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Generation - Solar [MW] Day Ahead
Generation - Wind Onshore [MW] Day Ahead
Biomass - Actual Aggregated [MW]

Fossil Gas - Actual Aggregated [MW]

Fossil Hard coal - Actual Aggregated [MW]

Hydro Pumped Storage - Actual Aggregated
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Hydro Pumped Storage - Actual Consumption
MW]

Hydro Run - of - river and poundage - Actual
Aggregated [MW]

Hydro Water Reservoir
MW]

Other - Actual Aggregated [MW]

Solar - Actual Aggregated [MW]

Wwind Onshore - Actual Aggregated [MW]
Day- ahead Total Load Forecast [MW]

- Actual Aggregated

Actual Total Load [MW]
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BREAKDOWN OF PRODUCTION

MwW

12 JUN 25

JUN 25

(@30,)$9$S"@1/$)1)B5,@B@5/$.,>?0B5@>AMWO)RH0&%'GED>0,B)9SMR:$S"5"$T0*$S"@1/$L"1"#B)$

S"4A*S" 2

0,73"&!IFI$+/ 1 $%+&!6#,9D1&I&1H", 1,1DI4#3#* 18AI"&2#" 6, * 21 H+&IH/1#91 €98 14", 1,4D! 1/*$35-H, /*A
-8#KI 9/H#6A! -&"18&*1#?8! /:1 384! /:1 "&*& N #498! $/3" 1848 E*! j3*&! gFAl FGFHA! . /*¥3?#90$! #/4#9!
&9&14",1,4D11/*$35-4,/*!"8#1+&6!MSVWX XL +819/#6!13°8&!,*10,73 &I FI$+/ N $I$4" /> 218/ 94"



288 #h,/*! A&k N &&*! GeSGG! #*6! geSGG! UD&I/ B! #'&#VAl $,2*,:, 1#*H +D6"/&%&1%",1! /34-3H!
" /32+/ 3h14+8! 6#DIUAIZVAI#*6! S/68"#1&! B, *6! 28*8&"#h,/* 109, 7+ ?* &&*V<I W3 "#9! 2#$!U?* &DV!
#*6! ,5-/"1$! U/ #*28\! 1/88'86! &8&*,*?! -&#KS$! 1+&*! $/%"1 6°/--&6<! C+,$! 6,84",43h,/7*!
+, 249, 2HISIH+&!, <HTHOHDIAHUF 1, * 21 48H 1 &&*1"&*& N #498$!#*616,$-#11+#496!$/3" 168411 31,#9!: /")
3*6&"$i#*6,*?!-",1&!18/%H,9,1D!

KLMLKO/4&'+(.>5!10-(?*2&!IL*2*IH2/' & RT&*2=&"U*'(*C-&5
P-10<(G;) !

T2BH! ,$! i+&! S 2&*&#h,/*! 29/4#9! 19,5#4&! "&#*#IDS,$! 4D! TX" " OO{X/-&"*,13%A!
-'/8,6,*?! +/3"IDA ?°,6686! 64 $,*18! gFkG! #il GFH AGKFH ! "8$/93k, /%< il 1/54,*&$!
/438 8i#h,/*$1 #*6! -+D$, LSPAHE&E! "&1/*$h" 314, /*$! ,*h/ 1 #! 1/*$, $he 4! 6#1#3&Ic! YHQS! #! T3"/-&#*!
19, 5#46! G -9/ 5! i+l -*/8,689! :"6&! N &#H+& ! #*6! 19, 5#1&! >/ 5#h,/*! UX/-&"*,139!
X9, S#&IX+#*?810&" 8, 16AIFGFH!

H'6$(;91G*IF-:-ID-19%- $IQIR-(9-7.$*  !1'*9)$($) !

C+,3l6#1#15/3" 18! 1 #$1388614/16/ 1 *9/#6! 1 &#h+&"11/*6 4, /*81: /"1 /43 2HNHS! | &Hh+&" - & 1H$!
4/4+18*8" 2D -" /6314, /*1#*611/*$35-4, /A1 O&#I+&", S-#14$! "&*& 1 #4981 &*&"?D! -" /6314, /*!
U825/ &1 $3*1 A1 5/ 81 $/%#"18*&" 2DV #*6! &9614", 1, 4D! 68 5#+6! U&<2A +/1&" | 64#D$! Al 5/ 81 #,")
1/%6 4,/* *AI5 /" 8168 5#%6!A1+,2+8"1-*, 183\«!

T*8,"/*5&*#9!6#i#! D #AI+35A1 /44#,*86! " /SH+&IX/-&"*,138IX9, S#&! ; #i# @4/ €A 1 +,1+!
-'/8,688!+,?7+P'&$/93h, /*A+/3"ID! I &#h+&"18#" #4%8$!: /"1 T3"/-&!

C+&1:/%9/ 1, *?18#" #4963! 1 &"&!13$86!#$!1$+/ 1 1, *IC#4%6 eS!

8"+1)g 9$U>.) #@B04$U1@="5)$S"5"$D5>,)$6RM-'7$Y", @"*1)4

>$"#0*$%B"=% 1$()*+,#+-. %
Speed_km_h 7835">-//5"83"SKU+
Angle 7835"580/7.843",3HA/"P5/HO//>Q
Direction 835"580/7.843",>"7,0583,A"-483.>"PVF"V?F"
Radias<o Solar (W/m!) 14A,0"0,58,.843"83./3:BBKWQ
Precipitas<o (mm) - Peso da RZgua 5, 83N,AA" K463."83"E/>4"5,":dHRKKQ
Lisboa temperature jC C80"./K-/0,.60/"83"98>748"
Porto temperature |C C80"./K-/0,.60/'83"E40& "
fvora temperature jC C80"./K-/0,.60/"83"y;40%* "
Media Temperatura jC G/,3"./K-/0,.60/"4AN"98>Z43F"E40.4F",35"y %0,

C+&S&! I &H#h+&"18#" #498$!1+89-11/18J -9, *16& S#* 6! -#H& " * V&N +&#h, * PH*6!1//9,*?VA!: 4&6P
U/ SIS/ % 128% & #h, /N#* 6180 8 581688 H$! - /48*H, #9D#: 181k, *?1$3 - -ID{6&S#* 614434 * 1&«!



