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Abstract

As the volatility of short-term energy market prices increases due to exogenous
shocks and the changing nature of the energy mix, market interventions are
gaining importance in the policy debate. Accurate and robust quantification of
their impact is becoming therefore essential. This paper conducts a causality
analysis to evaluate the Spanish ’gas cap’ for electricity generation during the
2022 energy crisis. We use Bayesian structural time series models to isolate its
impact on affected consumers, primarily those under the regulated tariff, from
June to December 2022. Our results show that the mechanism successfully
lowered prices compared to a counterfactual scenario without the intervention.
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However, the policy also led to an increase in electricity generation from gas-
fired combined cycle plants. In addition, exports to France increased by over
80% after implementation, as Spanish wholesale prices became cheaper than
French prices. Our analysis (1) provides an accurate quantification to date of
one of the most consequential energy market interventions in recent years; (2)
demonstrates the fruitful use of a novel evaluation method for energy policy;
(3) highlights the trade-off between the short-term goal of consumer price relief
and the long-term goals of fossil fuel reduction and decarbonisation.

Keywords: policy evaluation, gas price cap, consumer prices, gas consump-
tion
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1 Introduction

The energy landscape in Europe has experienced a turbulent time in recent years,
marked by the coincidence of several crises. Beginning with the outbreak of the
global pandemic and followed by the geopolitical shockwaves of the Russian invasion
of Ukraine and the subsequent aim of reducing European energy dependence from
Russia, the continent has faced an unprecedented surge in energy prices. These were
especially intense for natural gas, given the continent’s dependence on the source
from foreign partners, especially Russia itself, which accounted for almost half the
imports of this fossil fuel. As a result, in December 2021, the price of the Dutch
TTHY was ten times higher than in 2019.

This escalation shook the European electricity markets, especially the day-ahead
markets, due to two interacting factors: (1) the use of natural gas for electricity
generation and (2) its usual role as a marginal technology in this market. Combined
cycle power plants provide flexibility in the system by meeting peak demand when
renewable generation is low. During these hours, they are the most expensive tech-
nology and determine the market price. Since the gas price is a necessary input for
their production, any increase in the gas price is immediately reflected in their bids
and consequently in the electricity price. Moreover, since two MWh of gas are needed
to produce one MWh of electricity, the electricity market amplifies the impact of a
price shock for this fossil fuel, as shown in Figure [I}

Faced with increasing economic and social hardship caused by escalating electric-

I'The Dutch TTF, or Title Transfer Facility, is a system registering the delivery of gas in the
Dutch gas system and also the main index used in Europe for long-term contracts.



Figure 1: Evolution of wholesale electricity and gas prices in Europe (in €/MWh)
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ity prices, national governments and the European Commission proposed emergency
measures to reduce these prices and mitigate their negative effects. Several alterna-
tives were discussed that had a direct impact on the functioning of the day-ahead

market, such as setting a price cap, limiting the selling price of low-margin technolo-

gies or compensating fossil power producers (Commission, 2022)). However, none of

these measures were ultimately adopted at the EU level. Instead, the supranational

focus shifted to initiating electricity market reforms and implementing fiscal mea-



sures, including reducing VAT or excise taxes, regulating retail prices, transfers to
vulnerable consumers, supporting industry and taxing windfall profits (Sgaravatti
et al. 2021)).

Despite those, the impact of soaring electricity prices in Spain gained particu-
lar attention from policymakers and the general public. According to the Spanish
National Markets and Competition Commission (CNMC for its Spanish acronym)ﬂ,
around 10 million households were under the so-called Voluntary Price for the Small
Consumer (PVPC for its acronym in Spanish, VPSC for its English acronym hence-
forth) in early 2022. There were 18M households on the free-floating price market.
Despite its regulated nature, the VPSC is linked to hourly results of the wholesale
market through a dynamic pricing model. For consumers under the VPSC scheme,
this means that their monthly electricity bill is a direct reflection of market condi-
tions. For consumers on the free market with a fixed tariff, on the other hand, the
price update only occurs once a year when their contracts with their suppliers need
to be renewed.

This heightened concern was compounded by two additional factors: (1) the
VPSC is the tariff for many vulnerable households, as it is a prerequisite for accessing
assistance to alleviate fuel povelrtyﬂ7 and (2) its significant impact on the National
Consumer Price Index (CPI), which by design was more exposed to increases in

wholesale electricity priceﬂ.

2See (CNMC| (2022)
3This support consists of a discount on the regulated tariff.

4Traditionally, the Spanish National Statistics Institute has only taken the regulated tariff into
account when measuring electricity prices. However, after noting that there was overexposure



These were the factors that led to the adoption of a mechanism to reduce day-
ahead wholesale electricity prices, and therefore the final bill for consumers with
VPSC, by decoupling them from natural gas prices by partially changing the marginal-
ist system of the market from June 2022 in Spain. This paper focuses on assessing
the impact of such a mechanism, referred to as the ”Iberian exception” or ”gas cap”,
although this is technically incorrect as it is not an actual cap, as explained in Section
2l Even though it was introduced by the Spanish and Portuguese governments and
thus applies to the entire Iberian electricity market (MIBEL), the analysis focuses on
its impact in Spain. To assess whether the policy achieved its stated goal, we conduct
a causality analysis to isolate the effect of the cap from other factors. In Section
we explain in detail our method, departing from a model that can approximate the
time series of the wholesale electricity price in the regulated market, and using it
to feed Bayesian structural models able to produce a counterfactual of the whole-
sale electricity price without implementing the cap. In Section |4 we compare the
counterfactual with the observed time series to measure the impact of the regulatory
measure.

Approving and implementing the mechanism required convincing other European
partners and the European Commission itself, who voiced two tangible worries aside
from the more general alert of the exception risking ”a distorsion on the single internal
market” (Independiente, 2022): (1) whether it could incentive gas consumption, thus

undermining energy savings and decarbonization goals, leading to an actual warning

during the energy crisis, since January 2023 it has also included information on contracts that do
not fall under the regulated tariffs.



by the Commission in October 2022 (Arroqui, 2022); and (2) whether the lowering
of the prices could ”leak” to other European countries, e.g. France, exposing the
Spaniards to a potential subsidy for French consumers. Sections[5]and [6]look for proof
of these outcomes extending our causal impact methodology. Section [7] concludes by
highlighting what we believe is our core contribution plus indicating where further

research could lead us.

