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Abstract: The COVID-19 pandemic is having a strong impact on the economies of all countries,
negatively affecting almost all sectors. This paper compares Spanish electricity and natural gas
prices in the first half-year of 2020 with the prices expected for that period at the end of 2019. The
half-year of 2020 selected coincides with the period of greatest impact of COVID-19 on Spanish society.
Expected prices and their future probability distributions are calculated using a stochastic model with
deterministic and stochastic parts; the stochastic part includes mean-reverting and jumps behaviour.
The model is calibrated with 2016–2019 daily spot prices for electricity and with day-ahead prices for
natural gas. The results show large monthly differences between the prices expected at the end of the
year 2019 and the actual prices for the half-year; in May 2020, wholesale electricity prices are found
to be EUR 31.60/MWh lower than expected, i.e., 60% lower. In the case of natural gas, the prices in
the same month are EUR 8.96/MWh lower than expected, i.e., 62% lower. The spark spread (SS) is
positive but lower than expected and also lower than in the same months of the previous year.

Keywords: electricity prices; natural gas prices; COVID-19; stochastic models; jumps; spark spread

1. Introduction

The COVID-19 pandemic has caused a strong economic impact in all countries. This
in turn has strongly affected energy demand and consequently prices. Its effects have been
felt in several economic sectors, including construction and industry. COVID-19 is having a
great impact on energy systems around the world, decreasing investments and threatening
to slow the expansion of key clean energy technologies [1].

According to [2], in the first months of 2020, the world’s natural gas markets have
experienced the largest demand negative shock ever recorded in their recent history because
of the COVID-19 pandemic and because of mild winter temperatures in the northern
hemisphere early in the year.

The timeline of COVID-19 is the following [3]: On 31 December 2019, China reported
a cluster of cases of pneumonia where a novel coronavirus was eventually identified. After,
on 12 January 2020, China publicly shared the genetic sequence of COVID-19. Addition-
ally, on 11 March 2020, the WHO determined that COVID-19 could be characterized as
a pandemic.

The following dates are significant for Spain:

• 13 March 2020: introduction of the “state of alarm”.
• 30 March 2020: tightening of the state of alarm with a ban on all non-essential activities.
• 13 April: return to work for construction and some industrial workers.

Because of this chronology with the initial COVID-19 information reported on 31
December 2019, quotes from earlier dates are used to estimate the prices that would have
been expected in the first half of 2020 without COVID-19.

This study seeks to analyse the impact of the COVID-19 crisis on wholesale energy
markets in Spain during the first half-year of 2020, covering electricity and natural gas. It
sets out to analyse the following points: (a) To what extent has the COVID-19 pandemic
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affected the wholesale market prices of electricity and natural gas in Spain? (b) When did
the markets react by lowering prices? To that end, real and estimated data for the first half
of 2020 are compared. Probability distributions for estimations before COVID-19 expansion
are based on a stochastic mean-reverting jump diffusion model calibrated with daily quotes
from 2016–2019, and using the closing data for 2019 as the starting point of the estimate.

As cited in the report on the sectoral trend in electricity demand from large consumers
in Spain [4], electricity consumption in April 2020 was 23.8% lower than in April 2019 in
industry, 23.7% lower in services and 13.8% lower in “other consumers”. This is equivalent
to an overall drop of 22.8% in the total for large consumers.

Figure 1 shows a sharp drop in electricity production and prices in Spain in the first
months of 2020. These 2020 prices are much lower than the prices for 2016–2019.
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Figure 1. Spanish monthly electricity generation and prices, from January 2016 to June 2020. Source:
own work based on ESIOS [5].

Figure 2 also shows a sharp drop in natural gas prices in Spain in 2016–2019 and in
the first months of 2020. These latest prices are lower than those for 2016–2019.

Figure 2. Spanish monthly natural gas prices, from January 2016 to June 2020. Source: own work
based on Iberian gas market (MIBGAS) [6].

The COVID-19 pandemic has affected the power plants cost calculated as described
by [7], decreasing for natural gas combined cycles. In all cases, the decrease in electricity
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prices has caused a reduction in income. This net income drop has affected renewable
energy plants, where there has been no reduction in costs.

The papers below are some of those that have analysed the stochastic behaviour of
electricity and natural gas prices.

A two-factor jump-diffusion model with seasonality for the valuation of electricity
futures contracts was proposed by [8]; this model was applicate to the Pennsylvania-New
Jersey-Maryland (PJM) US electricity market incorporating a jump risk premium.

The seasonal systematic pattern is of crucial importance in explaining the shape of the
futures/forward curve being a simple sinusoidal function adequate for this [9]. This was
analysed with Nordic Power Exchange’s spot, futures and forward prices.

