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Abstract

This paper proposes a novel methodology to estimate the demand and
elasticity of electricity, heating, and private transport fuels by aligning the
microdata of the Italian Household Budget Survey with several external
sources. These estimates are used to evaluate the effects of a set of one-
off carbon taxes on energy demand and expenditure. According to our
simulations, the increase in energy prices prompted by carbon taxation
would decrease energy demand. Our simulations suggest that the effects of
carbon taxation are generally regressive: total expenditure would increase
more for poorer households while their energy demand is compressed. The
carbon tax could achieve a significant decrease in GHG emissions and raise
revenues, which could be recycled to compensate vulnerable households
or reinvested to support the energy transition, or to reduce other taxes.
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1 Introduction

Energy is a fundamental requirement for human welfare: we depend on energy
services for heating, cooling, cooking, lighting, food conservation and trans-
portation. The demand for these services changes according to consumer pref-
erences and to exogenous factors (e.g. technology, climate etc.). For example,
we can expect that in the near future energy demand in Italy will change because
of climate change and demographics.

Climate change is expected to increase the frequency of extreme weather
events, such as heatwaves; this, in turn, will put pressure on vulnerable people
(e.g. the elderly), requiring sizable investments for adaptation (Carleton et al.,
2020) and an increase in energy expenditure to achieve a standard thermal com-
fort. Indeed, climate change is already affecting energy demand; IEA (2019)
estimates that one-fifth of the growth in global energy use in 2018 was due to
hotter summers, pushing up demand for cooling and cold snaps leading to higher
heating needs, i.e. climate change will likely shift (and maybe increase) energy
consumption from space heating to space cooling. The IEA (2018) estimates
that energy demand for cooling services will drive future electricity demand,
while Randazzo et al. (2020) find that households adapt to hotter spells in-
stalling AC systems and spending between 35 per cent and 42 per cent more on
electricity. However, AC adoption is unevenly distributed across income levels
(Pavanello et al., 2021) therefore potentially unavailable for poorer households.

An aging population can also alter the patterns of energy demand (Bardazzi
and Pazienza, 2019). In Italy, where the life expectancy is one of the highest
in the world, almost one quarter of the population is aged 65+; in 2050 it
will be more than one third (ISTAT, 2020). This change can influence energy
demand in two opposite directions: elderly people spend more time at home,
demanding more energy while using less energy for private transport (Faiella,
2011). This pattern is similar to what is expected in a post-COVID scenario
where teleworking becomes more frequent (Hook et al., 2020).

In terms of household budgets, the share of energy purchases is typically
higher for less affluent households, private transport being an exception (e.g.
Faiella 2011 in the case of Italy). These households will probably see a larger
part of their budgets being eroded because of the energy transition. They have
less options when energy prices increase and the climate policies needed to
achieve the ambitious target of the European Green Deal (a 55 per cent cut in
greenhouse gas emissions by 2030 compared with 1990) will put further pressure
on prices (because of the support of low carbon sources or because of carbon
pricing).

Understanding how households demand and spend on energy services re-
quires granular information: do they reside in areas subject to extreme weather?
Are they living in the countryside or big cities? Which are their household char-
acteristics? What about their dwelling type? And, more importantly, will they
cope with a progressive increase in energy prices without compressing other
basic needs or eroding their income?

In order to try to answer some of these questions, we build a household-level
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dataset covering the last twenty years to impute the monthly energy demand of
Italian households for electricity, heating and private transport. We merge this
data with the corresponding prices in order to estimate a set of price elasticities
that differs according to households’ characteristics and economic conditions.
In particular, we model energy demand through a quasi-panel (Deaton, 1985),
focusing on conditional demand (i.e. taking the choice of appliances as given;
Dubin and McFadden, 1984; Rehdanz, 2007). We use our estimates to assess the
distributive effects of four different carbon taxes, corresponding to e 50, e 100,
e 200 and e 800 per ton of CO2 (in 2015 values). The first two are in line with
the experience of some European countries, while the other taxes are consistent
with the NGFS scenarios prepared for central banks for their climate-stress test
exercises (NGFS, 2020).

The structure of the paper is the following. After having presented the
literature on estimating energy demand (Section 2), we describe households’
energy expenditure in our dataset (Section 3).

In section C we derive the energy demand for three different energy services
(electricity, heating and transport). Section 4 introduces the model for esti-
mating the elasticities that are then used in Section 5 to assess how different
households would react to an one-off introduction of a carbon tax. Section 6
draws the main conclusions and sets the future research agenda.

2 Literature review

Households’ energy demand - There is a significant amount of research on house-
holds’ energy demand the first work dating back to Houthakker (1951). The
number of studies increased considerably in the 1970s, after the ”oil shocks”
(Dahl, 1993), with results far from being conclusive. Labandeira et al. (2017)
carry out a meta-analysis for a dozen surveys on energy demand while Espey and
Espey (2004) report a meta-analysis of 36 papers, with more than 123 short-run
and 96 long-run price elasticities estimates of residential electricity demand.

Surveying the estimates of price and income elasticities for electricity, Taylor
(1975) observes that price elasticity is larger in the long run. Dubin and McFad-
den (1984) propose a discrete choice to model the propensity to purchase home
appliances and a linear model to estimate the electricity demand (a sequential
discrete-continuous model).

Dahl (1993) reviews the energy demand for different fuels (natural gas, oil,
carbon, electricity), showing a great uncertainty in the estimates1, especially for
long-run price elasticity. Only residential energy and gasoline demand studies
exhibit some consistency.

Rehdanz (2007), focusing on heating oil and natural gas demand for space
heating in Germany, finds a larger price elasticity for oil than for natural gas
while Schulte and Heindl (2017) find a weaker response for low-income house-
holds (and a higher one for top-income ones).

1Dahl (1993) states that ”yet despite our attempts, it appears that demand elasticities are
like snowflakes, no two are alike.”
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Känzig (2021)
For Italy, Faiella (2011), by analysing the shares of expenditures for energy

purchases, finds that the effect of prices on the shares is negative for heating
and positive for private transport. For electricity, the effect is negative for the
1997-2004 period and positive for the 2005-2007 subsample. Bigerna (2012) ob-
serves that the price effect of electricity on demand depends on the time of the
day (due to the tariffs system in place up to 2016, encouraging off-peak use)
and on the geographical zones, ranging between -0.03 and -0.10. Bardazzi and
Pazienza (2019) observe that, with respect to the age of the head of the house-
hold, electricity demand is hump-shaped, reaching a peak when the head of a
household is 50 years old, while natural gas demand keeps increasing with age,
as the time spent at home increases. They also show that elasticities for elec-
tricity and natural gas (at the national level equal to -0.7 and -0.6 respectively)
are higher in the Centre and in the Southern regions.

The rationale for carbon pricing - There is a significant amount of literature
on carbon pricing, especially carbon taxation. A global carbon price is the
economists’ recommended choice2 for tackling climate change (Tirole 2017).
Indeed, carbon pricing mitigates the mispricing of climate risks and provides
an incentive for firms to move away from fossil-fuel technologies and adopt (or
develop) carbon free technologies, fostering innovations (Nordhaus, 2021).

In theory, carbon pricing should reflect the social cost of carbon (SCC), i.e.
the monetary damage caused by an additional ton of greenhouse gas emitted
3 or be the price that guide the economy towards the 1.5◦C or 2◦C scenarios
(Stern and Stiglitz, 2021). Under perfect information, carbon pricing can be im-
plemented either via a carbon tax - the price is set and the amount of emissions
consequently adjusts - or an Emissions Trading System (ETS) - the supply of
emissions’ permits is established according to a cap on total emissions and the
price of the permits reacts according to their demand.

The effect of carbon pricing on the real economy is not conclusive: some
empirical analyses find very small or nil negative effects on economic activity
and job creation (Metcalf and Stock 2020); a recent meta-analysis points to
firms’ competitive and distributional impacts of carbon pricing are significantly
negative (Penasco et al., 2021).