2 The measure and existing evidence on it

Marginalist design in the day-ahead electricity market was originally introduced to
incentivise the use of cleaner and cheaper energy sources over more polluting and less
efficient alternatives. According to the original logic, comparatively clean energies
such as solar, wind, hydro and nuclear power benefit from this market mechanism due
to their lower production costs per additional unit of energy, resulting in a favourable
market environment for their deployment. At the same time, the marginalist design
allows more responsive energy sources to be activated when peak demand exceeds
what the baseline supply of these energies can provide. These fossil fuel-based sources
incur higher variable costs because their necessary inputs (e.g. natural gas) have a
price in their own markets. Consequently, any increase in these initial prices is
reflected in the wholesale price of electricity, due to the marginalist design.

It becomes problematic whenever these prices escalate because they act like a
transmission mechanism for the electricity prices paid by households. Those who

have an unregulated fixed tariff are only affected once a year when their contracts



are renegotiated and renewed. The pressure on them is therefore only exerted in the
medium term. Conversely, the link between regulated prices and the wholesale elec-
tricity market is short-term, which means that the supposedly protected consumers
are more exposed to short-term increases in energy prices.

To address this short-term risk while minimising the impact on public finances
and the design of electricity bills, in mid-June 2022, Spain and Portugal introduced
a mechanism informally and widely known as the 'gas cap’. The mechanism aimed
to reduce the impact of wholesale natural gas prices to wholesale electricity market
pricing. It consisted of compensation to specific electricity generation facilities using
fossil energy sources in exchange for limiting their bids in the wholesale electricity
market, thereby reducing the market price. Eligible plants included natural gas
combined cycle plants, coal-fired thermal plants and certain combined heat and power
(CHP) plants. The compensation was calculated as the difference between two gas
prices: the Iberian wholesale market price (MIBGAS), and a reference price set by
the new standard. The reference price was set at €40/MWh for the first six months
and increased by €5/MWh in each subsequent month until it reached €70/MWh at
the end of the application period. The resulting compensation was disseminated by
the market operator since its enactment, and the affected power plants included it
in their energy price offers on the wholesale market. It therefore reduced the price
by the difference between the market price and the pre-set price. This mechanism of
internalising the compensation acted as a de facto cap on the cost of gas and was to
be passed on to the final price of electricity.

Due to the marginalist functioning described earlier, the mechanism acted as a



limit on the benefits that infra-marginal technologies (i.e. those supposed to enter
the market at lower offering price, such as solar, wind, hydro, and nuclear power)
end up getting. This cut in windfall profits (those that spur from the difference
between these companies’ offers and the final price set by the highest bidder) alters
the original market design intended to encourage the adoption of these renewable
energy sources’}

The cost of financing the compensation paid through this mechanism is under-
mined by the congestion rents generated by the interconnection with France, since
lower wholesale prices would increase both the difference between Spanish and French
prices and export flows after the mechanism is appliedﬂ After deducting these from
the costs, the remainder is distributed as a payment obligation on the wholesale
market demand. Consequently, the adjustment is paid out to eligible plants at mar-
ket close so that their marginal costs are fully recovered. Subsequently, these costs
incurred by the adjustment mechanism are passed on to consumers as part of their
electricity bill. Initially, this pass-on affects consumers at the regulated tier. But
consumers on the unregulated side of the market also internalise the costs as soon
as their contracts are updated.

Nonetheless, the way the mechanism was designed, consumers were supposed to

experience net savings despite bearing the compensation cost on their bills, since the

5During the time this measure was in place, Spain also had a limitation on the *windfall profits’
that inframarginal technologies could receive. This provision remains in effect until December 31,
2023. Royal Decree-Law 17/2021.

6See the Royal Decree that outlines the functioning of the mechanism, Real Decreto-ley 10/2022,
de 13 de mayo, por el que se establece con caracter temporal un mecanismo de ajuste de costes de
produccion para la reduccion del precio de la electricidad en el mercado mayorista.


https://www.boe.es/buscar/act.php?id=BOE-A-2021-14974
https://www.boe.es/diario_boe/txt.php?lang=en&id=BOE-A-2022-7843
https://www.boe.es/diario_boe/txt.php?lang=en&id=BOE-A-2022-7843
https://www.boe.es/diario_boe/txt.php?lang=en&id=BOE-A-2022-7843

remuneration foregone by sub-marginal technologies is less than the compensation
paid. The difference leads to lower clearing prices than if the mechanism were not in
place, resulting in a higher consumer surplus. Brito| (2022) illustrates this comparison
in Figure . In the right panel, the situation without the cap is depicted, where the
yellow area represents consumers’ profit or surplus—defined as the difference between
the market price (100€/MWh) and their maximum willingness to pay for each unit
consumed (the blue line). With the cap in place, the market price is supposed to
decrease, allowing consumers to increase their profit even with the compensation
payment (red area in the left panel).

The critical question is therefore empirical: does this hold up in reality, once
we look at actual prices under the new policy regime? [Sanchal (2022), examining
the impact of the mechanism during the first 200 days of its application, concludes
that the average reduction in the wholesale marginal price during the analysis period
was significant at 123€/MWh. To estimate the counterfactual scenario, the study
assumed inelastic demand and calculated the counterfactual electricity price as the
actual price plus the subsidy that power plants receive. The author also analysed the
impact on generators and concluded that although the reduction in the wholesale
price reduced the extraordinary profits of the inframarginal power plants that did
not enter into forward contracts, the fossil fuel power plants did not suffer any loss of
revenue, as this was offset by the contributions from MIBEL demand and congestion
revenues from the interconnection between Spain and France. The study also showed
that consumers’ experiences varied depending on the type of contract. For example,

consumers with regulated and market-indexed contracts benefited from a 17% re-
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Figure 2: Representation of potential savings for the consumer
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duction in the energy concept of their bill due to the intervention, while consumers
with fixed-price contracts experienced different scenarios depending on the date and
structure of the contract renewal.

