty among lower-income households

income poverty. They show that households eligible for the BSFE have a lower probability of
being in income poverty by 13.7 percentage points. Given that before 2009, 68% of eligible

households were in income poverty, this corresponds to a 20% decrease.

7 Policy evaluation

In this section, we evaluate the BSE as a policy measure introduced with the objective of
reducing energy poverty in Spain, where 2.8 million households were in energy poverty in
2018 (Tirado Herrero et al., 2018). More precisely, we discuss the magnitude of the effect,

the cost of the policy, and its targeting of beneficiaries.

First, the introduction of the BSE in 2009 cannot be described as a success. Indeed, the
results show that the introduction of the BSE in 2009 reduced, on average, the probability of
being in energy poverty by 2 percentage points. In terms of comparisons, 26% of households
eligible for the BSE were in energy poverty before 2009. If this figure decreases by 2
percentage points, it corresponds to a decline of 7.7%. To put it differently, 59,000 families
that are those out of energy poverty as a result of the introduction of the BSE, are not
enough when considering there are still 2.8 million families in a situation of energy poverty.

It is positive that some families have managed to leave the energy poverty situation as a
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Energy Poverty
No Yes Total
No 180,629 20,690 201,319
Income (73.15) (8.38) (81.53)
Poverty Y, 34,244 11,365 45,609
o (13.87) (4.60) (18.47)
Total 214,873 32,055 246,928
(87.02) (12.98) (100.00)

Notes: Inside each cell: number of observations and cell frequency in parenthesis. In-
come poverty if the equivalized disposable income of the household is below 60% of the
median of that year. Energy poverty if the share of electricity expenditure is above twice
the median of that year.

Table 9: Energy poverty and income poverty

(1) (2) 3) (4) ()

BSE Treatment 0.581***  0.506™**  0.505***  0.505***  0.506***
(77.91) (72.49) (70.96) (71.50) (68.30)

Post 0.011 0.007* -0.007*  0.036™**  0.041***
(1.29) (1.83) (-1.88) (6.79) (20.38)

DiD Estimator -0.128**  -0.135*** -0.136"** -0.136*** -0.137***
(-13.41)  (-15.41)  (-15.40) (-15.50)  (-15.07)

Household Controls Yes Yes Yes Yes

H. Head Controls Yes Yes Yes Yes

Dwelling Controls Yes Yes Yes Yes

Region FE Yes Yes

Year FE Yes

Year Trend Yes

Region-year FE Yes

N 246,928 246,744 246,744 246,744 246,744

R? 0.208 0.332 0.335 0.336 0.337

Notes: *, ** *** denote significance at the 10 percent, 5 percent and 1 per-
cent levels respectively. Robust standard errors in parentheses clustered by
region and year. H. Head: household head. FE: fixed effects. N: number of
observations.

Table 10: Difference-in-differences - Dependent variable: income poverty
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result of subscribing to the BSFE, but it cannot be judged as a success but rather a failure

or a missed opportunity.!®

Second, it is also relevant to discuss the financing of the BSE. It has been advertised that no
public spending was used to finance the BSE, suggesting that the private electric companies
bear the whole cost. In practice, it is unlikely that the electric companies would accept such
a deal. Instead, they can use two mechanisms to reduce the burden of the BSE. They can
use cross-subsidies. This corresponds to a situation in which the electric companies would
raise the price for other consumers, so that they indirectly subsidize the price reduction
for the beneficiaries of the social rate. Another plausible way of financing the BSF, is for
the government to lower the tax rate on the electric companies. This allows companies to
compensate for the losses due to the BSE, and for the government to state that there are no
fiscal costs. This statement would however be inaccurate, as there would be foregone fiscal
revenues. Overall, even though the policy has no official direct fiscal costs, it is plausible
that it has important indirect costs, borne by consumers and the government. These should

be made transparent to allow a more precise evaluation of the policy.