The effectiveness of different jump specifications when modelling electricity prices was
compared by [10]. They calibrate the models to the daily European Energy Exchange (EEX)
market. The authors analyse the impact of the jump components on derivatives pricing.

The electricity prices behaviour in deregulated markets using a general class of mod-
els with seasonality, mean reversion, GARCH behaviour and time-dependent jumps is
analysed in [11]. They estimate eight different nested models and find strong evidence that
electricity equilibrium prices are mean reverting, with volatility clustering (GARCH) and
with jumps of time-dependent intensity.

A model of electricity spot prices that combines mean reversion, spikes, negative
prices and stochastic volatility can be found in [12], where different mean reversion rates
for “normal” and “extreme” (spike) periods are used.

In this paper, a modified version of the stochastic model described in simulating elec-
tricity prices with mean-reversion and jump-diffusion [13] is used. This version includes
the effects of non-working days.

There are some recent publications about the effects of the COVID-19 pandemic on
the energy markets. The papers below are some of those.

A positive effect of the infectious diseases EMVID index on the realized volatility of
crude oil prices with highest level of statistical significance [14] has been observed; this
was found using a heterogeneous autoregressive realized volatility (HAR-RV) model.

The aggregated electricity demand decreased in Great Britain (GB) during March
2020 due to the mitigation measures including lockdown and work from home (WFH)
because of the COVID-19 crisis [15]. Their analysis illustrates a need for faster and more
frequent balancing actions because of the increased share of renewable energy. In COVID-19
pandemic time, the electricity demand has dropped sharply during lockdown restrictions
decreed by some governments [16]. According to these authors, the share of renewable
generation grew causing higher pressure on system operators.

The COVID-19 pandemic has affected renewable energy manufacturing facilities, sup-
ply chains and companies delaying the transition to low carbon generation [17]. This author
concludes that the governments should provide incentives for investment in renewable
energy with the objective of return to its long-term path towards green power generation
and utilization.

In Italy, the measures adopted by the Italian government to deal with the COVID-
19 emergency in the first months of 2020 have affected to industrial and commercial
activities [18] and impacted the Italian electricity system. This study shows that the COVID-
19 pandemic caused a reduction in consumption up to 37% year-on-year; wholesale energy
prices decreased about 30% in the last weeks of March and in the first week of April due to
less use of the most expensive generation technologies.

The stay-at-home advisory issued in response to the COVID-19 pandemic has been
affected differently to regional electricity markets such as NYISO, MISO and PJM [19], but
in all cases, the electricity generation declined after the stay-at-home advisories. The effect
also was different in fuel generation types used.

The COVID-19 pandemic has affected to the energy sector dynamics on the province of
Ontario, where the electricity demand in April 2020 amidst pandemic conditions declined
by 14%, totalling 1267 GW [20]. In this study, the authors analyse the impact on the days
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of the week and on hourly seasonality. Additionally, the reduction in GHG emissions
is calculated.

A hybrid prediction system is proposed by [21] for prediction of electricity demand
during COVID-19 pandemic time, where a support vector machine is used as the predic-
tion model.

The short-run impacts of COVID-19 in the economy were estimated using high-
frequency electricity market data from Italy [22].

The severity of the COVID-19 pandemic significantly affected the electricity and the
petroleum demand in China, both directly and indirectly [23]. These authors show that the
oil industry is more vulnerable compared to the electricity industry. Due to the COVID-19
pandemic, China’s air quality has improved in the short term with a carbon emission
reduction [24]; however, there is no evidence that this improvement will continue in the
long run.

The volatility in the US stock market is sensitive to COVID-19 news more than eco-
nomic indicators [25]. Oil and natural gas, restaurants, hotels and lodgings industries
have exhibited large increases in risk during pandemic time. Using an auto-regressive
distributive lag (ARDL) approach, [26] study the COVID-19 pandemic influence on oil and
gas prices for the United States and Japan.

In [27], the author assesses the relative importance of COVID-19 infections and oil
price news in influencing oil prices. This work analyses the lessons learnt from the COVID-
19 (coronavirus) pandemic that could possibly apply.

The lessons learnt from the COVID-19 crisis that could possibly apply to the energy
sector were analysed in [28], distinguishing between short/medium- and medium/long-
term options. These authors show that in this period fuel demand fell to unprecedented
levels, with oil price at the lowest values recorded for many years, reaching a negative
price in the US for the first time in history on 20 April.

In electricity markets dominated by renewables [29], analyses of the economic feasibil-
ity of power-to-gas plants are not profitable under the current market conditions.

