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ABSTRACT

France and South Korea have implemented voucher programs to counter energy
poverty. In contrast to goods that traditional voucher programs target, the market
structure that dominates energy supply is the oligopoly. In this paper, we study the
price impact of vouchers in this market structure. We first state conditions on de-
mand elasticities that make the choice of vouchers consistent with the regulator’s
objective of eliminating energy poverty. We then model a game between energy
suppliers and the regulator, where suppliers maximize profit while the regulator
ensures that no consumer spends more than a given share of income on energy.
From a benchmark case without vouchers, we show that vouchers reduce the en-
ergy price under simultaneous decision making or when the regulator moves first.
However, the price impact of vouchers is ambiguous if firms move first. This sce-
nario’s price is above the price of the simultaneous decision scenario’s price.
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1. INTRODUCTION

France and South Korea have recently implemented vouchers that allow consumers to pay
for energy services such as electricity and gas. The objective of this program is to counter “energy
poverty”, which occurs when “a household is unable to afford the most basic amount of energy for
adequate heating, cooking, lighting, and use of appliances in the home” (Charlier and Legendre,
2019). Both countries measure energy poverty by the criterion proposed by Boardman (1991) in
her seminal contribution on the subject:' households who spend more than 10% of their income on
energy housing services (ADEME, 2018 and MOTIE, 2014). By this criterion, the problem seems
far-reaching: the Environment and Energy Management Agency of France estimates that 3.8 million
French households—or 14 % of households—were energy poor in 2018 (ADEME, 2018). Accord-
ing to the Ministry of Trade, Industry and Energy of South Korea, the corresponding number for this
country is 1.78 million households, or 11.6% of households in 2011 (MOTIE, 2014). The voucher
programs are thus of a large scale: the French Ministry for the Ecological and Inclusive Transition
mentions that 3.6 million households® received them in 2018 for an average amount of €150 per

1. Boardman initially used the term “fuel poverty”, but this term has come to be considered narrow and is now being
replaced by the term “energy poverty” (MacKerron, 2012). For our purposes, “energy poverty” is more appropriate because
the voucher programs considered allow the purchase of electricity and gas and because it corresponds to the translation of
“précarité énergétique”, which is the term used in the French regulation.

2. The website mentions that this number should increase by 2.2 million in 2019.
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household and per year (MEIT, 2018 and MEIT, 2019). Even though, to our knowledge, there is no
governmental source that supplies such statistics in South Korea, by coupling data from Yun and
Park (2017) and Yoo and Seo (2018), we can estimate that 1.57 million Korean households were
eligible for vouchers in 2015, for an average of approximately 101,000 won (¥).> Programs of such
scale are likely to have a significant impact on market demand.

Although the use of vouchers to subsidize necessary goods has existed for a long time, they
traditionally target goods supplied by private firms with relatively low market power at the national
level (e.g. food and housing) or by non-profit organizations (e.g. education and health care).* In
contrast, the market structure that dominates energy supply is one of a national oligopolistic network
industry.’ Firms of such an industry can have a strategic response to any policy that impacts it.

This paper studies the impact of voucher distribution on the final price of the targeted good
(hereafter, energy) in the context of an oligopolistic industry. Its main contribution is to the liter-
ature on vouchers and it is threefold. First, we take into account the strategic reaction of firms on
the supply side of the market, while the rare theoretical papers that study the impact of vouchers on
the equilibrium price, such as Bradford and Shaviro (1999), consider a passive supply side with the
usual upward sloping supply curve. Second, we endogenize the value of vouchers that the regulator
emits instead of considering that vouchers are an exogenous shift of the demand curve. Third, we
state demand conditions under which vouchers are potentially an adequate redistributive instrument
in an oligopolistic market.

We also contribute to the literature on energy poverty because, while this literature has
focused mainly on the measurement of energy poverty, we focus on the impact of an actual program
aimed to fight it. As mentioned by Chaton and Lacroix (2018), “[t]he lack of consensus on a defini-
tion obviously makes it difficult to determine how to measure fuel poverty” . Thomson et al. (2017)
classify proposed measurement methods in three approaches: the expenditure, the consensual and
the direct approaches.® The Boardman definition used by the French program belongs to the first
approach. However, within this approach, there are also debates on the way to measure expenditure,
the proper concept of income to be used as well as the expenditure-to-income ratio to use (Moore,
2012).7 Our model is general enough to make our results independent of the exact way energy ex-
penditure or income are defined or measured within the expenditure approach.® We thus extract our-
selves from the measurement debates on energy poverty to rather determine the foreseeable market
consequences of an actual policy implemented to fight it.

More precisely, we aim to determine whether a voucher program has a price impact over
and above its redistributive impact. Other policy measures have been proposed to fight energy pov-
erty. For instance, a regulatory approach is to impose increasing block pricing, so that basic con-
sumption is cheaper than less necessary consumption. A comparative advantage of the voucher
program is its relative simplicity and the fact that it separates the distribution policy from the realm
and the complexities of the industry regulation. Accordingly, Léautier (2019, p. 130), considers
vouchers to be “much less disruptive, hence preferred by economists” . However, to our knowledge,

3. The average exchange rates for 2018 were €1.18/U.S.$ and ¥0.00091/U.S.$ (Bank of Canada, 2019).

4. In the case of education, the purpose of vouchers is to increase, through increased competition, the quality rather than
the quantity of service.

5. Measures of industry concentration for the specific cases of France and South Korea are given in Section 2.

6. We describe these approaches in Section 6.

7. Some of the measures even dispense with the income measure such as the “fuel poverty ratio with a dynamic threshold
based on twice median spending”, one of the six energy poverty measurements that Hills (2011) proposes.

8. In section 6, we discuss extensions that would allow us to evaluate the price effect when energy poverty is measured
along the two other approaches.

All rights reserved. Copyright © 2021 by the IAEE.
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the impact of this redistribution policy on price has not been analyzed, so that this preference is not
necessarily warranted. In particular, the prospect that vouchers could bring a price increase and,
consequently, could themselves have a perverse detrimental effect on energy poverty has not been
considered and analyzed.

In our modelization of voucher programs, we adopt a positive approach. The main reason
is that economic justifications of vouchers are not a settled issue in terms of the regulator’s objective
that underlie them and of their efficacy to meet this objective relative to cash transfers. For instance,
Bradford and Shaviro (1999) invoke paternalism, externalities and distribution as potential moti-
vations to implement vouchers. We remain agnostic about these motivations and rather observe
that vouchers have been implemented for a long time for various commodities, such as food and
education, and that there is a recent trend to extend them to new commodities, such as energy. In
our case, we take as given the policy of eliminating energy poverty and we model it as a constraint
to the regulator. We analyze the price impact of this policy under the assumption that it is pursued
at minimum cost.’

In this approach, we first state conditions on individual and aggregate energy demand elas-
ticities that make the choice of vouchers consistent with the elimination of energy poverty. We then
model a game between the energy suppliers and the regulator, where firms maximize profit under
Cournot competition, while the regulator emits vouchers in quantities that ensure that no consumer
spends more than a given share of her income on the targeted good. From a benchmark case with
no vouchers, we analyze the impact of their introduction in three settings: one where firms and the
regulator make decisions simultaneously, one where firms move first and one where the regulator
moves first. The first setting corresponds to a case where neither the industry nor the regulator has a
commitment power that enables it to announce its decision first and stick to it. The two others corre-
spond to cases where this commitment power exists for the firms or for the regulator.

We impose two conditions on individual energy demand elasticities. First, the individual
income elasticity is less than one, i.e. energy is a necessary good. Second, the individual price elas-
ticity increases with income.!® Since a prime cause of energy poverty is high energy prices,!! the ab-
sence of any one of these conditions would make vouchers an inadequate instrument to ensure that
low-income consumers do not spend more than 10% of their income on energy. On the one hand, if
energy were a luxury good, it is the richest consumers who would be at risk of exceeding this 10%
threshold. On the other hand, if the poorest consumers had an elastic demand, a “solution” to energy
poverty would be to favor an energy price increase, as it would bring a reduction in the expenditure
of energy. This would contradict the perception that high prices, due to either a lack of competition
and/or environmental policies, are the sources of the problem.

