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Electric load forecasting:

e Peculiarity of electric energy: demand = generation at all time
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Electric load forecasting:

e Peculiarity of electric energy: demand = generation at all time
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Mathematical model:

First step: 24 hourly models:

Seasonal ARIMA with regressors
Vindy = PpXd + Zinay
on(B)VOVzay = Ou(B*)OWB)Wiia)

Second step: “unifying” ARMA model

More info:

Periodically correlated models for short-term electricity load forecasting.
E. Caro, J. Juan, ]. Cara. Applied Mathematics and Computation, Vol. 363, 1 January 2020

Forecast accuracy: average error of 1.5%
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Electric load forecasting l

Temperature’s influence

Holidays' influence

Solar radiation’s influence J

Modelling the COVID-19 lockdown l
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Model for the thermic effect:
 Significant influence of the temperature

* Non linear effect

AL Working days
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Model for the thermic effect:

* The effect depends on the hour
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Model for the thermic effect:

- Max. and min.
O

daily temperatures o35
0.3 | :
0.25 <] 1%

- Working and

0.15 -

Efecto

non-working

interaction

_ l(d_l") lld_2" & lld_3" s A i :
temperature of

previous days

Temperatura -10 Horas

Temperature model: Minimum temp.
Aprox. 2.000 parameters to be estimated! Maximum temp.

11

ITISE 2022




& Short-Term Electricity Load Forecasting:

{‘ INDUSTRIALES Modelling the COVID-19 Lockdown in Spain
WOOTIN ETSIT | UPM Eduardo Caro & Jests Juan ||/}

Electric load forecasting l
Temperature’s influence J
Holidays' influence l
Solar radiation’ influence J

Modelling the COVID-19 lockdown l

ITISE 2022 12




Short-Term Electricity Load Forecasting:

-
l‘\ INDUSTRIALES Modelling the COVID-19 Lockdown in Spain
WOXN ETSII | UPM Eduardo Caro & Jests Juan ||

Model for the Holidays

The Spanish working calendar considers:
* Eight National Holidays

* Several regional holidays specific for each region.

They require a specific model:
* The influence depends on the hour
* The influence depends on the day of the week

* The influence affects the previous/following days

ITISE 2022 13
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Model for the Holidays

Yh = ﬁO + ﬁl "Xyt ot IBSOApT " X304pr + lglMay " X1May + ﬁZMay " X2May + ..
+ .830Apr' X304pr T ,BlMay *X1May T ,BZMay *XoMay T
+ B3oapr* X304apr + Bimay * X1may t+ Bamay * X2may + -
+ IBBOApr " X304pr + ﬁlMay " X1May + ,BZMay " X2May T ..
+ BSOApr " X304Apr + ﬁlMay " X1May + ﬁZMay " X2May T ..
+ ,BSOApr " X304pr T ,BlMay *X1May T ,BZMay *XoMay T -

+ B3oapr* X304apr + Bimay * X1may t+ Bamay * X2may + -

Model for holidays:
More than 5.000 parameters to be estimated!
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Model for additional meteorological variables
ECMWEF - European Centre for Medium-Range Weather Forecasts

cECMWF n B4 Contact # Login

Home About Forecasts Computing Research Learning Publications
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Advancing global NWP through international collaboration

ITISE 2022



Short-Term Electricity Load Forecasting:

l‘\ INDUSTRIALES Modelling the COVID-19 Lockdown in Spain
WOXN ETSII | UPM Eduardo Caro & Jests Juan

Model for additional meteorological variables
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Data size: 7 years of historic --> several dozens of Gb of compressed files!
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Solar radiation effect for an Spanish island:

* Hourly average errors

4,5
Model without radiation

4,0 | Model with radiation - {aj\

Average RMSE error

hour
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* Spanish daily demand

830 = T

T
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600 |

- T

Demanda diaria peninsular

350 (|

=111 )