Finally, the objective of this paper is to measure the effectiveness of the BSE as introduced
in 2009 on a household’s probability of being in energy poverty. It is important to keep in
mind that this paper does not evaluate the targeting of the policy. This targeting has how-
ever been widely criticized since the introduction of the BSE, particularly for not including
criteria based on the household’s income. For instance, in 2009, the initial criteria included
large families irrespective of their level of income, which allowed high-income families to be
eligible for the social rate if they had at least three children. As a result, the government
modified the eligibility criteria of the BSFE, and from 2018 it does include income. This sug-
gests that the government was aware that the previous targeting had high risks of including

households that were not the most vulnerable.

It is important to note that the BSE is an instrument regulating electricity prices with the
official objective of reducing energy poverty. Thus, there is a misalignment between the
objective of the policy, the instrument used, and the targeted beneficiaries. Indeed, income
poverty and energy poverty, though closely related, are distinct issues. By including in-
come criteria in the targeting of the policy, the risk of including non-vulnerable households
decreases but the risk of excluding households who are in energy poverty increases. If the
government aims to address directly energy poverty, it could either include this in its tar-
geting strategy, or it could use another instrument. In the first case, eligibility criteria could

for instance include the energy efficiency characteristics of the dwellings. In the second case,

5Note that our conclusion about the failure or missed opportunity of the policy is only based on the
small share of households who were able to escape energy poverty because of this policy. Without more
detailed information about the costs of the policy, we are not able to answer whether the small benefit is
worth its cost.
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there could be policies aiming directly at improving energy efficiency. However, to achieve a
reduction of energy poverty, these policies should prioritize the most disadvantaged, which

has been seldom the case in practice (Tirado Herrero and Jiménez Meneses, 2016).

Overall, we can conclude that, even if the magnitude of our main result is a lower bound,
the BSFE shows signs of a failed policy. More transparency is needed on who bears its costs,
and there should be a more explicit alignment on the objective of the policy, the instrument

used, and its targeting policy.

8 Conclusions

This paper assesses the effectiveness of a policy instrument, an electricity social rate, in-
troduced to increase the affordability of electricity for vulnerable consumers in Spain. The
analysis reveals that this subsidy, which targets electricity prices, is effective in reducing the
likelihood of energy poverty for eligible households. The magnitude of the effect is however

quite modest.

The additional and powerful result derived from the analysis is that, given the reduction
of the effective price of electricity for eligible households, these do not alter their quantity
of electricity consumed but react entirely through a lower expenditure on electricity. In
other words, this subsidy does not change the behavior of households in terms of electricity
consumption. Several interpretations could be given for this finding. Indeed, one could think
that if households do not increase their consumption of electricity even though its effective
price has decreased, it is because electricity is a necessity good, which consumption was
already entirely satisfied before the subsidy, or in other words that these households do
not ration their electricity. In such a scenario, the newly available budget coming from
a decrease in electricity expenditure could be fully allocated to other expenditures and

improve household well-being.

Another interpretation, less optimistic, would be that the vulnerable households targeted
by the BSE were rationing their electricity consumption before the introduction of the
policy, and still ration their consumption after the policy. In such a scenario, vulnerable
households have to ration on several necessity goods, and the newly released budget from
lower electricity expenditure would be entirely spent in reducing the rationing of other
goods, which can be energy-related, such as gas, or other essential goods or services. Of
course, it could also be the case that some households are in the first scenario and others in
the second. Our analysis does not allow, however, to identify between these two scenarios
and future research should look at how households reallocate their expenditure after the

subsidy of one particular good.
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Our research is a first step in increasing the understanding of this particular subsidy reform,
for which we knew quite little. We are able to provide a lower bound on the impact of this
policy on the likelihood of energy poverty. Additional research should provide a more precise
estimate of the true effect, or at least a higher bound of the estimate. Moreover, there is still
more to understand in the financing strategy of this policy. Indeed, as electricity companies
finance the subsidy, there is an important need for transparency. The policy instrument was
advertised as being entirely financed by the private electric companies, without involving
any public funds. However, this seems unlikely. The policy could have had a fiscal cost,
probably in terms of foregone fiscal revenues through lower tax rates. Another possibility
is that other consumers could have financed the policy through cross-subsidies. Further
research should be conducted to identify the true financing source and the total costs of the

policy in order to provide a more comprehensive evaluation of the policy.