On the supply side, we analyze the impact of vouchers on the “overall” market power of the
industry, as defined by the difference between the final price paid by the consumer and the marginal
cost of producing, transporting and delivering energy to this consumer.!> We thus abstract from the
many complexities of the energy industry markets and of the national regulatory frameworks, in-

9. Accordingly, ex ante energy poor consumers are necessarily beneficiaries of programs. Depending on the price impact,
other consumers will see their surplus increase or decrease, while the surplus of ex ante energy poor consumers will be greater
or lower than that expected without taking this impact into account.

10. We also make a sufficient condition on aggregate demand to ensure the existence and uniqueness of the market equi-
librium.

11. The French observatory of energy poverty (ONPE, 2016) sees energy poverty as the combination of four factors: the
price of energy, household income, poor housing conditions or heating equipment, and household habits.

12. This approach allows us to conform to the formal definition of market power, which is: “[t]he ability to alter profitably
prices away from competitive levels” (Mas-Colell et al, 1995, p. 383).

Copyright © 2021 by the IAEE. All rights reserved.
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cluding regulations on vertical integration or separation. In practice, market power can be exercised
in many different ways at any stage of production,' and the exact source of the price markup is im-
material to us. To avoid the intricate difficulties of measuring concentration in the energy industry'*
and to relate the analysis to the simplest industrial organization model possible, we use a Cournot
model and represent the industry structure by the number of firms.

Under these conditions, we show that the implementation of the voucher program reduces
the energy price under simultaneous decision making or when the regulator moves first. However,
the impact of vouchers on the energy price is ambiguous if firms move first. This scenario’s price
is above the price of the simultaneous decision scenario’s price. The possibility of a price reduction
can be surprising at first since diverting the consumption towards energy to a certain extent would
seem to increase the market power of energy suppliers. This does not occur because the distribution
of vouchers increases the price elasticity of demand of eligible consumers, so that it in fact decreases
the market power of suppliers. This reduction of market power can, however, be partially or fully
countered by firms when they move first.

A surprising policy implication of the paper is that vouchers have the potential to partially
reinstate price control over a deregulated energy industry in particular or over any oligopolistic
industry in general. The literature on public policy suggests the possibility of a causal link between
energy market restructuring and energy poverty. For instance, Haber (2011), Majone (1997) and
Finger and Finon (2010) argue that market efficiency is the primary goal of restructuring and that the
core mandate of regulatory agencies is to eradicate market failures rather than pursue social justice
or equity. Empirically, Poggi and Florio (2010) provide evidence that privatization and vertical dis-
integration in Europe has increased the probability that consumers experience energy poverty. They
also comment that the opening of markets in electricity and gas in the European countries have “not
yet been effective enough in containing the effects of the [privatization and disintegration] reforms
on the most vulnerable users.” * Similarly, Chester and Morris (2011) contend that “[t]he numbers
judged energy-poor are most prevalent in countries with restructured electricity sectors.” Florio
(2014) concludes that “[o]ne clear policy implication of our research is that in energy industries,
consumers still need a specific regulatory environment to protect them...This protective regulatory
attitude would particularly be important to address concerns for energy poverty.” Another source
of the price increase behind energy poverty can be the cost of environmental policy. For instance,
Poser et al. (2014) mention that “[r]etail electricity prices have increased in Germany due in part to
the generous subsidies for renewable energy” and Léautier (2019, p. 287) that “in 2016, a German
retail customer paid €30/MWh for the wholesale cost of energy and around €60/MWh for the RES
[renewable energy source] subsidy.” Neuhoff et al. (2013) also observe that “[s]ince 2008...elec-
tricity prices have increased in real terms by twelve percent because of the rising EEG [Renewable
Energy Sources Act] charges” and that poor households are unsurprisingly the most affected: “while
0.9 percent of the consumer spending of the ten percent of households with the lowest income will
be for the EEG surcharge in 2013, this figure is just 0.4 percent for the highest income decile” .
Whatever the reason that is at the source of energy poverty,'® we show that it is possible to use

13. Inaddition to concentration at the generation and retail stages, market power can depend on transmission constraints,
the absence of forward markets, horizontal differentiation of retailers, a lack of information among final consumers, etc. Léau-
tier (2019) gives comprehensive treatments of market power at each stage of production.

14. See Stoft (2002) for an account of these difficulties.

15. The most recent year of sample data is 2005.

16. Factors outside the energy industry have also contributed to energy poverty. For instance, Miniaci et al. (2014) men-
tion that, in general, energy affordability “problems are likely to have been exacerbated by the recent financial crisis” and
confirm this has been the case for Italy in particular.

All rights reserved. Copyright © 2021 by the IAEE.
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vouchers as a substitute for price regulation if given demand conditions are satisfied in spite of the
energy suppliers market power,

The next section briefly describes the energy voucher programs as well as the electricity
and gas industry structures in France and South Korea. In Section 3, we develop the benchmark
model with the consumers’ and firms’ behaviors, including the conditions on demand elasticities,
prior to the introduction of vouchers. Section 4 analyzes the impact of the presence of vouchers
on these behaviors and presents the regulator’s policy. In Section 5, we model a game between the
regulator and the industry and analyze three cases: (7) the regulator and the industry’s firms make si-
multaneous decisions, (if) the regulator moves first, and (7i7) the firms move first. Section 6 discusses
the robustness of the results to a change in the definition of energy poverty. We conclude with the
lessons that the model brings and with some extensions that can be envisioned.

2. ENERGY VOUCHER PROGRAMS IN FRANCE AND SOUTH KOREA
2.1 France

The energy voucher scheme has been implemented in France since 2018, after two years
of experimentation in four French departments. In 2016 and 2017, approximately 17,000 energy
vouchers were distributed in the four departments. Eligibility is defined along two parameters: the
household reference tax revenue (RTR) and the number of units of consumption (UC). The latter is
a weighted measure of the household size: the first person of the household corresponds to 1 UC,
the second to 0.5 UC, and each additional person to 0.3 UC. In 2018, housecholds with income less
than or equal to €7,700 per year and per UC were eligible.!” This threshold was increased to €10,700
in 2019. For eligible consumers, the face value of vouchers (all taxes included) depends on the RTR
per unit of UC as described in Table 1.

Table 1: Voucher Allocations

Level of RFR/UC (€)

0-5,600 5,600-6,700 6,700-7,700 7,700-10,700
2018 2019 2018 2019 2018 2019 2018 2019
1UC 144 194 96 146 48 98 — 48
1<UC<2 190 240 126 176 63 113 — 63
2UCor+ 227 277 152 202 76 126 — 76

The following energy expenses can be paid with an energy voucher: electricity, natural gas,
heat, liquified petroleum gas (LPG), heating oil, wood, biomass, or other fuels intended for heating
or hot water production. Energy vouchers can also be used for energy efficiency renovations.

The evaluation report of the 2016-2017 by the French Ministry for the Ecological and
Inclusive Transition (MEIT, 2018) mentions that the distribution of beneficial households in 2017
was as given in Table 2.

The average amount of energy vouchers is €150. Almost 70% of the beneficiaries are in the
lowest income range. For these poor households, the average amount of energy vouchers is approx-
imately €170. In 2019, an increase in the face value of the energy vouchers will make the average
amount reach €200 per household and per year.

17. For instance, couples with two children are eligible if their income is below €16,170.

Copyright © 2021 by the IAEE. All rights reserved.
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Table 2: Distribution of Beneficiaries
Level of RFR/UC (€)

0-5,600 5,600-6,700 6,700-7,700
1UC 31% 6% 7%
1<UC<2 23% 5% 5%
2UCor+ 15% 4% 4%

During the experiment, 9 of 10 vouchers were used to pay an electricity or gas bill: 61.5%
for electricity and 29% for natural gas. Only 6.4% of vouchers were used to pay heating fuel, and
2.6% to pay wood, domestic LPG, or other fuels. A residual 0.05% was used for efficiency reno-
vations (MEIT, 2018). In brief, the bulk of voucher expenditures were made on electricity and gas.