Despite the unanimous support from economists there is a widespread scepti-
cism towards carbon pricing. Indeed, in the world there are currently 65 carbon
pricing initiatives in place (30 ETSs) and covering almost 22 per cent of global
GHG emissions (World Bank 2021). By 1 April 2021, 27 countries were running
a carbon tax scheme, covering 5.5 per cent of global emissions. In the United
States there are some local schemes, such as the Regional Greenhouse Gas Ini-

2More than 3,800 economists, among which 28 Nobel Prize winners in Economics, support
a bipartisan proposal for a carbon tax in the United States from the Climate Leadership
Council which appeared in The Wall Street Journal, 17 January 2019.

3There are several methodological issues behind the models used to estimate the SCC, as
underlined by Pindyck (2013, 2017) and Hernandez-Cortes and Meng (2020): the choice of
the damage function and the discount rate applied, on top of the uncertainty relating to the
estimation of climate sensitivity.
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tiative or the California State cap and trade scheme, but there is no Federal
scheme. Moreover, recent proposals to introduce a local carbon tax have been
rejected4. As a consequence, the global average carbon price is too low ($2 per
ton of CO2 according to the World Bank 2021).

In Europe, 30 countries (all EU-27 member states plus Iceland, Liechtenstein
and Norway5) are part of the EU-ETS which covers 45 per cent of all member
states GHG emissions. Local carbon pricing initiatives exist in half of the EU
member states (Batini et al., 2020), but various attempts to introduce or increase
taxes on carbon emissions have faced stiff opposition (as happened in France
with the gilets jaunes protests)6.

A key point for increasing the social acceptance of this instrument is to care-
fully appraise its distributive impacts (Burke 2020) and devise compensatory
measures. A policy of revenue recycling for the resources collected could increase
the support for a carbon tax, even if set at $ 70 per ton of CO2 (Beiser Mc-
Grath and Bernauer, 2019). In a meta-analysis of 53 empirical studies referring
to 39 countries Ohlendorf et al. (2021) find that carbon pricing are likely to have
progressive distributional outcomes in lower income countries and for transport
sector policies.

In a general equilibrium framework (Känzig, 2021) shows that carbon tax
can be significantly regressive, especially given its indirect effect; indeed, the
reduction in wages in the sectors most affected, would account up to 80% of the
final impact on vulnerable households. For Italy, Faiella and Cingano (2015)
shows that a carbon tax could significantly reduce transportation emissions
and its revenues could finance the deploying of renewable energy, replacing the
existing charges on electricity consumption, thus alleviating the cost burden for
less-affluent households.

However, household heterogeneity must be taken into account in the design of
the redistribution scheme. van der Ploeg et al. (2021) shows a trade-off between
efficiency and equity, depending on the way revenues are recycled: a lump-
sum transfer is more equitable but less efficient; lower taxes are more efficient
but less equitable; a mixed approach, with no more than 60% of the revenues
transferred as a lump sum, can result in a more balance between efficiency and
equity, spurring enough support for the carbon pricing. In a similar analysis for
the UK, Paoli and van der Ploeg (2021) find that targeted transfers lead to the
largest fall in inequality while income tax reduction leads to an increase.

A similar point is made by Eisner et al. (2021) which shows the importance
of targeted support based on household size or vulnerability.

Studying the effects of carbon tax is also paramount to understand the effects

4Voters in the State of Washington rejected two proposals (I-732 and I-1631) in 2016 and
2018.

5Following Brexit, the United Kingdom set up a UK-ETS which is of the same scope as
the EU ETS it replaces.

6This hostility can be explained, in the US, by the increasing ideological polarization (An-
derson et al., 2019) and the lack of adequate communication (for example on compensatory
measures). Moreover, recent evidence from France point to a problem of distrust in Govern-
ment which might lead households not to internalize the positive benefits from carbon tax
even after redistribution (Douenne and Fabre, 2022)
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on the financial system. Carattini et al. (2021) model the relationship between
macroprudential and environmental policies. In particular, they calibrate an
environmental DSGE where the unexpected introduction of a $30.5 carbon tax
creates a recession in a setup with financial frictions, leading to a credit crunch
that affects also green activities. Faiella et al. (2021) find that a carbon tax
could increase the share of financially vulnerable households and firms (and
their associated debts).

3 Data

According to the National Accounts, in 2019 Italian households’ energy pur-
chases amounted to e 77 billion (e 37 billion for electricity and heating and e 40
billion for liquid fuels for private transport)7. In the last 20 years, purchases for
electricity and heating have decreased by 16 per cent while the expenditure for
liquid fuels has dropped by a resounding 37 per cent, taking the corresponding
share on total expenditure to roughly 3.5 and 3.8 per cent respectively (from
4.1 and 6.0 per cent in 2000).

To understand the drivers of these dynamics (e.g. the demographics, the
economic situation, and so on), one can analyze the microdata on energy de-
mand. However, only a handful of countries, such as the United States and the
United Kingdom8, collects data on households energy demand.

Italy, as many countries, unfortunately, does not. As an alternative, we
leverage on the expenditure microdata from the Italian Household Budget Sur-
vey (HBS), conducted yearly by Istat9. The HBS collects information from
about 23.000 (16.000 from 2014) households interviewed in different periods of
the survey year. The HBS data collection is very accurate10 and it involves a
combination of personal and telephone interviews with weekly diaries or logs

7In real terms, euros for 2015.
8In the United States, for example, the Energy information administration (EIA) collects

every five years data on households energy demand, through its Residential Energy Con-
sumption Survey (RECS - latest report in 2015), and on commercial buildings, through its
Commercial Buildings Energy Consumption Survey (CBECS - latest report in 2018). In
France, the INSEE carries on every year an Annual survey on industrial energy consumption
(EACEI) at a very granular level (establishment) for 8.500 establishments. Most of the other
western countries, instead, focus on expenditure instead of energy demand. In the UK, since
2008 there has been the Living Costs and Food Survey (LCFS) which replaced the previous
Expenditure and Food Survey (EFS), which collects the spending patterns and the cost of
living of British households, with 6.000 households surveyed every year. Most of the EU
member states carry on Household Budget Survey (HBS) including detailed data on energy
expenditure. Eurostat collects data on a harmonized level unfortunately every five years (lat-
est available: 2010). In 2012 the Australian bureau of statistics collected information on
household energy expenditure, consumption and behaviours in the Household Energy Con-
sumption Survey (HECS) while some information on energy and water use for firms in the
Business Longitudinal Analysis Data Environment (BLADE).

9In this work, we use the Indagine sui consumi delle famiglie for the years between 1997
and 2013 and the Indagine sulla spesa delle famiglie from 2014 to 2018.

10The survey reports monthly expenditure for electricity, natural gas, coke, heating oil,
district heating, wood..., disaggregated by main and any additional dwelling.
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compiled by households.11.
We define the energy expenditure of household i at time t as the resources the

household earmarks for electricity (EEi,t), heating (EHi,t) and private trans-
portation (ET i,t). Heating includes all heating fuels, such as natural gas (either
from a pipeline or tanks), coal, kerosene or wood12, while private transport in-
cludes gasoline, diesel and LPG (which is used by almost 9 per cent of cars in
Italy). Let Expi,t be the total expenditure. The household-level share of energy
expenditure, SEi,t is:

SEi,t =
(EEi,t + EHi,t + ET i,t)

Expi,t
(1)

Between 1997 and 2018 the average Italian household spent around 10 per
cent of its budget on energy, a roughly constant fraction, with the notable
exception of 2012-13, when energy prices peaked (Figure 1) and the share of
energy consumption reached 12 per cent. In 2018, the purchase of fuels for
private transport represented half of households’ energy expenditure, followed
by heating (30 per cent) and electricity (17 per cent).

In order to evaluate how this share changes with households’ welfare, as there
is no data on income in the HBS, we look how the share of energy expenditure
is different across the tenth of the expenditure distribution (computing for each
i-th household the equivalized expenditure as Exp∗i,t = Expi,t/γi,t where γi,t
is the household’ equivalence coefficient)13. In 2018 the share of energy is just
below 10 per cent for the average household, for the bottom tenth showed 13 and
7 for the top tenth (Figure A). With respect to the previous decade - when oil
prices were record-high and the share of energy was 10.8 per cent - the situation
improved almost uniformly, with a reduction of 1 p.p. for all the tenth of the
distribution, except for the extremes. The share of electricity decreases steeply
across the expenditure distribution, while the liquid fuels share appears fairly
stable; the share of heating stays between the two (Figure 3).