In [30], an optimization model for the gas–electricity coupled system taking into
account the dynamic characteristics of natural gas flow, wind power integration and
demand response management was proposed.

The relationship between electricity and natural gas prices in Spanish wholesale
markets was analysed in [31]; the authors conclude that natural gas and electricity prices
are not only cointegrated but share common long-term dynamics.

An electricity price forecasting (EPF) methods revision can be found in [32].
A valuation of a power plant with multiple turbines with CO2 prices modelled as a

mean-reverting stochastic process was performed by [33].
In [34], the authors study the directional predictability between electricity and natural

gas prices. The authors find significant nonlinearities in the relationship that characterizes
the interconnected gas and electricity markets of both New England and Pennsylvania,
New Jersey and Maryland.

The effects of electricity consumption and generation on carbon emissions in 25 African
countries were investigated by [35] using various generation sources as hydro, oil, natural
gas, coal and renewable electricity.

The economic literature shows that the margin between electricity and natural gas
prices including the CO2 cost (the so-called clean spark spread or CSS) is relevant when
calculating the expected margin and risk profile of natural gas combined cycle (NGCC)
power plants, as in [36,37].

There is extensive literature that study the effects of water availability for electricity
generation, changes in demand due to weather and climate change effects on electricity
prices. A few are cited below. The use of hydroelectric plants in the generation of electricity
depends on the availability of hydraulic resources but also of other aspects as the reservoir
operation strategies established by the owners of plants and several other several purposes
as irrigation, flooding control and security of supply (SoS) [38]. These authors show that
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the hydro power plants generate more power during peak hours and less in non-peak ones,
thus, also contributing to SoS.

Electricity generators, when using water resources, usually are conservative and try
to hedge against risk [39].

Some drives can impact in electricity demand such as electrification, technological
improvements and climate change [40]; these authors conduct a study of the relationship
between the historic electricity demand in Europe and these drivers, finding that among the
weather variables is the temperature that shows the strongest relationship with electricity
demand. Different sensitivities of electricity demand to temperature were calculated
depending on the country’s latitude and technologies.

The impacts of climate change on hydropower generation in California were studied
by [41].

The document is organized as follows: Section 2 describes the data and presents
the stochastic diffusion models of electricity and natural gas prices and their calibration;
Section 3 shows the results and discusses them. Section 4 concludes.

2. Materials and Methods

The daily Spanish electricity spot prices for 1461 days that were extracted from ESIOS
(information system of the operator of the Spanish electrical system) for four years (2016 to
2019) are used for calculations. For natural gas, 1461 day-ahead prices from the Iberian gas
market (MIBGAS) for the same period were used.

Table 1 shows some basic statistics for electricity and natural gas prices. Both have
positive values in excess of kurtosis, i.e., the probability of obtaining an extreme value is
higher than a normal distribution that is confirmed by the maximum, minimum and 5%
and 95% percentiles. There are fatter tails than in a normal distribution. The mean price is
EUR 49.21/MWh for electricity and EUR 19.48/MWh for natural gas.

Table 1. Daily basic statistics (2016–2019).

Prices
(EUR/MWh) Mean Minimum Maximum Standard

Deviation Asymmetry Excess
Kurtosis

Percentile
5%

Percentile
95%

Electricity Spain 49.21 1.94 91.88 12.86 −0.52 0.87 25.41 68.01
Natural Gas Spain 19.48 7.89 43.00 5.52 0.85 1.20 10.45 28.16

Electricity prices have seasonality, effects of non-working days, trends, mean reversion,
volatility and price spikes. There is a deterministic part and a stochastic part. Initially, the
same stochastic model is set for natural gas prices.

This section calibrated a stochastic electricity model under the real-world probability
measure P. The real-world probability refers to market-expected probabilities in the real or
physical world, as opposed to the risk-neutral probabilities used in quantitative finance for
derivatives valuation. These real-world probabilities are used in risk management.

Figure 3 shows the behaviour of daily Spanish electricity and natural gas prices. This
Figure shows that there is a Pearson positive correlation between Spanish electricity and
natural gas prices; its value is 0.7024. The activity of natural gas combined cycle power
plants connects both markets. In some cases, natural gas is also an alternative to electricity.

