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Abstract

Energy subsidies are common. Costs are commonly recovered via an often arbitrarily
set uniform consumer levy or electricity price surcharge. We show that an electricity
price surcharge is optimal for an Irish case study, despite obvious price distortions. The
outcome holds across both first and second-best subsidy applications. When financing
first-best energy subsidies (e.g. innovation grants), lost consumer surplus is outweighed
by distributional benefits. Energy subsidies are often used as second-best policy to
mitigate emissions. We show that an electricity price surcharge is most efficient should
there be uninternalised emissions, as the social cost of avoided emissions exceeds the
deadweight loss of the policy. This is also less regressive than a uniform consumer levy.
We demonstrate these general findings through an Irish case study and quantify the
expected magnitude of resulting effects. An electricity price surcharge increases lost
consumer surplus by up to 3.3%. Distributional implications are also quantified for
Ireland using 2015/16 data; households in the first quintile pay €8.65 less per annum,
on average, while households in the fifth quintile pay €7.07 more per annum, on average.

These impacts will grow with the total subsidy burden.

*Corresponding author: niall.farrell@esri.ie



1 Introduction

According to the first fundamental theorem of welfare economics, efficient emissions miti-
gation in a market economy occurs when one prices carbon at a rate equal to social cost
[70, 63, 65]. Second-best renewable energy subsidies persist, often motivated by binding
institutional or political economy constraints [6, 47, 48, 51, 53]. Subsidies can be among the
first-best solutions for other market failures: research grants or tax breaks have been shown
to be a cost-effective solution to an under-supply of innovation by the market [54, 3, 43].
This paper shows that when a subsidy is put in place, the method of cost-recovery is impor-
tant. An electricity price surcharge is the most efficient policy in the majority of first-best
and second-best policy scenarios, conditional on expected societal preferences for equity
relative to efficiency. We quantify the magnitude of effects using an Irish case study.

Electricity-related surcharges are the most common method of energy subsidy cost-
recovery [34, 15, 41] and two structures are common: a uniform (i.e. flat-rate) consumer
levy [e.g. 32]; or an electricity price surcharge [e.g. 15, 79, 41]. We show that an electricity
price surcharge is most efficient if the purpose of the subsidy is to internalise emissions, as
the social cost of avoided emissions exceeds the deadweight loss of the policy. This is less
regressive than a uniform consumer levy. An electricity price surcharge creates a loss of
consumer surplus if the subsidy has an alternate purpose, such as a support for innovation
or capital investment in energy efficiency. However, this loss of consumer surplus is less than
the distributional benefits of the surcharge under expected societal preferences for equity
relative to efficiency. These results are related to the extensive literature on the equity
and efficiency implications of financing public expenditure through general taxation [e.g.
5, 26, 27].

This paper considers an Irish case study, where energy subsidy surcharges were equiv-
alent to a gross annual loss in consumer surplus of €112m in 2015/16 through a uniform
consumer levy. This paper identifies that the introduction of a electricity price surcharge

would increase this lost consumer surplus by up to 3.3%. However, this loss in consumer



surplus is counteracted by a more equitable distribution of cost. An electricity price sur-
charge shifts the burden from those with lower incomes (households in the first decile pay
€8.65 less per annum, on average) towards those with higher incomes (households in the
fifth decile pay €7.07 more per annum, on average). In aggregate, we show that the distri-
butional benefits of an electricity price surcharge outweigh the losses in consumer surplus
given expected societal preferences for equality and the magnitude of cost given the current
Irish case study. Should the subsidy burden increase a uniform consumer levy is preferred
in a greater number of scenarios. This preference is isolated to the scenarios where price
elasticity of demand is in the upper end of the expected range and where society values
equity less than that predicted by empirical evidence.

We illustrate that the choice of cost-recovery can mitigate welfare losses associated with
second-best climate policy. While an energy price surcharge reduces consumer surplus, it
also reduces carbon emissions. Isolating the deadweight loss component of any change in
consumer surplus, we show that the value of avoided emissions exceeds the welfare losses
to society. While this is less than the outcome under a carbon price that reflects the social
cost of carbon, it is welfare-enhancing relative to a uniform consumer levy.

This paper provides evidence for more informed policy. In practice, the motivation for
choosing a particular energy subsidy cost-recovery method has been unclear. For instance,
the Irish Public Service Obligation levy is a uniform consumer levy. While allocation
among consumer groups is calculated based on each user group’s contribution towards
peak demand, the method of household-level cost-recovery is unmotivated in the public
documentation [21, 20]. In the UK, the impact of retail competition has motivated a supplier
obligation for energy efficiency investment, a cost that is passed through to consumers by
suppliers via an electricity price surcharge. The choice of an electricity price surcharge
has not been motivated on grounds of maximising consumer welfare, but through a profit

maximising decision by suppliers.!

In the UK, Environmental and Social Obligations are financed by retail suppliers. This has been mo-
tivated on the grounds that, as suppliers must pass these costs through to consumers, they will do so at
minimum cost due to competitive constraints from other suppliers, efficiently delivering environmental pol-
icy [25, 60]. This, of course, relies on the assumption that the retail market is sufficiently competitive to



There are a number of contributions to the academic literature provided by this paper.
This is the first applied analysis to consider the welfare losses due to second-best climate
policy at the household level. Much research has focussed on the aggregate implications
of second-best climate policy. [48] find that if carbon pricing is permanently missing, mit-
igation costs increase by multiples, with a combination of carbon pricing and subsidies
minimising welfare losses in a second-best world. [40] explore the required second-best car-
bon pricing policy when no subsidies are available to support innovation. [70] show that
second-best subsidies can achieve decarbonisation at a similar cost to the first-best solu-
tion should there be credible public commitment. [62] explore the welfare loss created by
distorting taxes to finance subsidies.

Secondly, this is the first paper to consider the importance of cost-recovery methods
in counteracting uninternalised externalities and the relative balance of efficiency and eq-
uity in choice of cost-recovery method. In doing so, we draw on strands of the literature
discussing both the household-level equity and efficiency implications of energy surcharges
and tariff design. The classical literature of the early 20th century has attempted to iden-
tify the optimal tariff design for a utility with high fixed costs, resulting in an inability to
apply the traditional marginal cost pricing rule. [68] and [9] advocate a markup that is
inversely proportional to the price elasticity of demand, while [44] and [52] advocate for
fixed cost recovery through taxation. The two-part structure proposed by [16] has become
the dominant solution, guiding the tariff structure adopted by many utilities today.

Much applied literature exists to examine the implications of deviating from the Coasian
tariff structure. While much attention has been paid to the inefficiencies associated with
electricity tariff structures, the impact of subsidy-related surcharges has not been addressed.
[33] demonstrates that ‘ignoring Coase’ in British electricity tariff design has resulted in
losses in consumer surplus equivalent to between 6-18% of domestic consumption value.

Similar effects were observed in the US natural gas industry. [23] find that volumetric

incentivise price competition. While this explains the choice of electricity-consumer related cost-recovery,
the choice of consumption surcharge as opposed to a uniform consumer levy is presumably that which max-
imises profits. As volumetric prices in the UK exceed marginal cost, and standing charges are below each
consumer’s share of fixed costs [33], this suggests that costs are recovered via an electricity price surcharge.



prices are significantly higher than marginal cost, resulting in an estimated US$ 2.7billion
welfare loss per annum. [10] find slightly lower estimates for markups, with natural gas
volumetric prices approximately 30% higher than marginal cost, resulting in a consumer
welfare loss. The welfare loss associated with water utility pricing has been the subject of a
further strand in the literature (e.g. [18, 77, 69]. [66] finds that French water customers face
prices on average 8% greater than marginal costs, resulting in a welfare loss of approximately
€8 million.