Following the estimation process described in Appendix B we are able to
analyze energy demand. We estimate that in 2018 an average Italian household
consumed 2.500 kWh of electricity, 43 Gj of natural gas and 814 litres of fu-
els for private transportation (see table 1. Overall, energy demand decreased
over time while it increases with households welfare (Figure 4, left panel). As
a consistency check, we compared the overall energy demand with the Physical
energy flow accounts (PEFA) from Eurostat. Results in table 2 suggest that our
estimation process performs fairly well (95% of all energy demand predicted),

11Some information on energy expenditure is also available in the EU Survey on Household
Income and Living (EU-SILC), but with far fewer details and for a shorter period (IT-SILC
started in 2004).

12Between 1996 and 2018, natural gas accounted for 83.4 per cent of total heating expen-
diture, followed by district heating (8.6 per cent), wood and coal (4.8 per cent) and kerosene
and gasoil (3 per cent).

13We use the ”Carbonaro” scale, which assigns a weight equal to 0.6 for a single person
household, 1 for a couple, 1.33 for a household with 3 members, 1.63 with 4 members and
up to 2.4 for a household with 7 or more members. This is the scale used by ISTAT for its
analysis regarding poverty.
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with a little overestimation for heating and other energy services and a larger
underestimation for transport fuels. Our approach emphasizes the different het-
erogeneity of energy demand across households. As an example, fig. 5 plots the
energy demand for a specific type of household (a couple with 1 child) over time
and the equivalent expenditure distribution; the same type of households but
at the two extremes of the distribution exhibits radically different consumption
patterns: the poorer household consumes less than the richer one while the
electricity demand profile of the richer household is smoother. Moreover, the
heating demand for the poorer household increases over time, while is stable for
the richer. Finally, demand for transportation fuels decreases before and faster
for poorer households.

4 Estimating elasticities

With the energy demanded for each energy use z = E,H, T by each i − th
household at time t, we can estimate the price elasticity, εz, as:

εzi =
∂Qzi
∂P zi

∗ P
z
i

Qzi
(2)

In an ideal setting, we would observe the quantity demanded and the price
for the same household over time. However, the HBS is a cross sectional survey
without a panel component. Following Faiella and Cingano (2015) we adopt a
quasi -panel approach (Deaton, 1985), which compares the values of population
subgroups (so called strata), and estimate the demand elasticity for each group
exploiting the change in time of energy demanded at stratum-level. In this
approach, the unit of observation is no longer a single household but a cluster
of similar households, aggregated in a stratum according specific characteristics
(constant over time).

In order to define each stratum, we consider the joint information on house-
hold types 14 and their position in the expenditure distribution (split into
fourths). Therefore, we identify 36 subgroups of households for each month
of our time series, spanning 22 years (1997 to 2018), roughly 9,500 observa-
tions. Our model uses the following log-log specification where the s subscript
indicates stratum, t the month and, as before, the different energy services:

logQzs,t = λslogQ
z
s,t−1 + βslogP

z
t + γslogEs,t + w + s+ t+ t2 + εs,t (3)

The log of the quantity of energy demanded, logQzs,t, depends on:

• a lagged term, logQzs,t−1, which captures the fact that households demand
tends to be fairly stable in the short term;

• the price of the energy use (logP zt )15;

14In the HBS, households are already classified by ISTAT into 11 types, depending on their
size, composition and age (see Table 8). We further collapse this classification into nine groups
to have a reasonable number of observation in each cell

15Prices are expressed in 2015 values using the consumer price index
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• households’ total expenditure (logEs,t),as a proxy of households’ overall
welfare;

• a set of trend (t and t2) and seasonal dummies (w for autumn and winter
months and s for summer);

The parameter of interest is βs, the stratum-level short run price elasticity,
which should be read as the percentage change in energy demand due to a 1
percent change in the energy price.

This setting is a special case of the autoregressive distributed lag (ARDL)
model of order 1, also known as partial adjustment model. A special (and
convenient) feature of this model is that the long-run elasticity is equal to βs

(1−λs)

(see Greene 2008 for a discussion).
We estimate this model using least square (LS) for the total sample for each

stratum. The results for the total sample are summarized in Table 3. According
to the LS estimates the demand for heating and electricity is more responsive to
price changes: a 1 per cent rise in prices reduces the energy demanded by 0.36
(0.40) per cent for electricity (heating). The LS estimated elasticity for liquid
fuels is lower (-0.17) and less precise.

Because we observe price and quantity at equilibrium, there might be an issue
of endogeneity (price can be influenced both by supply and demand changes).
We therefore also employ an Instrumental variable (IV) estimator using whole-
sale prices16 as instruments, under the assumption that they are marginally
influenced by households’ demand. This is obvious for international oil markets
and it does not seem unreasonable for domestic electricity and gas markets (the
share of households’ demand on the total is a fifth for electricity and a quarter
for gas). As we have one instrumental variable for each equation, ours is a just
identified model.

As a further robustness we check for a possible non-stationarity of the time
series component of our pseudo-panel. We test the residuals of our regressions
on the total sample with the Im-Pesaran-Shin test (Im et al., 2003), a specific
test for unbalanced panels (not all strata are present in each period considered);
the null hypothesis of non-stationarity (H0: each panel has a unit root) is never
accepted.

IV estimates are comparable with LS except for liquid fuels, for which the
instrumented coefficient is almost four times the LS estimate. The results
are coherent with a robust-version of the Hausman (1978) test developed by
Wooldridge (1995), testing for exogeneity: the null is strongly rejected only in
the case of fuels for private transportation. We also tested whether our IVs
are sufficiently correlated with the endogenous variable, i.e. testing for ”weak
instruments”. Because the strategy proposed by Stock and Yogo (2005) is un-
feasible (it only works under the assumption of i.i.d. errors), we look at the

16For electricity we use the day-ahead price (”Prezzo unico nazionale” or PUN), for heating
the natural gas price set at the Virtual Trading Point (”Punto di scambio virtuale” or PSV)
and for liquid fuels the Brent dated price (free on board). All prices considered are in euros for
2015. When prices of electricity or gas are not available (before 2004 and 2013 respectively)
we use oil prices (in euros for 2015 per MWh).
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(robust) first stage F-statistic, taking into account the suggestion by Lee et al.
(2020) of looking for a value above 104. This is exactly our case: we have values
of 851, 2,306 and 12,031 for, respectively, the IVs for electricity, heating and
transport fuels. Moreover, as pointed out by Andrews and Stock (2018), in the
case with one endogenous variable (k=1), the robust F-statistics is equal to the
F-statistic by Montiel Olea and Pflueger (2013).

In the long run energy demand is more reactive, as expected: all elasticities
are greater than 1 and the use of transport fuels is the most responsive to price
changes.

Our method allows us to compute stratum-level price and expenditure elas-
ticity, running the model described in equation 3 separately for each stratum
s. IV and LS estimates are closer when one considers the weighted average of
stratum-level LS estimates (second column of Table 3 and last row of Table 9),
the price elasticities of the three energy services become more uniform (ranging
from -0.45 for transport fuels to -0.29 for electricity).

Table 9 and Figures 7, 8 and 9 report the LS price elasticities (and their
standard errors/confidence intervals) for electricity, heating and transport (Ta-
ble 10 reports the LS expenditure elasticities per stratum). In each graph, the
red horizontal dotted line represents the corresponding price elasticity estimated
for the total sample reported in Table 3 while the green vertical lines separate
the estimates for each fourth of the equivalent expenditure distribution17. Less
affluent households are more reactive to price increases for electricity (Figure
7), while for heating the demand responsiveness seems more uniform across the
expenditure distribution, and more affluent households reduce their consump-
tion more (Figure 8). For transport fuels, less affluent households again reacts
more, but confidence interval within the first fourth are pretty large (Figure 9).
Having obtained a reaction function of energy demand to energy prices that
differs according to households’ characteristics, we can exploit this information
to simulate the introduction of a one-off carbon tax.

5 The simulation of a one-off carbon tax

5.1 The rationale for a carbon tax

The ambitious EU target of achieving carbon neutrality by mid-century requires
a sharp reduction in the carbon content of our activities, and an unprecedented
change in the way we transform and use energy. In the decade 2008-2019 EU
greenhouse gas (GHG) emissions decreased by 2.1 per cent per year; a 55 per
cent cut in emissions by 2030 (compared with 1990) requires this rate to more
than double (around -5 per cent per year in the next decade).

