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Abstract: COVID-19 disease shocked global economic activity and affected the electricity markets
due to lockdown and work-from-home policies. Therefore, this study proposes an empirical analysis
to identify the electricity spot price response during the preventive and mandatory insulation in
Colombia, where the economic contraction caused the largest decrease in the electricity demand,
especially in the industrial sector. The methodology applied was quantile regression to quantify
the non-linear effect on the spot price returns, and two sample periods were selected to contrast
the results: 2018 and 2019. The main findings showed that regulated demand variation caused the
highest variability on the spot price dynamic during the strict quarantine. However, the price could
not fully capture the effects of the demand change due to the short duration of the shock and, also,
the price variability in 2019 was higher than 2020 by an El Nifio shock.
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Energics 2021, 14, 6989. https:// During the first quarter of 2020, the SARS-CoV-2 (COVID-19) disease was declared a
dol.org/10.3390/en14216989 world pandemic by the World Health Organization (WHO) [1]. Therefore, the governments
applied different health policies that increased the uncertainty in various economic sectors
such as trading, global supply chains, pressured asset pricing, and energy markets [2]. For
example, the electricity markets were impacted due to the closedown of some industrial and
commercial sectors that affected different market aspects such as the technical, economic,
and environmental aspects.

However, one of the electricity market indicators with more significant changes was
the demand caused by the mobility restrictions and the work-from-home policy. According
to the authors of [3-5], demand level, profile, composition, and distribution were altered
published maps and institutional af- 11 different countries. In Europe, e.g., during the lockdown policy, the daily demand
{ations. presented relevant variations between 2019 and 2020. The Demand Variation Index (DVI)

showed that electricity demand changed in Spain by 25%, in Italy by 18%, in Belgium

by 16%, and in the UK by 14.2% [6-8]. While in China, the industrial and construction
sectors presented a reduction of 12% in electricity consumption. Besides, through elasticity
analysis, the electricity demand decreased by 0.65% each time the infected population
increased by 1% [9,10]. Similarly, in the United States, [11] observed some reduction in
demand for three states: New York, California, and Florida, and for Canada, the total
demand decreased by 14% during April 2020 [12].
conditions of the Creative Commons On the other hand, demand and consumption changes were observed in the South
Attribution (CC BY) license (https:// American power generation markets. In Brazil, the demand decreased by approximately
creativecommons.org/licenses /by / 20% and 18% for the southeast-midwest and the south, respectively; for the north it
40/). was 14%; and for the northeast it was 7% [3,13]. In Colombia, regulated demand (users
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with small consumption: commercial, official, or residential users) and non-regulated
demand (users with large consumption: the industrial sector) decreased by 4.2% and 12.9%,
respectively, during the first quarter of 2020 in contrast with the previous year [14].

During the lockdown period, changes in demand dynamics and a reduction in energy
commodity prices such as gas and oil affected electricity prices. According to the authors
of [15-21], electricity price dynamics are characterized by high frequency, the fact that the
mean and variance are not constants, high variability, sensitivity to seasonal patterns, and
a strong connection with demand fluctuations and exogenous shocks. In this way, price
modeling and prediction have become the principal methods for planning and operation
in energy systems [22-28]. The pandemic’s effects on the electricity price were observed
in different countries. In Europe, the monthly average price was the lowest in the last
six years. The comparison between April 2019 and April 2020 showed that the relative
change variation for the Nord Pool market was 87%, for the markets in Spain, France, and
Portugal it was 65%, for the market in the Netherlands it was 53%, and for the market in
the UK it was 45% [29,30]. For Italy and the Czech Republic the electricity prices were —5%
and —4.7%, respectively [31]. In the United States, the trend of average daily locational
marginal prices decreased between 7% and 25% [32]. In India, the market-clearing price
dropped by 21% [33]. In different Latin America countries, heterogeneous changes were
observed. For example, in Colombia, the price decreased by 1% in March and in Uruguay
and Chile the price dropped by 98% and 16%, respectively [34,35].