The natural logarithm of spot prices pt for each commodity is shown in Equation (1)
broken down as the sum of two components. The first part f i(t) is deterministic, and the
second Xi

t is the stochastic part. The latter is a mean-reverting jump diffusion model. The
superscript i is used to distinguish between electricity (E) and natural gas (G).

ln
(

pi
t

)
= f i(t) + Xi

t (1)

f i(t) = βi
1 sin(2πt) + βi

2 cos(2πt) + βi
3 sin(4πt) + βi

4 cos(4πt) + βi
5t + βi

6Dt + βi
7 (2)
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Equation (2) describes the deterministic part of Equation (1) including annual and
semi-annual seasonality. Equation (2) also includes the trend, a constant and a dummy
variable Dt for weekends and other non-working days for Spain. We consider only those
official non-working days that apply nationwide and not regional non-working days.
Dt = 1 at weekends and on other non-working days and Dt = 0 otherwise. Calibrating the
first seven parameters with daily electricity and natural gas prices using the least squares
method gives the results shown in Table 2. These parameter values of the deterministic
daily part are different for electricity and natural gas. Electricity prices show a positive
trend βE

5 over time, but natural gas prices show a slightly negative trend βG
5 . Weekends

and other non-working days have a significant negative effect on electricity prices, but
almost no effect on natural gas prices.

Figure 3. Spanish daily electricity and natural gas prices from 2016 to 2019.

Table 2. Daily deterministic parameters.

Parameter
Electricity (i = E) Natural Gas (i = G)

Estimate Standard Error t Statistic p Value Estimate Standard Error t Statistic p Value

βi
1 −0.1288 0.0118 −10.9400 0.0000 −0.0251 0.0096 −2.6160 0.0090

βi
2 0.0350 0.0116 3.0298 0.0025 0.1425 0.0094 15.1090 0.0000

βi
3 −0.0007 0.0116 −0.0577 0.9540 0.0059 0.0095 0.6269 0.5309

βi
4 0.0662 0.0115 5.7319 0.0000 0.0482 0.0094 5.1150 0.0000

βi
5 0.0728 0.0072 10.0460 0.0000 −0.0211 0.0059 −3.5707 0.0004

βi
6 −0.1770 0.0177 −9.9897 0.0000 0.0009 0.0145 0.0647 0.9485

βi
7 3.7569 0.0175 214.7300 0.0000 2.9727 0.0143 208.1300 0.0000

In Equation (2), the seasonality—because of the impact of the demand of usual weather
conditions in each day—is incorporated. Additionally, the trend in prices is incorporated
as well as the effect of lower demand in no working days.

All estimated values in Table 2 are statistically significant, except βE
3 , βG

3 and βG
6 , whose

estimated values are very close to zero.
Figure 4 shows both the natural logarithm of electricity prices in Spain with their

deterministic part and the natural logarithm of electricity prices with the deterministic
part removed.
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Figure 4. Daily natural logarithm of Spanish electricity prices from 2016 to 2019 with their determin-
istic and stochastic parts.

Figure 5 shows both the natural logarithm of natural gas prices in Spain with their
deterministic part and the natural logarithm of natural gas prices with the deterministic
part removed.

Figure 5. Daily natural logarithm of Spanish natural gas prices from 2016 to 2019 with their deter-
ministic and stochastic parts.

After the deterministic part of electricity and natural gas prices is removed, the
calculation continues with their stochastic parts.

Equations (3) and (4) fit the stochastic part of the logarithm of Spanish electricity and
natural gas prices. These equations are Ornstein-Uhlenbeck mean reverting with jumps.
Equation (5) shows that these stochastic processes are correlated. Note that sometimes both
Spain electricity and natural gas prices can move stochastically for similar reasons. Using
the natural logarithm of electricity prices with seasonality removed as per Figures 4 and
5, the correlation value ρ = 0.6490 is obtained. Note that it is the correlation between the
stochastic parts of the logarithm of prices.

dXE
t =

(
αE − κEXE

t

)
dt + σEdWS

t + JE
(

µE
j , σE

j

)
dqE

j (3)

dXG
t =

(
αG − κGXG

t

)
dt + σGdWG

t + JG
(

µG
j , σG

j

)
dqG

j (4)

E
(

dWG
t dWG

t

)
= ρdt (5)
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In Equations (3) and (4), the current logarithm of the stochastic part of electricity and
natural gas prices tends to level αi/κi in the long term, with a reversion speed of κi. The
volatility of the mean-reverting process is σi. The third term of Equations (3) and (4) is a
Poisson process with a rate of arrival λi. If there is a jump, its size is normally distributed
with mean µi

j and volatility σi
j . dWi

t is the increment to a standard Wiener process, and dqi
j

is a Poisson process such that dqi
j = 1 with probability λidt and dqi

j = 0 with probability

1− λidt. dWi
t and dqt are independent. The parameter ρ is the correlation. It is assumed

that dWi
t and dqi

j are indeperndents; it is a common simplifying assumption, which is
recognized as a limitation of the model.

The first term of Equations (3) and (4) is the deterministic part, while the remaining
two terms are the stochastic part.