Carbon taxation is considered the most efficient measure to reduce GHG
emissions (for a review of the pros and cons of carbon taxation, see Burggraeve

17Therefore the strata belonging to the bottom fourth are on the left of each figure, while
those belonging to the top fourth quarter are on the right; households’ types are then reported
within each fourth in the same order as in table 8 within quarter and across energy use
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et al. 2020): by increasing the relative prices of fossil-related products, a carbon
tax not only promotes the switch to lower-carbon fuels, but, by raising the
costs of energy use, also encourages energy conservation. According to the IMF
(2019), to limit global warming to 2◦C countries with higher emissions should
introduce a carbon tax set to rise quickly to $ 75 (about e 66) per ton of CO2
by 2030. Similar figures are provided by the International Energy Agency in
its World Energy Outlook (IEA, 2020): under the Sustainable Development
Scenario, carbon pricing in advanced countries should be around $ 63 per ton
of CO2 in 2025 increasing to $ 140 in 2040. Other simulations point to higher
carbon prices ranging from $ 20 to $ 360 in 2030, and from $ 85 to $ 1,000 in 2050,
depending on the stringency of the target, the smoothness of the transition and
the availability of carbon removal technologies (Guivarch and Rogeljb, 2017).

Although in Italy emissions are only priced under the ETS system (that
covered 43 per cent of domestic fuel combustion’s emissions in 2018), the implicit
tax rate on energy (the average amount of taxes per unit of final energy) is
among the highest in Europe. In 2018, according to Eurostat data, the tax
burden per one ton-of-oil equivalent (42 GJ) was e 371 against a European
average of e 246, the second highest value after Denmark. This corresponds
(grossly) to an implicit price of CO2 from energy uses of around e 150 per ton
(5 times the price of CO2 set on the EU-ETS by end 2020).

Nonetheless, the ambitious climate targets shared by Italy under the Euro-
pean Green Deal require a steeper reduction than the one planned in its latest
National Energy and Climate Plans (a reduction of 34.6 per cent in the ”ef-
fort sharing” sectors’ emissions by 2030 compared with 2005). Expanding the
perimeter of carbon pricing, extending the coverage of EU-ETS or introducing a
carbon tax on energy use, are key policies to achieve these targets. Our dataset
and the elasticities previously estimated could help the policy makers to assess
to what extent a carbon tax on households final energy use could: 1) reduce
energy demand and GHG emissions 2) increase revenues and 3) impact vulner-
able households (proxied by the location in the bottom part of the expenditure
distribution).

We simulate the effects of a carbon tax on households energy expenditure,
focusing on four possible levies (in real euros for 2015): e 50, e 100, e 200 and
e 800 per ton of CO2. In practice, carbon taxes are set in a specific year and
then progressively increased according to predetermined steps. For the sake
of simplicity, we assume a one-off introduction on final energy use on top of
existing taxes on energy (and costs levied as part of the EU-ETS).

A carbon tax of e 50 is the 2021 average of the emissions price on the EU-
ETS, close to the value of the French carbon tax in 2020 (e 44) and double the
recently introduced German tax scheme (e 25). This value might be not enough
to meet the Paris targets: the IMF (2019) suggests a global carbon tax of e 62
($ 75) by 2030 to meet the 2C target while The Carbon Pricing Leadership
Coalition (2017) suggests a carbon price level ranging between e 35 and e 70
($ 40-80) by 2020. In order to reach the new EU targets (a cut of 55 per cent
in emissions by 2030 and carbon neutrality by 2050), higher levels of carbon
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pricing are needed: some observers18 suggest introducing a carbon tax of up
to e 200 by 2050 while McKinsey (2020) forecasts that a carbon tax of e 100
would only make 80 per cent of the required investments profitable. In the short
term, a hypothesis of introducing a carbon tax ranging between e 50 and e 100
is therefore not unreasonable.

In order to grasp the long-term profile of carbon pricing, one should look at
the Social Cost of Carbon (SSC) that results from different climate scenarios.
The SCC is the welfare cost of future global climate change impacts that are
caused by emitting one extra tonne of CO2 in a given year compared with a
reference scenario.

In 2020, the Network for Greening the Financial System (NGFS) released
a set of representative scenarios (NGFS, 2020) that describe the possible paths
for keeping the temperatures within the Paris targets (1.5◦C-2◦C), depending
on the timing of mitigation actions - i.e. if the transition is orderly or disor-
derly - and on the availability and costs of carbon dioxide removal technologies
(CDRs). These scenarios can be compared with a situation where no mitigation
is undertaken (Hot house world)19 and are designed to provide central banks
with basic information to carry on climate-stress test exercises. With an Or-
derly transition, i.e. a situation where there is an early and ambitious strategy
to achieve carbon neutrality, the price of carbon reaches $ 100 by 2020 and $
300 by 2050 (all values are expressed in real $ 2010 per ton of CO2) In the event
of a Disorderly transition, i.e. where climate mitigation is delayed, the carbon
price is lower in the first years but it skyrockets thereafter, reaching up to $
800-1,200 by 2050. For these reasons, we will discuss the effects of a carbon
price of e 200 and e 800 separately in our simulations, as a way to gauge the
difference between an orderly versus a disorderly scenario.

5.2 The simulation design

To estimate the impact of each carbon tax on final energy prices, we apply the
specific carbon emission factors for each fuel considered. All prices are in euros
for the year 2015. For electricity, we use the time series of the carbon emission
factors of electricity demand estimated by ISPRA (2019) 20. For heating, we
use the emission factor for natural gas provided by the Italian Ministry for the
Environment (Ministero dell’Ambiente, 2019), which reports a carbon emission
factor of 0.055820 ton CO2 per GJ. As previously mentioned, we assume that
the whole of heating demand is satisfied by natural gas. Finally, for transport
fuels, we calculate the emission factors considering the energy content and the

18A Climate-Neutral EU by 2050, Shell Climate Change, a blog by David Hone, 5 May
2020.

19Among the NGFS set of scenarios there is the Too little too late scenario where physical
and transition risks are greatest; this scenario has still not been modelled.

20Between 2010 and 2018, this average carbon emission factor amounted to 332 gCO2 per
kWh, 388 gCO2 per kWh in 2010 down to 281 in 2018 as the result of the decarbonization
process in the Italian power sector. As a conversion we use 1 kWh=0.0036 GJ
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specific emission factors of petrol and diesel 21.
Using 2018 prices as baseline, the introduction of a carbon tax of e 50 per

ton, is equivalent to add: e 0.014 to each kWh of electricity (+6 per cent); e 2.8
to each GJ of gas (+12 per cent) and e 0.12 to each litre of gasoline or gasoil
(+8 per cent). Overall, heating prices increase more, between 12 and 48 per
cent under a CT of e 50-e 200, and almost triple in the event of a carbon tax
of e 800, followed by transport fuels (8-32 per cent for a CT of e 50-e 200) and
electricity (6-25 per cent) (see Table 4).

Similarly to Faiella and Cingano (2015), our empirical strategy is the follow-
ing: first, we combine the estimated stratum-elasticities (see Section 4) and the
price increases described in the previous section to obtain the quantities that
would have been demanded in a given year for each household if these different
carbon taxes were in place; we use original data for 2018 (the latest year for
which HBS microdata are available) as a baseline.

For each household i in stratum s, the energy demand for fuel z coherent with
the price change τzCT induced by the introduction of a carbon tax (CT=e 50,
e 100, e 200, e 800) is given by the following equation:

Q̂zis|(τ=CT ) = β̂zs ∗ [log(P z + τzCT )] + ε̂zs (4)

where ε̂zs ∼ N (0, ˆRMSEzs ) and β̂zs are the estimated elasticities of energy
vector z for each stratum s.