This paper identifies the optimal surcharge design given, first, the policy objective and,
second, the relative importance of equity and efficiency. Numerical analyses have focussed
on estimating the distributional effects for a given context and have failed to consider the
trade-off with efficiency. Equity was first incorporated into the literature on tariff structure
by [35], who suggested that uniform consumer charge, such as that in a Coasian two-part
tariff or a uniform consumer levy, is ‘essentially a regressive head tax’. [34] discuss the
distributional costs of alternative PSO levy structures in Ireland, finding that a uniform
consumer levy is more regressive than an electricity price surcharge or a hybrid policy. A
number of German studies estimate the regressive nature of their electricity price surcharge,
the EEG Umlage, on consumption [e.g. 56, 41]. It is suggested that the magnitude of the
regressivity can be partly attributed to exemptions made by the German government for
certain energy-intensive industries, as this leaves more of the burden of financing RES-E
to be shouldered by residential customers. Similar regressive effects were found for other
European countries, such as in the case of Italy’s A3 surcharge [79] and British environ-
mental and social obligations levied on retail suppliers [15]. Furthermore, [55] find that a
solar feed-in tariff policy in Australia is regressive.

Efficiency, however, is an important consideration. As noted by [61], policy must con-
front ‘choices that offer somewhat more equality at the expense of efficiency, or somewhat
more efficiency at the expense of equality,” with the work of [11] and [33] considering these
trade-offs in relation to energy tariffs. [11] considers both efficiency and equity in the

design of electricity tariffs, focussing on the distributional benefits, and efficiency losses,



associated with non-linear tariffs. [33] considers the loss in consumer surplus associated
with non-Coasian markup, showing that the consumer welfare gains of a Coasian reform
outweigh the distributional losses. While this literature has explored tariff-related welfare
losses, it has not explored welfare losses resulting from an energy subsidy-related markup.

The findings of this paper are identified using an Irish case study but sensitivities are
explored to ensure general insight. Ireland is a developed country with rates of income
inequality close to the median of all EU countries [30]. To provide general insight, we explore
the sensitivity to the policy context and the magnitude of the policy burden. We consider
two scenarios; (1) where the subsidy is used as first-best policy to incentivise innovation or
energy efficiency investments and (2), where the subsidy is used as second-best policy to
reduce carbon emissions.

This paper is structured as follows. Section 2 presents the institutional setting, while
Section 3 outlines the empirical strategy and the data. Sections 4 present the results.
Efficiency and equity effects are quantified for the Irish case study, in the context of both
optimal and second-best subsidies. We apply a social welfare function to quantify the

trade-off between equity and efficiency. Section 5 concludes.

2 Institutional setting

Energy subsidy cost-recovery relates to the policy imperative of decarbonisation: the global
electricity sector must reach net-zero emissions by 2040 to achieve the commitments of
the Paris Agreement [78, 2]. Market failures such as incomplete markets for emissions,
innovation, and risk delay this process [65, 63, 54, 3, 43, 39, 75, 80]. While carbon tax is
established as the first-best policy for internalising carbon emissions [63, 70], subsidies are
often used for this purpose, alongside first-best applications such as incentives for innovation.

Energy subsidies are a public expenditure and there is a wide literature covering the
least distortive method of raising such revenues. Taxes may be levied on income and labour,

with the efficiency and equity implications well-established [17, 28, 42, 64]. Consumption



decisions may be distorted if taxes are raised by altering the price of goods or services.
Value-Added Tax (VAT) has been shown to be the least-distortionary method of raising
public funds through such surcharges [26, 27]. VAT should be a single uniform rate unless
there are distributional counter-arguments [24].

Despite this general rule, many markets impose a separate surcharge on electricity con-
sumption to finance renewable energy subsidies and energy efficiency policy [15, 41, 34].
Following the guidance of [24], such deviation from a uniform VAT rate should consider
the equity implications, and this has formed part of much policy and academic discussion
[15, 56, 41, 34, 79, 57, 58, 59].2 In addition to this, efficiency effects warrant examination
not just in the context of distorting prices but also in the context of uninternalised environ-
mental externalities. This is especially important should policy be constrained in its ability
to impose a sufficiently high carbon price.

This paper considers the cost recovery of energy subsidies through the Irish Public
Service Obligation (PSO) levy. Presently, the PSO funds price supports for renewable
energy deployment only. The cost of financing these policies is the difference between
market prices and the pre-agreed price guarantee. In the past, this levy has also funded
indigenous peat generation and other capacity for security of supply purposes. This is
similar to levies imposed in other markets such as Italy [79], the UK [15] and Germany
[41]. [56] has shown that similar levies exist in 23 EU countries and in over 100 countries
globally.

Two schemes support the majority of Irish renewable energy capacity and are funded
by the PSO levy. Since 2019/2020, renewable energy capacity has been supported by the
Renewable Energy Support Scheme (RESS). This is a competitive auction, where generators
bid the price at which they are willing to supply electricity. If successful, they will receive
a price support equivalent to the difference between the market price and the agreed strike
price. Should the market price exceed the strike price, this difference is returned to the

regulator. Prior to the RESS scheme, the Renewable Energy Feed-in Tariff (REFIT) scheme

2This has been considered in a policy setting. For instance, financial protection for vulnerable consumers
is explicitly acknowledged as a policy priority by the UK regulator Ofgem [57, 58, 59].



provided a guaranteed price floor. This was a uniform price floor for all generators. Market
revenues in excess of the price floor were not returned to the regulator. While the REFIT
scheme is no longer open to new applicants, the costs of financing capacity introduced in
previous years continues.

The PSO levy is the electricity surcharge placed on consumers to recover the funds
required to finance these policies. Figure 1 shows the total funds recovered in recent years,
with Table 1 showing the levies imposed at the household level. Approximately 40% of
total revenues are recovered from c. 2 million Irish dwellings, with the remainder recovered
from commercial and industrial consumers. Both display items show inter-annual volatility
attributable to forecast errors and electricity price fluctuations. Required funds comprise
the difference between the wholesale electricity price and the guaranteed strike price. As
wholesale prices fluctuate, so too do required revenues. In addition, revenues in a given year
are often under/over-recovered due to incorrectly predicting renewable electricity generation
and/or the forecast wholesale market price. This results in a correction (‘R-factor’) during

the following period of cost-recovery.



Figure 1: Total PSO Receipts
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Note: Lower receipts required in 2018/19 and 2019/20 due to high negative R-factor. This
reflects a correction due to greater than expected receipts in preceding period. Source: [21]

Currently, these costs are recovered from each consumer in Ireland by means of a uniform
levy. In other markets, such as Italy [79], Germany [41] and the UK[15], a surcharge on the
volumetric price has been imposed. While the distributional effects of these two choices has
been the subject of debate [15, 56, 41, 34, 79], the economic rationale behind either choice
has not been fully explored.

A priori, one expects that a consumption surcharge creates a distortion should all ex-
ternalities be internalised.® Such a surcharge will also have distributional implications,
affecting certain households more than others. Further, should environmental externalities
not be fully internalised, and electricity prices do not reflect social marginal cost, a sur-
charge that is less than or equal to the marginal abatement cost may guide consumption

closer to the social optimum (assuming volumetric prices reflect private marginal cost). A

3While [45] finds evidence to suggest consumers respond to average price when faced with complex, non-
linear price schedules, [46] find evidence that consumers do respond to marginal price in the presence of a
fixed charge. This is the approach taken by the literature in this area, when considering two-part tariffs
[10, 67].



uniform consumer levy does not drive an additional wedge between price and marginal cost,
so it does not have this distortive effect. It does, however, create an additional cost which
has distributional implications. The following empirical analysis explores these equity and

efficiency effects in scenarios with and without uninternalised environmental externalities.