Note that Equations (3) and (4) can have negative values, as the natural logarithm of
some low electricity and natural gas prices can be negative.

The electricity parameter values shown in Table 3 are obtained using maximum likelihood
estimation. Appendix A describes the application of this method for Equations (3) and (4).
In the case of electricity, there are large jumps with a high mean-reverting speed, the price
volatility is high, and in the jump cases, negative values are expected with significant volatility.
An initial analysis of natural gas stochastic part prices shows that jumps can be discarded as
a relevant variable due to its very small size, which is not significantly different from zero;
because of this, Equation (6) has been used instead of Equation (4).

dXG
t =

(
αG − κGXG

t

)
dt + σGdWG

t (6)

Table 3. Stochastic electricity parameters.

Parameter
Electricity (i = E) Natural Gas (i = G)

Estimate 95% Confidence Interval Estimate 95% Confidence Interval

α 4.3161 2.2018–6.4304 −0.1076 −0.9206–0.7053
κ 56.3486 46.2128–66.4844 4.6273 1.4227–7.8319
µj −0.1347 −0.2378–−0.0316 - -
σ 1.8261 1.7266–1.9205 0.8288 0.7997–0.8500
σj 0.5462 0.4547–0.6244 - -
λ 32.1534 23.7531–40.5537 - -

The parameter ρ with a value of 0.6490 is calculated using the residuals of
Equations (3) and (4). Note that it is the correlation between the stochastic parts of the
logarithm of prices; this gives a slightly different value than the correlation between the
prices of Figure 3. Because time is measured in years, there is a probability λEdt = 0.0881
of a jump in electricity prices on a specific day, being dt = 1/365.

3. Results and Discussion
3.1. Mone Carlo Simulation of Electricity and Natural Gas Prices

This section describes the Monte Carlo simulation for electricity and natural gas prices
under the real-world probability P. A discretized version of Equations (3), (5) and (6) is
used to simulate electricity and natural gas prices.

We run 10,000 simulations for the first half of 2020, i.e., 182 days, under the real-world
probability. This simulation is based on the fitted model starting from the figures for the
end of 2019. First, we simulate the stochastic part of Spanish electricity and natural daily
prices, and then, we include the deterministic daily part with seasonality (annual and
semi-annual), the trend, weekend and holiday effects and a constant component.

For these simulations, correlated samples for electricity and natural gas prices are
calculated using Equation (7), as calculated by [42].
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vE = xE; vG = ρxE + xG

√
1− ρ2 (7)

Correlation is simulated by obtaining normal N(0,1) samples vE (logarithm price of
the stochastic part of Spanish electricity prices) and vG also N(0,1) (logarithm price of the
stochastic part of Spanish natural gas prices) using Equation (7), where xE and xG are two
independent normal N(0,1) samples. The parameter ρ is the correlation calculated with
a value of 0.6490. This method generates correlated random samples with a correlation
value of 0.6494, very near the parameter value of 0.6490. Figure 6 shows spot electricity
prices for 2016–2019 and the daily mean of simulated prices, i.e., each time the daily point
is the mean of the 10,000 simulated values.

Energies 2021, 14, x FOR PEER REVIEW 10 of 18 
 

 

 
Figure 6. Daily natural logarithm of Spanish electricity prices from 2016 to 2019 and daily mean of simulated prices for 
the first half-year of 2020. 

Figure 6 shows the daily natural logarithm of Spanish electricity prices from 2016 to 
2019 and the daily mean of the simulated prices for the first half-year of 2020. In the daily 
price average, the deterministic part prevails, because the average of the stochastic part is 
almost zero. In the forecast of electricity prices for the first half-year of 2020 in Figure 6, 
the impact of non-working days on prices is observed, including the impact of Easter. 
Additionally, the forecast includes the expected effects of seasonality and trend on elec-
tricity prices. 

Figure 7 gives Spanish natural gas prices and shows the daily natural logarithm of 
those prices from 2016 to 2019 and the daily mean of the simulated prices for the first half-
year of 2020. Additionally, in the forecast part of this figure, the impact on natural gas 
prices of non-working days can be observed, including Easter. The forecast includes the 
expected effects of seasonality and trend on natural gas prices. 

As commented, all simulation paths (10,000) are correlated. 
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first half-year of 2020.

Figure 6 shows the daily natural logarithm of Spanish electricity prices from 2016
to 2019 and the daily mean of the simulated prices for the first half-year of 2020. In the
daily price average, the deterministic part prevails, because the average of the stochastic
part is almost zero. In the forecast of electricity prices for the first half-year of 2020 in
Figure 6, the impact of non-working days on prices is observed, including the impact of
Easter. Additionally, the forecast includes the expected effects of seasonality and trend on
electricity prices.