KLMLSF,,(2(/+*-IL&'(%&,1:8&*2>'&5IV 1+6(+&&'&,10'/?1L*2&IWI<(?&X

C+&!:&#13" 88! $+7 1 1, *I CHAK! T1 D &"&! * /4l H#KE*16,"&1%9D! - "/ 51 %+&! 6#4#! $/3° 1881 43K! 1&°&!
288 #1&6!: "/ 5lh, SEIHS-$163",*?1-"&-"/18$$,*7S!

8"1)$\9$-22@5@>#"1$F)"50,) 4 @#$BA)$S"5"4)5

>$"#0*$%B"=% IS()*+,#+-. %
Data e Dia da Semana [+/"5,./",35"3,K/"4N".+/"<//S5,B "
Hora Y460"4N".+/"5,B
Day of the week 0".4"&"v"G435,B".4"1635,B
week or weekend NIS5,BU<//S/35"7A,>>8N87,.843
Holiday DA,H"N40"E40.6H6/>/"3,.843,A"+4,

KLMLM_*2*5&2!$%&'% (&)

CH+&!,* b, #1641 SENI 98! /" SHINVIL/*i#, *$ he!:&#13" &314#*6! 1 #$11/5-,986!4D1 54" 2, *?16#i#!
J/5H+H8 88! B#H $/3 185! -'88,/3%9D! 68$1°,486! #*6! -"&$&*H&6! ,*! C#A! H! C+&! G#SEH!
1/5-",368!+,2+P:"&>38*1D!+/3"ID!6#4#! . " / 5 j#*3#'DIgAlFGFKAN/! * "#D!hgAlFGFHAL: /' 5, * ?14+&!
L/ 3%6H, /%1 /A3 8 852, 88" K26 /BRI E,* <2 L/*H < Z\[B! ($1'()*  1#*6IKZ!
-:(97G:$x!

BSl+&!64#884! 1 #311/5-,966!:" /5 W+°8816,::&"&*H$/ 3" 1638/ 5&!18#" #4963/, 2, *#4,*?1:" /5!
S?@AH*6IH'6S(;9LG*# &I*#586!,*!,'(GSG$*SLLC+"/3?2+/ 34+, 11 +#-4& "Ah+8$& 184" #4983
16°&!13%86!, *W+8&," 1/, 2, *#9. /* BW#S/" 2 *#IDI*#586V!: /"I TI-9/"#1/'D! ; ##'B*#IDS,$UT ; B!
=/ 188& NH+&I*#58$! 1 &"&I9HHE" 14" #*$94486!63", *?1+8!5/689P4 3,96, * 21§ 28!

C#498!19G!-"/8,683!#!14" &:168$1",-h,/*!/:1&#1+1/ :Vi+& he! :&#43" 831 1/*$,68"&6! , *1h+8&! , * b, #9!
BHIHSHS!

A2B-§C)"D2.2E&."FGE&1'0,%'!"%E."*DHI

>$"#0*$%B"=%

IS()*+,#+-.9806

Data e Dia da Semana

Hora

Day of the week

week or weekend

Holiday

Generation - Solar [MW] Day Ahead
Generation - Wind Onshore [MW] Day Ahead
Biomass - Actual Aggregated [MW]

Fossil Gas - Actual Aggregated [MW]

Fossil Hard coal - Actual Aggregated
[MW]

Hydro Pumped Storage - Actual Aggregated
[MW]

Hydro Pumped Storage - Actual

Consumption [MW]

[+/" 7,AI35,0" 5,/ 35" 5,B" 3,K/" P/)H)F
G435,B0
[+/".8K/"4N"5,B"83"+460>"P/)H)F"(#100
V6KZ/0" NO4K" O" .4" &" 0/-0/>/3.83H"
<//S5,B"PO"t"G435,BQ

A+[ +/0".+/"5,B"8>" "</|S5,B"40"<//S/35
A4/ +/0" 4" 5,B" 8>" " -6ZAB7" +4A85,E
E40.6H'A

E0/587./5" >4A,0" /3/0HB" H/3/0,.843"
4K4004<"PG/ O

E0/587./5" 43>+40/" <835" /3/0HB"
4K4004<"PG O

-/ A"Z84K,>>"|A7.0878.B"H/3/0,.843"PG
-/ A"IAI7.0878.B"NO4K"N4>>8A"H!>"PG"
-/ A"IAI7.0878.B"NO4K"74,A"PGAQ

?A/7.0878.B" H/3/0,./5" ZB" +B504" >.
PGNQ'

2A/7.0878.B" 6>/5" 4" -6K-" <,./0" N40" +
>.40,HPG"Q'



>$"#0*$%B"=%

IS()*+,#+-.9806

Hydro Run - of - river and poundage
Aggregated [MW]
Hydro Water Reservoir
Aggregated [MW]
Other - Actual Aggregated [MW]

- Actual

Solar - Actual Aggregated [MW]
Wind Onshore - Actual Aggregated [MW]
Day- ahead Total Load Forecast [MW]

Actual Total Load [MW]
Speed_km_h

Angle

Direction

Radias«o Solar (W/m!)
Precipitas<o (mm) - Peso da RZgua
Lisboa temperature jC

Porto temperature jC

fvora temperature |C

Media Temperatura jC

Preeos marginais sistema espanhol
Preeos marginais sistema portugues

Energia negociada Mercado Ditrio
Energia total de aquisie<0o casada
sistema espanhol

Energia total de venda casada sistema
espanhol

Energia total de aquisie<o casada
sistema portuguas

Energia total de venda casada sistema
portugues

Importas<o a partir de Portugal para
Espanha

Exportas<o de Espanha para Portugal

Energia Mercado IbZrico incluindo
bilaterais

H7 L*2%10-&*+(+6

- Actual

V,.60,A" NA4<83H" +B504/A/7.087" HI3
PGAQ!