It turns out that electricity and gas are concentrated industries. The French regulator for the
energy sector, the Commission de régulation de 1’¢lectricité (CRE, 2019a), (CRE, 2019b), reports
a quarterly HHI for electricity generation that varies between 4,201 (Q2) to 7,362 (Q3) in 2018 as
well as HHIs over 4,000 for the electricity and natural gas retail sectors at the end of the second
quarter 2019.'8

There are regulated end-user prices for both electricity and gas that are offered by in-
cumbent suppliers. Non-regulated end-user prices can be proposed by entrants and by incumbents.
Although the proportion of consumers under the regulated tariffs is still very important, there are
recent signals that it is decreasing: CEER (2018) reports that 86% of electricity household consum-
ers and 53% of gas household consumers were under regulated prices in 2016, while these numbers
decreased to 82% and 46%, respectively, in 2017.

2.2 South Korea

In January 2014, the South Korean government announced the introduction of an energy
voucher program in its 2nd National Energy Master Plan (MOTIE, 2014). This voucher program
concerns various types of energy, including electricity, gas and kerosene, to ease the energy burden
on low-income families during the winter season. Eligibility includes all “Basic Livelihood Pro-
gram” beneficiaries as well as the disabled, elderly and families with young children in the second
lowest income bracket.!” The amount allocated depends on the size of the household: ¥84,000 for
single-person household, 108,000 for a two-person household and ¥ 121,000 for households with
three or more persons (Yoo and Seo, 2018). Coupling these data with those found in Yun and Park
(2017) allows us to estimate the average voucher value at %101,000.

Yun and Park (2017) also provide separate proportions of eligible households by income
decile and by household size, as presented in Tables 3 and 4 for the 2006-2015 period.?

Table 3: Proportion of Eligible Consumers by Income Decile

Income Decile 1 2 3 4 5to 10
% 60.2 22.7 34 0.3 0.0

18. These are the last data available. The CRE considers that a HHI between 2,500 and 10,000 indicates a high market
concentration, (CRE, 2019a, p. 11). Note that all gas in France is imported, so that there is no production sector.

19. The Basic Livelihood Program is the general social security program for the poor. It is offered to households whose
main earners’ income is below a given percentage of the standard expenses for basic livelihood (130% in 2011 according to
Jeon and Chung, 2011). A family in the second lowest income bracket is “a family whose income is under 120% of the mini-
mum cost of living” (MOTIE, 2014).

20. Because data on the number of households in each decile are not presented, we cannot couple the data of these tables
to present the percentage of households by per capita income.

All rights reserved. Copyright © 2021 by the IAEE.
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Table 4: Proportion of Eligible Consumers by Household Size

Household Members 1 2 3 4 5 and more
% 19.6 13.9 3.5 1.9 4.1

These data suggest patterns that are similar to those of the French case. In both cases, the
lowest-income households are the main beneficiaries of vouchers.

Wherever access to natural gas is ensured, the use of vouchers in South Korea is likely to
be similar to the one observed in France:?! in urban areas, the share of energy expenditures spent on
electricity was 47.6% and the share spent on gas, which has a penetration rate of 90.5%, was 41.6%.
However, because of a gas penetration rate of only 52.9% in rural regions, the share of energy ex-
penditures on gas is only 19.9%. Since electricity has a national penetration, it gets a 50.6% energy
spending share. Other energy sources, mainly kerosene and LPG, take up the remaining 29.5%. As
the absence of natural gas increases total energy expenditure, Yoo and Seo (2018) recommend that
“the current voucher program adds a residential district as a criterion of support” .

For the moment, the electricity sector remains monopolistic. A staged restructuring plan
designed to promote market-oriented reforms from “generation to wholesale and on to retail”
(Kwon and Kim, 2017) has never been fully carried out because of political oppositions at the
various stages. The formerly vertically integrated Korea Electric Power Corporation (KEPCO) saw
its generation assets divided into five fossil-fuel generation companies and one nuclear generation
company. The Korea Power Exchange (KPX) was established for an independent system and market
operation. However, generation companies are still owned by KEPCO and there is still no compe-
tition in wholesale and retail markets. The governement’s stake in KEPCO is now 18.2% (KEPCO,
2019). Overall, Kwon and Kim (2017) come to the conclusion that “a]s in many other countries,
we end up with a hybrid form of privatization in which an industry is neither wholly privatized nor
dominated by a state organization that can do as it pleases” and they expect “more incremental steps
toward greater privatization in electricity generation and distribution” .

The natural gas sector is also highly concentrated. According to IEA (2013), in 2011, the
Korea Gas Corporation (KOGAS) was responsible for 95% of Korea’s total gas imports, in the form
of liquified natural gas (LNG). It owns and operates four of the six LNG import terminals. The other
two are owned and operated by two different private companies, whose presence is meant to “gener-
ate competition in the gas market and reduce other price distortions that were seen to be increasing
costs in the supply chain” (ANRC, 2017). KOGAS is also responsible for the gas transmission
pipelines, whose expansion is planned by the government. Where available, a “City Gas Company”
retails gas to final consumers through their own distribution pipeline (IEA, 2013).

Tariffs for both electricity and gas distribution are regulated.?? Accordingly, although it
recognizes that South Korea maintained a commitment to the electricity sector reform, the 2012
IEA report (IEA, 2013) on South Korea energy policy recommended to further it and to accompany
it with a reform of the gas sector.

2.3 Key Common Features

From the preceding descriptions, we can now identify the key common features of these
two experiences that we wish to capture in our model in order to characterize the price impact of
vouchers.

21. The following data come from Yoo and Seo (2018).
22. See Yiand Park (2019) for electricity and ANRC (2017) for gas.

Copyright © 2021 by the IAEE. All rights reserved.
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First, both countries adopt the share of energy expenditure in income as a measure of en-
ergy poverty.?® To foresee the impact of the programs, our model thus uses this measure. However,
as it has been criticized on several counts in the literature, we discuss in Section 6 how our model
can be amended to evaluate voucher programs that would use other energy poverty measures.

Second, the gas and electricity retail markets are highly concentrated. As a result, we rep-
resent the energy sector in our model as an oligopolistic industry. To make the model as simple as
possible and to derive intuitions with models similar to those found in the industrial economics liter-
ature, we assume that market power is measured by the number of firms n. As firms in the electricity
and gas sectors can be of very different sizes, this number can be taken in practice as the reciprocal
of the HHI index to take into account differences in market shares. Then n represents the number of
firms of equal size that is equivalent to the HHI.

Our aim is to analyze the use of vouchers in an otherwise deregulated market to single out
an eventual distortionary price impact of vouchers. As a result, even though energy sector regulation
in general and retail price regulation in particular are still important in both countries, we assume
that actors in the energy industry are private profit-maximizing firms.>*

3. BENCHMARK MODEL

In this section, we model the energy market characteristics before the introduction of vouch-
ers. We put together assumptions that make a priori plausible a regulator’s choice of the voucher
instrument as a way to limit the consumer energy expenditure share. More precisely, through these
assumptions, we eliminate market conditions in which using vouchers would be inappropriate be-
cause they will tend to increase the energy expenditure share rather than decreasing it.

3.1 Consumer Behavior and Individual Demands

We consider heterogeneous consumers that have the same preferences for energy and a
composite numeraire good but have different income levels. These preferences are represented by
the utility function U(q, y), where g is the consumption of energy and y is the numeraire. U is differ-
entiable, strictly increasing and strictly quasi-concave. We let @ denote a consumer’s income level.
The population’s income is continuously distributed according to the differentiable function F (0)
over the set ® =[4,0].

Without vouchers, the consumer’s problem is regular and, from it, we obtain individual
demand functions g(p,8) and p(p, ) that follow usual properties, where p is the final price to the
consumer. However, we further characterize the demand of energy to represent particular properties
that seem consistent with a regulator’s willingness to cap the energy spending share. Denoting the
income clasticity of demand by &(p,0) =4, g, the price elasticity of demand by n(p,0)= —(};5

and the elasticity of the demand slope by @(p,0) = ?—f p, we make the following set of assumptions
on the individual energy demand. P

23. They also set a maximum eligible income to avoid that wealthy consumers become beneficiaries of the programs
because they choose to spend a high share of income on complementary luxury goods (e.g. heated pool). This would be a case
of “overconsumption” (see Miniaci et al., 2014). The assumptions of our model de facto eliminate such cases, but section 6
discusses how to take them into account in a more general setting.