The estimated elasticities β̂zs are assigned to each household of the sample
according to its stratum. In some strata the estimated parameters explain a fair
share of the actual variance while in others the explaining power is lower (see for
example Figure 9). For this reason, in addition to the estimated coefficient, each
family belonging to a given stratum is assigned a stochastic component, εzs , with
a zero mean and a variability equal to the residual variance of the stratum-level
regression (RMSEzs ) for each fuel z, so that both the mean and the variance of
the original distributions are preserved. Then we multiply this counterfactual
demand by the new prices and we aggregate across different energy fuels in order
to obtain an estimate of the energy expenditure under different levels of carbon
taxation Eis|(τ=CT ), where:

Eis|τ=CT =

3∑
z=1

Ezis|τ=CT (5)

where:

Ezis|τ=CT = Ei,s ∗
Q̂zis|(τ=CT ) ∗ (P z + τzCT )

Q̂zis|(τ=0) ∗ P z
(6)

21Energy conversion factors: 29.8 litres of petrol for 1 GJ, 26.1 litre of gasoil for 1 GJ;
specific weights: 0.725 kg/dm3 for petrol and 0.825 for gasoil; carbon emission factors: 3.14
kg of CO2 for 1 kg of petrol and 3.17 kgCO2 for 1 kg of gasoil. Finally, carbon emission
factors, 0.067903 tonnes of CO2 per 1 GJ, 0.068301 tonnes of CO2 per GJ for petrol and
gasoil, respectively.
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Finally, an estimate of the overall expenditure is derived under the assump-
tion that the new level of energy expenditure affects total household expenditure
proportionally. Therefore, the total expenditure after the introduction of the
carbon tax is equal to the difference between the new energy expenditure and
the baseline:

Expis|τ=CT = Expis + (Eis|τ=CT − Eis|τ=0). (7)

5.3 Simulation results

The main results of our simulations are reported in Table 4: the baseline values
are the original values of 2018. We will first discuss the results of the intro-
duction of a one-off carbon tax of e 50 or e 100 per ton of CO2, followed by
a discussion on the two options related to the level compatible with the NGFS
(2020) scenarios (e 200 and e 800 per ton of CO2).

Under a carbon tax of e 50 or e 100, electricity prices will increase by be-
tween 6 and 13 per cent, heating between 12 and 24 per cent, and transport
fuels between 8 and 16 per cent. Given that energy expenditure accounts for
one-tenth of the households’ total budget, overall inflation would increase by
between 0.7 and 1.4 per cent.

The increase in energy prices would decrease the quantity demanded for all
energy use (see Figure 12). Heating demand will decrease more, with a cut of
between 5 and 10 per cent of the original demand, followed by transport fuels
(between 3 and 5 per cent) and electricity (between 2 and 3 per cent).

Energy expenditure would increase for all energy uses, and particularly for
heating (7-13 per cent), followed by transport fuels (5-10 per cent) and electricity
(5-9 per cent) (see Figure 11). Under the hypothesis that the energy share as
a percentage of the overall budget, remains stable, total expenditure would
increase by 0.5-1 per cent.

Carbon taxation would decrease households’ CO2 emissions by between 4
and 7 per cent (a value similar with van der Ploeg et al. 2021), corresponding
to a reduction of 5-9 MtCO2eq, a value in line with that obtained by Metcalf
and Stock (2020).

A carbon tax of e 50-e 100 would raise between e 4 and e 8 billion, equiv-
alent to 0.2-0.5 p.p. of GDP, which could be used to reduce the impact of the
tax on vulnerable households, other taxes (e.g. on labour) or to support the
deployment of low-carbon energy sources (as suggested in Faiella and Cingano
2015). As a matter of comparison, between 2012 and Q2-2021 the Italian Gov-
ernment raised e 6.7 billion from the ETS auctions or e 670 million per year on
average(GSE, 2021).

As for the distributive effects, our simulations suggest that carbon taxation
in Italy would be regressive overall.

Indeed, total expenditure would increase more for poorer households belong-
ing to the bottom deciles of the expenditure distribution (Figure 10 and Table
7), under all the levels of carbon pricing. The effects measured on the expendi-
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ture are just a part of the story as poorer households would also further reduce
their energy demand across all energy uses22 (Figure 12 and Table 5).

All in all, these results seem to suggest that the implementation of any car-
bon tax requires a careful design for the compensation measures. Indeed, with-
out any revenues recycling mechanisms, a carbon tax would make vulnerable
households worse off, thereby decreasing its social acceptability. To avoid this,
the revenues of the carbon taxes might be used to compensate poor households,
either via targeted direct payments or using indirect schemes (e.g. increasing
the energy efficiency of their dwellings) (Burke, 2020).

Finally, we also test the effects of applying a set of carbon taxess consistent
with the NGFS (2020) scenarios: e 200 for an Orderly transition vis-à-vis an
e 800 carbon tax consistent with a Disorderly scenario. Energy prices will
increase between 25 and 47 per cent under a e 200 CT and more than double
under a e 800 CT. Energy demand would be cut by 14-38 per cent, while total
energy expenditure would increase between 20 and 60 per cent. Emissions would
drop significantly, with a cut of 17-48 MtCO2eq, or between 15 and 42 per cent
of all households emissions in 2018. The carbon taxes would raise between 0.9
and 2.4 p.p. of GDP and, without any compensating mechanisms, would be
highly regressive (see left hand panel of Figure 11).

6 Conclusions

This work explored households’ energy demand and expenditure using survey-
based microdata covering all Italian households in the period 1997-2018. The
details available in the HBS, with the external information on prices and aggre-
gate quantities used in the exercise, allowed us to analyse three different energy
services (electricity, heating and private transport) correlating energy quantities
with households socio-economic traits.

We present a novel methodology for estimating the price elasticities of these
energy services for each stratum of households, which differs according to their
characteristics and economic vulnerability.

We then use these estimates to assess the effects of four levels of carbon
taxation corresponding to e 50, e 100, e 200 and e 800 per ton of CO2.

According to our simulations, the increase in energy prices of a e 50-e 100
carbon tax would decrease the energy demanded and CO2 emissions (-4/-8
per cent) and increase energy expenditure (+5/+11 per cent), raising between
e 4 and e 8 billion, which could be used to mitigate the impact on vulnerable
households, to reduce other taxes (e.g. on labour) or to support low-carbon
energy sources.

In all simulations the price increase triggered by the carbon tax is regressive:
poorer households expenditure increases more while they also suffer a greater
drop in their energy use.

22One-fourth of all households belonging to the bottom fifth of the distribution owns no
vehicles, therefore an increase in transport fuel prices might affect them less.
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The results of introducing of higher taxes (e 200 and e 800, consistent with
NGFS (2020) scenarios), are in line with these general outcomes although con-
siderably bigger.

From a political economy point of view, the successful introduction of a
carbon tax requires a commitment to keep the scheme in place; the price should
gradually increase over time following a clear path (disclosure) which would
reduce uncertainty, helping firms to adjust their investments and achieving an
orderly transition.

An important point to explore is to evaluate whether the tax should be levied
on final use and if it should be added on top of the existing energy taxation
(which in Italy, per unit of energy use, is one of the highest in Europe). As an
alternative, it could be imposed on the upstream activities, as suggested by The
Carbon Pricing Leadership Coalition (2017).

We confirm the literature results showing that the introduction of a carbon
tax would be regressive. In order to increase its political acceptability, the
effects of the tax should be compensated by transferring the accrued resources
to vulnerable households (and firms), for example with lump-sum transfers or
by funding low-carbon energy solutions.
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baseline Carbon taxes (euro per tonCO2eq)
50 100 200 800

Electricity (kWh) 2.512 2.469 2.428 2.353 2.020
Heating (Gj) 43 41 39 35 22
Transport fuels (lt) 814 793 773 737 584

Table 1: Energy demand

Energy demand in 2018 (Terajoule)

Heating and other transportation total
This paper 1.342.097 765.173 2.107.270
PEFA 1.317.732 894.358 2.212.090
ratio 1.02 0.86 0.95

Table 2: Energy demand, consistency check

Short run price elasticities
LS stratum-level LS 2SLS long run

Electricity -0.36*** -0.29* -0.40*** -1.17***
Heating -0.40*** -0.44** -0.44*** -1.23***
Transport -0.17** -0.45** -0.66*** -1.46***
* p < 0.05, ** p < 0.01, *** p < 0.001

Table 3: Price elasticities
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Carbon taxes
e per ton of CO2 50 100 200 800

Price variation
Electricity +6.3 +12.6 +25.2 +100.8
Heating +11.8 +23.6 +47.2 +188.7
Transport fuels +7.9 +15.9 +31.8 +127.2
Effect on inflation (2018)* +0.7 +1.4 +2.8 +11.3

% change compared with the baseline year (2018)
Energy demanded

Electricity -1.7 -3.4 -6.3 -19.6
Heating -5.1 -9.7 -17.7 -48.1
Transport fuels -2.6 -5.1 -9.5 -28.3
Total energy demand -4.2 -7.7 -13.8 -38.0

Expenditure
Electricity +4.5 +8.9 +17.3 +61.6
Heating +6.6 +12.6 +22.9 +54.1
Transport fuels +5.1 +10.0 +19.2 +62.6
Total energy expenditure +5.4 +10.6 +20.0 +59.8
Total expenditure +0.5 +1.0 +2.0 +5.9

CO2 Emissions and revenues
% var -3.7 -7.0 -12.9 -36.4
Emissions (∆MtCO2e) -4.8 -9.3 -17.0 -48.0
Revenues (billion of e ) +4.2 +8.2 +15.5 +42.1
* Additional percentage points to the Italian consumer price index (NIC).