Therefore, the objective of this study was to identify the electricity spot price response
by regulated and non-regulated demand reduction in Colombia. According to the authors
of [36,37], the suspension of Colombian economic activities by lockdown policies from
March 25 to August 31 caused a production contraction between 17% and 22%. Besides,
income decreased by 87%, unemployment increased by 49%, and an increase in food inse-
curity by 59% was observed. The economic shock reported in March allowed the largest fall
in electricity demand during the last few years to be identified. The annual variation rates
of non-regulated and regulated demand were increased by 4.2 and 1.9 standard deviations,
respectively [14]. Consequently, the Colombian Energy and Gas Regulation Commission
(Comision de Regulacion de Enegia y Gas—CREG, in its Spanish acronym) declared a set
of transitional measures to decrease the effects of the lockdown. For example, fee freezes
or payment deferrals for up to 36 months were applied on the final users’ consumption
tariff [38]. Despite this, the electricity market is based on a hydrothermal generation system
characterized by significant differences in the marginal costs in the generation sector, a high
dependence on water reservoirs and fossil fuels, minimal renewable power capacity, and a
high uncertainty due to the exogenous factors [39-41]. Hence, it is relevant to evaluate the
electricity spot price dynamics and the uncertainty in the electricity market caused by the
quarantine.

The methodology applied was quantile regression (QR) analysis through a fitted
linear model that allows price seasonality to be modelled and the non-linear effects of
demand variation on the spot price to be evaluated [42-44]. Besides, the QR model is robust
and provides more efficient estimations over the entire distribution spectrum to analyze
the relations between different economic and social factors affected by the COVID-19
shock [45—49]. The study used data from 2018 and 2019 to compare the price returns with
its response in 2020. The most relevant result of the empirical approach showed that the
regulated demand variation caused a higher increase in the electricity price variability for
2020 due to the mobility constraints and the work-from-home policy. However, the spot
price returns of 2019 were higher than 2020 because of an El Nifio shock from October 2018
to June 2019. Moreover, this effect was transferred to the first months of 2020, when the
thermal plants continued to operate. By contrast, in the second semester of 2020 a La Nifia
shock was forecast that caused a spot price variability reduction [50].

The manuscript is divided after Section 1 into the following sections: in Section 2, the
methodology applied is described. Section 3 presents the dataset, and in Section 4, the
results and discussion are reported. Section 5 presents the conclusions.
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2. Methodology

The approach considered to analyze the electricity spot price returns during the study
periods was quantile regression, due to the fact that it allows the electricity price seasonality
to be modelled and evaluated. Therefore, a linear model was fitted through this method.
In this section, the QR methodology is described, and in the following section, the dataset
applied for 2018, 2019, and 2020 is introduced.

OR is a semi-parametric approach that captures the non-linear effects of predictors
on the dependent variables. Besides, it presents high flexibility in modeling the stochastic
relationship between variables, and its distributional assumptions are minimal [42,44,51].

According to the authors of [52], the quantile regression model can be written as a
linear model as follows:

Qq(Yig| Xiy) = Xi B, (1)
where, Y;; represents the response variable and it is a vector with T observations
(t = 1,2,3,...T). While X;; is a matrix formed by explanatory variables and a con-

stant with Txd dimensions. The variable 37 is a dx1 vector of unknown parameters for
each quantile g, ¢ € (0,1). Each quantile g coefficient (57) was estimated, following the
minimization problem:

1
ming S [a—1(Yir < x0,B7) | [Yie = X187 @)
i t=1
where,
: 1) 1, Yi,t < X{,t,Bq
I(Yl't < Xi/f'Bi) N { 0, otherwise ' )

Besides, Y;; must be computed in separate regressions for each i, i = 1,... N. Ac-
cording to the authors of [44,53], the QR is a special case of the least absolute deviation
estimator (LAD), which allows robust estimations when the data presents heavy tails, as is
the case with electricity price returns.

In this case, Equation (1) can be written as follows:

Qq(Pis) = Bl; + BL,NRD; + Bl,RD, )

where, P; the dependent variable, is the electricity spot prices, while NRD; is non-regulated
demand and RD; is regulated demand. To estimate the QR model, the variables were
transformed through the logarithmic returns to observe possible changes in electricity price
distribution, which are associated with changes in terms of unexpected demand shocks.