2017 2018 2019 2020

Peninsular daily demand since 2017.
Two stages are observed in 2020: decreasing and then increasing trend.
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» Calendar of political decisions:
Two stages:
e State of alarm and confinement

* De-escalation (or return to normality)

s 10 " 12 13 14 18 I FASE O NN FASE] N FASE2 N FASED
P MAYO JUNIO
Mar. "*;n:::m 7 L i L A n ‘LM X J VvV s D “L M X J V S D
o 23'“""“ 24 25 26 a7 o 29 1 2 3 1 2 3 4 5 6 U
Cambl 4 5 6 7 8 9 10 8 9 10 11 12 13 14
® supenson 1 I‘ 2 ; ¢ " 11 12 13 14 15 16 17 15 16 17 18 19 20 21
e X s o - “ 18 19 20 21 22 23 24 22 23 24 25 26 27 28
memmimtn | Vemms=s 25 26 27 28 29 30 31 29 30
13 "“"{“5“*’“ 14 15 16 L 18 19 El dia 2 se permite a los mayores
:?‘m"‘"ﬁ;" !le 15 anos realizar ejercicio fisico
:gﬁ 20 2 22 23 24 25 26 SOSIIN  pam,
a7 28 3 30 i 2 E
Stage 1: State of alarm and confinement Stages 2: return to normality
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 Confinement & de-escalation effect: Proposed mathematical model

o Model for the confinement phase

¢ Parameter date; = 16/March/2020
¢ Parameter date; = 12/April/2020

0 d < date;
X149 =41 date; =d < date,
0 date; < d
0 d < date;
d — date; + 1 date. < d < dat
Xog = ate; = d < date
2d date; — date; + 1 1 z
0 date;, < d
Fffect of laborality:
o Model for the de-escalation phase
5 5
*  Parameter date; = 13/April/2020) Z Ziabor * Bijlabor * Xia + Z(l — Ziavor) * Bifest " Xia
e Parameter date; = 26/July/2020 =1 =1
0 d < date;
X34 =41 date; =d < date,
0 date, < d
0 d < date;
d — date; + 1 date. < d < dat
Xpg = ate; = d < date
4a date; — date; + 1 1 z
0 date; < d
0 d < date;

- (d — date, + 1) date. < d < dat
>3 7 ) (date, — date, + 1)2 Aty = @ = At
0 date, < d
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« Second effect observed: influence over holidays

« Effect of COVID on holidays:
On several occasions, for national holidays,

predictions were much lower than actual demands.

Actual demand and forecast demand for Holy Week (Thursday-Friday) and May st

09/AB/2020 10/AB/2020 01/MY /2020
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 The "diminishing" of the festive effect has been studied.
Let's imagine that I want to study the variation caused by "Friday, May 1, 2020".

I compare it with the demand of the previous and subsequent Friday I calculate the "variation".

- demand(May 15¢)
variation =
0.5 * demand(May 15t — 7 days) + 0.5 * demand(May 15¢ + 7 days)
1 de mayo
117 If we analyze the last "1-May", usually this holiday
1 caused a 25% decrease in demand.
: However, in 2020 demand dropped by 15%.
097 [
L It was due to "confinement + de-escalation".
08|
- . : L L
0.7 1 ’ Therefore, our intervention in the program during
2020 and 2021 has been to "de-escalate" the effect
06 o Before March 2020 )
« After March 2020 of the holidays.
0.5

I SRR R T R S B T

Even in 2021, this effect will be maintained, due to the increase in teleworking..
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The holidays that have occurred during the pandemic have been analyzed in detail.
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e Results:

Desviacion tipica residual

Baseline model (without any intervention).

Baseline + confinement /de-escalation (8 regressors)

0.018

0.017

0.016

0.015

0.014

0.013

0.012

0.011

Horas
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Conclusions:

* The impact of COVID-19 lockdown over the Spanish
electricity demand has been studied.

* A model for the COVID-19 lockdown'’s impact over the
electric load has been proposed.

* The proposed model improves the forecasting accuracy.
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Thank you for your attention!
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