Table 4: Main results: effects of carbon taxation on prices, demand and expen-
diture

Electricity Heating Transport fuels
Tenth of equiv. e /ton CO2 e /ton CO2 e /ton CO2
expenditure 50 100 200 800 50 100 200 800 50 100 200 800

1 -2.6 -5.1 -9.6 -29.6 -5.2 -9.8 -17.9 -48.2 -4.0 -7.7 -14.3 -42.1
2 -2.6 -5.0 -9.4 -28.7 -5.2 -9.8 -17.8 -48.1 -4.0 -7.7 -14.3 -42.4
3 -2.1 -4.2 -7.9 -24.2 -5.0 -9.5 -17.4 -46.9 -3.5 -6.7 -12.5 -36.8
4 -1.6 -3.2 -6.0 -18.6 -5.0 -9.5 -17.4 -47.3 -2.9 -5.6 -10.5 -31.0
5 -1.6 -3.1 -5.9 -18.4 -5.0 -9.5 -17.2 -46.5 -3.0 -5.9 -10.9 -32.6
6 -1.1 -2.2 -4.2 -13.0 -5.5 -10.4 -19.0 -51.4 -1.6 -3.1 -5.9 -17.7
7 -1.1 -2.2 -4.2 -13.0 -5.5 -10.5 -19.0 -51.5 -1.7 -3.3 -6.2 -18.6
8 -1.4 -2.7 -5.1 -15.8 -5.1 -9.8 -17.7 -48.0 -2.3 -4.5 -8.5 -25.0
9 -1.7 -3.3 -6.2 -19.2 -4.9 -9.4 -17.0 -46.2 -2.7 -5.3 -9.9 -29.6
10 -1.5 -3.0 -5.7 -18.0 -5.0 -9.5 -17.2 -47.1 -2.6 -5.0 -9.4 -28.0

Total -1.7 -3.4 -6.3 -19.6 -5.1 -9.7 -17.7 -48.1 -2.6 -5.1 -9.5 -28.3

Table 5: Energy demand as % change compared with the baseline under 4
carbon taxes
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Electricity Heating Transport fuels
Tenth of equiv. e /ton CO2 e /ton CO2 e /ton CO2
expenditure 50 100 200 800 50 100 200 800 50 100 200 800

1 3.6 6.9 13.2 41.6 6.5 12.4 22.5 53.2 3.6 7.0 12.9 31.4
2 3.6 7.0 13.5 43.4 6.6 12.6 23.0 54.7 3.6 7.0 12.9 30.7
3 4.1 8.0 15.4 52.7 6.7 12.8 23.3 56.9 4.2 8.1 15.3 43.2
4 4.6 9.1 17.9 64.3 6.8 12.9 23.4 56.1 4.8 9.4 18.0 56.6
5 4.7 9.2 18.0 64.9 6.8 13.0 23.8 59.4 4.6 9.1 17.3 52.6
6 5.1 10.1 20.0 74.8 6.3 11.9 21.3 45.2 6.2 12.3 24.0 87.0
7 5.1 10.1 19.9 74.5 6.2 11.8 21.2 44.5 6.1 12.1 23.6 84.6
8 4.8 9.6 18.8 69.2 6.6 12.6 23.1 55.4 5.4 10.7 20.7 70.4
9 4.5 9.0 17.5 62.7 6.8 13.0 23.9 59.1 5.0 9.8 18.8 60.1
10 4.7 9.2 18.0 64.6 6.7 12.7 23.3 56.0 5.1 10.1 19.4 63.5

Total 4.5 8.9 17.3 61.6 6.6 12.6 22.9 54.1 5.1 10.0 19.2 62.6

Table 6: Expenditure as % change compared with the baseline under 4 carbon
taxes

Total energy expenditure Total expenditure
Tenth of equiv. e /ton CO2 e /ton CO2
expenditure 50 100 200 800 50 100 200 800

1 4.5 8.6 15.9 41.4 0.6 1.2 2.2 5.7
2 4.5 8.7 16.1 41.4 0.6 1.1 2.1 5.3
3 5.0 9.6 17.9 49.8 0.6 1.2 2.2 6.2
4 5.4 10.4 19.6 58.1 0.6 1.2 2.3 6.9
5 5.3 10.3 19.4 57.1 0.6 1.2 2.2 6.5
6 6.0 11.8 22.5 72.1 0.6 1.3 2.4 7.7
7 6.0 11.6 22.2 71.1 0.6 1.2 2.3 7.4
8 5.7 11.1 21.1 65.7 0.5 1.1 2.0 6.3
9 5.5 10.6 20.1 60.2 0.5 0.9 1.7 5.1
10 5.6 10.8 20.5 61.1 0.4 0.8 1.4 4.3

Total 5.4 10.6 20.0 59.8 0.5 1.0 2.0 5.9

Table 7: Total energy Expenditure and total expenditure as % change compared
with the baseline under 4 carbon taxes
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Stratum ID* Households’ type
x01 Single person under the age of 35
x02 Single person aged 35-64
x03 Single person aged 65 and over
x04 Childless couple with contact person under the age of 35 years old
x05 Childless couple with contact person aged 35-64
x06 Childless couple with contact person aged 65 and over
x07 Couple with 1 child
x08 Couple with 2 children
x09 Couple with 3 or more children
x10 Single parent
x11 Other types
* Stratum=Fourth of expenditure distribution (x=1,2,3,4)*100+Household type. In the

estimates, strata x01 and x04 are collapsed into x02 and x05 to preserve a minimum sample
size.

Table 8: Strata considered in the pseudo panel

Figure 1: Share of expenditure by energy use
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Electricity Heating Transport

Strata* Share β̂s σ̂β β̂s σ̂β β̂s σ̂β
102 1.41 -0.493 0.317 -0.605 0.223 -0.843 0.467
103 3.51 -0.447 0.160 -0.403 0.163 -1.263 0.797
105 1.34 -0.665 0.260 -0.672 0.219 -0.472 0.193
106 3.13 -0.439 0.162 -0.538 0.151 -0.953 0.233
107 4.07 -0.305 0.161 -0.263 0.127 -0.315 0.113
108 5.37 -0.481 0.129 -0.294 0.130 -0.551 0.102
109 1.94 -0.489 0.189 -0.551 0.184 -0.535 0.154
110 2.37 -0.460 0.181 -0.487 0.148 -0.733 0.214
111 1.86 -0.167 0.207 -0.669 0.166 -0.313 0.188
202 2.28 -0.072 0.257 -0.536 0.195 -0.895 0.211
203 3.82 0.083 0.179 -0.524 0.178 -0.980 0.412
205 2.04 -0.541 0.195 -0.446 0.198 -0.204 0.147
206 2.94 -0.248 0.156 -0.490 0.155 -0.543 0.142
207 4.55 -0.286 0.127 -0.224 0.137 -0.303 0.092
208 4.74 -0.227 0.135 -0.212 0.120 -0.254 0.117
209 1.13 -0.840 0.260 -0.632 0.216 -0.525 0.143
210 2.14 -0.310 0.178 -0.610 0.186 -0.490 0.161
211 1.34 -0.587 0.258 -0.675 0.205 -0.250 0.186
302 2.92 -0.153 0.215 -0.428 0.192 -0.478 0.173
303 3.75 -0.221 0.169 -0.498 0.147 -0.654 0.290
305 2.12 -0.103 0.171 -0.663 0.165 -0.100 0.130
306 2.75 -0.109 0.170 -0.577 0.160 -0.072 0.133
307 4.50 -0.172 0.140 -0.389 0.141 -0.067 0.074
308 3.81 -0.269 0.136 -0.351 0.144 -0.138 0.091
309 0.72 -0.015 0.246 -0.790 0.401 0.100 0.219
310 1.96 -0.281 0.251 -0.445 0.181 -0.348 0.160
311 1.09 0.246 0.257 -0.657 0.208 -0.517 0.188
402 7.28 -0.381 0.150 -0.370 0.121 -0.253 0.083
403 3.69 -0.119 0.204 -0.459 0.148 -0.390 0.209
405 3.79 -0.155 0.148 -0.219 0.131 -0.238 0.122
406 2.50 -0.017 0.188 -0.583 0.171 -0.364 0.140
407 3.74 -0.358 0.159 -0.223 0.116 -0.537 0.110
408 2.50 -0.407 0.175 -0.384 0.156 -0.247 0.141
409 0.41 -1.198 0.349 -0.891 0.287 -0.716 0.297
410 1.66 -0.526 0.206 -0.726 0.178 -0.385 0.188
411 0.79 -0.140 0.259 -0.822 0.259 -0.624 0.251
Average -0.287 0.175 -0.436 0.157 -0.446 0.183
*Strata x01 and x04 are collapsed into x02 and x05 to preserve a minimum sample size.