Table 1: Irish Public Service Obligation Levy Costs per household: 2011-2021

Year Monthly PSO levy Annual PSO levy
2011-2012 1.61 19.33
2012-2013 2.32 27.82
2013-2014 3.57 42.87
2014-2015 5.36 64.37
2015-2016 5.01 60.09
2016-2017 5.90 70.75
2017-2018 7.69 92.28
2018-2019 3.48 41.76
2019-2020 2.84 34.08
2020-2021 6.52 78.24
2021-2022 4.30 51.60

Note: Data Source [21]

3 Empirical framework and data

In this section, we describe the methods employed in our empirical application. This paper
employs a simulation-based estimation procedure, expanding on the methods of [10], [12]

and [33]. The application takes the following constituent steps. A socioeconomic profile of
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income and electricity consumption is first constructed. Household-level micro-data provide
a representative sample of electricity expenditures, income and other socioeconomic infor-
mation. Combined with electricity tariff data, we calculate the amount spent on each tariff
component and the quantity of electricity consumed per household. Currently, the PSO
levy is recovered via a uniform consumer levy. We construct a counterfactual tariff which
incorporates an electricity consumption surcharge for energy subsidy cost-recovery. Taking
into acccount the consumption response, both equity and efficiency effects are quantified
in total, on average and by income group. Efficiency is considered relative to the loss of
consumer surplus and the deadweight loss. Finally, a social welfare function is specified
to calculate the optimal tariff structure, through which losses in consumer surplus may be
considered relative to a more progressive distributional cost burden. Each step will now be

discussed in detail.

3.1 Step 1: Household Budget Survey Microdata Foundation

The 2015/2016 Irish Household Budget Survey (HBS) provides the microdata foundation
for this analysis. This is a household-level survey which records household income and aver-
age weekly expenditure alongside a variety of other household characteristics. The HBS also
contains a rich set of socioeconomic information, including appliance ownership and house-
hold characteristics. The HBS contains information on household electricity expenditure
which is of particular interest for this study.

Table 2 reports the distribution of pertinent economic and social variables. These are
reported in total and, to give insight into the importance of distributional factors, by equiv-
alised disposable income quintile.* One can see that while electricity consumption is cor-

related with income, the burden is much greater for low-income households. Distributional

4Equivalised disposable income is disposable income (income after taxes and transfers) adjusted for
household size. The OECD modified equivalence scale is used. This is the equivalence scale commonly
employed by Eurostat. To calculate equivalised income using the modified OECD equivalence scale, each
member of the household is first given an equivalence value: 1.0 to the first adult; 0.5 to the second and
each subsequent person aged 14 and over; 0.3 to each child aged under 14. The equivalence values for each
household member are summed to give a total equivalence number for the household. Household disposable
income is then divided by the total equivalence number.

11



concerns surrounding PSO cost-recovery therefore warrant further investigation.
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Table 2: Descriptive statistics by equivalised disposable income quintile

First Second Third Fourth Fifth Total

Disp. income 337.8  591.8  860.1  1109.0  1685.2  914.4
(163.7)  (225.4) (277.5)  (363.9)  (750.9)  (619.8)

Expenditure 4746 5929  821.6  1009.7  1343.0  846.6
(361.9)  (368.3) (431.7) (510.9)  (707.7)  (581.1)

Elec. expenditure 14.75 1658  19.27  19.32 20.35 18.04
(11.50)  (11.60)  (11.52)  (10.99)  (11.25)  (11.56)

Elec. as prop. income  0.0517 0.0295 0.0233 0.0182 0.0132 0.0273
(0.0544) (0.0212) (0.0142) (0.0107) (0.00777) (0.0307)

Children 0404  0.641  0.700  0.677 0.503 0.585
(0.896)  (1.045)  (1.076)  (1.037)  (0.911)  (1.002)

Adults 1.829 2127 2.359  2.224 2.112 2.130
(1.090)  (1.056) (1.036)  (0.983)  (0.849)  (1.021)

HRP retired 0.295 0297  0.199  0.194 0.136 0.224
(0.456)  (0.457)  (0.399)  (0.395)  (0.343)  (0.417)

HRP homeowner 0.560  0.647  0.759  0.826 0.859 0.730
(0.497)  (0.478)  (0.428)  (0.379)  (0.348)  (0.444)

HRP working 0216 0412  0.659  0.742 0.830 0.570
(0.412)  (0.492)  (0.474)  (0.438)  (0.376)  (0.495)

Note: Standard errors in parentheses. The data are from the 2015/2016 Household Budget Survey (HBS).
All values are calculated using sample weights and distribution of electricity expenditure calculated before
the simulated impact of the household benefits package. Income and expenditure data represent weekly
averages per income quintile. HRP refers to ‘Household Reference Person’.
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3.2 Step 2: Electricity tariff data

Having established a baseline dataset of households, including electricity expenditure, the
next step is to break down total expenditure to expenditure on units, standing charges
and PSO payments. This facilitates the estimation of PSO payments but also electricity
consumption in terms of units consumed, from which a volumetric price surcharge may be
calculated.

The fist step in this process is to match each household with a representative electricity
tariff. Households may be subject to either a standard tariff or a ‘Nightsaver’ tariff. Under
a standard tariff, all units consumed have the same volumetric price. Under a ‘NightSaver’
tariff, day and night consumption are subject to different prices. We souce historical tariff
information to identify what tariffs were available during the 2015/16 time period. Ireland’s
retail electricity market was dominated by four suppliers during this time: Electric Ireland,
Bord Gais, SSE Airtricity and Energia. An internet archive provides a snapshot of published
tariffs at a given moment. For each supplier, we collect the archived tariff snapshot that
is closest to the 2015/16 HBS sample period.® Tariff calculation is outlined in full in
Appendix A. We weigh each tariff by market share to create a composite that reflects
the relative weighting of charges faced by households.® This process is outlined in full in
Appendix A with the set of representative tariffs employed shown in Table 3. To validate our
choice of tariffs, a second source is consulted. The Commission for Regulation of Utilities
(CRU) has published the average electricity tariff for the 2015/16 time period. Appendix A
shows that the tariffs calculated using this procedure are similar to those obtained through
our preferred calculation procedure. The conclusions of this paper are insensitive to the
assumptions employed in this calculation, therefore.

The final step is to assign a standard or ‘Nightsaver’ tariff to a household. The HBS does

not provide information on whether a household is using the standard or Nightsaver tariff.

°For Electric Ireland, tariffs are sourced from September 2014 [Standard] and September 2015 [Night-
Saver]; for SSE Airtricity, rates are for April 2015; for Bord Gais, rates are for March 2015; for Energia,
rates are for November 2017

S A sensitivity check is carried out in Appendix B and the results of this paper are insensitive to the tariff
calculation assumptions.
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Following [33] and [37], we use electric heating as a proxy for being on the NightSaver tariff,
as the day/night meter is generally recommended for those with electric storage heaters.
When calculating consumption, We assume 60% peak and 40% off-peak usage, following
the assumptions of [33] and [37]. A sensitivity analysis on this assumption is also carried
out in Appendix A, demonstrating that the conclusions of this paper are insensitive to
variations to these assumptions. Finally, urban and rural households face different tariffs.
The HBS contains an urban/rural indicator and this is used to assign the appropriate tariff

to households.

3.3 Step 3: Calculate the Quantity of Electricity Consumed

The tariffs of Table 3 are used to calculate units consumed and the PSO levy faced by
each household. For each household, the standing charge and appropriate PSO are sub-
tracted from total expenditure and the remaining expenditure is divided by the appropriate
volumetric tariff to identify the number of units consumed.”

The appropriate PSO levy is predicated on the time of being surveyed. From 1st Oc-
tober 2014 to the 30th of September 2015, each household in Ireland paid €1.34/week
(€5.36/month). From 1st October 2015 to the 30th of September 2016, each household in
Ireland paid €1.25/week (€5.01/month) [19, 20]. The HBS data contains information on
the year and quarter surveyed and the relevant tariff is applied to each household.

When calculating units consumed, any social assistance must be accounted for. Certain
vulnerable households are recipients of the household benefits package (HHB). HHB com-
prises an electricity or gas allowance, and a free television licence. To cover fuel costs, the
allowance is €1.15 per day [7]. Households eligible for the HHB are therefore assumed to
spend an additional €8.05 per week on electricity.

The HBS does not detail HHB eligibility and this is proxied using a number of indicators.

The package is generally available to people living in the Irish state, aged 66 years or over

"For ‘Nightsaver’ customers, a weighted tariff reflecting the assumed share of consumption is used. This

. - _ expenditure
corresponds t0: units = roriFariyr0.4) 1 (DayTarifF0.6) "
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who are in receipt of a social welfare type payment or who satisfy a means test. It is a
universal payment from the age of 70. Any households where all residents are between 66-70
are in receipt of the old-age pension or social transfers are eligible for the HHB. Households
where a recipient is eligible but their spouse is not in receipt of a social welfare payment
(proxied by being full-time in gainful employment) are not deemed eligible.