Another important debate stems from the targeting of the BSE. There exists a large lit-
erature on the incidence of subsidies delivered by utilities through tariff structures. Whit-
tington et al. (2015) show for example that subsidies delivered through the most common
tariff structure, i.e. that are based on consumption, are very poorly targeted to the poor-
est households. The authors recommend focusing instead on alternative subsidy targeting
mechanisms such as means testing. The BSE does identify four socioeconomic criteria for
its eligibility, but its introduction in 2009 was immediately criticized for its poor targeting
power (e.g. Tirado Herrero and Jiménez Meneses, 2016). Indeed, by not including income-
related characteristics in the criteria for eligible consumers, it was argued that vulnerable
households could be left out and households that were not in energy poverty could become
eligible. This is one of the main reasons for the change in the policy in 2018, which includes
the income level of households among the criteria for the BSE eligibility.' The target-
ing performance of the BSFE is not the topic of the paper, but the conclusions should be
conceived in this particular context. Future research should determine whether the con-
clusions hold to the inclusion of income in the targeting criteria, in particular in terms of

consumption behavior.

Nonetheless, including income criteria, though it better targets vulnerable households, does
not solve the issue of misalignment between the objective of the policy, the instrument used,
and its targeted population. Indeed, it is a policy aiming at decreasing energy poverty with
an instrument focusing on electricity prices while the whole targeting strategy is designed
around income vulnerability. Further research should therefore analyze whether an alter-
native targeting strategy or an alternative instrument could be a more effective way of

reducing energy poverty.

Yhttps://www.boe.es/eli/es/rd/2017/10/06/897
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Appendices

A Data cleaning process

This section details the steps of the data cleaning process in the analysis. We start with
261,478 observations. Among these households, we first remove those who have a zero value
in either the expenditure on electricity or in the quantity of electricity consumed by the
household.!” In a second step, to reduce the presence of outliers, we trimmed the sample
by removing the bottom 1% and top 1% of the distribution of the share of expenditure
on electricity (see Jimenez Mori and Yepez-Garcia, 2020). At this stage, we have 249,422

observations.

Finally, our last manipulation concerns the prices of electricity. In the data, we do not
directly observe the average effective price of electricity but we compute it by dividing
expenditure by quantities. When we look at the distribution of these computed prices, we
see that there are extremely high values (up to 343€/kWh as can be seen in Table A.1).18
To address this issue, we trim the sample by removing the top 1% of the distribution of
effective electricity prices. The comparison of distributions before and after this trimming is

presented in Figure A.1. This leads to our final sample, which includes 246,928 observations.

Effective price of electricity ‘ N Mean St. Dev. Min. Max.
Before cleaning 249,422 0.230 1.316 0.008 343.29
After cleaning 246,928 0.214 0.055 0.008 0.475

Notes: Average over 2006-2017. Effective prices are indexed using IPC base 2016. N: number of
observations. Std. Dev.: standard deviation.

Table A.1: Summary statistics - Effective electricity prices: before and after cleaning

"Note that the expenditure on electricity accounts for both monetary and non-monetary expenditure.
The non-monetary expenditure includes for instance self-consumption or in-kind salaries. Households with
non-monetary expenditure are a very small share of the whole sample (0.3%) but we exclude from the
analysis only households with a null total expenditure on electricity, including both monetary and non-
monetary expenditure.

18Note that when we talk about effective electricity prices before cleaning, we still account for the two
cleaning processes explained in the previous paragraph.
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Figure A.1: Kernel density of effective electricity prices: before and after cleaning. Data
source: EPF 2006-2017.
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B Eligibility for the BSE: lIdentification of the criteria of

minimum pension

As the data do not allow us to identify exactly whether the household consist of retirees

receiving the minimum pension, we rely on the following strategy to proxy for this criteria.

The Spanish Ministry of Labour and Social Economy has published the yearly minimum

pensions.!® The level of the minimum pension depends on two criteria:

e Whether the retiree receiving the pension is (a) with a dependent spouse (b) with a

non-dependent spouse (c) with no spouse (i.e. a single economic unit).
e Whether the retiree is over 65 years old or between 60 and 64 years old.