A 10">.40/5"83"0/>/0;480>"N40"+B504"-
PG Q!

2A/7.0878.B" NO4K" 4.+/0" >4607/>" 34.
PGAQ!

-/ A">4A,0"/3/0HB"H/3/0,.843"PG"Q

-/ A"43>+40/"<835"H/3/0,.848"Q"
E0/587./5"/A/7.0878.B"5/K,35"PG"Q" N4
3/@."5,B

-/ A"IAI7.0878.B"5/K,35"PG"Q
A835">-//5"P83"S8A4K/./0>"-/0"+460Q
£835"580/7.843",3HRB/HO//2Q
A835"580/7.843"P)H)F"VF"V2F"I"Q
14A,0" 0,58,.843" >.0/3H.+" P<,..>" /0" >_
K/./0Q'

- 83N,AA" 83" .+/" 0/H843" 4N" E/>4" 5"
PKKQ

[/K-/0,.60/"83"98>Z43* "
[/K-/0,.60/"83"E40.4%* "
[/K-/0,.60/"83"y;40, "X*"

C;/O,H/" 4N" 98>Z43F" E40.4F" vy
/K-/0,.60/> ™

?A/7.0878.B" -087/" 83" 1-,38>+" K,
PgUGMQ

6.%4)$'4)G! 2$'4%! '+! 5+$)-2-9C%! /(3
PgUGAMQO($296)
23/0HB".0,5/5"83".+/"5,8AB"K,0S/."PG"+
23/0HB"Z46H+."83"-,83"PG"+Q
23/0HB">4A5"83"l-,83"PG"+Q
23/0HB"Z46H+."83"E40.6H,A"PG"+Q
23/0HB">4A5"83"E40.6H,A"PG MQ

?3/0HB" 8K-40./5" NO4K" E40.6H,A" .4" |

PGA+Q
23/0HB" /@-40./5" NO4K" 1-,83" .4" E40.¢
PGA+Q
[4.,A"27/08,3"G,0S/."/3/0HB"837A6583F
5/,A>"PGMQ

) #1L06H* * IS8 - B! B &' &1#--0,86!1/18*$3" &IGHIHI>3HI, IDIH*6!, *46?" ¥D14&: / &I#*#IDS, $1#*6!

5/689,*2<IC+8$&!,*1936465!
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8" #498$! UGN +/3 N 6#DA S/ *+V! 1 &' &I &IN" #1486 1/ 1 #$$,$H!, *1 1#-43", *?1 -&",/6,11&::&14$! , *!

48" 15/689,* !
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# 1 1Y4-[*2/3IL*2*IF+*-35(5!V1LFX!

C/1A8H&" 13* 68" $H#*61i+& 154" 3143 " &1H*6!>349, D!/ - i+ &I6##E&NA&: /" 815 /689, * PA#* 186 *$,8&!
T; B! 1481 1/*6314&6! U#$! $+/ 1 *! *1 B--6*6,J! BV! 3§,*?! . Di+/*19,4"#" &$! $31+! #$! _#*6#%h!
W35 . DAI@&#4/ " *A1" "#1-0/49,4A1#*6!@1, . DIU" "#k-9/%),4IUFGFHVS!W35 . DIUFGFHVs!@1, . DIUFGFHVs!
- #*6H#$IUFGFHVS! @&#4 /" *IUFGFHWIC+&I T ; B!-"/16$$! 3*6& "#K&*!,$! /8&'#%916&$1",466!4&9/ 1!
#*6!:3"+8"1681#,966!, *1i+&1: 799/ 1, *?1$34$&14,/*K!!

C+&H#*#IDS, 3148 2#* 14D/ #6, * 2 h+&16##H$&HI66$1 ", 486!, *10&1h, /*hg<H#*6!68 -, 11&6!, *IC#4%8!
gGA! #! 1, %& 66! GH#SEH 1/*4#,* *?! hel :&#43"&3A! 1+,1+! 1/54,*86! &9&14",1,%D! S#'K&K! G#i#A!
S84/ /19772, 1#918#" #AWIA!" &* & N #49816*8&" ?D128* & #h,/*N#*6! 1#98* 6 PAHS&E HHh" , 4 348 %!

C+&!:&#13"&$! 1&'&!1 2" /386!, *1/19/?,1#9! 1#1€72/" &35! h, SE&PA#$E6! 8#" #498$! US31+! #$! +/3"Al
BHIGAIGHD!/ - li+&! | &&KAH#*6!+/9,64D1,*6, 1#4/ " SVAIL#1&? /", 1#918#" #49&$US3L+H#$! 1, *6!6," & 1%, /*VA!
#*61*358", 1#918#" #4SIUS31+#$1&*&" ?DI 2&*& #h,/*1#*6! 1 &#1+&" 1 SE#$3 &S HSVIC+!T ; B!
:/13386! -*,5#",9D! /*! #*#IDN,*?! h+&! *358&",1#9! :&#3"&$A! 1 +,1+! £J193646! "&63*6#*H! /!
1799, %&#"1 84" #498$! #$! 1 890! #3! 1#1&2 /", 1191 #*6! h, S5EP" &%#4&6! 1/935*$<! ; #i#t! >3#9,4D! 1+&1K$!
'888#9661+&!-"838* 181718/ 58!5,$$,*?18#938$1#*61#1$5#%1*354&"1/:163-9, 1#4&!"/ 1 $A 1 +,1+!
1&'&11/%8,68'86!63",*?1-"&-"/1&$$,* !