Finally, the HHB is availed of by a number of persons under 66, such as those in receipt
of Disability Allowance; Invalidity Pension; Blind Pension; Incapacity Supplement (for at
least 12 months) with Disablement Pension (for at least 12 months); if you are caring for
and living with a person who is getting Constant Attendance Allowance; Carer’s Allowance
(full or half-rate payment), but you must be living with the person you are caring for; an
equivalent Social Security Pension or Benefit from a country covered by EU Regulations,
or from a country with which Ireland has a Bilateral Social Security Agreement. The HBS
does not contain detailed information on such recipients. However, proxy indicators exist.
We code households where the household reference person has a permanent incapacity to
work or is assisting relatives either full or half-time as being a recipient of the HHB. It is
assumed that all eligible households apply the allowance to their electricity consumption,
providing a lower bound on the regressivity of any proposed PSO levy change (i.e. the
estimated effect is at least as regressive as that estimated).

In calculating electricity consumption, a small number of households are coded as having

negative electricity expenditures and these are recoded as having zero expenditure.

Table 3: Representative Tariffs

Vol. Charge (€/kWh) Standing Charge

Tariff Day Night (€/hh/week)
Urban Standard  0.1907 0.1907 2.80
Rural Standard 0.1914 0.1914 3.65
Urban Nightsaver 0.2016 0.0996 3.76
Rural Nightsaver  0.2022 0.0998 4.71
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Figure 2: Relationship between income and electricity expenditure in Ireland

(a) Average Income (b) Average Expenditure
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3.4 Step 4: Simulate counterfactual consumption

Should volumetric prices change, economic theory suggests that the quantity demanded
should change [10, 46]. Following [10], [22] and [33], we assume that Demand by consumer

k (Dy) follows an isoelastic demand function:

Dy(p) = Agp© (1)

Where p is the volumetric price of electricity faced by household k. The parameter e

denotes the price elasticity of demand for electricity and Ay is a constant. Each household

has an individual A parameter calibrated according to Ay = %. While results for a range
of assumed elasticities are presented, the true long run price elasticity is expected to be

between —0.3 and —0.8.%

3.5 Step 5: Calculate subsidy cost-recovery

We analyse the uniform consumer levies imposed at the time the survey took place (see
Section 3.3 for futher discussion). An electricity price surcharge is designed according to a
revenue-neutral reform whereby we divide the sum of all PSO revenues paid by households
under a uniform consumer levy by the sum of all electricity consumed by households in the
Household Budget Survey. One must account for a demand response to ensure a revenue-
neutral reform; as the price surcharge increases, demand falls (and revenue falls) if the price
elasticity of demand is non-zero. To account for this, an iterative procedure is employed;
the levied surcharge increases incrementally from the revenue-neutral surcharge imposed
when no demand response is in place. This continues until the total revenue recovered is
equal to that of the uniform consumer levy. This procedure is repeated under each assumed

price elasticity of demand.

®In a meta-analysis of international research, [49] find a global long-run average of —0.365. Historically,
national studies have reported estimates for residential use in the range of —0.21 to —0.7 [31, 36, 8]. For the
UK, [4] find an own-price elasticity of demand of —0.75 for residential consumers. In a global meta-analysis,
[29] find a long-run elasticity estimates of —0.8. This value is used by recent UK policy analyses, such as
that of [1]. [71] find a long-run price elasticity of electricity demand of —0.4 for residences, whilst [13] find
much higher values, in the region of —1.
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3.6 Step 6: Quantify welfare change

3.6.1 Calculating consumer surplus and deadweight loss

Figure 3: Changes in social surplus associated with electricity price surcharge
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The final step of this analysis is to aggregate societal welfare. This is considered in a
number of aspects in this analysis. First, we calculate changes in consumer welfare. Figure
3 illustrates the components that make up changes in social surplus due to a change in price

from P; to P». The loss of consumer welfare, or consumer surplus, is equivalent to sections
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A and B. Assuming linear marginal costs?, the total loss of welfare, or deadweight loss, is
equivalent to section B. To calculate deadweight loss, we subtract portion A ( (Po— P1)-Q2)

from the change in consumer surplus.

3.6.2 Equity vs efficiency

Second, we wish to consider the optimal policy choice, accounting for both conflicting policy
priorities to maximise total consumer surplus while also ensuring an equitable distribution
of costs. This is carried out in the following way. Net household income (y;) may be

calculated as disposable income (y; gisp), net of energy subsidy costs incurred (s;):

Yi = Yidisp — (Si) (2)

Societal welfare may be considered as an aggregation of individual welfare (Equation
(2)). Equation (3) shows a general welfare function where household income y; is aggregated
according to a utility function u, where the functional form of u reflects societal preferences
for inequality, transforming individual incomes to account for each household’s place on the
income distribution. An additive social welfare function calculates societal welfare (W) as

the sum of individual utilities:

W= % . ; Uy:) (3)

There are many functional forms for U. We choose the following functional form as

adopted for use in the Atkinson index:!'?

1 e .
U(yz)::yzl ife#1 (4)

U(yi) = log y; ife=1 (5)

9For marginal changes associated with changes in the energy price surcharge, the assumption of constant
marginal cost is reasonable and any error is likely to be negligible
19Sensitivty analysis finds that the results are insensitive to the choice of index of inequality
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3.6.3 Accounting for uninternalised environmental externalities

When emissions are priced at a rate that is equal to the social cost of carbon, the rela-
tive merits of a cost-recovery mechanism are determined by societal preferences for total
household welfare relative to the equitable distribution of subsidy costs.

There may be uninternalised greenhouse gas emissions where emissions are priced at a
rate that is less than the social cost of carbon. An electricity price surcharge can act to
(partially) internalise these costs. We compare the deadweight loss (section B of Figure 3)
to the avoided uninternalised environmental externalities. The welfare effect is therefore
the loss of social surplus (‘deadweight loss’ - B of Figure 3), less the social cost of avoided
environmental emissions. We calculate deadweight loss as the loss in consumer surplus less

portion A of Figure 3 ([P, — P1] * Q2). The loss in consumer surplus may be calculated as:
> Ui s) =Y Uy, ), (6)
i=1 i=1

where U (y;, s) is utility for household 7 under an electricity price surcharge and U (y;, f) is
utility for household 7 under a uniform consumer ("flat-rate’) levy. The cost of environmental
emissions may be calculated as difference in the quantity of electricity generated (Q; — Q2),
scaled according to the emissions intensity of electricity (p), times the social cost of carbon

(7). Net Welfare Change (NWC) may therefore be characterised as

n

e =3 (V9 - v - (PP < @) - @ - Qs @)

i=1
7 and p parameters are chosen to correspond to the Irish 2015/16 case study, with
these data presented in Table 4. During this period, Ireland’s electricity had an emissions
intensity of 468gCOy/kWh [73]. Ireland’s electricity generation was subject to the EU
Emissions Trading System (ETS) carbon price. In 2015/16, the EU ETS price was be-
tween ¢.€7.00 — 8.50/tCO2 [72]. The High-Level Commission on Carbon Prices, a group of

leading economists working with the Carbon Pricing Leadership Coalition, concluded that
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the 2017 carbon-price consistent with achieving the Paris temperature target is at least
USD40-80/tCO2 by 2020 and USD 50-100/tCO2 by 2030 [76]. Assuming USD 1 = c.
€0.91, as was the case in 2015/2016, then the midpoint USD 60 corresponds to a social cost
of carbon of c. €54.60. Relative to this benchmark, the EU ETS underpriced emissions by

€46.10/tCO4 during this period.