3. Data

The dataset is a balanced time-series panel of hourly data that starts at 00:00 h on
1 February 2020 and ends at 23:00 h on 30 September 2020 (5833 observations). The period
was selected by data availability without methodological changes and because it captures
the dynamic of the variables after the WHO declared the COVID-19 disease as a global
health emergency on 30 January. Moreover, the period of the study describes the different
health and economic policies implemented in Colombia: the government declared the
COVID-19 disease as a national health emergency on 12 March; strict quarantine during
25 March-31August; the first gradual opening of economic sectors such as construction
and parts of the production industries in April; the second gradual opening of economic
sectors such as the markets and the rest of production industries in May and June; and
selective social isolation in September. Besides, the hourly frequency of data was selected
to capture regulated and non-regulated demand dynamics in more detail.

Besides, the data from February to September of 2018 and 2019 (5809 observations in
both periods) were used to compare the electricity spot price returns before the COVID-19
shock, with its response due the demand contraction during 2020. Table 1 shows the
description, source, and units of each variable. The hourly spot price was measured in
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Colombian pesos per kWh (COP/kWh), and the hourly demands were observed in MWh.
On the other hand, Tables 2 and 3 summarize the descriptive statistics for the three variables
in each study period, including the unit root test (augmented Dickey—Fuller—ADF) and the
Jarque-Bera (J-B) normality test. The results indicate that all the variables were stationary
and non-normal, apart from the spot price in 2019.

Table 1. Data description.

Variable Description Units Source

Spot price Hourly electricity spot price. COP/kWh
Large electricity consumers without a fixed tariff, e.g.,
industrial users.

Regulated demand Small electricity consumers with a fixed tariff. MWh

Non-regulated demand MWh XM information system

Table 2. Descriptive statistics of the variables for the 2020 period.

Spot Price Non-Regulated Demand  Regulated Demand

Mean 268.65 2345.22 5534.59

Std. Dev. 118.65 334.64 879.01
Minimum 81.85 1406 3731
25th percentile 165.56 2084 4677
50th percentile 250.96 2380 5666
75th percentile 364.70 2602 6292
Maximum 646.02 3104 7353

ADF-test —3.44 ** —4.66 *** —8.04 ***
J-B test/p-value 417.85/<0.01 152.56/<0.01 403.04/<0.01

Spot price correlation - 0.14 0.28

Note: For ADF-test, ** and *** indicate the significance levels of 5% and 1%, respectively. For the J-B test, the
normality hypothesis is rejected when the p-value is not larger than the assumed significance level.

Table 3. Descriptive statistics of the variables for the 2018 and 2019 periods.

2018 2019
. Non-Regulated Regulated . Non-Regulated Regulated
Spot Price Demgand Dfmand Spot Price Demgand Degmand
Mean 106.36 2491.06 5365.67 198.95 2571.55 7223.79
Std. Dev. 41.92 248.25 919.75 89.19 240.91 1560.43
Minimum 61.46 1562 3553 69.95 1741 3812
25th percentile 71.73 2347 4539 124.55 2431 6278
50th percentile 80.45 2531 5514 183.75 2608 7023
75th percentile 140.69 2676 6181 266.05 2758 8690
Maximum 244.29 2990 7072 910.47 3067 10,184
ADF-test —3.70 ** —8.78 *** —9.45 *** -1.19 —9.12 *** —8.89 ***
J-B test/p-value 730.12/<0.01 541.67/<0.01 453.85/<0.01 372.58/<0.01 513.84/<0.01 448.55/<0.01
Spot price correlation - 0.17 0.27 - 0.26 0.32

Note: For the ADF-test, ** and *** indicate the significance levels of 5% and 1%, respectively. For the J-B test, the normality hypothesis is
rejected when the p-value is not larger than the assumed significance level.

Likewise, Figure 1 presents the non-regulated and regulated demand dynamics for
the three study periods: February-September of 2018, 2019, and 2020. According to the
authors of [50,54], the annual electricity demand increased by 3.3% between 2017 and 2018.
The month of August of 2018 had the highest consumption with 6.02 GWh. Non-regulated
demand presented an increase of 5% linked to economic activity growth in 2018. By
contrast, regulated demand had an increase of 2.6%. On the other hand, in 2019, electricity
consumption was 71.93 GWh, i.e., the electricity demand of the Interconnected National
System (INS) increased by 4.02% compared to 2018. Once again, August of 2019 was the
month with the highest electricity consumption with 6.26 GWh. The second quarter of
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2019 registered the highest demand growth with 4.38% because the non-regulated and
regulated market increased by 3.67% and 4.9%, respectively. During 2019, the economic
activity had relevant participation over the non-regulated demand dynamic. Industrial
participation was 42.65%, and mining exploitation participation was 24.61%; also, both
increased their energy consumption by approximately 4%. Therefore, the industrial sector
had a strong correlation to the non-regulated demand variability.