Other researchers assessed the impact of the intervention on the basis of an econo-

metrically modelled counterfactual scenario, i.e. an estimate of how the variable in

question would have evolved in the absence of the policy. In [Salas et al|(2022), the

focus is on the impact of the intervention on the VPSC. They estimate a counter-
factual that models this price with auto-regressive errors and controlling for weekly

seasonality. The explanatory factors of the model included the gas price, climatic



variables such as wind and solar conditions, and the wholesale electricity price in
France. The results of this analysis showed a cumulative average reduction in VPSC
of 20.7% by the end of September 2022. [Robinson et al.| (2023 construct counter-
factual supply and demand curves for the Iberian electricity market to assess the
impact of the mechanism on Spanish consumers. To this end, the authors estimate a
counterfactual supply curve representing the offers that electricity generators would
have made in the absence of the intervention based on the actual offers made by
generators during the first 100 days of implementation, together with the actual
compensation received by fossil fuel generators. Real data reflecting Iberian demand
offers were also used for the demand side, and actual demand contributions to finance
the compensation were added to incorporate demand elasticity into the modelling.
They find that under the assumption that only Iberian large consumers would have
responded to the price change, the savings would have been 13%. In addition, the
study considers the impact of French demand on Iberian market prices and intercon-
nections. Under this alternative counterfactual assumption, the authors suggest that
affected consumers, i.e. those subject to the VPSC or whose retail prices are linked
to the wholesale price, would have paid less if the IE had not been introduced.

Our work places itself within these empirical efforts and it does so adding two
distinct elements. First and foremost, we believe our method complements and ex-
pands on the aforementioned analyses: using a causal impact methodology based on
a Bayesian Structural Time Series model allows us not only to produce a counter-
factual estimate, but also to perform posterior inference and assign a probability to

the observed effect being a direct result of the intervention. As a matter of fact, to
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the best of our knowledge ours is among the first instances of a fruitful use of this
novel evaluation method for a price-based energy policy intervention. Furthermore,
we do not only measure effects on prices, but also on gas consumption for electric-
ity generation. By quantifying this dimension along with consumption savings, we
aim at bringing a more longstanding contribution beyond evaluating the unintended
impacts of a specific policies: we show how measures affecting price signals activate
the trade-off between the short-term goal of consumer price relief and the long-term

goals of decarbonisation.

3 Our method to measure the cap’s actual impact

As stated above, our primary goal is to determine whether the VPSC experienced a
price reduction since its onset. Additionally, it is imperative to investigate whether
this price reduction, if indeed it occurred, persisted throughout the intervention.
Operationalised, we aim to measure whether the intervention had a causal effect on
our target time series, which is the VPSC price.

In recent years, significant progress has been made in the field of causal analysis,
particularly in economics. Methodologies such as differences-in-differences, synthetic
indicators, and more recently, advancements based on machine-learning techniques
have transformed the assessment of public policiesﬂ While many of these techniques
were initially designed for cross-sectional or panel data to analyze causal relationships

between a treatment and a variable within a specific population, they have been

"See |Hernén and Robins| (2023)) for a survey of this progress and applications.
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adapted for time series analysis. The causal impact method, introduced by Google
Inc. and described by [Brodersen et al. (2015) (BGKNS, hereafter) using Bayesian
Structural Time Series (BSTS) models, is a recently developed methodology for
examining how variables evolve in response to treatment.

Technically, the BSTS method extends the differences-in-differences approach to
time series analysis by explicitly defining a structural model to predict the coun-
terfactual of a time series both before and after an intervention. This modelling
framework enables the estimation of the treatment effect on one or more series in-
cluded in the analysis. Essentially, the effect is quantified by comparing the expected
performance of the time series with its observed behavior, thus capturing the treat-
ment effect on the treated. To estimate the counterfactual time series, the method
combines information from predictor variables in what is commonly referred to as a
synthetic control(Abadie et al., 2010]).

The construction of this synthetic control involves considering various sources of
information, including the performance of the target time series before the treatment
and its response to the intervention. Furthermore, it incorporates data from other
time series that may predict the behavior of the target series after the treatment,
while ensuring that these variables are not influenced by the treatment itself. Addi-
tionally, it uses a Bayesian framework underlying so that the model estimated utilizes
prior knowledge about the model parameters and subsequently performs posterior
inference on the counterfactual.

Implementing the BSTS involves several steps. Firstly, we define the structural

model that approximates the historical evolution of the relevant variables for the
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counterfactual analysis. This process entails analyzing the economic nature of the
target variable (y;), VPSC in our case, and identifying suitable covariates to be
included in the model. Crucially, the selected covariates and the model must meet
specific criteria, such as exogeneity for the control variables used in constructing the
synthetic control.

Specifically, the BTST model belongs to state space models for time series and

is represented by the following compound of two equations:

Y = ZtTOCt + BX + & (1)

a1 = Troy + Ry (2)

where

5tNN(07Uz£2)

e ~ N(O;Qt)-

(3)

The equation (1)) is the observational equation within a state space model. This
equation links the data we observe, a series of one variable y, with a set of k-
dimensional latent (states) variables «; and covariates defined by X;. The equa-
tion is the state equation or transition equation, which explicit the evolution of
these latent variables through time. Z! is a vector of dimension kz1 called output

matrix, 7T} is a matrix of dimension kzk called transmission matrix, while R; is a
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control matrix of kxp dimension. Finally, R;n; implies, as is explained by BGKNS,
the possibility of incorporating state components of less than the full rank. All of
these matrices contain unknown parameters and known values which are often set
as 0 and 1.

By varying the matrices Z, T, G and R and defining different latent variables
we can model several distinct behaviours for the time series (including the more
well-known such as ARMA or ARIMA). In this exercise, we interpret the model

previously presented by the following:

Y = e+ + BX + e (4)

M1 = ft + Nyt (5)
51

Yir1 = — Z Vet Nt (6)
s=1

In this particular scenario, Z', R;, and T} are equal to one, while a; is reduced
to two latent variables (k = 2), a random variable denoted by p;, governed by a
random walk model and is conventionally referred to as the ’local level’ component
and increases independently as the other parameters do not contribute significantly
to explaining the data, and ~; variable, which model seasonal components, and in

our model specifically representing weekdays (S = 7) ﬁ This choice is motivated by

8We must think of ; as a regression with seasonal dummy variables, in this case, with S=7
with six dummy variables to capture the week seasonal cycle.
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the existence of structural components associated with different days of the week in
electricity price data.

The linear regression is presented using covariates X; that further help to explain
observed data. The better this component works in the prediction task, the lower
the local level component should be. Our objective, therefore, is to minimize the
role of the latent variable in such a way that the covariates in X; explain the largest
possible proportion of the evolution of the variable y;.