Table 4: Parameters for social welfare calculation

Parameter A B Unit

Social Cost of Carbon (1) 54.60 54.60 €/tCO4
EU ETS price 850 850 €/tCOq
Uninternalised environmental externality 46.10 €/tCO,
Emissions intensity of electricity (p) 468 468 gCO2/kWh

Note: Scenario A corresponds to the situation where all externalities are assumed internalised by the EU
ETS price, while Scenario B assumes there are residual uninternalised externalities. The average EU ETS
price during 2015-2016 was c¢.€8.50, and this is therefore chosen as the benchmark price. the Carbon Pricing
Leadership Coalition, concluded that the explicit carbon-price level consistent with achieving the Paris
temperature target is at least USD 40-80/tCO2 by 2020 and USD 50-100/tCO2 by 2030 [76]. Assuming
USD 1 = €0.91, as was the case during 2015-2016, then the midpoint USD 60 corresponds to a social cost
of carbon of c. €54.60. Relative to this benchmark, the EU ETS underpriced emissions by c. €46.10/tCO-
during this period. Emissions intensity of Irish electricity generation corresponds to the value quoted by
[73].

4 Results

We present the results according to two distinct scenarios: an energy subsidy as first-best
policy (e.g. to correct for market failures with respect to innovation or household-level
under-investment in sustainable technology) and energy subsidy as second-best policy (i.e.

to internalise carbon emissions).

4.1 Energy subsidy as first-best policy (emissions fully internalised)

To compare welfare effects when emissions are fully internalised, Table 5 presents the welfare

loss associated with a uniform consumer levy and an electricity price surcharge for a range of
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assumed price elasticities of demand. As Section 3.4 has outlined, long-run price elasticities
are expected to be in the range of —0.3 to —0.8, with many studies converging on the upper
end of this spectrum.

First, we consider the aggregate welfare loss. The welfare loss associated with the flat-
rate consumer levy is calculated as the sum of the concurrent 2015/16 PSO levy (either
€1.25 or €1.34 per household, depending on time period of analysis), across 1.7 million
households. An electricity consumption surcharge further reduces consumer welfare by

distorting prices. Table 5 shows that the magnitude of this additional effect is in the order

of 1-3%.
Table 5: Change in consumer surplus by tariff type

Scenario per week per annum additional impact
Uniform consumer levy €2,164,791 €112,569,132 -
Consumption surcharge

e=—-0.2 €2,181,532 €113,439,664 0.8%
e=-04 €2,199,004 €114,348,208 1.6%
e=—0.6 €2,217,220 €115,295,440 2.4%
e=-0.8 €2,236,182 €116,281,464 3.3%

Note: The change in consumer surplus associated with the flat-rate consumer levy is calculated as the sum
of 2015/16 PSO levy payments (€1.25 or €1.31/week, depending on time of survey), across 1.7 million
households.

Table 6 isolates the difference in consumer surplus losses, calculated as the cost under a
uniform consumer levy less the additional loss under an electricity price surcharge. Welfare
losses increase with price elasticity of demand, varying from €2.72m when the price elasticity
of demand is —0.6 to €3.71m when elasticity is —0.8.

The mechanism of action warrants further discussion. If the price elasticity of demand
is more elastic, the demand curve is flatter and therefore the area under the demand curve
bounded by the two price points is smaller. This suggests that consumers incur a lesser
welfare loss with an increase in price elasticity, holding price change constant. However,
there is a counteracting surcharge effect. A revenue-neutral reform when elasticity is greater

requires that costs be recovered through a surcharge on fewer units. This requires a greater

23



surcharge per unit and this effect outweighs the diminishing loss in consumer surplus. The
net effect is for an increasing loss in consumer surplus is shown by Table 6. As predicted

by Table 5, the welfare loss created by the price distortion is relatively small.

Table 6: Switching from a consumer levy to a consumption surcharge: change in consumer
surplus

Elasticity Change (€m/annum)

e=-0.1 -0.430
(.062)
e=-0.2 -0.869
(.060)
e=-0.3 -1.318
(.061)
e=-0.4 -1.778
(.063)
e=-0.5 -2.246
(.062)
e=-0.6 2.72
(.065)
e=-0.7 -3.212
(.063)
e=-0.8 -3.71
(.062)

Note: Change in consumer surplus is calculated as difference between costs levied when flat-rate consumer
levy is in place, less the loss in consumer surplus when a volumetric surcharge is in place, relative to no
cost-recovery. Mean and standard errors calculated from 1,000 bootstrap replications

To further understand this welfare loss, Table 7 shows the distributional impact by
equivalised income quintile!’ when the price elasticity of demand is equal to —0.6'2. The
average effect is constant among income groups for the consumer levy (varying only accord-
ing to bootstrap sampling variance), however the average cost rises by income group under

the electricity price surcharge. In particular, households in income quintiles 1 and 2 incur

HEquivalised income is calculated by dividing gross disposable household income by the sum of each
household member’s equivalence value. We adopt the equivalence values used in the OECD-modified equiv-
alence scale, with the first adult in each household being assigned an equivalence value of 1, subsequent
adults taking a value of 0.5, and children taking a value of 0.3. These equivalence values capture the fact
that having additional adults in the households allows for economies of scale in consumption

12This is chosen as it corresponds to the midpoint between the expected -0.4 to -0.8 range
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a lesser cost while households in income quintiles 3 to 5 incur a greater cost. An electricity
price surcharge is more progressive than a uniform consumer levy, therefore.

The full distribution of welfare change is presented in Figure 4. A number of insights
may be observed. First, it can be seen that the distribution of impact is negatively skewed:
while the majority of households incur a change in welfare of between +/- €10, there is
a not insignificant number of households who incur a change in welfare many times that
amount. Indeed, there are many households who incur a loss in the region of €100- 200 per
annum.

Second, there are a greater number of ‘losers’ than ‘winners’ as a result of this policy
change. This is due to a number of reasons. The extent with which a household may ‘win’
has an inherent upper limit. Those who consume less electricity are net ‘winners’, with a
cap on how little you can consume (zero). However, is no upper limit on how much you can
consume. Households who consume electricity in excess of ¢.81 units (c. 20 units per week)
incur a loss. Assuming a price elasticity of —0.6, 1% of households incur a loss greater than
or equal to €172 per annum, 10% incur a loss of €57 per annum or greater, whereas 25%
incur a loss of €22 per annum or greater. These relatively large losses in consumer surplus

are among large users and correspond to the value of the electricity consumption foregone.

Table 7: Average household loss in consumer surplus imposed by each cost-recovery method

(e =—0.6)

Equvalised income quintile

1 2 3 4 5
Consumer levy 66.14 66.10 66.08 66.20 66.18

(0.001)  (0.002) (0.002) (0.003) (0.001)
Volumetric surcharge 57.49 64.66 72.74 70.65 73.25

(0.040)  (0.158) (0.111) (0.006) (0.005)
Difference 8.65 1.44 -6.66 -4.46 -7.07

(0.0417) (0.160) (0.113) (0.003) (0.004)

Note: Loss in consumer surplus calculated as cost incurred when uniform consumer levy is
in place, less the loss in consumer surplus when an electricity price surcharge is in place.
Mean and standard errors calculated from 1,000 bootstrap replications
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Figure 4: Annual household-level welfare losses due to switch from flat-rate levy to con-
sumption surcharge (¢ = —0.6)
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Figure 5 provides further insight into the distributional impact of each cost-recovery
mechanism. We find a strong distributional argument in favour of a consumption surcharge.
Figure 5 shows that there is a regressive distribution of policy costs; the uniform levy
comprises a greater share of household resources for those households in lower income or
expenditure deciles. Figures ba and 5b show that a switch to a consumption levy increases
the cost as a proportion of income for those in higher income groups, whilst the burden of
cost is reduced, on average, for those on the lower end of the income distribution.