Non-regulated demand
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Regulated demand
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Figure 1. Evolution of the electricity demands for February-September of 2018-2019-2020.

However, the growth trend of electricity demand was interrupted by restriction
mobility from March 2020. The month of April presented the highest demand decrease,
reaching 5.2 GWh, which represented a reduction of 10.7%. On the other hand, in the pre-
pandemic months, January and February, there was a growth of 4.9% and 5.0%, respectively.
According to the authors of [14,55], the restriction policies in March caused a decrease
in non-regulated and regulated demand of 17% and 11%, respectively, compared to the
previous month. This was the biggest fall in electricity demand due to a contraction in
economic activity. In the coming months, from April to July, recovery was observed, mainly
of non-regulated demand, because of the reopening of some economic sectors.

By contrast, electricity demand is one of the most relevant spot price determinants
due to the price dynamics that capture the supply and demand variations caused by the
technological and organizational aspects of the electricity market [40,56,57]. Figure 2 shows
the electricity price returns during the three study periods. During the first semester
of 2018, the evolution of the spot price was stable, with values close to 200 COP/kWh,
while the second semester showed a high variability due to changes in the hydric sources.
Despite the constant price variation during February-September 2019, the hourly spot price
reached its highest level, 910.47 COP/kWh, on August 15 at 14:00-15:00 h, which caused
the Reliability Charge activation [50,54]. Besides, and according to the authors of [58-60],
the hydric reservoirs decreased by 50% from December of 2019, reaching a stable level of
35%. Therefore, the thermal power generation increased by 4.8% compared to the same
period in 2018. This phenomenon increased the electricity spot price in February 2020.
However, electricity demand reduction due to the health emergency caused a monthly
spot price decrease of 41% between March and April. During the coming months, the
hydric reservoirs were low, and the commercial and industrial sectors’ flexibility caused an
increase in the volatility of the spot price. Finally, between June and September, the spot
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price decreased due to the increase in the water reservoir levels up to 65%, and electricity
demand was stable.

16 16

12 1.2

08 0.8

0.4 0.4 -

0.0 0.0
0.4 0.4
0.8 0.8

1.2 1.2

1.6 1.6

M2 M3 M4 M5 M6 M7 M8 M9 M2 M3 M4 M5 M6 M7 M8 M9 M2 M3 M4 M5 M6 M7 M8 M9

2018

2019 2020

Figure 2. Logarithmic returns of the electricity spot prices for February—September of 2018-2019-2020.

4. Empirical Results and Discussion

The results of the QR analysis are described below for the percentiles of the electricity
price distribution. Figure 3 shows the spot prices” quantiles against the corresponding
fraction of data for the three study periods. The spot price observed in 2020 presented the
highest values for each percentile. The lower price was 81.85 COP/kWh due to the increase
in the demand shock and in the water reservoirs. Likewise, the median spot price was
around 251 COP/kWHh, and from the 10th to the 90th quantile, the spot price presented a
positive linear trend, similar to 2019; however, after the 90th quantile, the price increased
with an exponential dynamic related to the reopening of the economic sectors and the low
water levels in reservoirs. For 2019, an extreme value was observed in the last quantile
related to a sharp peak value on August 15. For 2018, the prices are described by an average
value close to 75 COP/kWh between the Oth and 50th quantile. Nevertheless, after the
median, the prices had a smoothy positive trend.

900 — 2018 n
2019
2020

700 — =

600 —

400 —

300 —

200 —

Quantiles of the electricity spot price (COP$/kWh)

100 —

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Fraction of data

Figure 3. Quantiles’ electricity spot prices for February-September of 2018-2019-2020.