24. Note also that we want to evaluate distortionary pricing under the assumption (or the constraint) that the voucher
program objective is met. In other words, energy poverty, as defined by the policy, is necessarily eliminated by the program.
By construction, the model is thus not meant to evaluate the performance of the program in terms of energy poverty. Rather,
it aims to look at the market consequence of this program.

All rights reserved. Copyright © 2021 by the IAEE.
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Assumption 1 For all (p,0),

a) g(p,é’) <1
b) 1,(p,0)> 0 and there exists an income level O(p) > @ such that n(p,0(p)) <1
c) w(p,0)=-2

The assumption that energy is a necessary good implies that the energy expenditure share decreases
with income so that the relative burden of energy spending is the higher the lower the consumer’s
income.? It is the basic justification behind a means-tested policy such as vouchers. The assumption
that the price elasticity of energy increases with income and that there exist consumers with inelas-
tic demand among the poorest consumers means that the energy spending of a class of the poorest
consumers increases with increases in price.*® This assumption is consistent with the stylized fact
that energy prices have increased with the combined factors of market restructuring and/or envi-
ronmental regulation towards nonrenewables, which is often behind the regulator’s justification
of vouchers. Finally, the assumption on the elasticity of the slope will ensure that firm profits are
concave. This is admittedly a strong assumption, but its role is limited to rule out multiple market
equilibria and, being sufficient but not necessary to this end, is not meant or used to describe con-
sumers’ behavior.

A consumer is said to be energy poor if her energy expenditure share equals or exceeds a
given threshold @.”” Let &_(p) be such that:

0,(p)=10|pi(p.0) = ab} ()

i.e. 8,(p) is the energy poverty cut-off. With ¢(p,0) <1, the set of energy poor consumers is
0,(p)=1{0:60<0,(p)}. From (1), we get:

, o\ 4(p.6,(p) 1-1(p.0,(p))
%(p) a 1-¢(p.6,(p)

Then 6, ( p) Z0iff 6, ( p) < é( p): if demand is inelastic at €, (p), an increase in price raises the
number of consumers that are energy poor because expenditure on energy is increased, while a
decrease in price reduces the number of consumers that are energy poor. Although a case where
0, ( p) <0 would not seem sensible because it would mean that an increase in price would help
reduce energy poverty, we cannot ex ante exclude it under the voucher scheme because the price,
and thus the relationship between 6, ( p) and é( p), is later determined endogenously in the model.
We will, however, assume that the initial market condition under which the regulator wishes to in-
troduce vouchers is characterized by 6, ( p) < é( p) or, equivalently, n(p,0,(p)) <1.

2)

25. Bakaloglou and Charlier (2019, Supplementary Materials, p. 1) survey 12 studies on the income elasticity of energy
in various countries and the results span from 0.01 to 0.6. The results of the two studies about France are at the low end of this
interval: 0.0294 to 0.0443.

26. For France, Bakaloglou and Charlier (2019, p. 91) obtain that “the magnitude of the [energy] price elasticity differs
between low and high levels of revenue. It is lower for low-income households (—0.43) and higher for high-income house-
holds (—0.714), meaning that poor households are less responsive to an increase in energy prices.” In contrast, Reiss and
White (2005) obtain from California data that lower-income households have a more elastic demand than households with
medium to high incomes. From such data, we consider that vouchers can a priori be excluded as an effective instrument to
fight energy poverty in California, while this is not the case for France.

27. In practice, a common threshold is & = 0.1. This is, for instance, the threshold proposed by the seminal contribution
of Boardman (1991) and the one used in the voucher programs in France and South Korea. We implicitly assume here that
this threshold is such that there exist consumers that exceed it and others that are below it. This excludes homothetic utility
functions.
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3.2 Aggregate Demand and Energy Market Structure

The energy industry is composed of n identical firms that produce energy at a constant
marginal cost ¢, which represents the marginal cost to produce and deliver a unit of energy to the
consumer, i.e. the price that would result in the absence of any market power in the whole chain of
production. This cost can also include environmental taxes or other levies. Then, we treat firms “as
if” they were vertically integrated in order to take into account that market power can be exercised
at any level, most notably at the generation or the transmission stages in electricity rather than at the
retail stage. The number 7, which we use as an index of industry concentration, can then be taken as
the reciprocal of the HHI under our hypothetical vertically integrated industry.

We assume that firms compete a la Cournot. The aggregate demand that the industry

faces is denoted by O(p) where O(p) = ch}(p,@)dF. We let £(p)= —Q'(p)g be the price elas-

ticity of aggregate demand. The next Lemma shows that the assumption 1 c¢) on the elasticity of the
slope of individual demand carries on to the slope of aggregate demand.*

Lemma 1 fl(p) Ewpz_z
o'(p)
Lemma 1 ensures that a unique symmetric Cournot equilibrium exists.”” Then, the equilib-
rium price, which we denote p, and use as our benchmark market price, follows the usual inverse
elasticity rule, i.e. p, is such that:*

ﬁ(p0)=

1

- 3
nk(p,) ®

A —-c. . . . .
where E( p) =27 s the Lerner index, an increasing concave function of p.
Z

We make an assumption on this market equilibrium that allows us to rationalize a regula-
tor’s willingness to introduce vouchers as an instrument to fight energy poverty.

Assumption 2 6, (p,)<0(p), i.e. n(p,.0,(p))<1

This assumption implies that the energy poverty definition is such that all energy poor
consumers have an inelastic demand before the introduction of vouchers. If their demand were
elastic, a “solution” to reduce energy poverty would be to induce an increase in the energy price, as
consumers with elastic demand would then reduce their energy expenditure. This would go against
the stylized fact that high prices, whether caused by the lack of effective competition or the financing
of a mandated portfolio of renewables, are behind the energy poverty phenomenon that the regulator
wishes to counter.

4. VOUCHERS
4.1 Consumer Behavior and Individual Demands

Under a voucher program, a consumer receives an amount ¢ > 0 of vouchers,* which is the
quantity of numeraire that is given to purchase energy only. Because the consumer utility function

28. Proofs of the Lemma and Propositions are in the Appendix.

29. See Anderson and Renault (2003, p. 256).

30. This price condition is reminiscent of Bertoletti and Etro (2017) and Foellmi and Zweimiiller (2004).
31. Then, ¢ = 0 represents a case where the consumer is not eligible for vouchers.
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U is strictly increasing, all allocated vouchers are necessarily used. We can then consider that the
consumer’s income is effectively @ +¢, but that her energy consumption is constrained to reach at

t . . .
least — by the voucher program. For this reason, we define 6 + ¢ as total income®* and we write the

problem as:
max  U(q,y) “4)
q.y
s.t.
pg+y<0+t 4)
t
q z— (ﬂ’t)
p
where 4, and 4, are Lagrange multipliers. We let q( D,t, 9) and y( DL, 6’) be the solutions of the prob-
lem, and ¥ (p.t,0) be the indirect utility function. By the envelope theorem, ¥, = 4, and V= 4, —i:
p

if the constraint on voucher use is not binding (4, = 0), the voucher is as good as money; if it is bind-
ing, it has less value because of the requirement of consuming energy. Letting 6,(p,?) be such that

A t .
4(p,6,(p,t)+1)=—, the consumer’s demand functions are:
p

t .
L if 0<0.(p.1)
q(p.1,0)= p ()

é(p,9+t) if 6>0,(p,t)

. . t .
If <6 (p,t), the quantity of energy obtained through vouchers, —, is greater than the

optimal energy consumption with total income & + ¢: we then say that energy cponsumption is vouch-
er-based. 1If 0 > 6, (p,t), the consumer uses more energy than the voucher allocation: the consumer
does not feel constrained by vouchers and energy consumption corresponds to the optimal choice
with income @ +¢. We then say that energy consumption is free.