Figure 5c¢c shows that while a uniform consumer levy represents a greater burden on
households in lower income groups, on average, the electricity consumption surcharge incurs

a wider distribution of burden within each income group. This is because of the variance
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in electricity consumption between households. Tables 8 and 9 give further distributional
insight. Switching from a per-unit to a consumption surcharge has a greater impact on
households with more children and on larger dwellings as, on average, these homes consume

more electricity.
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Figure 5: Distributional impact of energy subsidy cost (e = —0.6)
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Note: Distribution calculated based on weighted HBS 2015/2016 sample. Boxplot in Figure 5¢ excludes
outliers.
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Table 8: Average welfare change per household by household size (e = —0.6)

Inhabitants Avg. welfare change (€/hh/annum)

1-2 6.944
(0.045)

3-4 ~7.537
(0.0645)

5+ -20.570
(0.117)

Note: Standard errors in parentheses calculated from 1,000 bootstrap replications

Table 9: Average welfare change per household by number of children (e = —0.6)

Inhabitants Avg. welfare change (€/hh/annum)

1 child -3.509
(0.104)
2 children -7.094
(0.115)
3+ children -15.110
(0.164)

Note: Standard errors in parentheses calculated from 1,000 bootstrap replications

The final analysis of this section is to consider the losses in surplus due to the adoption
of an electricity price surcharge (See Tabes 5 and 6) relative to the progressive distributional
counter-effects (see Figure 5).

Figure 5 shows the welfare-maximising policy option considering the trade-off between
equity and efficiency. A matrix of scenarios comparing assumed price elasticity of demand
and inequality aversion are presented, with the darker shade indicating a societal preference
for a uniform consumer levy and a lighter shade indicating a preference for an electricity
price surcharge.

When interpreting the inequality aversion parameter (€), one must consult the empirical
literature which has identified the degree of inequality aversion implicit in many public

expenditure decisions. [50] provide a review. [38] find implied values between 1.72 and 1.94
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in relation to US income tax policy between 1979 and 1989. In a similar study of US income
tax policy, values of 1.61 were found for 1957, 1.52 for 1967 and 1.72 for 1977 by [81]. [81]
found inequality aversion values of 1.63 for the West German nominal tax schedule in 1984;
1.40 for the Italian tax schedule in 1987; and 1.59 for the Japanese tax schedule in 1987.
[74] found inequality aversion parameters of 1.97 for the UK income tax code in fiscal year
1973/4.

Stern’s (1977) paper also contains a comprehensive survey of many other approaches to
evaluating the elasticities of both private and social marginal utilities of income, reporting
values found by a range of authors for different countries using various methodologies as high
as 10 and as low as 0.4. From this review, it is clear that inequality aversion parameters
lower than 0.4 rarely correspond to the degree of inequality aversion inherent in public
policy. Indeed, the median value is greater than 1 and often greater than 1.5.

Figure 6 shows the policy option that yields the greatest social welfare, conditional on
total subsidy cost to be recovered, the degree of price elasticity and societal aversion to
inequality. One can see that under the majority of scenarios, equity takes precedence over
efficiency and an electricity price surcharge emerges as the preferred policy.

Figure 6a shows the relative ranking of cost-recovery options under the 2015/16 PSO
levy in Ireland. One can see that a uniform consumer levy is preferred only if inequality
aversion is much lower than values identified in the empirical literature, in the order of
magnitude of 0.25 or less. Should the subsidy cost burden increase, efficiency begins to take
precedence in a greater number of circumstances. This is shown in Figures 6b - 6d. These
are generally limited to scenarios where price elasticity of demand is high. Should the Irish
subsidy burden increase threefold, for instance (Figure 6¢), then a uniform consumer levy
may be preferable should price elasticity of demand be high (c. —0.8). Inequality aversion
must be in the region of 1, a value which remains on the low end of values identified in the
empirical literature.

Once costs increase by about 4.5 times, efficiency becomes a greater concern. Figure

6d shows that the uniform consumer levy becomes the optimal choice for a wider range of
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scenarios, including those where price elasticities and assumed societal aversion to inequality
converge on the range expected by the literature. However, these remain at the lower end
of the expected range and therefore one may conclude that a uniform consumer levy may
be considered in an Irish context as subsidy costs become a much greater proportion of
household expenditure. Holding everything else constant, this occurs when costs are about

4.5 times the rates of the Irish PSO levy in 2015/16.
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Figure 6: Equity vs. Loss in consumer surplus: uniform consumer levy or electricity price surcharge

(a) Subsidy cost: 2015/16 levels (b) Subsidy cost 2015/16 x2
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0.99 0.99
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(c) Subsidy cost: 2015/16 x3.5 (d) Subsidy cost: 2015/16 x4.5
Inequality aversion (g) Elasticity of Demand for Electricity Inequality aversion (g) Elasticity of Demand for Electricity
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0.25 0.25
0.5 0.5
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Note: Figure shows welfare-maximising policy option considering relative preferences for equity and efficiency. Light blue indicates
that an electricity surcharge is optimal, dark blue indicates that a uniform consumer levy is optimal. A white square indicates
parity between policy options. Data Source: 2015/2016 Household Budget Survey (HBS)



4.2 Uninternalised emissions exist

When uninternalised emissions are present, there are two sources of welfare loss. First, an
electricity price surcharge distorts prices, creating a loss in consumer surplus, a subset of
which is a deadweight loss (See Figure 3). Second, should there be uninternalised environ-
mental externalities, an electricity price surcharge mitigates against these effects. While it
does not price emissions at the efficient rate, it prices them at a rate closer to the efficient
rate. The net welfare effect when there are uninternalised emissions is therefore the value
of the deadweight loss less the uninternalised environmental externalities.

In our considered 2015/16 scenario, the price of carbon emissions was c. €8.50 per
annum. This is less than the expected social cost of carbon of €54.60. We calculate these
effects under the counterfactual where there is (1) a carbon price surcharge of 46.10, such
that the total cost of carbon corresponds to the expected social cost of carbon of €54.60
(US$ 60) and (2) an electricity price surcharge for 2015/16 energy subsidy cost recovery.
Average effects per household are shown in Table 10, while total effects are shown in Table
11.

One can see that societal welfare net of both deadweight loss and avoided carbon emis-
sions, is greatest should carbon be priced at a rate equal to the social cost of carbon. The
deadweight loss in welfare is less than the avoided negative welfare effects of carbon emis-
sions. When carbon is not priced at a rate equal to the social cost of carbon, Tables 10
and 11 show that an electricity price surcharge also yields a positive change in welfare; the
positive effects due to avoided emissions outweigh the negative effects due to a deadweight
loss. This is a second-best outcome relative to an efficient carbon price. As such, in the
absence of a fully-internalised social cost of carbon, an electricity price surcharge may have
a positive effect on societal welfare, should the additional price effect be less than or equal

to that expected under an appropriately priced social cost of carbon.
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Table 10: Average change in social surplus: carbon price and electricity price surcharge

e=0 e=-02 e€e=-04 e=-06 €e=-0.38

€ € € € €
Target-consistent carbon price supplement (€46.10/tC0O2)
Change DWL 0 -0.996 -1.963 -2.902 -3.814

; (0.0005) (0.001)  (0.0016)  (0.002)
Change Ext 0 2.035 4.027 5.977 7.884

; (0.001)  (0.002)  (0.003)  (0.004)
Net 0 1.040 2.065 3.075 4.070

(0.001)  (0.001)  (0.002)  (0.002)

Electricity price surcharge

Change DWL 0 0513 -1.047  -1.604  -2.186
- (0.000)  (0.001)  (0.001)  (0.001)
Change Ext 0 1.042 2.133 3.278 4.482
- (0.001)  (0.001)  (0.002)  (0.002)
Net 0 0.529 1.086 1.674 2.296

(0.000)  (0.001)  (0.001)  (0.001)

Note: Change calculated as difference between welfare before any additional price surcharge and the spec-
ified scenario. Standard errors in parentheses calculated from weighted HBS sample using 1,000 bootstrap
replications. All calculations rounded to three decimal places.