C+&! 6,81",434,/*$! /:1 &#1+! *35&",1#9! 84" #49&! 18&'&! 8,$3#I,N&6! 38,*?! + $i/?"#5$! #*6!
B 3#%h,98P B 3#*4,9&! U NP BV! -0/7%$! /1 #888$$! */* S#9,4D<! B66,h,/*#9DA 4/J-9/4$! 1&'&! 38&6! /!
B&I&LH! - /4%, #9! /349,&" B!, *! &#1+! &#43"&! C+&3&! 8,$3#9! , *§-&1%,/*$! -'/8,6&6! ,*$,?+1$! , *4/!
$K& 0&6!6,50",430,/*$14*6!8#" #A9&! "#* 2630 1 +,1+1#°611°31,#9!:/"15/689,*?!6&1,$,/*$!$31+!#$!
*/ SHN#,/* U W HS /T S, /%<

B! 1/ 8944, /% +84454#-1 14#$! 1/*h"314&6!%/!,687h,:D!I $h" /*219,*&#"1 "&o#th, /*$+,-$! 48H 1 &&*!
3T EEL )* T 4, L3%"A! H+&! #*HIDS, B! 1 /13886! /*! ,6&*Y,:D,*?! 8#" #A%S$! B 4+ #1 _&#'$/*]
1780, /117822, 1, 87K 2" 848" W+ ICGek! I k! "8 -& 1N/ 1+ &1t 2841 84" #4981 Y 1+&! OPres0s
marginais sistema portuguesO < @888 #9! : 843" &SAI $3 1+ #$ #143HIN 9/ HON $/ %" " #6, #4h, /<N
#*6!5# K&H&*8" 2D #6&6AS+/ 1 &6!$,2*, -, 1#*HI1/" " &3tth, /*$! I+ 1h+& " 284 14*6! | &"&Mh+8&"&:/"&!
JH?2286!1#8!- 71674, #99D!, 5~/ "W*N: /11-"86,14,88!5/689,* <!

C&5-/"#9! 813" 88! $31+! #$! +/3"N 6#DA #*6! 5/*4+! 188! &IN"#14&6! "/ SIH+&! /*,?, *#9! 6#48!
1,864/ 41,9, G U& S - / " #I! — & " *1#*H#IDS, $ C+&S&! 1 &"&!#9$/11/" " &0#h&6! 1 h+1h+&! &9&1%",1,4D!
=", 1814/16&K& L #*DIS&H#$/*#9,¥D! /°11D19,1#91&: : 614! 03 h+&" S/ GA 1#4&2/" 149! 1 ,*6!6,"&1h,/*!
B! 1 & &I/ *&P+/%18* 1/ 686!/ 1#99/ W12 /"1 >34*Y, Itth, B&I#*#IDS, SA#*614+&, " 11/ " &9, /*1 1 ht1i+&!
-, 18 1 #$1#9$/18J -9/ 86<!

C+'/32+!1+,8! T ; Bl =" /18584 K&D! 8#" , #498$! 1&"&! ,6&*¥,:,86! : /"] :&#13"&! &*?,*&&",* 24 #*6!
$&B&"#I! & *$l#*6!h"&*6$! 1 &°&!I3*1/8&"&6!I+#411?73,686! %48 1 $1# 783! /1 5/68916&889/ - S5&*¥!



C+,81,* 1, #H#*#IDS, $! - HD&B L™ 1, 1#9!" /98], *1$&I&1LH, * 21" £9&BH#*H1 : 643" 4! "8 5/8,*?1" 863 *6#*H!
/711 &HKI-"86, 14/ SAI#* 615+ - > 21+&1 B -, -89, *&«!

KLKLMK>--1U*->&5

BI*3%018#93&!#*#ID$,$! 1 #$!1/*6314&6!4/1#558$$! G#t#! 1/ 5-9846*&$$<! ™ * /S : 643" &$! +#6!* /!
5,88, *?18#93&$h1&*$3", *?15/689,*?1"89,#4 9 {DIE*IDIG 1 /1:&#413"8$1+#6!5,$$, * 21643

¥ Generation_Solar[MW]_Day_Ahead/BZN| PT: IhkHm!5,$$,*?!8#93&$!
¥ Generation_Wind_Onshore[MW]_Day Ahead/BZN|PT : ThkHmM!5,$$,*?18#93¢&$!

C+&$&IH N /11/935*§I+#6!#18, 2%, 1 1#*W#5/3*41 /:15,$$,*?18#I3&$A 1 +,1+!#"&!9,K&ID! 638! 14/!
56#$3'85&* 4! /°1 179814, /*1 2#-51 @, * 18! 1+8&$&! BHIZ&S!H#" &1 * /1 1/ *18*1"#4&6! , *1#*D! -#"h, 13%" |
-&",/6M 1 &1 +#*6086!1+85!138,*21:/* 1#'6!:,99, 5-3i#h, /*14/1-"&$6" 8&IH&S -/ #91$h" 3143 " &!!

KLKL3H>?7?*'31/01:&*2>'&!IL(52'(C>2(/+5 \NQ(52/6™*?5!*+,12Z19-/25X !