Figure 7 gives Spanish natural gas prices and shows the daily natural logarithm of
those prices from 2016 to 2019 and the daily mean of the simulated prices for the first
half-year of 2020. Additionally, in the forecast part of this figure, the impact on natural gas
prices of non-working days can be observed, including Easter. The forecast includes the
expected effects of seasonality and trend on natural gas prices.

As commented, all simulation paths (10,000) are correlated.
The monthly price simulation for the first six months of 2020 is calculated using the

10,000 daily price simulations, that is, 10,000 paths of 182 days each. This is done by adding
up the prices for each day of the month in each simulation and dividing by the number of
days in that month. Six distributions of 10,000 values for each month are used to calculate
the mean and percentiles. These distributions allow us to obtain the expected value for the
first half-year of 2020 with data prior to the pandemic and also calculate extreme values
above and below the expected value.
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Figure 7. Daily natural logarithm of Spanish natural gas prices from 2016 to 2019 and daily mean of simulated prices for the
first half-year of 2020.

Figure 8 shows the histogram values for monthly Spanish electricity and natural gas
prices simulated for April. The expected mean values are EUR 49.27/MWh for electricity
and EUR 13.84/MWh for natural gas. Note that April in Spain was the 2020 month with
the greatest restrictions including the closure of non-essential activities.

Figure 8. Histogram of monthly distributions of Spanish electricity and natural gas prices in April
2020 based on 10,000 simulations.

Table 4 shows the monthly simulated mean and percentiles for electricity and natu-
ral gas. The lowest 10% percentile is EUR 37.75/MWh in April for electricity and EUR
9.85/MWh in May for natural gas. That is, prior to the pandemic beginning, there was
a probability of 10% of prices below EUR 37.75/MWh in electricity and below EUR
9.85/MWh in natural gas for the month of April 2020.



Energies 2021, 14, 1632 11 of 17

Table 4. Mean and percentiles of monthly simulated electricity and natural gas prices.

Month 2020

Electricity (i = E) (EUR/MWh) Natural Gas (i = G) (EUR/MWh)

10%
Percentile Mean 90%

Percentile
10%

Percentile Mean 90%
Percentile

January 43.44 56.03 69.48 10.70 12.63 14.75
February 41.52 54.61 68.69 10.37 13.80 17.59

March 38.24 49.84 62.61 10.00 13.84 18.20
April 37.75 49.27 61.69 9.85 13.84 18.34
May 40.46 52.85 66.18 10.12 14.35 19.22
June 45.54 59.63 74.80 10.52 15.09 20.24

January 43.44 56.03 69.48 10.70 12.63 14.75

The expected mean electricity prices are between EUR 49.27/MWh and EUR 59.63/MWh
for this month.

The prices expected at the end of 2019 are significantly higher than the actual monthly
prices for the first half of 2020, as shown in Table 5. This table also shows the prices for the
equivalent months of 2019.

Table 5. Actual prices for first half of 2019 and 2020 and expected prices for first half of 2020.

Prices (EUR/MWh) January February March April May June

Simulated 2020
Electricity 56.03 54.61 49.84 49.27 52.85 59.63

Natural Gas 12.63 13.80 13.84 13.84 14.35 15.09

Actual 2020
Electricity 41.10 35.87 27.74 17.65 21.25 30.62

Natural Gas 11.84 9.86 8.60 7.38 5.39 6.31

Actual 2020/Simulated
Electricity −14.92 −18.74 −22.10 −31.61 −31.60 −29.01

Natural Gas −0.79 −3.94 −5.24 −6.46 −8.96 −8.78

% Variation Electricity −27% −34% −44% −64% −60% −49%
Actual 2020/Simulated Natural Gas −6% −29% −38% −47% −62% −58%

Actual 2019
Electricity 61.99 54.01 48.82 50.41 48.39 47.19

Natural Gas 25.19 20.94 18.06 16.69 14.57 13.36

Actual 2020/Actual 2019
Electricity −20.89 −18.14 −21.08 −32.76 −27.14 −16.57

Natural Gas −13.35 −11.08 −9.46 −9.31 −9.18 −7.05

% Variation Electricity −34% −34% −43% −65% −56% −35%
Actual 2020/Actual 2019 Natural Gas −53% −53% −52% −56% −63% −53%

In the first four months of 2020, actual electricity prices decreased, so the difference
between the actual and expected figures increased. Electricity prices in April 2020 were
EUR 31.61/MWh less than expected. This trend continued in May 2020 with a difference
of EUR 31.60/MWh and in June with EUR 29.01/MWh.