Table 9: LS stratum-level coefficients (β̂s) and robust standard errors (σ̂β )
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Electricity Heating Transport
Strata* Share γ̂s σ̂γ γ̂s σ̂γ γ̂s σ̂γ
102 1.41 0.614 0.102 0.277 0.105 0.421 0.039
103 3.51 0.663 0.050 0.194 0.077 0.132 0.043
105 1.34 0.594 0.082 0.320 0.095 0.635 0.040
106 3.13 0.623 0.047 0.272 0.066 0.487 0.029
107 4.07 0.500 0.052 0.129 0.055 0.603 0.026
108 5.37 0.443 0.045 0.147 0.054 0.683 0.024
109 1.94 0.582 0.054 0.250 0.075 0.600 0.038
110 2.37 0.536 0.046 0.242 0.063 0.606 0.035
111 1.86 0.656 0.058 0.327 0.070 0.608 0.036
202 2.28 0.618 0.065 0.278 0.086 0.553 0.037
203 3.82 0.615 0.065 0.278 0.080 0.329 0.034
205 2.04 0.672 0.054 0.226 0.081 0.614 0.036
206 2.94 0.505 0.048 0.253 0.069 0.527 0.034
207 4.55 0.509 0.047 0.116 0.055 0.668 0.039
208 4.74 0.530 0.047 0.107 0.048 0.572 0.044
209 1.13 0.536 0.062 0.311 0.083 0.672 0.039
210 2.14 0.544 0.053 0.306 0.075 0.646 0.036
211 1.34 0.597 0.055 0.349 0.080 0.574 0.035
302 2.92 0.644 0.055 0.226 0.081 0.535 0.042
303 3.75 0.603 0.055 0.277 0.064 0.366 0.026
305 2.12 0.649 0.056 0.321 0.069 0.557 0.035
306 2.75 0.591 0.052 0.297 0.067 0.559 0.034
307 4.50 0.542 0.047 0.196 0.065 0.562 0.040
308 3.81 0.520 0.049 0.168 0.055 0.567 0.039
309 0.72 0.620 0.055 0.374 0.149 0.637 0.041
310 1.96 0.591 0.063 0.241 0.070 0.609 0.023
311 1.09 0.688 0.064 0.335 0.080 0.679 0.042
402 7.28 0.446 0.042 0.172 0.048 0.540 0.027
403 3.69 0.537 0.051 0.244 0.058 0.495 0.028
405 3.79 0.486 0.046 0.100 0.049 0.538 0.043
406 2.50 0.512 0.053 0.286 0.064 0.535 0.032
407 3.74 0.518 0.044 0.110 0.043 0.615 0.038
408 2.50 0.461 0.048 0.181 0.056 0.587 0.039
409 0.41 0.467 0.067 0.433 0.101 0.579 0.040
410 1.66 0.551 0.045 0.337 0.064 0.615 0.034
411 0.79 0.655 0.065 0.405 0.094 0.637 0.045
Average 0.550 0.052 0.217 0.065 0.547 0.035
*Strata x01 and x04 are collapsed into x02 and x05 to preserve a minimum sample size.

Table 10: LS stratum-level coefficients (γ̂s) and robust standard errors (σ̂γ )
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Figure 2: Energy share by Tenth of expenditure: 2008 vs 2018

Figure 3: Energy share by Tenth of expenditure in 2018
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Figure 4: Household demand and expenditure by fifth
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Figure 5: Energy demand of a couple with 1 child by expenditure fifth
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Figure 6: Short run price elasticities (95% confidence interval)

Figure 7: Price elasticity of electricity by stratum (95% conf. interval)
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Figure 8: Price elasticity of heating by stratum (95% conf. interval)

Figure 9: Price elasticity of transport fuels by stratum (95% conf. interval)
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Figure 10: Total household expenditure under different carbon taxes, by expen-
diture fifth
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Figure 11: Household energy expenditure under EUR 50 and 100 carbon taxes,
by expenditure fifth
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Figure 12: Household energy demand under EUR 50 and 100 carbon taxes, by
expenditure fifth
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B Appendix: Estimating Households Energy De-
mand

B.1 Electricity

In Italy, power retail prices are structured as an efficient two-part scheme (Feld-
stein, 1972): a variable volumetric price, covering the marginal cost of each
additional kWh consumed, and a fixed monthly fee, covering the fixed costs
such as transmission and distribution.23 Poor households (i.e. those with an
indicator of the economic condition of the family below a certain threshold) are
supported through a discount applied by the local distribution system operator
(DSO), kwown as ”bonus elettrico” (electricity bonus).

Only one third of the price paid by the average Italian household24 is linked
to energy costs; one fourth is for remunerating the transmission, distribution and
metering services while the remaining part finances the subsidies to renewable
energy sources and other costs (26 per cent, the ”oneri generali di sistema” or
general system charges25) and taxes 14 per cent. Therefore, taxes and other
levies stifle competition by hampering the price signal (Stagnaro et al., 2020).

From the HBS, we observe the monthly electricity expenditure of the i-th
household at a time (month) t, EEi,t:

EEi,t = (P vEi,t Q
E
i,t + P fEi,t )(1 + Tt) (8)

where P vEi,t is the variable price in euros per kWh, QEi,t is the quantity of

electricity demanded (unknown), P fEi,t is a fixed price component and (1 + Tt)

are taxes. Solving for QEi,t, it follows

QEi,t = (
EEi,t

1 + Tt
− P fEi,t ) ∗ 1

P vEi,t
(9)

As previously mentioned, from the HBS we observe EEi,t, while Tt is the VAT

rate, equal to 0.1 in the case of electricity26. Unfortunately, we do not observe
either P vEi,t or P fEi,t , and, we will therefore have to estimate them.

As for P vEi,t , the variable price, we use the average, semi-annual, prices re-
leased by Eurostat from 2008 onwards. These data are available for three con-
sumption bands: we take a weighted average of these prices, using the share

23Up to 2016, the variable part increased with consumption, a common, albeit inefficient,
scheme (Levinson and Silva, 2019). This scheme was abolished by the end of 2016, with a
progressive transition towards a volumetric system completed by 1 January 2019.

24Power load of 3.3 kW and annual consumption of 2.700 kWh as defined by the Italian
energy regulator, ARERA.

25Since 2010, both the variable and the fixed part have included the funding of renewable
energy sources which peaked in 2016 at e 14.4 billion or 0.9 p.p. of GDP. According to the
energy agency in charge of managing the RES incentives, the average household paid e 75 to
support this policy, i.e. one eighth of the average electricity bill (GSE, 2018).