C/\48Hh&"13* 68" S *6li+&148+#8,/° 1/ 18#1+18#" #498), * Ih+&I6HHE& A+, $1/ 2" #S$1H*6! 1 11-9/4$!
1 &' &H*HIDN&O<!=, 81/ 2 #58I$+/ 1 1+/ 11/ :46*16,::&&*HIB#I3E$! /113" A 1 +,9&! I B1-9/4$!1/5-#"&!
h+&I8#" #4960816, 81", 43, /* 1M/ > /" S#I6,$h", 43, /*<IC+&3$6!8,$3#9, N##h, /*$Al- " &$&*4&6!, *10,23"&!
hAl"&8&#986!$88& " #!, 5 -/ "}l -#iH&" * $!

JO$&S)!-)E;  E'(I-1]$-:G($*=?*11$-G($*C !

"rHeDL 3" 8S) %1 i8] GHHHSRIAI 8581 HOUD! h+ /861 "AUHE6! /1 "8*8 | #A%8) &6 2D U< $/%H"
I, *6H+D6" /VAl I &HH&"11/%6 1,/ *SIGRMS/ 3" "6 45, /*H1- 81, - Wi, /<VAIH*611" /$9PA/ " 68" 1" #68)
U,5-/"4${8J-/ KOV 1% (<% (9<2: FO$&S)!

¥ C+83818#" #498S$Y/ &> +#B&ISH*DING" /1/" 19/ 1 18#IB&SE2AI* /183> hl> D+HAI*/1"#,* - HI0VAI
/97 1&6'4D!/ 1148, /*#91+,2+! -8#KK!

¥ C+&," B! -0/48! 688,#4&! $,2*, -, 1#*KD! :"/5! 1+&! 6,#2/*#3! 9,8l 1/*:,"'5,*?!;"; O
'(1-.9:%  1#*6!12$-/%!:-9.%

¥ CH&! -(<$:! /-(9-7.$ A OPreeos_marginais_sistema_portugues o ! /N8 #
$,5,9" 1-#He =Y 5/8D1/ 11-" 188! 1 i+1/11#8, /*#1$U: ($1$*690H

C+,$148+#8,/"1,$11/55/*,*189&14", 1, 1DIS# K&ISH*6!,*6, L#&S I+ #6 b, /*#910, *&#" 15 / 6493
S5#DI*/4 -&" /5! 189K ) *$H&#6A! :($$O7-*$)! ')$.*¥1.90$!"9<2:XP?  1#'¢1 578183 i#4%&! #$!
h+&D! 67! * /4! #$$358! #! */"5#9! 6,84",43h, /%! #*6! 1#*! *#413"#99D! +#*60&! $K& I &B6A! */*P9,*&#"!
"9, /*$+, - !

H.*$(1:ME'(1-.1]$-:G($* !
0/5&!8#" #49631$+/ 186!5/° & $#496!14*6!1$D5584",1!6,34",4 3%, /*$S!
¥ OActual_Total_ Load[ MWD O Media_Temperatura  jCO, #*6!
CEnergia_Mercado_IbZrico_incluindo_bilateraisO #8('G<2.%!7%$0
*2-63) AL 4+ /*IDI9, 2+HIKE B *&$%!



¥ CH&,"T R HI-0748 27997 1 1+&! >/ 5#919, %81 5/ &1 19/$69DA §37288h, * 21 h+&3&! - &#43" 6! #°&!
5/7°81-"66,11#4%1#*6!*:(;<11-;)9)-:$*  1:/'15/689,*

J6$19-.I1H-*$*

¥ OFossil _Hard _coal _Actual _AggregatedMW]O , OHydro Pumped
_Storage_Actual_Aggregated[MW]O #*6!OHydro_Pumped_
Storage_Actual_Consumption[MW]O 1/ 48> ISHDIHING /M, *6,144,%219;:$(19::8;:!
'H($*B(/$!G*-<$ ¢

¥ OBiomass_Actual _AggregatedMW]O H&*6$!IH/1/-& #1&! I Y+ X1 *#"* / DA 1/*$, $h&*H!
HrO8ME3?26HH, *?17-*$Q"-)17$2-/9'( «!

¥ OWind_Onshore _Actual _Aggregated[ MW)] 6,$-3%4D$!53%,-9&!-8&#K$IS3%,P5/6#IVA!
+,%h >0 #1l 6($/-9.9;<! &9;)! )9($1:9* A 1+,1+! 1/306! 4&! &J-9/"86! :3"H+&"! #3!
1#482 /", 1#9! -8 " *§!

>/$(-..!@16.91-:9*18'(1?71$.9;<+ !

TURD! 83" EBA &$-& 1, #99D! h+/ 88! "RUHEE! 1/ "&*& N #49&! &*&"?D! P8*& #h, /> US/ WAl T, *6A!
+D6"/1-35-86!$H/ " #26VAI-"&1, - Wth, /<A1 /4 " #6 14, /A" &1+, 2+DI(9<2 OFO$&$)!-;); O
J(1-. AT b+ S#FDING" /! 8#938$<! C+&! I 284! 8#' #49&! (OPresos marginais sistema
portuguesO ) |,$#98/1(9<20*O$&$)&9:2!6(91B*6 QI+, $1* /*P*/* SHI*#43"&1§3 226 F$M+#4!
5/689$!"/43%11/1$31+16,$4",4.3h, /*$1U9, K&!h" 88PA#$66!5 /669313 1+HE1Z, 2+HL [ "V &1$3, i#498«!
@149, * 21 h+8$&! :8#43° 63!, $1 #98/1 131,291 : /"1 8/ 581 #9727/ W+ S #*6! #68#* 146! 4" #*$: /" S, /*$!
Us<?<hl 9728 [/ IPX/ V! 5,2+4 48! 1/*$,6&'86! :/°! +,2+ID! $K& 1 &6! :&#43"&$! ,:! 38,*?! 5/649$!
$&*§,1,8&! /! */" 549 YDA 1+/37+! 1" &&PA#$E6! 5/6&98! #'8! 963$! ,5-#1466<! C+&! *&#°P*/* S#I!
6,847,434, /%17 W/WH919/HOMNE S - & #h3" 8AH* 618/ 58! S# K&HI&*&"?,&$!,$14&*&:, 1,#K!