The actual electricity prices for the first half-year of 2020 incorporate weather condi-
tions and water availability, which may be somewhat different from those incorporated
in the simulation that assumes only the usual behaviour of weather and water in those
dates (seasonality and trend). The forecast is based on data before the COVID-19 pandemic
without incorporating the forecast of unusual weather or water conditions for, say, April
2020 with data at the end of 2019. Always, the expected demand effects are indirectly in-
corporated through their impact on energy prices, as is usual in stochastics mean-reverting
jump diffusion models.

To analyse how weather and water conditions have influenced current prices in the
first half-year of 2020 is beyond the scope of this paper, with the main impact below
the predicted prices being attributed to the pandemic. This is a recognized limitation of
the paper.

Table 5 shows, for natural gas, that prices in January 2020 were near to the expected
figures, but in the following months, there was a decreasing trend, which significantly
widened the difference between expected and real prices. In May 2020, actual prices were
62% lower than expected.
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This decrease is mainly caused by the COVID-19 pandemic. Additionally, mild
temperatures in the northern hemisphere in the first months of the half-year may have had
an additional influence on prices, but the drop in prices continued in the last few months
of the half-year of 2020. Electricity prices were the first to drop considerably compared to
expectations from January onwards. Natural gas prices dropped over the five first months,
with a minimum price of EUR 5.39/MWh in May 2020.

A comparison of actual prices for April 2020 and the distribution shown in Figure 8
reveals that the actual prices are among the most unlikely cases contemplated in the
distribution as shown in Table 4 (EUR 37.75/MWh for electricity and EUR 9.85/MWh for
natural gas for 10% percentiles).

A comparison of actual monthly prices for 2020 with the prices for the equivalent
months of 2019 shows a similar 65% drop in electricity in April 2020 and a greater % decline
in natural gas prices in the same month. This latter drop is also due to the trend in historic
natural gas prices as observed in Figure 2.

3.2. The Spark Spread (SS)

The spark spread is the margin between electricity and natural gas prices when one
MWh of electricity is generated. Equation (8) show the spark spread margin (SSt) per
MWh generated at time t of a natural gas combined cycle power plant (NGCC), depending
on its efficiency EFG.

CSSt = Et −
Gt

EFG
(8)

where at time t, Et is the income, that is the electricity price, Gt is the fuel cost (natural gas
price), and EFG is the natural gas power plant efficiency. A thermal efficiency of 52.5% is
used [43]. Thus, an efficiency rate EFG = 0.525 for the gas plant is selected.

Figure 9 shows the trend in spark spread (SS). The lowest figure for this in the first
half-year of 2020 is EUR 3.59/MWh, recorded in April 2020, but in the rest of the months
of the first half-year of 2020, it remains high at above EUR 10/MWh. The drop in natural
gas prices partially compensates from the fall in electricity prices at power plants during
the time of COVID-19.

Figure 9. Monthly spark spread (SS).
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Historically, from 2016 to 2018, there have been months with lower margins than those
obtained in the first half-year of 2020, even reaching negative values; this was because of
the higher natural gas prices in this period (see Figure 3).

Table 6 shows an SS margin in the first half-year of 2020, which is positive but lower
than expected. The margins (March–June) are also lower than for 2019, especially in April.

Table 6. Actual SS for first half of 2019 and 2020 and expected SS for the first half-year of 2020.

Prices (EUR/MWh) January February March April May June

Simulated 2020 SS 31.97 28.32 23.48 22.91 25.52 21.89
Actual 2020 SS 18.56 17.08 11.35 3.59 11.00 18.60
Actual 2019 SS 14.00 14.12 14.42 18.62 20.63 21.75

Actual 2020/Simulated −13.41 −11.24 −12.13 −19.32 −14.52 −3.29
% Variation Actual 2020/Simulated −42% −40% −52% −84% −57% −15%

Actual 2020/Actual 2019 4.56 2.96 −3.07 −15.03 −9.63 −3.15
% Variation Actual 2020/Actual 2019 33% 21% −21% −81% −47% −14%

3.3. The European Energy Markets Behavior in COVID-19 Times

In this subsection, the European energy markets prices behaviour is analysed during
the first months of the pandemic COVID-19.

Figure 10 shows very similar behaviour in electricity prices, as they are affected by
similar causes in European countries.

Figure 10. European electricity prices in COVID-19 time. Source: own work based on ESIOS data [5].

Portugal electricity prices have not been represented in Figure 10, because they are
practically identical to those of Spain.

Table 7 shows the monthly electricity price correlation between some European elec-
tricity markets. In this table, it can be seen that the correlations have been very close to the
value of one in all cases. This has been the case, despite the fact that Spain is considered
an island from an electrical point of view due to the scarce international connection it has
with France.
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Table 7. Pearson correlation between European electricity prices (April 2020 to January 2021).