The voucher program targets the share of income spent on energy. While there is a debate
in the literature on an appropriate concept of income to use in the computation of this share,*® in
our framework, total income @+ is the relevant basis because it constitutes the total expenditure
of the consumer in any circumstances. Accordingly, we define the energy expenditure share of total
income (or of total expenditure) from (5):

t .
— fo<6(p,t
s(po H)EPCI(PJ,H): o+1 {p:1) ©)
O+t pq(p,0+1t) it 0>0(p.0)
O+t il

The following Lemma describes the properties of this function under Assumptions 1 and 2.
Lemma 2 Under Assumptions 1 and 2,

a) s, (p,t,0)<0, VOec®
b) s (p,t,0)=0if0<6,(p,t)and s, (p,t,0)Z1asnS1if0>6,(p,1)

32. As U is strictly increasing, the budget constraint is tight at the optimal solution, so that the total expenditure of the
consumer is & +¢.
33. See, for instance, Hills (2011) and Moore (2012).
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c) s;(p,t,0)>0 if0<0,(p,t) ands;(p,t,9)<0 if0>0,(p,t)

Part a) is a direct consequence of the fact that energy is assumed to be an essential good.
Parts b) and c) distinguish voucher-based consumption and free consumption. Under free consump-
tion (6 > 6,(p,t)), part b) comes from the fact that an increase in price induces an increase (decrease)
in expenditure if demand is inelastic (elastic), while part ¢) reproduces the part a) result since vouch-
ers are identified to income. For voucher-based consumers (6 <8,(p,t)), the expenditure share is

and is thus independent of the price, but more importantly, an increase in the voucher alloca-

tion increases the energy expenditure share. This situation points to the possibility of an “overshoot-
ing” of the policy if the aim of vouchers is to reduce the energy expenditure share: voucher-based
consumers clearly detain too many vouchers.

4.2 Aggregate Demand

Under the voucher scheme t = {#(6)},_,, the aggregate demand that the industry faces is
given by:
i g 1(9)
O(p.t)=[ 4(p.1(0).0)dF = I@/‘q( p,0+1(0))dF + IQVTdF
where ©, denotes the set of income levels for which consumption is free, while O, is the set of
income levels for which consumption is voucher-based.’* Letting Q@i ( p,t)=j® q(p,t(0),6)dF,
where ®, =0 ,,0,, the elasticity of demand is then: '

Oy (p,t)
E(p)= Y2 F, (pot)

& 0(p.t) ©
As each consumer in ©, has an individual demand elasticity of 1, the aggregate elasticity of demand
is:

(0, O,
E(p.)=| 1==5" |+~ o, (n.0 )

Note that the presence of vouchers does not jeopardize the existence and uniqueness of a
Cournot equilibrium.

"

Lemma3 Let Q(p,t)= Q_]: D be the elasticity of the demand slope under the voucher
P

system. Then Q(p,t) > 2.
This price equilibrium p, (t) then follows the inverse elasticity rule:

1
L(p,(t)=——~ (8)
(7. (0) nE(p,(t).t)
The price elasticity of aggregate demand and the Lerner index thus depend on the whole
voucher path {#(0)},.,- If we make a marginal variation of the voucher level for a given 6, i.e.
dt(0) > 0, other things being equal, the corresponding marginal variation is obtained from (8):

34. Note that because t is arbitrary and allows any non-negative transfer path {#(6)}, sets © , and ©, are not necessarily
connected.

All rights reserved. Copyright © 2021 by the IAEE.



The Price Impact of Energy Vouchers / 39

OE(p,.H
. E,(p,st) | g oo
Cp )t | P O ©)
nE(p,.t) [0t(0)  nE(p,.t)
P, has the opposite sign of M We thus wish

Because the terms in brackets are positive,
0t(6) or(0)

to determine whether the marginal variation d#(8) increases or decreases the elasticity to determine

its impact on price.

Lemma 4 ) For an interior point of © ,, we have:

OE(p,) _[n(p.0+1(0)~E(p.t)]q/ +4(p,0+1(O)n,

o1(0) 0

65}(p,9+t(¢9)) and 1 for 877(p,6+t(6))
21(6) g ae)

OE(p,t) _ 0
ot(0) '

/(0) (10)
where §; stands for

b) For an interior point of © ,

OE(p,t)

<0 =1.
21(6) slasn=z

¢) At a frontier point € of © ; and ©,

Expression (10) has an ambiguous sign because 7(p,0+¢t(0))—F ( p,t) can be pos-
itive as well as negative. There are two effects: an elasticity effect, %771', and a quantity effect,
(77 -E ( p,t))%. The elasticity effect is positive because the transfer increment raises the elasticity

of demand of consumers that receive them. The quantity effect comes from increased consumption
of beneficiaries of the transfer increment: because of the increased weight of these beneficiaries, this
effect increases or decreases the elasticity depending on whether their initial price elasticities are
above or below the average (aggregate) elasticity.

The upshot is that the introduction of vouchers in imperfect competitive markets can have
intricate consequences on the price elasticity of aggregate demand. The fact that offering vouchers
to some consumers increases their price elasticity of individual demand does not allow us to predict
an increase in the elasticity and thus, a decrease in price. The regulator must also take into account
the price elasticity of the voucher recipients demand relative to aggregate price elasticity.

Furthermore, note that the approach taken in (10) is not valid if there is a change of trans-
fers for a mass of consumers, particularly a change {dt(8)}, because there is no fixed reference
point E ( p,t) to which we can compare an individual 77(p,0 + ¢(8)) when we consider that all #(6)
move simultaneously. However, it will turn out that if the mass of consumers that receive vouchers
have similar characteristics, the impact on elasticity can in fact be easier to compute.

4.3 Regulator’s Problem

In our positive view, we take as given the regulator’s policy to distribute vouchers with the
aim of eliminating cases where consumers spend more than a given share of their income on energy.
We add the objective that this distribution be made at least cost, as it seems to be a sensible objec-
tive whatever the reason behind the introduction of vouchers. As a result, given the energy price p
imposed by the market, the regulator’s problem is:
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0
min [ u6)dF

{£(0)20} 0
s.t. (11)
s(p,t(@),@) <a,V0

where we assume that the regulator’s energy expenditure target ¢ is such that s( p,0, Q) >a and
s ( p,0,0 ) <« to ensure practical relevance to the policy.*

This problem is straightforward to solve. We first note that an optimal solution cannot be
such that s, > 0, as decreasing ¢ would both decrease transfer payment and relax the constraint. From
Lemma 2 c), this excludes voucher-based consumption. Consequently, at the optimal solution, all
consumers enjoy free consumption with income 8+ #(8). With s; <0, the poverty constraint s < ¢
must be binding at optimum for all § <8, (p). We thus have the following result:

Lemma 5 For a given p, the optimal voucher policy is,
1" (6, p) =max{0, (p)-6,0} (12)

At t* (9, p), ®, =, i.e. there are no voucher-based consumers.

Under this optimal policy, individual consumption is ¢ (8, p) = q( p.t (9),6’). Figures 1
and 2 depict this policy (plain line) in comparison with the no voucher case (dotted line).

Figure 1: Voucher policy

t*(9)

We see that the quantity of vouchers distributed decreases with income for 8 <8, (p) (Fig-
ure 1). Consumers with basic income @ receive the maximal amount of energy vouchers.

35. If s( 50, Q) <a, each consumer already meets the expenditure target, and the solution is #(#)=0, V6. If
s( ,0,0 ) > @, all consumers would receive vouchers, which suggests an excessively stringent target with respect to market
conditions.
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Figure 2: Energy net budget shares
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The voucher policy ¢* (0, p) can also be seen as the regulator’s reaction function. From
(12), we have:

(P0.P) 1 =1(2:0.1) o e pn (p)
«  1-e(p.6,(p) " (3)
if0>8,(p)

ot (Q,p) _
op

Under Assumptions 1 and 2, we obtain the intuitive result that an increase in energy price
requires an increase in the amount of vouchers to avoid the reappearance of energy poverty.

We thus see that for a given price, vouchers seem a particularly simple instrument to imple-
ment. This is probably the representation of the system that regulators have in mind when vouchers
are implemented. This representation seems fairly accurate when the targeted good is supplied in
highly competitive markets. However, in a concentrated market such as the energy sector, a reaction
from the part of suppliers is to be expected.

5. THE VOUCHER GAME

We now turn to the price impact of implementing vouchers in an imperfectly competitive
market, where firms compete a la Cournot. To determine this impact, we model a game between the
regulator and the energy industry firms. We consider three settings: () the regulator and the indus-
try’s firms make simultanecous decisions, (if) the regulator moves first, and (iii) the firms move first.