Finally, the parameter ¢, and 7, , represents noise which is related to measuring ¥,
and 1, and they follow a normal distribution with zero means and o, and o,, standard
deviation respectively.

To estimate the model, the first step, following the Bayesian approach, involves
specifying prior distributions for each model parameter. In this case, the initial step
is to define the prior distributions for the errors, which entails assigning values to the
error variances. The second step leads to the acquisition of posterior distributions.
To obtain them, and given the equations (4] to @ numerical methods based on sim-
ulation techniques must be employed. Specifically, for the estimation of our model,
we will use a Monte Carlo Markov Chain algorithm (Hamiltonian Monte Carlo).
Once the model is estimated, we obtain a posterior distribution of the counterfactual
time series. Finally, we subtract the predicted from the observed response during the
post-intervention period, giving us a semiparametric Bayesian posterior distribution

for the causal effect.
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4 Estimating the impact of the gas cap on final
electricity prices

To assess the measure, we must focus on the main stated objective of the gas cap:
reduce the final bill of the regulated market consumer. Then, the logical course of
action is to examine whether, since its enactment, there has indeed been a significant
reduction in VPSC. However, the cap may have other effects, which have been ob-
served since it came into operation and are also worth evaluating, such as a possible
increased use of combined cycle power plants or an increase in exports to France.
Both outcomes would result in a rise in gas consumption. Consequently, we believe
it is necessary to expand the analysis to these two areas to enrich the present and
future debate regarding the measure or potential reforms. In this section we confine
ourselves to the first objective and leave the rest to the following sections.

Figure [3| depicts the evolution of the daily VPSC series in Spain from January
1, 2020 to December 31, 2022. With the onset of the energy crisis, prices increased
markedly from the summer of 2021, diverging from the historical pattern. As ex-
plained in Hidalgo-Pérez et al.| (2022)), the marginalist design of the wholesale elec-
tricity market outlined in the introduction is the primary reason for this increase, as
electricity from gas and other fossil fuels typically sets the daily price.

The cap should lead to a lower VPSC, partially altering the marginalist market
system, from June 15, 2022 onward. To estimate the effect of the gas cap, we require a
model that best approximates the historical evolution of prices (defined by Equation

. This process comprises two steps:
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Figure 3: Evolution of VPSC
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1. First, we select the variables (covariates) that, together with a model like ,

enable us to extrapolate the series shown in Figure [3| with minimal error.

2. Next, we estimate a BSTS model to obtain the counterfactual scenario and a
posterior probability that the enactment of the gas cap could reduce the VSPC,
obtaining a measure of ascertaining the likelihood that it is or is not due to the

policy.

4.1 Step 1: The hypothetical price series

Thus, the first step should focus on designing a model, together with selecting ap-
propriate variables, that enables predicting the VPSC as closely as possible over

the available time series. To accomplish this, we begin by determining which gas
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price series to utilize as a benchmark for estimating the VPSC. This choice is critical
given the current existence of two possible references: the gas price on the virtual
market in the Netherlands (Dutch TTF) and the price on the Iberian Gas Market
(MIBGAS). Objectively, there is no evidence for a final decision, as the gas supply
of combined cycle power plants could be linked to one of the two prices and this is
private information. Therefore, we have initially allowed the data to dictate it: our
primary criterion for selection has been that the gas price used to build the model
should be the one that best statistically approximates the VPSC price series.

For most of the period where both gas prices are available, it is observed that the
TTF and MIBGAS have evolved similarly (Figured]). However, this parallel evolution
diverges beginning April 4, 2022, when a period starts in which both prices begin
to diverge. One potential explanation is the enactment of sanctions against Russia
a few days later, which both markets had already anticipated by that date. Thus,
the increase in uncertainty over gas supply to Europe was less pronounced for the
Iberian Peninsula due to the existence of more diversified channels for gas supply
outside the Russian orbit. In this divergence over this period, we find the opportunity
to undertake a quantitative exercise that helps discriminate between both prices in
terms of their ability to emulate the evolution of the VPSC.

To determine which gas price more closely tracks the evolution of the VPSC, we
conducted a quantitative modelling exercise. We split the data into a training set
from September 9, 2021, to April 4, 2022, and a test set from April 5, 2022 to June
14, 2022. We then built two linear regression models to predict the VPSC price - one

using the Dutch TTF gas price and another with the MIBGAS price. The models
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Figure 4: Evolution of gas price: MIBGAS y TTF
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were trained and then used to generate predictions on the test data. We evaluated
the predictions using root mean squared error (RMSE). Once the two models were
estimated we obtained that the TTEF model achieved a RMSE of 39.15 while the
MIBGAS model had a RMSE of 53.64. Based on the lower RMSE, we can conclude
that the TTF gas price enables more accurate predictions of the VPSC over the
study period.

Therefore, TTF should be the price featured as a covariate in the structural
model. However, although the data indeed discriminates in favour of TTF, during
the year before the intervention MIBGAS has growingly increased its share of new
contracts within the Spanish gas and electricity system. It may be therefore pertinent
to test alternative price series that result from a weighting of TTF and MIBGAS

prices, since both series do take different paths. To evaluate this, we test gas price
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Figure 5: Mean squared error of VPSC prediction by different weights to gas prices
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series that result from applying a continuum of weightings ranging from 0 % to
MIBGAS (therefore 100 % to TTF) to 100 % to MIBGAS (0 % to TTF). For each
option, the mean squared error has been calculated and is represented in Figure [f

Again, it appears that the highest explanatory power of the price series is achieved
with the TTF price series. The evolution of RMSE is monotonic concerning the
weight assigned to TTF, with the minimum value occurring when this weight is set
to 100 for this gas price series.

However, the growing presence of MIBGAS on contracts during 2022 should be
reflected in our analysis. As a balanced solution, given that this gain in the share
of MIBGAS in 2022 reached 20%, we believe that using this weight to obtain a
weighted price series from April 2022 is appropriate at a low potential loss based on

what is represented in Figure [5 and in compensation further shielding our results
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from unobservable inaccuracies. We thus follow a 80/20 weight for TTF/MIBGAS
starting when both prices are available, i.e., from September 7, 2021. As long as
both series have evolved similarly, there will be no difference between this weighted
price and either of the two separately. By the time the two series separate, the
weighted series will be nonetheless substantially closer to TTF, ensuring that TTF
takes precedence over MIBGAS, but still allowing the aforementioned extra safe

room.