1"#$%&))'K"E. #%26E'2/1'LL'9-,.E

Histogram - Generation - Solar [MW] Day Ahead/ BZN|PT QQ Plot - Generation - Solar [MW] Day Ahead/ BZN|PT
50000
40000 2000 A
g
> =
< 30000 4 2 1000
2 ¥
g 20000 z
B 0
(=]
10000 -
—1000 A
o +
o 500 1000 1500 2000 2500 -4 -2 o 2 4
Generation - Solar [MW] Day Ahead/ BZN|PT Theoretical quantiles
Histogram - Generation - Wind Onshore [MW] Day Ahead/ BZN|PT QQ Plot - Generation - Wind Onshore [MW] Day Ahead/ BZN|PT
8000 6000
6000 4 2 4000 A
> =
$ 4000 S 2000
g 4
H ¥
b=l [+]
2000 °
—2000 4
o + : T - - T T
o 1000 2000 3000 4000 5000 —a -2 o 2 a
Generation - Wind Onshore [MW] Day Ahead/ BZN|PT Theoretical quantiles
Histogram - Biomass - Actual Aggregated [MW] QQ Plot - Biomass - Actual Aggregated [MW]
10000 4 500 4
8000 4 ] )
z _5 400
% 6000 - B 300
& 4000 2
O 2004
2000 A
100
o
-4 -2 o - ) 4

100 150 200 250 300 350 400 450

Biomass - Actual Aggregated [MW] Theoretical quantiles

Histogram - Fossil Gas - Actual Aggregated [MW] QQ Plot - Fossil Gas - Actual Aggregated [MW]
8000
4000
6000 - ]
> =
g S 2000
2 4000 1 3
g — o
& £ of e
2000 A ©
—2000 4
01— - T - - - - - - -
[ 1000 2000 3000 4000 -4 -2 o
Fossil Gas - Actual Aggregated [MW] Theoretical quantiles
Histogram - Fossil Hard coal - Actual Aggregated [MW] QQ Plot - Fossil Hard coal - Actual Aggregated [MW]
40000 - 3000 A
¢ 2000
>, 30000 1 3
g £ 1000 4
g t
& 20000 1 T 04 ®
T B
o
10000 - —1000 4
o —2000 1
0 250 500 750 1000 1250 1500 1750 -4 -2 0 2 4
Fossil Hard coal - Actual Aggregated [MW] Theoretical quantiles
Histogram - Hydro Pumped Storage - Actual Aggregated [MW] QQ Plot - Hydro Pumped Storage - Actual Aggregated [MW]
] 3000
30000 1 g 2000
z 3
< > -
< 20000 = 1000
= o
& ® 0] e
10000 4 S}
—1000 1
° T
o 500 1000 1500 2000 2500 3000 -4 -2 o 2 4

Hydro Pumped Storage - Actual Aggregated [MW] Theoretical quantiles



50000 1 [7]
40000 P
> 2
v o
£ 30000 - >
3 ©
g o
£ 20000 1 3
o
10000 -
0 = ¥ T T T T
0 500 1000 1500 2000 2500 3000
Hydro Pumped Storage - Actual Consumption [MW]
Histogram - Hydro Run-of-river and poundage - Actual Aggregated [MW] QQ P
12000 {
3000 4
10000 -
$ 2000
> 8000 - 2
19 o
s 2 1000 4
S 6000 - 3
o =
o Q
< 4000 4 g
2000 4 -1000 1
0 T y T y r =2000 1
0 500 1000 1500 2000 2500
Hydro Run-of-river and poundage - Actual Aggregated [MW]
Histogram - Hydro Water Reservoir - Actual Aggregated [MW]
25000 - 1500 1
20000 - g 1000 1
> 2
9 ] |
§ 15000 - S  s00
3 °
S g
o
& 100001 | 7] 2
<}
- —h-nTlTrn— -
0 | T B e = - § —1000 A
0 200 400 600 800 1000 1200 1400 1600
Hydro Water Reservoir - Actual Aggregated [MW]
Histogram - Other - Actual Aggregated [MW]
20000 - ul 150 4
0
. 15000 - § 100
g s
$ °
S 10000 1 ® 50
o o
& B
o
5000
04— y y T T ¥ ¥ 7 Y
0 20 40 60 80 100 120 140 160
Other - Actual Aggregated [MW]
Histogram - Solar - Actual Aggregated [MW]
500001 [T
2000 1
40000 - o
o
> =
19 o
$ 30000 £ 1000
=1 °
g o
£ 20000 3
<}
10000 4
0 T T T T T
0 500 1000 1500 2000 2500
Solar - Actual Aggregated [MW]
Histogram - Wind Onshore - Actual Aggregated [MW]
- 6000
6000 - «» 4000 -
v
> 2
e S 2000
2 4000 4 °
g o
@ L
= b
2000 A .
—2000 1
0 y

Histogram - Hydro Pumped Storage - Actual Consumption [MW]

1000 2000 3000 4000
Wwind Onshore - Actual Aggregated [MW]

o4

T
5000

kF

QQ Plot - Hydro Pumped Storage - Actual Consumption [MW]

3000
2000 1
1000 -
04 ®
—1000 1

-4 -2 0 2 4
Theoretical quantiles

lot - Hydro Run-of-river and poundage - Actual Aggregated

[(Mw]