Table 11: Total annual change in social surplus: carbon price and electricity price surcharge

e=0 e€=-0.2 e=—-04 e=-—0.6 e=—0.8

€ € € € €
Target-consistent carbon price supplement (€46.10/tCO2)
Change DWL 0 -1,695,219 - 3,341,079 - 4,939,282 -6,491,531
Change Ext 0 3,463,625 6,854,063 10,173,015 13,418,781
Net 0 1,770,108 3,514,686 5,233,733 6,927,250
Electricity price surcharge
Change DWL 0 - 873,140 -1,782,022 - 2,730,051 - 3,720,631
Change Ext 0 1,773,512 3,630,424 5,579,245 7,628,485
Net 0 900,372 1,848,401 2,849,193 3,907,854

Note: Change calculated as difference between welfare before any additional price surcharge and the specified
scenario. Total calculated as average (Table 10) multiplied by HBS population.
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5 Conclusion

The specification of efficient electricity tariffs requires the consideration of efficiency, equity,
and environmental concerns. Well-established economic principles exist to guide efficiencys;
price should equal marginal cost and a carbon price equal to the social cost of carbon
should be employed to internalise emissions externalities. Should innovation or capital
investment not be served adequately by the market, a subsidy may be efficient. Should
an efficient carbon price be infeasible due to institutional or political economy constraints,
then a subsidy may also be considered as a second-best option. In both circumstances, costs
must be recovered, with many markets choosing to do so through electricity consumer-levied
surcharges.

This paper focusses on the welfare impacts of the two most common cost-recovery meth-
ods; a uniform consumer levy and an electricity price surcharge. We show that the method
of cost-recovery is important, for equity, efficiency and environmental impacts. Taking an
Irish case study, we show that an electricity price surcharge leads to an additional loss of
consumer welfare of up to 3.3% per annum. However, an electricity price surcharge has a
less progressive distribution of incidence; households in the lower end of the income distri-
bution would benefit, on average, with the subsidy burden concentrated to a greater extent
among wealthier households.

Comparing equity and efficiency effects, we show that the distributional and environ-
mental benefits outweigh impacts on consumer welfare and efficiency. This pattern holds
unless policy costs grow considerably and, even at this point, a uniform consumer levy
is only cost-effective under scenarios of high price elasticity of demand and low levels of
inequality aversion.

The final contribution of this paper is to compare welfare losses due to an electricity price
surcharge, relative to the avoided carbon emissions from electricity consumption foregone.
As expected, a carbon price equal to the social cost of carbon maximises societal welfare.

However, we illustrate that, when carbon pricing is constrained to a value that is less than
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the social cost of carbon, and subsidies are used for second-best climate policy, an electricity
price surcharge can lead to the welfare-maximising outcome should the surcharge be less
than or equal to price of the uninternalised externality.

This research has a number of important policy implications. This is the first to demon-
strate that the method of cost-recovery is important for equity, efficiency and environmental
purposes. Second, we show that a tariff structure that is prima facie inefficient is potentially
optimal, conditional on the magnitude of the cost and societal preferences for equity relative
to efficiency. Finally, we show that the choice of energy subsidy cost-recovery can be used
as a tool in a second-best world where carbon pricing is constrained to a level below social

cost.
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Appendix A Tariff Calculation

Each household must be matched with a electricity tariff representative of that which they

faced in 2015/16. This allows us to elicit household-level PSO payments and quantity of

electricity consumed. This is required as the HBS does not contain consumption volume

or tariff data. The representative tariff is constructed in the following way. Ireland’s retail

electricity market was dominated by four suppliers in 2015/2016: Electric Ireland, Bord

Gais, SSE Airtricity and Energia. Electricity tariffs change through time and, unfortunately,
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an archive of tariffs is unavailable. Two methods were taken to specify a set of representative
tariffs. First, each supplier publishes their current tariffs online. While a supplier archive
does not exist, an internet archive provides a snapshot of published tariffs at a given moment.
This archive was consulted to identify a representative tariff from each supplier. The internet
archive contains intermittent snapshots and the available snapshot that is closest to the HBS
sample period is chosen.

The tariffs available on the internet archive are as follows. For Electric Ireland, Septem-
ber 2014 [Standard] and September 2015 [NightSaver| tariffs are available, For SSE Airtric-
ity, tariffs for April 2015 are available. For Bord Gais, tariffs for March 2015 are available.
For Energia, tariffs for November 2017 are available. For the standard tariffs, Tables 12- 15
lists each tariff (including VAT) and weighs the tariff according to market share (excluding
minor participants such as PrePayPower, Pinergy and ‘others’ who collectively serve ¢.5%
of the market). These data are obtained from [14]. Tables 16- 21 carry out this process for
the nightrate tariff.

Under a standard tariff, all units consumed have the same volumetric price. Under a
‘NightSaver’ tariff, day and night consumption are subject to different prices. The HBS does
not provide information on tariff type. Following [33] and [37], we use electric heating as a
proxy for being on the NightSaver tariff, as the day/night meter is generally recommended
for those with electric storage heaters. When calculating consumption, We assume 60%
peak and 40% off-peak usage, following the assumptions of [33] and [37]. The resulting a
weighted average volumetric tariff for urban and rural customers is outlined in Tables 22
and 23.

To validate our choice of tariffs, a second source is consulted. The Commission for
Regulation of Utilities (CRU) has published the average electricity tariff for the 2015/16
time period. This tariff is shown in Table 28, yielding a very a similar tariff calculation.

The process of calculating the average tariff of Table 28 is outlined in Tables 24 -
27, weighted according to the market share data of [14]. Table 24 calculates the average

expenditure per supplier. Table 25 subtracts the PSO levy. Table Table 26 calculates the
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Table 12: Representative Standard Volumetric Tariff (€/ kWh): Urban Households

Firm Market share €/kWh Urban Weighted Average Price
Electric Ireland 0.629 €0.1931 €0.1215
SSE Airtricity 0.163 €0.1908 €0.0311
Bord Gdis 0.163 €0.1831 €0.0298
Energia 0.044 €0.1890 €0.0083

TOTAL: €0.1907

Table 13: Representative Standard Tariff Standing charge: Urban Households

Firm Market share Standing Charge Weighted Average Price
Electric Ireland 0.629 €139.61 €87.81
SSE Airtricity 0.163 €162.53 €26.49
Bord Gdis 0.163 €149.41 €24.35
Energia 0.044 €158.05 €6.95
TOTAL/annum: €145.62

TOTAL /week: €2.80

average standing charge. This is subtracted from the expenditure, along with the PSO, in

Table 27. Finally, a weighted price is calculated in Table 28

Appendix B Sensitivity to tariff calculation

To further ensure the robustness of the tariff specification, a sensitivity analysis is carried
out. Lower and upper bound tariffs are assumed to show that the results of this paper are
insensitive to the chosen tariff calculation methodology presented above. We specify tariffs
that are upper and lower bounds of the calculated tariffs, 4+/i 10%. Figure * shows that
resulting distributional analysis is insensitive to this choice of tariff.

To ensure that our results are not sensitive to the assumed rate of disaggregation between
day and nighttime usage for households on the ‘Nightsaver’ tariff, a sensitivity analysis is

carried out. We vary the assumed 60% day/40% night split to 75% day/25% night and 40%
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Table 14: Representative Standard Volumetric Tariff (€/ kWh): Rural Households

Firm Market share €/kWh Rural Weighted Average Price
Electric Ireland 0.629 €0.1931 €0.1215
SSE Airtricity 0.163 €0.1947 €0.0317
Bord Gdis 0.163 €0.1835 €0.0299
Energia 0.044 €0.1890 €0.0083

TOTAL: €0.1914

Table 15: Representative Standard Tariff Standing charge: Rural Households

Firm Market share Standing Charge Weighted Average Price
FElectric Ireland 0.629 €186.13 €117.08
SSE Airtricity 0.163 €204.03 €33.26
Bord Gdis 0.163 €187.56 €30.57
FEnergia 0.044 €201.00 €8.84
TOTAL/annum: €189.75

TOTAL /week: €3.65

day and 60% night. 25% is a lower bound for off-peak consumption as below this figure it
is more costly to be on a NightSaver meter than a standard 24hr meter.
Finally, Figure 77 shows that the inclusion of the household benefits package reduces

the magnitude of the regressive burden but the pattern remains the same.