4.2 Step 2: estimating the effect of the cap on the VPSC

The model used to estimate the evolution of the VPSC includes the following vari-
ables. First, the gas price (with a lag of 1 and 2 days) is based on a weighted average
of TTF and MIBGAS prices, as mentioned earlier. Although models using only TTF
and MIBGAS are estimated to check robustness. Second, an autoregressive variable
of order one (the VPSC price itself with a lag of 1 day) aims to capture the structure
of the time series. Third, two interventions corresponding to the reforms of 1 June
2021 (reform 1) and 15 September 2021 (reform 2) could have a significant impact
on the price. Finally, the daily production volumes of wind and solar power plants
take into account the influence of the supply mix.

The reason why we use the production volumes of wind and solar power plants
as explanatory variables and not other technologies such as combined cycle or CHP
plants is simple. We assume that the former, especially wind and solar power plants,
are exogenous to market conditions, as their market entry depends mainly on me-

teorological factors. As explained in Section [3] the variables included must be inde-
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pendent of the measure or intervention whose impact is being assessed for the BSTS
model to work properly. Using the production data of these plants instead of gas
plants implies that the reasons for their operation go beyond market conditions and
are more related to the availability of their environmental factors.

The results of the OLS regressions between VPSC and the different gas prices
(with a combination of the covariates mentioned above) are shown in Table |1} The
regressions suggest that VPSC could be well approximated with only a few regres-
sors and that the best model is obtained when the TTF price is used alone or in
combination with MIBGAS (with the above weights). Moreover, the ability of the
model to approximate the daily evolution of the VPSC since January 2014 is very
high, above 83% if TTF is used and slightly more if weighting is used. So, once it is
proven that it is possible to develop a model that can accurately approximate (and
predict) the evolution of the price series, the next step is to use this model to analyse
the impact of the gas cap intervention on prices.

The estimate of the causal effect is heterogeneous depending on the model cho-
sen, although all models are highly significant (Figure @ Furthermore, in all three
models, the probability that the effect observed in the VPSC occurs without the gas
cap is very low (the one-sided Bayesian tail-area probability for all models is 0.0%).
Thus, the causal effect can be considered statistically significant in all cases.

In view of this and depending on the reference gas price used, the effect of the
electricity price reduction varies. Using the TTF or the weighted gas price as ref-
erence implies a larger downward adjustment of electricity prices, between 20% and

27%, consistent with those of [Salas et al| (2022)) who estimate a cumulative saving
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Table 1: OLS regressions for VPSC. Results for different gas prices a models spec-

ifications.
TTF MIBGAS WEIGHTED
const 32.90%F*F  63.70*** 33. 748k
(154)  (16.48) (1.53)
Gas price (TTF),; 1.30%**
(0.09)
Gas price (TTF);_o -1.05%**
(0.10)
Gas price (MIBGAS);_1 1.68%***
(0.15)
Gas price (MIBGAS);_» -0.90%***
(0.16)
Gas price (Weighted);_; 1.59%**
(0.10)
Gas price (Weighted); o -1.27HF*
(0.10)
VPSC, 4 0.77%**  0.61%** 0.75%**
0.01)  (0.03) (0.01)
Wind farms -0.06%*F*  -0.16%** -0.06***
(0.00)  (0.02) (0.00)
Solar photovoltaic -0.08%**  _0.15%* -0.08%**
0.02)  (0.06) (0.02)
Reform 1 10.57#%* 9.98%**
(2.11) (2.08)
Reform 2 7.04%%% 8.05 5.02%*
(2.49)  (15.47) (2.45)
R-squared 0.93 0.82 0.94
R-squared Adj. 0.93 0.82 0.93
No. observations 3216 479 3216

Note: The dependent variable is VPSC. Each regression uses
a gas price indicated in the name of each column. "Weighted’
refers to a weighted average price, with 80% for TTF and 20%
for MIBGAS.
Standard errors in parentheses *p<0.1, **p<0.05, ***p<0.01
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Figure 6: Estimated causal effect on VPSC for each model - 90% confidence interval
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of 20.8%, while using MIBGAS as reference implies a smaller effect, between 7% and
18.0%. These differences result from taking into account a price such as TTF, which
was higher than MIBGAS, which was significantly lower, during the period of the
gas cap studied here. If the Spanish combined cycle power plants had the Iberian
gas price as a reference, the savings would have been much lower.

Figure [7| shows the estimated savings in euros as the difference between the lines

shown in Figure [3] and the counterfactual estimated by the different BSTS models.
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Figure 7: Estimated causal effect for each model. Estimated savings in euros.
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Until 14 June, the "savings” fluctuate around zero, indicating that we are dealing
with a random error corresponding to a model that meets the minimum requirements
for its correct estimation. However, from 15 June onwards, all lines for each estimated
model diverge significantly into negative territory, suggesting that the gas cap has
led to an apparent reduction in the VPSC prices that customers pay in this tariff.
Moreover, this saving grew over the weeks, reaching a maximum of almost 300 euros
in the last week of August.

In monetary terms, the average saving since 15 June would be 129.3€/MWHh,
which corresponds to a cumulative saving of 25,863.97€/MWh since the beginning
of the measure. If we assume, based on the information collected by the Spanish
National Competition Authority’s household panel, that an average household con-
sumes about 8 kWh per day, we could estimate the average household savings since
15 June to be about 206€. Assuming that around 9 million households were under

the VSPC (as estimated by the aforementioned Authority in May 2022@, the savings
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since its implementation would range close to 1.9 billions. Considering that house-
hold expenditure on electricity exceeded 18 billions in 2022 these total savings are

of relevance.

5 Effect on the use of the combined cycle

The gas cap may not only have affected price developments, but also the use of the
different technologies used to generate electricity in the Spanish electricity system,
and thus the potential savings that could have been achieved through the measure.
Therefore, the above analysis was repeated in parallel to see if the introduction of
the cap created incentives to divert production to or away from certain technologies.
Given that the marginal system was originally designed to incentivise the use of
clean energy and discourage the use of more polluting energy, it is important to
assess whether and to what extent a change as severe as this cap undermines this
objective. This is particularly important in the context on which the policy was
enacted: European countries were striving to reduce gas consumption both in terms
of independence and the energy transition, with the EU setting ambitious targets for
reducing consumption by 2022, up to 15% in some countries (7% for Spain).
Intuitively, the application of the gas cap could create an incentive for the use
of a combined cycle plant: before the cap came into force, producers were exposed
to rising gas prices and therefore had to be more conservative in their production

decisions. With the cap, consumers are exposed to the risk of gas price increases

0Data extracted from the Spanish Household Budget Survey for 2022
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through compensation payments. Combined cycle plants have a greater incentive to
bid in the market.