We therefore construct four categories of households among those whose main source of

income is pension.

Category A Households with only 1 member, age over 65 years old. Their minimum

pension is that of a single economic unit, for the age of over 65 years old.

Category B Households with only 1 member, age between 60 and 64 years old. Their
minimum pension is that of a single economic unit, for the age of between 60 and 64

years old.

Category C Households with more than 1 member, only 1 member earns an income.
When there is more than 1 member, we are not able to identify the age of the person
receiving the pension. We assume that the member receiving the income is over 65
years old. Therefore, we consider that their minimum pension is that of a retiree over

65 years old with a dependent spouse.

Category D Households with more than 1 member and with more than 1 member earning
an income. As for category C, we assume that members are over 65 years old. We
consider that their minimum pension is that of two retirees over 65 years old receiving

both a pension for persons with a non-dependent spouse.

Table B.1 presents the official minimum pension for each of the four categories. We therefore
consider that a household is eligible for the minimum pension criteria if its main source of
income is from pension and if its annual income is smaller or equal to the minimum threshold
of its category and its year. Note that for Category D, since we consider two retirees, the

condition is that the annual income must be smaller or equal to twice the minimum threshold

Yhttp://www.mites.gob.es/es/estadisticas/index.htm
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of its category and its year.

Year Category A Category B Category C Category D
2006 6,576.22 6,127.52 7,966.98 6,347.63
2007 7,047.32 6,566.56 8,659.56 6,834.28
2008 7,428.82 6,922.16 9,258.76 7,238.42
2009 7,861.70 7,339.92 9,746.66 7,651.70
2010 8,335.60 7,796.60 10,284.40 7,905.80
2011 8,577.80 8,023.40 10,584.00 8,135.40
2012 8,664.60 8,104.60 10,690.40 8,218.00
2013 8,838.20 8,267.00 10,904.60 8,383.20
2014 8,860.60 8,288.00 10,932.60 8,404.20
2015 8,883.00 8,309.00 10,960.60 8,426.60
2016 8,905.40 8,330.00 10,988.60 8,449.00
2017 8,927.80 8,351.00 11,016.60 8,471.40

Notes: The values were not available for Category D between 2006 and 2008. For each
of these three years, we predicted them using the average growth rate of the other three
categories between that year and 2009. Data source: Source: Ministry of Labour and
Social Economy.

Table B.1: Official minimum pension for the different categories (in € per year)

Table B.2 presents some descriptive statistics about the share of households who receive
the minimum pension. Among all households who receive their main income from pensions,
31.3% of them receive an amount lower or equal to the minimum pension as defined by
Table B.1. This varies a little over the four categories. For instance, 24% of single-member
households younger than 65 years old (Category B) receive the minimum pension, while
this share jumps to 35% for households in which one person receives a pension and has a

dependent spouse (Category C).

Category ‘ N Mean Std. Dev.
Category A 17,974 0.343 0.475
Category B 3,452 0.243 0.429
Category C 23,794 0.350 0.477
Category D 36,025 0.281 0.449
Total | 81,245 0.313 0.464

Note: The total corresponds to all households whose main source of income
is pension. N: number of observations. Std. Dev.: standard deviation.

Table B.2: Share of households with the minimum pension
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C Parallel trend assumption

As there exists no formal statistical test of the parallel trend assumption, we conduct an
event study following the approach used in Li et al. (2016) and Zhou et al. (2020) to
complement the visual inspection obtained in Figure 8. For the parallel trend to hold, the
difference in the average share of households in energy poverty among those eligible for
the BSE and those not eligible should be constant before the introduction of the policy.
Therefore, if the eligibility for the program does not have any effect on the difference between
the treatment and control groups before the introduction of the policy, we can assume that

our setting satisfies the parallel trend assumption.