-

-4 =2 0
Theoretical quantiles

QQ Plot - Hydro Water Reservoir - Actual Aggregated [MW]

-4 -2 0
Theoretical quantiles

QQ Plot - Other - Actual Aggregated [MW]

-4 -2 0 2 4
Theoretical quantiles

QQ Plot - Solar - Actual Aggregated [MW]

L ]
o 7%
1000 1

Theoretical quantiles

QQ Plot - Wind Onshore - Actual Aggregated [MW]

T T T T T
-4 -2 0
Theoretical quantiles
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Histogram - Pregos marginais sistema portugues
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=" Data e Dia da Semana F' ILK/F'-A6>IYear FMonth F*  C55/5"7,A/35,0"
* A/35,0" Hora FDay of the week F" Day" Z20/,S54<3'
D/,.60/> week or weekend F"
Holiday "
94,5"D40/7,>." | Day- ahead Total Load "3AB1Actual Total D40/7,>."A4,5"
i"=/K,35 ! Forecast [MW] FActual Load [MW] " 0/K4;/5 "
Total Load [MW] "
?3/0HB" A31<,ZAl" 35"N4>>8A" :/.,83/5"<8.+"7A/,3/5"3,K/>"  :/.,83/5"740/"
W/3/0,.843" H/3/0,.843"N/,.60/>"837A658 H/3/0,.843"N/,.60/>
PE40.6HIAQ | >4A,0F"<835F"+B504F"Z84k
1.7)"
YB504" Hydro Water JK4;/5 " ?2@7A65/5"56/".4"A4
:/>/0;480! Reservoir - Actual 0/A/;,37/"40"_6,A8.B
Aggregated [MW] "
AL 40" N835">-//5F"580/7.843" :1.,83/5"K4>.I"0/-A,7/5" ?3745/5"<835"
],08,ZA/4 Mirection  QF",3HA/F">4A Direction  "<8.+"430+4." 580/7.843|">8K-A8N:

~835"=80/7.843

?A/7.0878.B"
EO087/>

G,0S8/."
[0,3>,7.843%

[/K-/0,.60/"
D8/AB>

[/@."?374583H
D8@V>

0,58,.843F"-0/78-8.,.843F"
/K-/0,.60/ "

Direction "P7,./H4087;AQ

E40.6H6/>/",35"]-,38>+"
K,0H83,A"-087/>

E40.6H6/>/",35"]-,38>+"
,/_68>8.843F"> A/F"
8K-40.U/@-40."74ABK3>

98>74,F"E40.4F"y;40,F",35".
+I0H/ "

237A65/5"7+,0,7./0>"
A8SEvora FPrecos FPeso
da Régua "

/374583H"4hiigle "

(&"Z83,0B"N/,.60/>"P/)H)F"
direction N F"
direction SW Q

"3AB1'Rre«os
marginais sistema
portuguesO "

1/.,83/5"43AB"E40.6H6/3/
>85/".0,3>,7.843>

"3ABLlisboa
temperature iC

*A/,3/5",35">.,35,058V/5"
P/)H)Flora_FPreeos F"
Peso da RZgua Q

/K-/0,.60/"N8/A5>

"3/ }4."/3745/5"
<835",3HA/

:/K4;/5"[-,38>+"
-0877

=04--/5"1-,38>+J
0/A,./5".0,5/"N/,.60/>

I8K-ABN8/5"
./K-/0,.60/"
0/-0/>/3.,.843

C--A8/5"-04-/0"
5/74583H"N40"
0/,5,Z8A8'B

C+,$13H 143" 46188/93h, /*1"&: QR LIS P8H&618: -/ W/ 1" *&M+EIGHIHSEN: /115 /689, * 2113 #1D)!
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Data e Dia da Semana !

Hora!

Year "Month "Day!

Day of the week

week or weekend !

* AI35,0"
.8K/>. K-

[6/>5,B)))Q
P

He

[BK/>.,K-"7T4A6K3"P5,./"r"<//S5,BQ
Y460"4N".+/"5,B{PE)
74K-43/3.>"

/@.0,7./5" NO4

=B" 3,KM" 40" 835/@" P/)H)F" G43t

T83,0B" 83587,.401" ~//S5,B" POQF" /<



>$"#0*$%B"=%

1$()*+,#+-. %

Holiday ! T83,0B" 83587,.40" N40" 3,.843,AUO0
+4A85,B>

Generation - Solar [MW] Day Ahead/ BZN E0/587./5" >4A,0" /3/0HB" H/3/0,.843"
.4K4004<"P83"G"Q

“Generation - Wind Onshore [MW] Day E0/587./5" 43>+40/" <835" /3/0HB"

Ahead/ BZN .4K4004<"P83"G"Q

Biomass - Actual Aggregated [MW] ! C7.6,A"Z84K,>>"H/3/0,.843

Fossil Gas - Actual Aggregated [MW] ! C7.6,A"N4>>8/+$£5"H/3/0,.843

Fossil Hard coal - Actual Aggregated C7.6,A"74,X >/5"H/3/0,.843

MwW]!

Hydro Pumped Storage - Actual Aggregated C7.6,A"+B504"-6K-/5">.40,H/"H/3/0,.843

MwW]!

Hydro Pumped Storage - Actual

Consumption [MW] !

Hydro Run - of - river and poundage -
Aggregated [MW] !

Other - Actual Aggregated [MW] !

Solar - Actual Aggregated [MW] !

Wwind Onshore - Actual Aggregated [MW] !
Actual Total Load [MW] - BZN
Speed_km_h!

Angle !

Radias«o Solar (W/m!) !

Precipitas<o (mm)

Actual

- PesodaRzZgua !
Lisboa temperature j C !
Preeos marginais sistema portugues !

Energia negociada Mercado Ditrio !