To quantitatively evaluate this possibility we follow the same procedure used for
the VPSC analysis. First, we define our underlying model, paying again particular
attention to our choice for explanatory variables. The new dependent variable is
the production in combined cycle power plants in GWh. The covariates include the
lagged price of natural gas (one and two days), the lagged price of electricity (one
and two days), and the value for each day of wind power and photovoltaic generation
as an approximation of the demand for electricity not met by the gas-fired combined
cycle plants, the effect of which should be relevant under the marginalist logic of the
market. We produce three variations of our model: one using TTF, an alternative

based on MIBGAS, and a 80/20 weighted version as we did in our previous analysis.

Figure [§] illustrates the impact on electricity generation in combined cycle power
plants as a result of the introduction of the gas cap. Regardless of the price used in
the analysis, we detect a significant and positive increase. However, the estimated
size of the causal effect is slightly different, ranging between 14% and 21%.

Figure[9]shows the difference between the observed series of electricity generation
in GWh from combined cycle plants and what would have been observed had the
gas cap not existed. Its effects are apparent already in the first months after its
adoption. These results are consistent with those put forward by Eicke et al. (2022)
in their critical assessment of the export of the gas cap model to other EU countries:
they note that gas-fired electricity generation has increased by up to 42% in the first

few weeks, and emphasise the tension between such increases and the combined goal
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Table 2: OLS regressions for combined cycles generation. Results for different gas

prices specifications.

TTF MIBGAS WEIGHTED
const 45 55¥H* 45 38%H*
(2.06) (2.07)
Combined Cycle;_; 0.75%*%  0.67*** 0.75%**
(0.01)  (0.03) (0.01)
Gas price (TTF);—4 0.27
(0.17)
Gas price (TTF); - -0.16
(0.17)
Gas price (MIBGAS);_, 0.58%**
(0.18)
Gas price (MIBGAS);_ -0.40%**
(0.18)
Gas price (Weighted);_; 0.40%*
(0.18)
Gas price (Weighted);_o -0.30*
(0.17)
Wind farms -0.16%**  -0.33%** -0.16%**
(0.01)  (0.03) (0.01)
Solar photovoltaic 0.01 -0.18%* 0.02
(0.03)  (0.08) (0.03)
Reform 1 3.92 104.86*** 3.70
(3.64)  (20.58) (3.65)
Reform 2 11.19%* 6.90 11.65%**
(4.35)  (19.38) (4.37)
R-squared 0.77 0.74 0.77
R-squared Adj. 0.77 0.73 0.77
No. observations 3215 479 3215

Note: The dependent variable is production in combined cycles
centrals. Each regression uses a gas price indicated in the name
of each column. "Weighted’ refers to a weighted average price,
with 80% for TTF and 20% for MIBGAS.
Standard errors in parentheses *p<0.1, **p<0.05, ***p<0.01
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Figure 8: Estimated causal effect for each model with 90% of significant interval.
Combined cycles generation
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of savings and decarbonisation. However, it appears that this effect subsided within
a few weeks of the introduction of the Iberian gas cap. Thus, in the last months of
2022, there does not seem to be a significant impact on the use of combined cycle
power plants.

It should be however noted that the counterfactual estimate assumes that elec-

tricity generation with this technology depends only on exogenous factors, such as
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Figure 9: Estimated causal effect for each model. Estimated increase in electricity
generation in combined cycles centrals.
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the total amount of energy demanded, the market price, or the gas price, plus pho-
tovoltaic and eolic production. In truth, the greater or lesser use of combined cycle
power plants in a marginal electricity system like Spain’s may also be affected by the
use of other technologies beyond solar and wind farms. Specifically, it may depend
on whether alternative technologies are available and capable of generating electric-
ity on a given day and time. Although our analysis above shows a clear impact of
the cap on the use of combined cycle power plants, it is wise to conduct a parallel
analysis looking at these technologies.

Looking at what happened in Spain with alternative technologies, a first thing to
note is that, with the available information, it is not possible to rule out that the lower
use of some of these (such as hydroelectric and, especially, cogeneration in favor of
combined cycle) is due to the incentives created by the gas cap, nor that there may be
other reasons for this. For example, in a year characterized by a persistent drought,
the low use of hydro power during the summer months could explain part of the shift

to the combined cycle of the space left in electricity generation, independently of the
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Figure 10: Weight of the different technologies in the total amount generated in
2019, 2021 and 2022
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Source: Own elaboration.

Note: The 7-day moving average is calculated from March 1 to August 31.
The lightest colour stands for 2019, the darkest for 2022.

introduction of the gas cap.

Figure [10] offers clues that may support this possible explanation. From June 15
onward there is a divergent behavior in the weight that each technology represents
in the total daily energy generated. On the one hand, hydro and cogeneration show
a significant drop, while wind and solar do not seem to show any particular reaction
beyond what can be attributed to mere seasonality. This divergence between groups
would be a strong candidate to be part of the effects created by the gas cap’s in-
centives. Taking for instance the drop in cogeneration, there are strong reasons to
consider that its lower use since the start of the cap may indeed be due to a direct
consequence of the design of the measure itself: the fact that cogeneration plants
have been excluded from the compensation deriving from the cap may have created
incentives to divert part of the production previously generated by cogeneration to-

wards combined cycle power plants. Under the measure, part of these plants would
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operate in the new regulatory context at a loss, which has led to the paralysis of a
significant portion of the cogeneration fleet|!]

As for its effect on gas consumption, although it is true that these plants also use
gas in production, they do so quite efficiently: while combined cycle plants have an
efficiency of 50-60%, cogeneration plants tend to have an efficiency of 90%. Thus, it
seems at least a priori could contribute to reducing gas consumption.