The main findings are summarized in Figure 4, and the QR coefficients are presented
in Appendix A. The quantile regression allows the way in which the non-regulated and
regulated demand dynamics translated into increments or decrements in the electricity
spot price variability to be observed. The analysis of demand is statistically significant for
the periods of 2018 and 2020, while for the sample in 2019 in the 20th and 30th percentiles,
the non-regulated demand effect was not significant. Moreover, the effects varied over the
different spot price quantiles for the three study periods.
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Figure 4. Non-regulated and regulated demand effects on the electricity spot price for different percentiles and for February-
September of 2018-2019-2020. The variables are defined as follows: (a) effects of the non-regulated and regulated demand in
2018; (b) effects of the non-regulated and regulated demand in 2019; (c) effects of the non-regulated and regulated demand
in 2020. The vertical axis in each subplot corresponds to the spot price response by effects of the demand variables, and the
horizontal axis corresponds to each percentile. The dotted black lines represent the quantile regression coefficients, and the

gray shaded area is the 95% confidence interval. The continuous red line is the linear regression coefficient estimated by

OLS, and the discontinuous red lines are the 95% confidence intervals.

First, based on non-regulated demand, from the 10th to the 40th percentile, the
demand presented a low impact, i.e., for a demand variation of 1%, the price showed
variability between 0.04% and 0.06% in 2020. Therefore, this effect is associated with the
negative demand shock during March and April due to the mobility restriction policies.
According to the authors of [34], the spot price showed a monthly growth rate of 25%,
the lowest in the last semester. However, as of the 50th percentile, the impact was higher.
In the 80th and 90th percentile, the price variability increased by approximately 0.33%
and 0.56%, respectively. Therefore, this result is related to the reopening of the economic
sectors that increased the non-regulated demand. During May, the interannual growth
in spot price was 139% [59]. Despite progressive economic recovery, the non-regulated
market did not meet its pre-pandemic level due to the economic sectors with the highest
demand participation having negative growth rates: the manufacturing industry grew by
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—6.52%; mining exploitation by —4.51%; and social, communal, and personal services by
—12.84% [61]. In November, the non-regulated demand showed a growth of —3.4%.

On the other hand, the price variation caused by non-regulated demand in 2018 and
2019 presented similar behavior for each percentile. For 2018, the spot price increased its
variability in the extreme percentiles. In the 10th percentile, a demand variation of 1%
increased the price variability by 0.12%. However, in the 80th and the 90th percentiles,
the same demand variation increased the price by 0.17% and 0.44%, respectively. In 2019,
the first percentiles were not statistically significant; thus, the most relevant effects can be
observed in the higher percentiles, e.g., in the 90th percentile, a demand variation caused a
price variation of 0.87%. Therefore, the demand effects were higher in 2019, followed by
2020 and 2018.

Second, the effects of regulated demand were positive and statistically significant for
all percentiles in 2020. From the 10th to 20th percentile, where the prices were low, the
demand showed a strong positive effect on the price dynamic. With a demand variation of
1%, the price variation increased by approximately 0.82% and 0.42%, respectively. With the
percentiles close to the median, the effects were lower. However, from the 70th percentile,
the demand effect was higher again. For example, in the higher percentiles, the price
variation increased by approximately 0.59%. According to the authors of [61], the regulated
market had participation in total demand of 69.96%; thus, this demand caused the highest
effect on the spot price variability. These results are similar to 2018 and 2019 because the
lower quantiles caused a higher impact on price variability. Nevertheless, an El Nifio shock
from the end of 2018 to the second semester of 2019 caused the highest variance of the spot
price in the sample of 2019 which was higher than 2020 [50]. According to the authors
of [6,30,62] negative shocks increase the volatility over the positive shocks. Therefore, the
El Nifio shock is associated with greater uncertainty and takes longer to be recovered from.
These effects are transmitted to tomorrow’s volatility, increasing the price variance.

The findings showed significant effects on the spot price during the strict quarantine.
According to the authors of [3,63-65], during the COVID-19 pandemic, electricity prices
dropped and volatility increased due to a fall in the load demand and consumption changes
due to the state of emergency and work-from-home policies in many countries. Electricity
demand and consumption are relevant spot price determinants. Besides, a part of the spot
price trend can be explained by demand shocks, principally in the short term [66-68].