5.1 Nash Equilibrium

We first consider the Nash equilibrium where both the regulator and the energy firms are
involved in a simultaneous decision-making process: none of them has a commitment power that
enables it to announce first its decision and stick to it.
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Consider a Nash equilibrium (p,,t,), where t, = {¢ (6)}.*® From the best replies (8) and
(12), it must satisfy simultaneously:

t(0)=1t(6,p,)
p,=n,(t,)

From Lemma 5, the best-response of the regulator to p, entails that all consumers enjoy free con-
sumption, so we must have ®, =, while ® , can be partitioned in two subsets, ®, =[0,6, (p,)] and
0,=1[0,(p,),0], representing income levels that make consumers eligible to transfers according to
{t,(6)}, and those who are not, respectively. Consumers receiving vouchers all reach a total income
equal to 8,(p,).

In order to compare p, with p,, we wish to compare the elasticity of aggregate demand
before and after the introduction of vouchers. As the quantity demanded at equilibrium is given by:

0 .
0, )= aF (0, )P+, i(p,.0)dF (14)
n 0
the equilibrium price elasticity of aggregate demand is:

O O,
E" ’tn =— n’o’ea n _0E® n’O
(Post) =5 n(p,.0.0,(p,))+ 0 Lo, 0

Note that consumers in ®, have the same elasticity of demand before and after the introduc-
tion of vouchers for a given price because they receive no vouchers. Note also that after the intro-
duction of vouchers, all consumers in ®, have the same elasticity of demand i.e. 77( p,.0+t, (9)) =
n(p,.9, (p,)) However, as f; (p,0) > 0 for any p, we have n(p,6,(p))>n(p.0), V6 €O,. These
two facts jointly imply that the overall elasticity increases; therefore, we obtain the following result.

Proposition 1  Under simultaneous decision making, the introduction of vouchers re-
duces the energy price, i.e. p, < p,.

In a nutshell, the fact that vouchers increase the elasticity of a mass of consumers (rather
than at a point as in (10)) increases the elasticity of demand that the industry faces at any given price.
As a result, the firms’ best response is a lower price.

The result may seem surprising in view of the fact that vouchers are good-specific, so that
vouchers themselves seem to create a segment of energy demand that is perfectly inelastic, giving
an opportunity to firms to increase the price. This intuition fails because it is never in the interest
of the regulator to have voucher-based consumption. In reality, vouchers are not energy related but
instead represent income distribution. Because the problem perceived by the regulator is too much
spending on energy, the intent can be seen to increase the consumption of the numeraire in a greater
proportion than energy: people are considered poor because their consumption basket does not
contain enough goods other than energy. Rather than increasing the firms’ market power, vouchers
reduce the necessary nature of energy of a large group of consumers, i.e. reduce the price elasticity
of aggregate demand.

36. If we assume upper bounds for both {#(8)} and p, the strategy sets are compact; then, the facts that the objective
functions are quasi-concave for the case of the firms and linear for the case of the regulator ensure the existence of the equilib-
rium [Dasgupta and Maskin, 1986]. These are realistic assumptions: an upper bound on the price can result from a consumer
reserve price for energy, while an upper bound on the transfers can reflect a governmental budget constraint. We also assume
that these bounds are sufficiently high so that the equilibrium is an interior one.
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5.2 Industry as a First Mover

When the industry moves first, it can anticipate the regulator’s emission of vouchers and
the demand it faces is given by Q(p,t" (6, p)). Although this demand function has the form given
in (14), firms now take into account the indirect impact of the price on demand through the income
effect of allocated vouchers, so that the impact of a change of price on the quantity demanded and
the elasticity is different than under the simultaneous case. In fact, firms exploit the voucher scheme
to make the demand less elastic.

_dQ(p’t* (Hap)) P

dp (p.t'(6,p))
demand when the indirect effect of a price change through the voucher allocation is taken
into account. Then E*(p,t (H;p)) <E"(p,t).

Lemma 6 Let E*(p,t"(0,p))= be the price elasticity of

The intuition behind the result is the following. An increase in price has the direct effect of
decreasing the aggregate quantity demanded. This effect is taken into account in the Nash equilib-
rium. However, firms foresee that the regulator will react to this increase by raising the total income
of eligible consumers (consumers with @ <, (p)) to maintain their energy expenditure share. This
tends to increase the quantity demanded so that the total effect on quantity demanded is less im-
portant with both the direct and indirect effects than with the sole direct effect.’” In other words, if
measured at a common price, the price elasticity of demand is lower in the game where firms move
first than in the one where decisions are simultaneous.

Combining this result with the market equilibrium condition (8), we obtain the following
Proposition.

Proposition 2 When the voucher policy is made in reaction to the industry price, the
industry as a leader increases its price with respect to the Nash equilibrium price, i.e.
p, > p,. This implies, in turn, that 6,(p,)> 6, (p,) and that t* (0, p,) > t,(0) for all

HSHQ(pX).

This proposition follows the fact that, as shown in Lemma 6, leadership makes firms per-
ceive the demand as being less elastic than in the simultaneous moves game. As a direct result, the
price increases, the set of eligible consumers is enlarged and transfers are increased. This result is
illustrated in Figure 3.

Note that, compared to the benchmark case with no vouchers, the price effect of vouchers
with firms moving first is ambiguous: it will depend on whether the perceived elasticity of eligible
consumers with vouchers is greater than or less than their initial elasticity.

Corollary 1 When the energy industry firms move first, the introduction of vouchers can
increase as well as decrease the price.

Thus, it is possible that the introduction of vouchers brings a price increase, but this would
require that firms are able to commit to a price before the implementation. Such a commitment
seems unlikely, but not to be excluded if the industry is highly concentrated and near monopolistic.
The next case with the regulator committing first to a policy may seem more plausible.

37. In fact, we cannot exclude the case where this indirect effect more than compensates for the direct effect so that the
increase in price entails an increase in quantity demanded of eligible consumers.
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Figure 3: Voucher schemes: Nash (plain) & Firm first (dashed)
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5.3 Regulator as a First Mover

When the regulator moves first, it takes into account the firms’ response when it determines
the transfer path ¢ = {#(6)},.,- The regulator then solves the problem (11) where p = p, (t) so that
each voucher allocated to a consumer will have an impact on the market price as depicted in (9).
Note that the regulator can always settle to the Nash equilibrium by allocating t_ ; therefore, we
obtain the following proposition.

n?o

Proposition 3  Let p, be the market equilibrium price when the regulator moves first.
Then p, < p,.

Now, for a decrease in price to be possible, there must exist a path t = {t (6)},,, such
that L)t, (6)dF < .[@t" (6)dF and p,(t,)< p,. This fact implies that for & below 6, (p, ), consum-
ers have a higher quantity demanded with t , but since they have an inelastic demand, the reduc-
tion in price implies that their energy expenditure share is decreased. This, in turn, implies that
0, ( p,(t, )) <8, (p,)- To have such a result, it requires that some vouchers be given to consumers
with > 6, (p,) in such a way that the overall elasticity of demand is sufficiently increased and
that the reduction in vouchers to consumers below 6, (p, ) is greater than the increase in vouchers
to consumers above 8, ( D, ) Such a hypothetical case is illustrated in Figure 4, where the surface
between the straight lines is greater than the surface under the “bulge” .

However, the impact of a change of the whole transfer path {#(8)} is very difficult to de-
rive.*® In other words, the properties of the reaction function p, (t) cannot be characterized so that
the properties of {#, (#)} cannot be made more precise than the fact that whenever p, < p,, we must
have 7, (0) <t,(0) for0<0,(p,)and£,(0) 20 for 6> 6, (p,).

38. Note that equation (10) gives the impact of a change in #(8) around a single given point 8, while the regulator is al-
lowed to change #(#) at any point simultaneously. In a general setting, we cannot determine whether the relative weight of an
individual’s consumption in aggregate demand increases or decreases following the change; therefore, we cannot determine
the impact on the aggregate demand elasticity even when we know the impact on the individual elasticity.
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Figure 4: Voucher schemes: Nash (plain) & Regulator first (dashed)
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Note also that this solution implies that some relatively poor consumers can receive
less transfers than richer consumers, i.e. there exist income levels @ and @' such that 8 <@’ and
t(60) < ¢(8"). Such redistribution can be politically infeasible. If the regulator is constrained to make
transfers that decrease with income,* there is no possibility to improve on the Nash equilibrium.