However, concerning hydro power, there are reasons to believe that we may be
facing a combined effect of several factors operating in the same direction, making
it impossible to differentiate the actual weight attributable to each. The cap and a
concurrent drought that took place during the summer of 2022 in Spain could explain
part of the reduction in generation by this technology during the summer months,
conflating both effects. This does not imply that there were no incentives to reduce
hydro generation in favor of combined cycle power plants. Still, it does mean that an
undetermined part of the increase in the latter, observed in the previous estimate,
is not due to the cap but to the climate event, and that the combination of both
factors may have yielded a specifically sized substitution effect that would have been

different (presumably lower) shall the drought be absent.

1 As a matter of fact, the Spanish Cogeneration Association (ACOGEN) called for cogenera-
tion to be included in the compensatory mechanism. By early September, Prime Minister Pedro
Sanchez announced a modification to the regulation of the cogeneration remuneration system to
allow facilities that so wish to temporarily waive it and receive the adjustment resulting from the
Iberian exceptionality. The Council approved this regulatory change of Ministers on September
20, so there will likely be an upturn in the participation of these technologies in electricity genera-
tion.This could explain why the effect on increased usage of combined-cycle power plants appears
to fade away from October 2022 onwards.
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6 Current impact in other countries: possible leak-
age from the system

Beyond the impact of the mechanism on prices and the generation mix in Spain, it
was widely speculated among policymaking circles how its implementation may have
significant impact in France, the country that holds virtually all energy interconnec-
tions towards the Iberian peninsula. Although the proposal drafted by Spain and
Portugal initially envisaged a different wholesale price for interconnections, the Eu-
ropean Commission finally ruled out this possibility to avoid restricting cross-border
trade, or discriminate between consumers. Thus, the lower prices in the Iberian mar-
ket, together with a series of unscheduled stoppages in the French nuclear fleet that
took place simultaneous to the cap implementation, and hydroelectric production
at a minimum due to the aforementioned drought, could have increased the import
demand from France.

Figure [L1] gives us an idea of the magnitude of the change in the trade balance
between Spain and France. Since the entry into effect of the cap, Spain became a
net exporter. In particular, exports more than doubled in 2022 compared to 2021
and imports almost halved. This completely reversed the traditional trade balance
between the two countries, while trade itself increased by 56.3%.

This effect could have been even greater had export capacity not been limited.
Export capacity between France and Spain was reduced by an average of 30% since
June 15 compared to the average values recorded up to that date. Given that the

available interconnections were used at maximum existing capacity since the mecha-
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Figure 11: Use of the Spain- France interconnection

asy

B 31ago'22 3rdic'22

Source: Own elaboration from REE.es data.

nism became operational, exports would most likely have been even higher had they

not been restricted.

Assessing the possible impact of the gas cap on exports to France beyond observa-
tional indicative evidence requires adopting an indirect strategy. First, we estimate
a model for the wholesale spot prices (not VPSC) that would have prevailed in Spain
in the absence of the cap for TTF, MIBGAS and the 80/20 combination. Results can
be found in Table 3] Once obtained, we contrast the three counterfactual wholesale
prices in Spain that would prevail without the gas cap with the French spots. Behind
this exercise is the intuition of assuming that exports of electricity to France are due
to a lower spot price in our country and, with the estimation of the counterfactual,
the aim is to visualise whether, even without the existence of the cap, Spanish prices

would have been cheaper (or cheaper than French prices). Let us not forget that the
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Table 3: OLS regressions for wholesale (spot) price. Results for different gas prices

specifications.
TTF MIBGAS WEIGHTED
const 14.40%*%* 32 52%** 14.08%**
(0.84)  (11.47) (0.83)
spot price;_; 0.86%** (. 87*** 0.867%**
(0.01)  (0.02) (0.01)
Gas price (TTF);—; 0.90%#*
(0.06)
Gas price (TTF);_o -0.90%**
(0.06)
Gas price (MIBGAS);_1 1.15%**
(0.10)
Gas price (MIBGAS);_» -1.08%**
(0.10)
Gas price (Weighted);—; 111
(0.07)
Gas price (Weighted);_o -1.09%**
(0.07)
Wind farms -0.04%#%  (0.09%** -0.047%%*
(0.00)  (0.02) (0.00)
Solar photovoltaic -0.06%%* 0. 14%%* -0.06%**
(0.01)  (0.04) (0.01)
Reform 1 9.87** 9.50%**
(1.50) (1.48)
Reform 2 11.08%** 9.14 10.16%**
(1.77)  (10.71) (1.74)
R-squared 0.95 0.83 0.95
R-squared Adj. 0.95 0.83 0.95
No. observations 3215 479 3215

Note: The dependent variable is the Spanish wholesale price
(spot price). Each regression uses a gas price indicated in the
name of each column. "Weighted’ refers to a weighted average
price, with 80% for TTF and 20% for MIBGAS.

Standard errors in parentheses *p<0.1, **p<0.05, ***p<0.01
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Figure 12: Causal impact of gas cup in wholesale price in Spain
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price difference does not fully allow to distinguish between the cap effect and the
seasonal effects already mentioned, those that have dominated the French electricity
market in recent months.

Figure[12[shows once again the estimated effect of the gas cap on, in this case, the
spot price for Spain. Once again, it can be seen that the cap led to a reduction in the
spot price in Spain. This reduction is greater than that of the VPSC because, as we

know, the latter includes compensation for power plants that use gas for electricity
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Figure 13: Observed wholesale price in Spain and estimated price without the gas
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Figure 14: Estimated wholesale price for Spain and observed for France
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generation. With these results, we can estimate the counterfactual spot price for

Spain in the case of no gas cap. This is illustrated in Figure [13] for each of the gas

prices used.

Finally, we compare the three counterfactual spot price series for Spain with the

observed price for France. This comparison is shown in Figure [T4 It appears that

the French price would have been higher than the Spanish price for most of the weeks

since June 15 independent of the gas price we use.

37



Striking, however, is the pronounced change in the behavior of French prices,
particularly since the introduction of the gas cap. Although it could be also due to
other reasons that are hard to model, we cannot rule out that the cap may have
brought a strategic shift in the production of the French electricity system, actually
playing a role on those other reasons. Let us not forget that the technical shutdown of
quite a few nuclear power plants in France came into effect at the end of April, which
would explain why, although the remaining ones in operation were able to more than
meet the demand at weekends, they were unable to cover it adequately on other days.
It is, therefore, feasible to consider that the rise in exports to France was not only
and exclusively a direct consequence of the increase in spot price differences between
the two countries since these incentives would most likely have existed without the
cap, but also due to a French shift in response to the cap. In any case, it should be
kept in mind that the French system is highly interconnected and therefore does not
set prices on its own.