Appendix C Distribution of energy subsidy cost per unit
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Table 16: Urban Nightsaver: €/kWh (day)

Firm Market share €/kWh Weighted Average Price
Electric Ireland 0.629 €0.2011 €0.13
SSE Airtricity 0.163 €0.2079 €0.03
Bord Gais 0.163 €0.1969 €0.03
Energia 0.044 €0.2073 €0.01
TOTAL: €0.2016
Table 17: Urban Nightsaver: €/kWh (night)
Firm Market share €/kWh Weighted Average Price
Electric Ireland 0.629 €0.0994 €0.06
SSE Airtricity 0.163 €0.1029 €0.02
Bord Gadis 0.163 €0.0975 €0.02
Energia 0.044 €0.0993 €0.00
TOTAL: €0.0996
Table 18: Urban Nightsaver: standing charge
Firm Market share Standing Charge Weighted Average Price
Electric Ireland 0.629 €191.64 €120.54
SSE Airtricity 0.163 €208.92 €34.05
Bord Gdis 0.163 €196.47 €32.02
Energia 0.044 €197.99 €8.71
TOTAL/annum: €195.33
TOTAL/week: €3.76
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Table 19: Rural Nightsaver: €/kWh (day)

Firm Market share €/kWh Weighted Average Price
Electric Ireland 0.629 €0.2011 €0.1265
SSE Airtricity 0.163 €0.2079 €0.0339
Bord Gadis 0.163  €0.2006 €0.0327
Energia 0.044 €0.2073 €0.0091

TOTAL: €0.2022

Table 20: Rural Nightsaver: €/kWh (night)

Firm Market share €/kWh Weighted Average Price
Electric Ireland 0.629 €0.0994 €0.06
SSE Airtricity 0.163 €0.1029 €0.02
Bord Gdis 0.163 €0.0992 €0.02
Energia 0.044 €0.0993 €0.00

TOTAL: €0.0998

Table 21: Representative Rural Nightsaver Tariff: Standing Charge

Firm Market share Standing Charge Weighted Average Price
Electric Ireland 0.629 €242.64 €152.62
SSE Airtricity 0.163 €254.40 €41.47
Bord Gdis 0.163 €243.40 €39.67
Energia 0.044 €251.88 €11.08
TOTAL/annum: €244.84
TOTAL/week: €4.71
Table 22: Representative Urban Nightsaver €/kWh Tariff

Period Tariff Proportion of use Weighted tariff

Day €0.2016 0.6 €0.1210

Night €0.0996 0.4 €0.0398

Weighted average €0.1608
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Table 23: Representative Rural Nightsaver € /kWh Tariff

Period Tariff Proportion of use Weighted tariff
Day €0.2022 0.6 €0.1213
Night €0.0998 0.4 €0.0399

Weighted average €0.1613

Table 24: Annual average household expenditure incl. SC, PSO & VAT

Supplier Jan-15 Exp. Jan-16 Exp. Average Exp. Price (€/kWh)
Electric Ireland 1211 1182 1196.5 0.226
Energia 1253 1228 1240.5 0.234
Bord Gais 1218 1169 1193.5 0.225
SSE Airtricity 1271 1218 1244.5 0.235

Note: Data pertain to average household expenditure for 5300kWh annual consumption.
Calculation includes standing charge, PSO & VAT. ‘Jan-15 Exp.” pertains to the average
expenditure for January 2015, ‘Jan-16 Exp.’ pertains to the average expenditure for January
2016. ‘Average Exp.’ refers to the average of these two numbers.

Table 25: Annual average household expenditure incl. SC & VAT

Supplier Average Exp. Exp. less PSO Price (€/kWh)
Electric Ireland 1196.5 1128.26 0.213
Energia 1240.5 1172.26 0.221
Bord Gais 1193.5 1125.26 0.212
SSE Airtricity 1244.5 1176.26 0.222

Note: Data pertain to average household expenditure for 5300kWh annual consumption.
Average Exp. pertains to average expenditure including standing charge, PSO & VAT (See
table 24. ‘Exp. less PSO’ refers to average expenditure less a PSO of €68.24. This is the
average PSO for 2015/16 as calculated by [14]. Price (€/kWh), refers to the average price
inclusive of the standing charge and VAT alone.
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Table 26: Annual Average Standing Charge

Supplier Jan-15 S.C. Jan-16 S.C. Average S.C
Electric Ireland 122 127 124.5
Energia 140 139 139.5
Bord Gais 131 130 130.5
SSE Airtricity 144 138 141

Note: Data pertain to average household expenditure for 5300kWh annual consumption.
Calculation includes VAT. ‘Jan-15 S.C.’ pertains to the average standing charge for January
2015, ‘Jan-16 S.C.” pertains to the average standing charge for January 2016. ‘Average S.C’
refers to the average of these two numbers.

Table 27: Annual average household expenditure incl. VAT

Supplier Average Exp. Less PSO Less S.C. Price (€/kWh) incl. VAT
Electric Ireland 1196.5 1128.26 1003.76 0.189
Energia 1240.5 1172.26 1032.76 0.195
Bord Gais 1193.5 1125.26 994.76 0.188
SSE Airtricity 1244.5 1176.26 1035.26 0.195
Table 28: Weighted Average Tariff (Alternative Calculation)
Supplier Price (€/kWh) Market Share Weighted Price (€/kWh)
Electric Ireland 0.1894 0.6290 0.1191
Energia 0.1949 0.1630 0.0318
Bord Gaéis 0.1877 0.1630 0.0306
SSE Airtricity 0.1953 0.0440 0.0086
Average: 0.1901

Note: Data pertain to average volumetric tariff as calculated by Tables 24 - 27, weighted
according to the market share data of [14].
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Figure 7: PSO burden as a proportion of income for alternative tariff calculations

Sensitivity to modelled price
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Note: Bars calculate PSO costs as a proportion of household equivalised disposable income.
Price + 10% represents a scenario where the assumed baseline volumetric prices and stand-
ing charges are increased by 10%. Price - 10% represents a scenario where the assumed
baseline volumetric prices and standing charges are reduced by 10%
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Figure 8: PSO burden as a proportion of income for alternative day/night consumption

disaggregations
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Note: We vary the assumed 60% day/40% night split to 75% day/25% night and 40% day
and 60% night. 25% is a lower bound for off-peak consumption as below this figure it is
more costly to be on a NightSaver meter than a standard 24hr meter.
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Figure 9: PSO burden as a proportion of equivalised disposable income: before and after
accounting for the household benefits package

Sensitivity to modelled price
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Note: We vary the assumed 60% day/40% night split to 75% day/25% night and 40% day
and 60% night. 25% is a lower bound for off-peak consumption as below this figure it is
more costly to be on a NightSaver meter than a standard 24hr meter.
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Figure 10: Annual household-level welfare losses due to switch from flat-rate levy to con-
sumption surcharge (¢ = 0)
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Figure 11: Annual household-level welfare losses due to switch from flat-rate levy to con-
sumption surcharge (e = —0.2)
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Figure 12: Annual household-level welfare losses due to switch from flat-rate levy to con-
sumption surcharge (e = —0.4)
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Figure 13: Annual household-level welfare losses due to switch from flat-rate levy to con-
sumption surcharge (e = —0.6)
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Figure 14: Annual household-level welfare losses due to switch from flat-rate levy to con-
sumption surcharge (e = —0.8)
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Figure 15: Energy subsidy cost as a proportion of equivalised disposable income (e = 0)
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Note: Distribution calculated based on weighted HBS 2015/2016 sample. Figure excludes outliers
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Figure 16: Energy subsidy cost as a proportion of equivalised disposable income (¢ = —0.2)
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Note: Distribution calculated based on weighted HBS 2015/2016 sample. Figure excludes outliers
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Figure 17: Energy subsidy cost as a proportion of equivalised disposable income (¢ = —0.4)
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Note: Distribution calculated based on weighted HBS 2015/2016 sample. Figure excludes outliers
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Figure 18: Energy subsidy cost as a proportion of equivalised disposable income (¢ = —0.6)
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Note: Distribution calculated based on weighted HBS 2015/2016 sample. Figure excludes outliers
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Figure 19: Energy subsidy cost as a proportion of equivalised disposable income (¢ = —0.8)
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Note: Distribution calculated based on weighted HBS 2015/2016 sample. Figure excludes outliers
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