We set eleven dummy variables relating to the start of the BSE (D* where k = —2, 1,0, 1, ...8)
such that DY = 1 if year = 2009 (the introduction of the BSE), D~! = 1 if year = 2008,
Dt =1 if year = 2010, and so forth. We use the following regression:

k=8
Yije = oo + B Z DF BSFEtreatment; + ABSEtreatment; + 6; +vXije + €50 (1)
k=—2

The parameters of interest are [ as they identify the effects of the introduction of the BSE
on the eligible households k years after its implementation. The omitted time category is
k = —3 so that the effects are relative to three years before the implementation of the BSE.
0¢ are year dummies. All the other variables are as defined for Equation 1, and, as described

in section 4.2, the specification includes region-year fixed effects.

Table C.3 presents the results. None of the coefficients for the pre-treatment period are
statistically different from zero. This means that the eligibility for the BSE had no effect
on the difference between the treatment and control groups before the introduction of the
policy. This is therefore an indication that households eligible for the BSE and those not
eligible followed similar time trends in energy poverty prior to the implementation of the
BSE.

43



EP-2M

BSE (-2) 0.018
(1.47)
BSE (-1) -0.007
(-0.58)
BSE (0) -0.011
(-0.98)
BSE (+1) -0.001
(-0.07)
BSE (+2) -0.023*
(-1.70)
BSE (+3) -0.032%**
(-3.58)
BSE (+4) -0.026**
(-2.32)
BSE (+5) -0.018*
(-1.72)
BSE (+6) -0.006
(-0.56)
BSE (+7) -0.021**
(-2.14)
BSE (+38) -0.008
(-0.86)
BSE Treatment Yes
Household Controls Yes
H. Head Controls Yes
Dwelling Controls Yes
Region-year FE Yes
N 246,744
R? 0.139

Notes: *, ** *** denote significance at the 10 percent,
5 percent and 1 percent levels respectively. Robust stan-
dard errors in parentheses clustered by region and year.
H. Head: household head. FE: fixed effects. N: number
of observations. The table reports the coefficients of the
interaction between the BSFE treatment dummy and the
eleven time dummies. BSE(0) if year=2009.

Table C.3: Parallel trend analysis - Event study
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D Descriptive statistics: Hidden energy poverty

Summary statistics

N Mean St. Dev.
Hidden Energy Poverty (HEP) 246,928 0.092 0.289
Correlation with BSE eligibility
N Correlation P-value
Hidden Energy Poverty (HEP) 246,928 0.090 0.000

Notes: Average over 2006-2017. Hidden Energy Poverty = 1 if expenditure on electricity
is below half the national median of that year. Expenditures are indexed on IPC base
2016. N: number of observations. St. Dev.: standard deviation.

Table D.1: Descriptive statistics: Hidden energy poverty
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9

E Sensitivity analysis of the energy poverty threshold

EP-1IM EP-1.25M EP-1.50M EP-1.7/56M EP-2M  EP-2.25M EP-2.5M EP-2.75M  EP-3M

BSE Treatment -0.010 0.009 0.027*** 0.030***  0.038***  0.035*** 0.032%** 0.026***  0.023***
(-1.59) (1.46) (4.36) (5.38) (6.73) (6.58) (5.97) (5.72) (5.82)
Post 2009 -0.044**  -0.0563***  -0.052***  -0.062***  -0.068***  -0.057***  -0.050***  -0.046"** -0.037***
(-23.14) (-28.82) (-29.84) (-38.72) (-45.42) (-42.05) (-38.10) (-41.70) (-37.67)
DiD Estimator 0.000 -0.002 -0.011 -0.016**  -0.020"**  -0.019"**  -0.022**  -0.016™* -0.016***
(0.00) (-0.32) (-1.61) (-2.42) (-3.08) (-3.25) (-3.67) (-3.23) (-3.73)
Household Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
H. Head Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Dwelling Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Region-year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 246,744 246,744 246,744 246,744 246,744 246,744 246,744 246,744 246,744
R? 0.270 0.249 0.212 0.174 0.139 0.110 0.086 0.066 0.053

Notes: *, ** *** denote significance at the 10 percent, 5 percent and 1 percent levels respectively. Robust standard errors in parentheses
clustered by region and year. H. Head: household head. FE: fixed effects. N: number of observations.

Table E.1: Sensitivity analysis of the EP-2M threshold
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