It is certainly difficult to discern conclusively whether the gas cap has caused
changes in export flows or not. But what is unquestionable (and mechanic) is that it
has generated an economic benefit for French and Portuguese consumers. And, in any
case, the result observed is that French imports and their price have clearly changed
since the measure came into effect. This would support the fear expressed by Eicke
et al.| (2022) of "leakage” to non-member states of the money spent on compensation.
A leakage that may be significantly higher than that observed between Spain and
France simply because the connections from EU countries to non-EU countries are

more Intense.
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7 Conclusion and Policy Implications

According to our estimates based on a causal identification model the exceptional
gas cap for electricity generation in Spain and Portugal, the most drastic measure
taken within Europe to manage the escalation of energy prices caused by the Russian
invasion of Ukraine and the subsequent choice of economic and structural separation
between the continent and the country, did have a measurable effect. Prices of
the regulated VPSC tariff were, on average, between between 20% and 27% lower
than they would have been without the measure. This lower price, despite the
compensation included in the bill, has resulted in average savings of 129€/MWh per
day, or around 26’000 € /MWh accumulated since June 15 until the end of December
2022.

However, the introduction of the cap may have generated other unintended effects.
First of these is that of a significant increase in the use of combined cycle power plants
at the expense of reduced use of (non-CO, emitting) hydro and (more efficient) CHP
plants. Although it is not so evident that, particularly in the case of hydro, the
substitution of these technologies by combined cycle plants is exclusively caused by
the cap, it is no less true that the introduction of the measure in a particular context
that raises incentives to burn gas may be amplifying the undesired effects described
above. This highlights the inherent trade-offs policymakers must navigate between
short-term economic relief and long-term decarbonization.

Finally, although the introduction of the cap has raised the incentives to export
to France, these could have remained in place without its application. However, we

cannot rule out that France’s decisions on its electricity market production may have
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been equally strategic given the existence of an implicit subsidy, as the compensation
to combined cycle plants is paid mostly by Spanish consumers. Therefore, it is
feasible that the increase in exports to France is due both to a lower relative price
created by the cap and to a change in the neighboring country’s strategy to take
advantage of this eventual situation.

Our methodology provides a robust causality analysis through the utilization
of Bayesian structural time series models, a novel approach in this field of energy
economics. We have not only quantified the financial impact on consumers but also
expanded the analysis to include the effects on energy sources, effectively capturing
both intended and unintended impacts of the policy. These contributions offer a
rigorous framework for evaluating similar energy market interventions in the future,
illustrating how price-based policy mechanisms can have far-reaching implications
beyond immediate economic effects.

It is crucial to acknowledge the limitations of our study. Specifically, the method
had difficulty in discerning the direct effects on the increased use of combined cycle
plants and on exports to France due to temporally correlated confounding factors.
These limitations suggest caution in interpreting the study’s results as definitive
evidence of causality in these particular areas.

Given these findings and limitations, future research should aim to better under-
stand the nuanced impacts of such policies on the energy mix and on international
trade relations. Exploring heterogeneous effects on different types of households can
also enrich our understanding of the policy’s broader socio-economic implications.

The quest to achieve both economic stability and environmental sustainability in the

40



energy sector is a complex and urgent challenge, one that demands further rigorous,

empirical investigation.

References

Abadie, A., Diamond, A., and Hainmueller, J. (2010). Synthetic control methods
for comparative case studies: Estimating the effect of california’s tobacco control

program. Journal of the American Statistical Association, 105:493-505.

Arroqui, M. (2022). La ue avisa a espana del aumento del consumo por su tope al gas.

https://www.larazon.es/economia/20221001 /nxzylv7265hkxpgbgb6wvm4ufe.html.

Brito, P. (2022). La excepcién ibérica a debate juna oportunidad perdida?

Brodersen, K. H., Gallusser, F., Koehler, J., Remy, N., and Scott, S. L. (2015).
Inferring causal impact using bayesian structural time-series models. Annals of

Applied Statistics, 9:247-274.

CNMC (2022). Boletin de indicadores elEctricos de junio de 2022.
CNMC (2023). Boletin de indicadores elEctricos.

Commission, E. (2022). Communication from the commission to the european par-
liament, the european council, the council, the european economic and social com-
mittee and the committee of the regions security of supply and affordable energy

prices: Options for immediate measures and preparing for next winter.

41



Eicke, A., Hirth, L., Maurer, C., Miihlenpfordt, J., and Schlecht, I. (2022). The

iberian electricity market intervention does not work for europe. VoxEU org.

Herndn, M. A. and Robins, J. M. (2023). Causal Inference: What If. July, 2023

edition.

Hidalgo-Pérez, M. A., Van-Baumberguen, N. C., Jorge, G., and Mateo, R. (2022).
Los efectos del tope al gas en los precios, la inflacién y el consumo seis meses

después.

Independiente,  E.  (2022). Espania  deberda vender la  electri-
cidad a francia al precio topado por la ’excepcion ibérica’.

https://www.elindependiente.com/economia/2022/05/26 /espana-debera-vender-la-electricidad-a-fre

Robinson, D., Arcos-Vargas, A., Tennican, M., and Nunez, F. (2023). The iberian

exception: An overview of its effects over its first 100 days. arXiv preprint,

2309.02608.

Salas, R., Jerez, M., and Alvarez, F. (2022). Actualizacién indicador icae del impacto

del tope del gas en el precio de la electricidad.

Sancha, J. L. (2022). Balance econémico de 200 dias de aplicacién del tope al precio

del gas. Cuadernos de Energia, 71:46-57.

Sgaravatti, G., Tagliapietra, S., and Zachmann, G. (2021). National policies to shield

consumers from rising energy prices. Bruegel Datasets, 4.

42



	Introduction
	The measure and existing evidence on it
	Our method to measure the cap's actual impact
	Estimating the impact of the gas cap on final electricity prices
	Step 1: The hypothetical price series
	Step 2: estimating the effect of the cap on the VPSC

	Effect on the use of the combined cycle
	Current impact in other countries: possible leakage from the system
	Conclusion and Policy Implications