Proposition 4 [ constraint t'(0) <0 is added to problem (11), thent, =t _and p. = p,.

The intuition behind this result is that under transfers that decrease with income, any re-
duction of transfers from the Nash equilibrium is counterproductive because it makes the demand of
eligible consumers less elastic and entails that the firms react with a price increase.

6. DISCUSSION

In our positive approach, we use the same measure of energy poverty as the ones in the
French and South Korean voucher programs. Although this measure corresponds to the original one
proposed by Boardman (1991), in fact, “there is no common definition or standardized indicator
for assessing fuel poverty” (Charlier and Legendre, 2019). Thomson et al. (2017) classify proposed
methods of measurement in three approaches: “(i) [the e]xpenditure approach—where examinations
of the energy costs faced by households against absolute or relative thresholds provide a proxy for
estimating the extent of domestic energy deprivation; (i7) [the c]onsensual approach—based on
self-reported assessments of indoor housing conditions, and the ability to attain certain basic neces-
sities relative to the society in which a household resides, and (iii) the [d]irect measurement—where
the level of energy services (such as heating) achieved in the home is compared to a set standard”.
Clearly, the Boardman definition used by the French and South Korean programs is part of the first
approach. In this section, we argue that our framework is general enough to make our results in-
dependent of the energy poverty measure that is used to the extent that this measure is exclusively

39. Indeed, in the French program, the face value of energy vouchers (all taxes included) decrease with income. The
details are given in the Appendix.
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related to income and the energy price. We also discuss the extension that is necessary to make
whenever the measure is also dependent on the energy efficiency of the consumers’ dwellings.

Assume that a voucher program uses a direct measurement of energy poverty such as
the one proposed by Faiella and Lavecchian (2018), who estimate for Italy the “inability to buy a
minimum basket of energy services” . Letting g represent this minimal level of energy services, a
consumer is then energy poor if 8 < 8(p) = pq.‘E As long as Assumptions 1 and 2 are maintained, it
is straightforward to see that our analysis is p_reserved: replacing the constraint of problem (11) by
6 < 6(p), one directly obtains the regulator’s best-response ¢ (0, p) =max{f(p)—06,0}, which has
the same form as (12). If the regulator simultaneously uses a direct measure and an energy expendi-
ture share measure, then the best-response depends on the measure that proves to be the regulator’s
binding constraint, i.e. ¢’ (0, p) =max{0,(p)—0,0(p)—6,0}. The same kind of treatment can be
made if the program wishes to fight “absolute poverty” where a consumer “cannot afford the mini-
mum standard of energy and or other goods at the same time.” (Miniaci et al., 2014, p. 291). Then,
one has to define a minimal level of the numeraire y and 8(p) in the previous expression is replaced
by pg+ y. If the regulator wishes to use the notion of “residual income”, where the affordability
problz:mi_s defined as insufficient “financial resources to fund a minimum level of consumption of
other goods after paying bills for gas and electricity” (Miniaci et al., 2014, p. 291), poverty is de-
fined by 6 — pg(p,0) < y,i.e. y(p,0) < y. 6(p) is then such that J(p,0(p)) = y.

However, as the direct approach “attempts to measure if sufficient levels of energy services
are being achieved in the home, such as heating and lighting” (Thomson et al., 2017, p. 887), energy
poverty measured along this approach is negatively correlated not only with income but also with
the energy efficiency of dwellings. The same is true for the consensual approach, whose primary
benefit is to seize the importance of energy efficiency (Thomson et al., 2017, p. 885). Using a mea-
sure based only on the share of income devoted to energy expenditures then brings an identification
problem*! between the consumers’ preferences and the constraints they face with respect to energy
efficiency. For the same income, we can have two households that consume the same amount g > g
of energy, but one with energy efficient equipment that allows him to consume the numeraire in
quantity y > y and another with equipment that restricts its numeraire of consumption to y < y.
Miniaci et al. ?2014) classify the latter as an “over-consumer” of energy*’. To take into account such
cases, an extension of our model that explicitly includes energy efficiency is required.

Such an extension is possible by considering, as in Crampes and Lozachmeur (2012) and
Levinson (2019), a domestic production function of energy service g = f(e, i), where e is the en-
ergy consumed and u is the efficiency of the energy equipment. The utility function remains a func-
tion of ¢, but individual demand functions are defined over the intermediate goods e and  as well
as the numeraire y. The choice of energy service could then be modeled in two steps: the first would
consist of finding the couple (e, 1) that minimizes the cost of obtaining an arbitrary energy service
level g, i.e. to determine the energy service cost function C(g; p,, p,, ), where p, is the price of energy
and p,, the price of energy efficiency; the second would be to determine the utility maximizing ¢
given the consumer’s income. One can also define a short-term cost function C(g; p,, p,,, ), where
 is fixed, for a class of consumers @ , that do not control energy efficiency (e.g. tenants). Energy

40. An individual in this situation is called an “under-consumer” by Miniaci et al. (2014) to contrast this type of depri-
vation to others where the expenditure share exceeds the threshold but where the minimum basket of energy services is
nevertheless reached.

41. We thank a referee for raising the potential importance of this problem.

42. If g is defined for an equipment with average efficiency, there could also exist the case of “under-users” who “de-
mand less energy because their accommodation and electrical apparels are more efficient than standard ones” (Miniaci et al.,
2014, p. 291). Then, voucher distribution based on ¢ would oversubsidize such consumers.
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poor households that “over-consume” are such that €®, <6, (p,,p,,#) and y(p,,p,, 1) < y.
Then, if the regulator wishes to confront the overconsumption problem within the voucher program,
it transfers " (0, p,, i) = max{6, (p, 1) — 0,0(p, 1) — 0,0} for consumers in ® . This, however, re-
quires information on the (in)capacity of the consumers to choose the level of z.

In this generalized model, if we assume a fixed p,, our results should follow to the extent
that the elasticity of the energy service demand with respect to p, satisfies Assumption 1 b).** Further
assumptions on the cross-effects of p, and p,, as well as on the market structure of the energy effi-
ciency market would, however, be needed in order to allow p,, to be variable and market determined.
This topic is left to future research. However, the principles outlined in our model should carry on
in this more complex context: if the distribution of vouchers make the aggregate demand of energy
more elastic, we should observe a reduction in the price of energy when the regulator moves first or
when the regulator and the firms move simultaneously.

7. CONCLUSION

Our analysis shows that the introduction of vouchers in an oligopolistic market brings a
price reduction of the targeted good if the regulator emits vouchers before or at the same time that
the firms determine their output supply. The reason is that, to make the vouchers reduce the energy
expenditure share of consumers, the regulator must allocate vouchers to low-income consumers that
have inelastic demand and that this allocation increases the price elasticity of aggregate demand and
thus reduces the firms’ market power.

This result extends the theoretical work on the price effects of vouchers. Bradford and
Shaviro (1999) show that “the effect of the [voucher] program depends on the income and price
elasticities of demand by beneficiaries and nonbeneficiaries, as well as on the price (and perhaps
income) elasticity of supply” . Our contribution is to use suitable assumptions on income and price
elasticities in order to precise these results for oligopolistic markets. This approach allows us to
anticipate the price impact of vouchers in the energy sector, in which voucher programs are a recent
phenomenon.

Our analysis is motivated by the implementation of the French and South Korean energy
voucher programs, which are characterized by high concentration. High concentration is still ob-
served in many countries, but continuing regulatory efforts, notably at the retail level, make quite
possible that market power becomes less and less important in the future.** Through the use of
parameter n, our model applies to any market structure spanning from monopoly (n =1) to perfect
competition (n - oo). However, the greater # is, the lower is the price markup before the introduc-
tion of vouchers.* There is thus less scope for a price decrease when concentration is low. At the
limit, vouchers would not have any price impact in a perfectly competitive market and its capacity
to contain market power becomes immaterial. An interesting extension of our analysis would be
to make comparative statics of the energy price with respect to » in the presence of vouchers and

43. Afixed p, could correspond to a perfectly competitive market for energy efficiency, which seems reasonable because
markets for energy efficiency (insulation, furnace equipment, etc.) seem fairly competitive.