However, in the short term, the demand is inelastic, i.e., it does not show changes
by price due to the fact it has a standard curve for each hour of the day and each day
of the week. On the other hand, the Colombian regulations allow only one offer and
one price per day for each power generator. The supply strategy must be based on the
daily complete demand curve, but the market-clearing price shows hourly changes by the
demand dynamic. Consequently, the electricity spot price cannot fully capture a demand
shock with a short duration because the power generators would not change their strategies,
and also, the spot exchanges are accompanied by long-term bilateral contracts to cover
a large part of demand with a fixed price. Besides, the Colombian electricity market is
based on a hydrothermal power generation market, where the agents have the El Nifio
shock incorporated in their strategy supply. Therefore, the price dynamic is affected and
the risk is high when, e.g., the primary generation source is impacted [40]. Therefore, the
price variability was higher in 2019 than in 2020 due to the fact that market agents did not
anticipate the effects of the strict quarantine.

Robustness Analysis

The robustness analysis for 2020 was applied by a different choice of quantile range
g and a new selection of explanatory variables [43]. First, the coefficients were estimated
under (0.05, 0.85) quantile values. The results are presented in Appendix B, in Figure A1l
and Table A4. Second, the hydraulic and thermal generation capacities were added to
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model two of the most relevant spot price determinants [40]. Therefore, Equation (4) can
be written as:

Qq(P;¢) = B!, + BL,NRD; + B! sRD: + 1 ,HG; + I TGy, ®)

where, HG; is the generation capacity by hydraulic sources and TG; is the generation capac-
ity by thermal sources. Both variables were observed in kWh, and the results are described
in Figure A2 and Table A5. The results were similar in comparison with the previous
section. Therefore, the interpretation of the results and the conclusion did not change.

5. Conclusions

Electricity demand captures the dynamics of economic activity and transfers its fluc-
tuations into electricity market variables. However, one of the most relevant variables
affected by the demand variation is the electricity spot price. Electricity consumption,
especially the non-regulated demand decreased significantly between March and April
2020 due to stay-at-home restrictions in Colombia. However, during the coming months,
energy consumption started to recover, but it did not achieve the levels observed before
the health emergency.

Therefore, a quantile regression analysis was used to identify the effects of regulated
and non-regulated electricity demand on the electricity spot price during the period of
confinement by COVID-19 disease. The sensitivity analysis showed high variability in the
spot price by regulated demand variations during the first months of strict quarantine. The
effect was higher in lower spot price percentiles due to the fact that regulated demand
increased due to work-from-home policies. Nevertheless, the effect decreased in values
close to the median.

On the other hand, the comparative analysis between the three study periods showed
similar dynamics. However, in 2019 the spot price had a higher variability since an El Nifio
shock increases the risk in the generation sector and decreases their benefits. Likewise,
the spot price returns during 2020 could not fully capture the effects of non-regulated and
regulated demand due to the generation. The market cannot respond to a demand change
with a short duration, and the pandemic did not affect the primary generation source,
i.e., the water reservoirs. Besides, the action of the bilateral contracts served as a shock
absorber.

Finally, the information related to the volatility of the electricity spot price is relevant to
energy planning policies. This provides different elements to producers and market agents
to anticipate the shocks and improves the energy sector’s response to the risk due to price
fluctuations. The limitation of the research is related to the impossibility of observing the
post-pandemic situation. Therefore, future research proposals should evaluate the demand
effects on electricity prices in the post-pandemic period and identify a possible supply
response. Moreover, it would be relevant to analyze the electricity price changes between
countries with different generation structures and their response to the COVID-19 shock.
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Appendix A

Tables A1-A3 show the quantile regression coefficients from the 10th to 90th per-
centiles for the three study periods.

Table Al. Quantile regression coefficients for the different quantiles in 2018.

ﬁO,l ﬁO.Z ﬁ0.3 ﬂOA ﬁ045 ﬁ&() ﬁ047 ﬁOB ‘309
Intercept —0.049 =+ —0.012**  —0.004 ***  —0.001 *** 0.000 *** 0.0071 *** 0.004 *** 0.012 *** 0.051 ***
Non-regulated demand 0.124 ** 0.024 *** 0.017 *** 0.016 *** 0.020 *** 0.043 *** 0.088 *** 0.172 *** 0.442 ***
Regulated demand 0.500 *** 0.187 *** 0.077 *** 0.026 *** 0.019 *** 0.033 *** 0.063 *** 0.124 *** 0.361 ***

Note: ** and *** indicate the significance levels of 5% and 1%, respectively.