26There are other levies which are small in size. Moreover, VAT is applied to the levies as
well. Therefore, for the sake of simplicity, we omit these levies and focus on the VAT.
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of domestic consumption per band provided by the Italian energy authority
(ARERA), obtaining a unique, semi-annual, average price for electricity. The
data between 1996 and 2007 are imputed by regressing the price for the period
2008-2018 on the monthly electricity price index (from ISTAT) and on a set of
time dummies (year and semester). The same index is used to derive monthly
prices from semi-annual data. The part of the bill that does not change with
consumption ( P fEi,t ) includes a fixed instalment and a component depending on

the power load,27 whose parameters have been updated quarterly by ARERA
since 2007. We first estimate the amount paid by a representative Italian house-
hold (domestic contract, power load of 3.3 kW); as these pieces of information
are only available for each quarter from 2007 onwards, we compute the share of
the electricity expenditure due to the fixed component, αt, in the period 2007-
2018. Then, we regress it over total electricity expenditure, prices and a year
dummy, to estimate αt for the period 1997-2007. This ranges stood at 8 per
cent in 1997 and increased to 27 per cent in 2018, following the 2016 reform of
the electricity tariff. We multiply this coefficient by the electricity expenditure
in order to obtain an estimate of the fixed price component for each household
or,

P fEi,t = αt ∗ EEi,t (10)

and then we substitute it back into the formula for QEi,t.

Finally, we winsorize the extremes and calibrate QEi,t to align our micro-
data with the annual information on households’ electricity consumption from
the National Energy Balance. The calibration increases average households’
consumption by roughly one third.

B.2 Heating demand

We consider all heating-related fuel expenditure: natural gas, which is the main
fuel used by Italian Households (ISTAT, 2014), district and central heating,
wood, coal and kerosene. We thus obtain a comprehensive heating expenditure
for household i at month t, EHi,t. Unfortunately, as for electricity, only semi-

annual prices for natural gas, published by Eurostat, are available.28 However,
prices for natural gas can be considered a reasonably good proxy for other fuels
(such as wood and pellets)29. Therefore, we model heating demand as a function
of natural gas prices. 30

As for electricity, households heating expenditure is equal to

2792 per cent of domestic customers in Italy had a 3.3 kW power load installed at the end
of 2018 (ARERA, 2019)

28As for electricity, we take a weighted average of these prices, using the share of domestic
consumption per each band.

29According to the Survey on households energy use, a one-time sample survey carried out
in 2013, the price for wood and pellets in 2013, in energy equivalent terms, was very similar
to that of natural gas.

30The share of heating costs due to natural gas from the pipeline has increased from 54 per
cent in 1997 to 70 per cent in 2017.
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EHi,t = (P vHi,t Q
H
i,t + P fHi,t )(1 + Tt) (11)

where, P vHi,t is the variable price (e per gigajoule), QHi,t is the quantity of

heating demanded (unknown), P fHi,t is the fixed price component and (1 + Tt)

is the VAT rate, which, changed three times between 1997 and 201831. As
before, we estimate the share of fixed costs as part of the total expenditure, βt,
depending on where the household lives, for the period 2010-201832. For the
period 1996-2009, we regress βt on total heating expenditure, natural gas prices
and the year dummy and then forecast the values. The same index is used to
derive monthly prices from semi-annual data. We solve for QHi,t and calibrate
the results with the total heating demand from the to align our microdata with
the annual information on households’ heating consumption from the National
Energy Balance.

B.3 Private transport demand

From the HBS, we observe each households’ expenditure for transport fuels in
Italy.33 The share of expenditure on private transport is sizeble, almost equal
to the sum of the share of heating and electricity (Figure 1). However, this
share has its own specificity compared with other energy use; in fact the share
of vehicle’ owners is scant in the bottom part of the expenditure distribution.
In the bottom tenth, less than two thirds of households own a car while in the
top tenth this share is 9 out of 10.

The price of liquid fuels in Italy is fully liberalized, but taxes and levies
weigh for more than two thirds of the final price. There is a reasonable level of
price competition among the 15.000 petrol stations around the country.34 We
took the average national monthly price for petrol and diesel, as published by
the Italian Ministry of economic development (MISE) to estimate the quantity
of fuel demanded. We consider the joint demand for liquid fuels for private

transportation, QTit =
EG

i,t

PG
t

+
ED

i,t

PD
t

, and a unique price for liquid fuels, as a

weighted average (with w as the weight) of petrol and diesel prices,35 using
their respective share of total expenditure as weights. Finally, we calibrate the

31The VAT rate was 19 per cent up to 1 October 1997 then 20 per cent up to 17 September
2011, and then 22 per cent since 1 October 2013).

32ARERA has been providing fixed costs for six different macro-regions, known as Ambito
territoriale. Sardinia, which is not included in the price regulation because it is not on the
gas grid, has been assigned to the macro-region of Sicily and Calabria, which is the most
expensive

33At the end of 2019, according to the Automobile club d’Italia, some 46 per cent of cars
used petrol and 44 per cent diesel. There is also a 9 per cent share of dual-fuel vehicles, using
petrol with methane (CNG) or LPG.

34The difference between the highest and lowest price for petrol (self-service) on 31 March
2020, at national level was almost 11 per cent - The price is available every day, for every
petrol station, on the website of the Osservatorio Prezzi carburanti of the Italian Ministry of
economic development (MISE)

35In the period 1996-2013 the expenditure for liquid fuels was collected jointly with that for
diesel
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results with the total demand for liquid fuels published yearly by the business
association of oil and gas companies (Unione Energie per la Mobilità).

B.4 Total energy

We are then able to derive the monthly energy demand at the household level for
the entire period considered (1997-2018) and we compare our estimates with the
official data from the Physical Energy Flow Accounts (PEFA) from Eurostat.
For 2018, our estimates for heating and electricity mimic the aggregate data
pretty closely, while transport demand is slightly underestimated (our data are
about 14 per cent lower compared with transport demand in the official statis-
tics) . Overall, our micro data covers the 95 per cent of the official household
energy demand in 2018 as measured by the PEFA.

Knowing the energy demand at the micro level allows us to analyse the
pattern of energy demand according to household characteristics (age of the
head, household size, location, and so on,). Considering a measure of their
welfare (proxied with their position in distribution of the equivalent expenditure)
we find, not suprisingly, that energy demand (and energy expenditure) increases
with households welfare (Figure 4). On average, households at the top of the
expenditure distribution use more than twice the amount of energy demanded
by poorer households (less than 5 GJ per month). In terms of fuel, the demand
for electricity is pretty much uniform across the expenditure distribution, while
heating and transport fuels demand is higher for more affluent households. Over
the years, energy demand and expenditure has decreased across all fifths. After
having merged our data with energy prices and having derived energy demand,
we can proceed and estimate the elasticity of energy demand for each energy
service.

C Appendix:Modelling energy demand

Following Faiella (2011), we define QEi,z the energy demand of households i for
fuel z (where z = 1 with fuels for heating, z = 2 with electricity and z = 3
with, gasoline, diesel and other fuels for private transportation). For each i− th
household this quantity (expressed in energy units, such as joules or ton of oil
equivalent) can be represented as a function of other variables (time subscript
are omitted for clarity):

QEi,z = f(Pz,Ci,Bi,T) (12)

where Pz is a vector of prices, Ci a set of characteristics of the i− th household,
Bi are consumer preferences and T some exogenous variables relating to climatic
conditions. In the short term, energy demand might be rather inelastic, showing
a low degree of substitution, while in the medium term, the rise of energy prices
(Pz) could push a household to either invest in energy-efficient appliances or
switch to different fuels.
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Energy demand also varies according to individual preferences (Bi). Some
consumers are more environmentally aware (for example improving the energy
efficiency of their dwelling), while others prefer higher indoor temperatures. In
general, more affluent households, with a larger number of appliances and living
in bigger dwellings, use more energy.

Climatic conditions (T) also matter and they will become increasingly im-
portant in the future because of climate change: the increase in surface tem-
peratures reduces heating demand but increases cooling services. Cooling is
expected to become the top driver of global electricity demand in the near fu-
ture (IEA, 2018). This is also true for Italy: according to HBS data, the share
of households that owns an AC appliance increased from 6 per cent in 1997 to
41 per cent in 2018.

Bearing in mind these determinants, in the following sections, we present
our strategy for deriving the energy demand (in energy units) for electricity,
heating and liquid fuels for private transport in Italy. Because we have only
data on expenditure, we need to merge the HBS dataset with information on
the energy prices for the three energy services considered in the analysis.
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