44. For instance, CEER (2018) reports about electricity retail markets that “c]omparing 2016 and 2017, it is noted that
there has been an overall decrease in the EU HHIs related to a market competition increase.” In particular, for Great Britain,
“[i]ln December 2017, there were 69 active licensed suppliers in the domestic retail market, mainly active in both electricity
and gas. This is a net increase of 17 active domestic suppliers since December 2016.”

45. Technically, to obtain ﬁ <0 1in all cases, we should reinforce our assumption 1 ¢) to @(p,8) > —1 in order to obtain

Q(p,0) =2 —1(See Seade, 1980).
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compare the result with no vouchers in order to evaluate how the efficiency impact of vouchers
changes with n. This extension is left to future research because of the complexity of determining
the impact of vouchers on the size of the change of the price elasticity rather than only on the sign of
this change. For the moment, note that our model has still relevance even in the perfectly competi-
tive case because, for such a case, it implies that vouchers can be used as a redistributive instrument
without being distortionary.*

We also use the energy poverty definition from the French and South Korean voucher pro-
grams, but the literature on energy poverty criticizes this definition.”’” As mentioned in Section 6, an
extension of the model would be to include a domestic production function that takes into account
energy efficiency along with energy consumption to determine the energy service obtained. This
extension would allow us to compare the price impact of vouchers when vouchers are allocated
according to other energy poverty definitions.

Finally, our approach is positive. An extension of our work would be to analyze norma-
tive properties of vouchers. The fact that the program has the potential to reduce price and thus
to enhance the industry allocative efficiency can be a start for a potential normative justification.
However, to provide such a justification, we first would have to model the way these vouchers are
financed. Second, as the regulator obviously has equity concerns when implementing vouchers, it
would also require the formulation of a welfare objective that includes a measure of inequality aver-
sion. The work of Poudou and Roland (2017) on the welfare properties of universal service could
be a starting point. In our present framework, welfare results are ambiguous in terms of a utilitarian
welfare function because we do not evaluate the loss of a price decrease in terms of the opportunity
cost of financing the program and of the firms’ profit loss.
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APPENDIX
Proof of Lemma 1

We have:
O'(p) | _J U _JopOydF

Q(p) =% — —
0'(p) dF gdF

since w(p,0) > -2, VO by Assumption 1 c).
Proof of Lemma 2

a) Differentiating s in (6) with respect to 8, we obtain:

<0 if 0<0,(p.t)

sy(p,t,0)=
o ) s(p,0,0+1)

o (e(p.0+1)-1)<0 if 6>6,(p.0)

where s, is not defined at 6,(p,?) and where the inequality for the case 6> 6,(p,t) follows
Assumption 1 a).

b) Differentiation with respect to p gives:
0 if 6<6,(p,1)
s’ (p,t,0)= ,0,0+1¢ .
»(p10) M(l—n(p,ew)) it 0>0(p.1)
4

where s, is not defined at 6, (p,?). For 6 > 6,(p,t), we see directly that s’ 2lasp<1.
c) Differentiation with respect to ¢ gives:

0

s/ (p.1,0)= (t+c9)2
sy(p.1,0)<0 if 6>6,(p,t)

>0 if 0<0(p.1)

Proof of Lemma 3

Since, for any 6 € ® , the elasticity of the demand slope is @(p,8) = -2, we obtain:

. i
o j@fa)( p,0)d,dF +2 Ln rdF
Q(p,t)=— p= ;
Q,(p.t) gydF -~ dF
G)f ®v p

At t
_2[ o 4rF - j@vpzdFj
> . =-2
I@fquF - I@V?dF
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Proof of Lemma 4

. OE . . . .
a) In order to obtain %, we consider that the voucher t is varying at a mass point 8 only. As a

result, we adopt the following conventions for the variations of aggregate expressions:

00 _ oq(p,1(0),0)
o1(0) o1(0)

and

a(fa‘f(p”(’)’” n(p.1(c).7)dF ) _ 3(q(p.10),0)n(p,1(6).0))
a(0) - o1(0)
=qm+qn,

So we have:

o [avaorom(paerear |

. o o-( qu<p,t(r),r>n(p,t(r),r)dFjaf(%
oneo) 0’
_(gm+qn/)0-0Eq,
Q2
_(n-E)q +qn
0

b) For interior points of ® , the elasticity is not modified by a change of #(0) since the individual
Q. 90

o) o)

¢) At a frontier point 6 of ® , and ©,, we have:

&
Kl S/
PE(pt _ | 9

o1(0) 00

elasticities remain equal to 1 and

(m-Ds0asn=1

P Co,
0
00

income 6 move from ©, t0 O,.

where we use the fact that <0, since increasing #(6) makes consumers having

Proof of Lemma 5

If non zero, the optimal voucher obeys:

t.pc}(p,6+t)
T 0+t
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By definition of @, (p), we also have:

pi(p.0,(p)) _
o

a

But, as s, ( p,1,6) <0, consumers with @ <6, (p) will have an energy expenditure share that ex-
ceeds «, so that vouchers must be allocated to make these consumers attain an income level equal

to8,(p):

t(6,p)=6,(p)-0

Proof of Proposition 1

For a given price p, we get:

Qo Oo
E" ’tn =—= n’ea n _0E® n’O
(p,t,) Qn(p (p))+ o Foy(Prr0)
Oo,
——j 4(Pur0, (P))1(P2: 0 (P))AF += Eq (p,0)

0
>—f q(p,.0 pﬁ)d’“%b‘@o(m,o)

=E\(p,)
where the inequality comes from the facts that c}( 2..0,(p, )) >4(p,.1(0)) and 5(p,.0,(p,))>
n (pn,Q). Then, at p,, we have E(pn ) = ! < ! so that p, > p,.

En(pn’tn) EO(pn)
Proof of Lemma 6

The demand function when firms move first is:

' (P) 0{6 (p)
O(p.t'(0,p)) = I : A N . (p)q(p,B)dF
We then have:
dQ _ o, a(pb,(p)-6,(p)) i,
_,J' = dF+IHa(p)quF

—j:“(”)q—a{ - jdmj e

p

0,(p)
p

* Qo (-2 0o,
#lpeen)- G g e,

with g, =
all p

and where for all p,n, :n(p,0+t*(6’,p)): n(p,@a (p)) We thus obtain for

0)
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With &, <1 and 7, <1 for all € ®, we have 178 o n..* For a given price p and voucher policy

t, we thus obtain: 1-¢,

E’(p,t°(6;p) <E"(p,t)

Proof of Proposition 2

For a fixed price p, we have E*(p,t"(0; p)) < E"(p,t), so that:

1 1
L(p,)=— - >— (15)
_OE , . |
Since >0and L'(p)>0, and p, is such that £( p, ) =——————, we must have
op o nE'(p,.t)
pn < ps'
Proof of Corollary 1

We have p, < p, from Proposition 1 and p, < p, from Proposition 2, so that p, can either
be greater than or lesser than p,,.

Proof of Proposition 3.

This comes directly from the fact that t =t is feasible when the regulator moves first.

Proof of Proposition 4

When #'(6) <0, the regulator chooses t(t9, P, (t)) =max{6,(p, (t))—6,0}, i.e. it chooses
t that minimizes 6,(p,(t)). By definition, 8,(p,(t)) is such that s(p,(t),0,6,(p,(t))=a=
s(p,,0,0,(p,)). Trying to deviate from the Nash equilibrium, we must induce a price such that:

S’
s +séﬂ:0:>ﬂ:——f>0
! dp dp So

so that a decrease in vouchers must induce a decrease in price. But, starting at price p,, a decrease of
vouchers decreases the elasticity of all consumers below 8, (p,), so that the aggregate elasticity is
reduced. Then firms react with an increase in price rather than a decrease. As a result, the regulator
cannot escape the Nash equilibrium.

48. Ifn, <&, <l,anincrease in price increases the demand of eligible consumers because of the voucher adjustment. This
can be an equilibrium if a further increase in price would bring a lesser increase in demand from eligible consumers than the
loss from non-eligible consumers.
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