France Spain Italy Germany Belgium Netherlands

France 1.000 - - - - -
Spain 0.971 1.000 - - - -
Italy 0.980 0.944 1.000 - - -

Germany 0.996 0.971 0.980 1.000 - -
Belgium 0.995 0.967 0.984 0.992 1.000 -

Netherlands 0.984 0.949 0.991 0.987 0.992 1.000

Portugal electricity prices have not been represented in Figure 10, because they are
practically identical to those of Spain. The Pearson correlation between Spain and Portugal
electricity prices in the same period was 0.9999.

In European natural gas markets, as shown in Figure 11, there has been similar
behaviour between the Iberian gas market MIBGAS and the market title transfer facility
(TTF) that is a virtual trading point for natural gas in the Netherlands.

Figure 11. European natural gas prices in COVID-19 time. Source: own work based on MIBGAS
data [6] and Elexys data [44].

For both natural gas markets, the Pearson correlation was 0.956 during the period
January 2019 to January 2021. The Iberian natural gas prices have almost always been
somewhat above TTF prices during this period.

4. Conclusions

The COVID-19 pandemic crisis has negatively influenced to a greater or lesser extent
all the world’s economies and most sectors, including industry, construction and tourism.
The energy demand has declined, and consequently, prices fell in the wholesale markets.
The consumption of electricity in Spain by large consumers has decreased considerably,
with certain non-essential construction and industrial activities being suspended for only
14 days in April 2020. Additionally, less prominent events may also have also affected
energy consumption in the first half of 2020, including milder temperatures in the northern
hemisphere.

This study presents a model designed to predict the future behaviour of the wholesale
electricity and natural gas markets. The model is calibrated with Spanish daily quotes
from 2016–2109, and the expected future behaviour is simulated using the end of 2019
as a starting point. These simulations allow us to obtain distributions of expected prices
and, consequently, expected values, percentiles and other statistics with data prior to the
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beginning of the COVID-19 pandemic. The differences between expected prices and actual
2020 prices are a measure of the impact of the COVID-19 crisis on both wholesale markets,
with drops of close to EUR 30/MWh (April–June) for electricity and just over EUR 9/MWh
(May–June) for the natural gas market. The biggest difference in the wholesale electricity
market was found for April (a drop of EUR 31.61/MWh), while the differences in the
natural gas market grew in a more staggered way and peaked in May with a drop of EUR
8.96/MWh.

This stochastic diffusion model, with data from other countries and markets, could
be used to make similar calculations for other countries using data from their wholesale
markets. The same figures can also be used to calculate the spark spread (SS) using an
efficiency rate for natural gas combined cycle power plants (NGCC). The spark spread (SS)
margin remained above EUR 10/MWh in all the months of the first half-year of 2020 except
April. However, the SS was lower than expected and, for March–June, was also lower than
for the same months of 2019.

A comparison of real 2020 prices in both wholesale markets with the prices expected
at the end of 2019 for the same period shows a huge fall for electricity of EUR 31.61/MWh
in April and EUR 31.60 in May (64 and 60% lower, respectively). Similar behaviour is
observed in natural gas prices, which were EUR 6.46/MW lower than expected in April,
EUR 8.96/MWh lower in May and 8.78 lower in June (47, 62 and 58% lower, respectively).
Electricity and natural gas prices both began to drop in January. A comparison with the
same months of 2019 shows similar drops (January–May) in electricity prices and further
decreases in natural gas prices.

The European electricity and natural gas markets have shown very similar behaviour
during the pandemic with very high correlations despite their different geographic location.
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Appendix A

It is possible to represent the density function of Xt given Xt−1:

f (Xi
t

∣∣∣Xi
t−1) = λi∆tNi

1(Xi
t

∣∣∣Xi
t−1) +

(
1− λi∆t

)
Ni

2(Xi
t

∣∣∣Xi
t−1) (A1)

In this case, ∆t is a day, that is, ∆t = 1/365. There is a probability λi∆t that there will
be a jump; then Equation (A2) applies:

Ni
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There is a probability
(
1− λi∆t

)
that there will be no jump, in which case Equa-

tion (A3) applies:
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The parameters θi ≡
{

αi, κi, σi, λi, µi
j, σi

j

}
can be calculated by minimising the negative

value of the log likelihood function:

min
θi
−

i=T

∑
i=1

log( f (Xi
t|Xi

t−1)) (A4)

subject to: (
1− κi∆t

)
< 1σi > 0σi

j > 0κi > 00 ≤ λi∆t ≤ 1
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