Table A2. Quantile regression coefficients for different quantiles in 2019.

'30.1 '302 '30.3 ﬁ0.4 ﬁO'S I;O.ﬁ '30.7 ,30'8 ‘30.9
Intercept —0.101 **  —0.039 ***  —0.013**  —0.002 *** 0.001 *** 0.005 *** 0.014 *** 0.037 *** 0.103 ***
Non-regulated demand —0.096 ** —0.013 0.014 0.059 *** 0.071 *** 0.151 *** 0.292 *** 0.511 *** 0.867 ***
Regulated demand 1.470 *** 0.760 *** 0.353 *** 0.144 *** 0.118 *** 0.200 *** 0.334 *** 0.553 *** 0.967 ***

Note: ** and *** indicate the significance levels of 5% and 1%, respectively.

Table A3. Quantile regression coefficients for the different quantiles in 2020.

,30'1 ﬁO.Z ﬁO.S ﬁOA ﬂ045 ﬁ046 ﬁ047 ﬁ048 ﬁ049
Intercept —0.065***  —0.024 **  —0.009 **  —0.001***  0.001 *** 0.003 *** 0.009 *** 0.022 *** 0.063 ***
Non-regulated demand 0.060 *** 0.072 *** 0.048 *** 0.044 *** 0.055 *** 0.114 *** 0.219 *** 0.328 *** 0.557 ***
Regulated demand 0.822 *** 0.417 *** 0.193 *** 0.055 *** 0.052 *** 0.098 *** 0.191 *** 0.340 *** 0.595 ***

Note: *** indicate the significance levels of 1%.
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Figure A1. Non-regulated and regulated demand effects on the electricity spot price under the threshold levels: (0.05, 0.85),
for February-September of 2020. The variables are defined as follows: (a) effects of the non-regulated demand; (b) effects of
the regulated demand.
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Table A4. Quantile regression coefficients for the threshold levels (0.05, 0.85) in 2020.

'30.1 '302 '30.3 ﬁ0.4 ﬁO'S ﬁ0.6 ‘30.7 ,BO'S ‘30.9
Intercept —0.1181**  —0.0394 ***  —0.0148 *** —0.0027 0.0000 ***  0.0016 ***  0.0057 **  0.0146 ***  0.0361 ***
Non-regulated demand 0.0299 0.0898 *** 0.0604 *** 0.0538 ***  0.0428 ***  0.0848 ***  0.1665 ***  (0.2665 ***  (0.4157 ***
Regulated demand 1.2972 *** 0.5715 *** 0.2929 *** 0.0918 ***  0.0470 ***  0.0747 ***  0.1431 ***  (0.2528 ***  (.4525 ***

Note: *** indicate the significance levels of 1%.
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Figure A2. Non-regulated and regulated demand, and hydraulic and thermal generation effects on the electricity spot
price for different percentiles and for February-September 2020. The variables are defined as follows: (a) effects of the
non-regulated demand; (b) effects of the regulated demand; (c) effects of the hydraulic generation; (d) effects of the thermal

generation.
Table A5. Quantile regression coefficients for the added explanatory variables.

ﬁo.l ﬂo.z ﬂ0'3 '30,4 '30,5 '30,6 '30.7 ,30'8 ﬁD.Q
Intercept —0.0648 *** —0.0242 *** —0.0086 *** —0.0007 *** 0.0005 *** 0.0030 *** 0.0093 *** 0.0227 *** 0.0628 ***
Non-regulated demand 0.0720 0.0692 *** 0.0389 *** 0.0307 *** 0.0436 *** 0.1128 *** 0.2430 *** 0.4103 *** 0.6521 ***
Regulated demand 0.8170 *** 0.4096 *** 0.1723 *** 0.0295 *** 0.0303 *** 0.1002 *** 0.2550 *** 0.4883 *** 0.8567 ***
Hydraulic generation —0.0470 —0.0076 0.0140 0.0247 *** 0.0200 *** —0.0008 —0.0614 *** —0.1543 *** —0.2669 **

Thermal generation 0.1443 *** 0.0536 *** 0.0302 *** 0.0131 *** 0.0079 *** —0.0031 —0.0234 *** —0.0343 —0.0153
Note: ** and *** indicate the significance levels of 5% and 1%, respectively.
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