Energia total de aquisie<o casada
sistema portugues !

Energia total de venda casada sistema
portugues !

Exportas<o de Espanha para Portugal !

Energia Mercado IbZrico incluindo
bilaterais !

direction_N
I"#$%&%'()

"direction_NE  "l##ditection_ WSW

*43>6K-.843"N40"+B504"-6K-83H
:63 JANO8;/0"+B504"H/3/0,.843

. +/0"K8>7/AA,3/46>"H/3/0,.843">4607/>
C7.6,A"™>4A,0"H/3/0,.843
C7.6,A"43>+40/"'<835"H/3/0,:843
,A"IA/7.0878.B"5/K,35"P83"G"Q
"835">-//5"83"SKU+
7835"580/7.843"83"5/HO//pHROQ
14A,0"0,58,.843"83""UKw
EO0/78-8.,.843"83"KK"PE/>4"5,":dH6,">.,"¢
CKZ8/3."./K-/0,.60/"83"98>Z43"P%*Q

[,OH/." ;,08,ZA/1" E40.6H6/>/" K,0HS8:
/AI7.0878.B"-087/

=,8AB".0,5/5"/3/0HB";4A6K/"83"K,0S/.

[4.,A" [3/0HB",7_680/5" 83" K,.7+/5" K,0¢
.0,3>,7.843>

[4.,A" [3/O0HB" >4A5" 83" K,.7+/5" K,O!
.0,3>,7.843>

?A/7.0878.B"/@-40.>"N04K"|-,83".4"E40.

[4.,A" 2Z7/08,3" K,0S/." /3/0HB" P837A6
Z8A.,./0,AQ

"3/ 34."/3745/5"<835"580/7.843"7,./HA(
Z,>/5"43Angle "

O/ " Ih+&!ISHK&! /14" #1844 9§D C#4A9&! ghAl C#49&! gkAI C#49& I gH!$+/ 1 1"&$-&1%,88ID! I +,1+!:8#43"&$!
UHGL < HIGHIHSEN 1#5&! "/ 518#1+16#1#1$/ 3" 18IPI>? @ ANDAE!F-:-ISG7 A#*6!H'6$(;91G*!

H.OI-$IF-:-1J:($

HF



8"+1)8C9%$()"50,)4$F,>=$P+QR$6Q*), @"#$R1)B5, @B@5/$+" $)5$P.),"5>,7

>$"#0*$%B"=% I$)*+,#+-. %

Preeos marginais sistema portugues ! E40.6H6/>/" K,0H83,A" /A/7.0878.B" -087/"
;,08,ZA/Q

Energia negociada Mercado Ditrio ! ?3/0HB" ;4A6K/" .0,5/5" 83" .+/" 5,8AB" /A/7.0
K,0S/."

Energia total de aquisie<o casada [4.,A"K,.7+/5"/3/0HB",7_680/5"83".+/"E40.6H¢t

sistema portugues ! >B>./K

Energia total de venda casada [4.,A" K,.7+/5" /3/0HB" >4A5" 83" .+/" E40.6H

sistema portugues ! >B>./K

Exportas<o de Espanha para Portugal I | *04>7405/0" /A/7.0878.B" /@-40." .4" E40.6H,
[-,83"

Energia Mercado IbZrico incluindo [4.,A" 27/08,3" K,0S/." /3/0HB" 837A6583H" 78

lilaterais ! 743.0,7.%

Year "Month "Day"Day of the week  "Hora! | [8K/" Z0/,S54<3" /@.0,7./5" NO4K" .8K/>.,K-
0/A,./I5".4"G27?"-087/U.8K83H

Holiday "week or weekend ! * A/35,0" .,H>" 55/5" Z,>/5" 43" "G2?" K,0S/.'
7,A/135,0

8"+1)4l 9%()"50,)4$F,>=$MR:$6M)?)$R1 B5, @B"$:2R@5A31E8K, @?$P.),"5$,7

>$"#0*$%B"=% I$0*+,#+-. %

Generation - Solar [MW] Day Ahead/ BZN E0/587./5">4A,0"/3/0HB"H/3/0,.843"N4(
.4K4004<"P83"G"Q
Generation - Wind Onshore [MW] Day Ahead/ E0/587./5"43>+40/"<835"/3/0HB"N40"
BZN .4K4004<"P83"G*Q
Biomass - Actual Aggregated [MW] ! C7.6,A"Z84K,>>"H/3/0,.843
Fossil Gas - Actual Aggregated [MW] ! C7.6,A"N4>>8A"H,>"H/3/0,.843
Fossil Hard coal - Actual Aggregated [MW] | C7.6,A"74,K,>/5"H/3/0,.843
Hydro Pumped Storage - Actual Aggregated C7.6,A"-6K-/5">.40,H/"H/3/0,.843
[MW]!
Hydro Pumped Storage - Actual Consumption E6K-/5">.40,H/"743>6K-.843
[MW]!
Hydro Run - of - river and poundage - Actual :63 JAND8;/0"+B504"H/3/0,.843
Aggregated [MW] !
Other - Actual Aggregated [MW] ! *.+/0",HHO/H,./5">4607/>"4N"H/3/0,'843
Solar - Actual Aggregated [MW] ! C7.6,A">4A,0"H/3/0,.843
Wwind Onshore - Actual Aggregated [MW] ! C7.6,A"<835"H/3/0,.843
Actual Total Load [MW] - BzZN :/,A"IAJ7.0878.B"5/K,35"P83"G"Q
8"*1)8" 9%()"50,)4%F,>=$U>.) #@B04$U1@="5)$S"5"$D3p,)$6USD7
>$"#0*$%B"=% I$()*+,#+-. %

Speed_km_h! "835">-//5"83"S8A4K/./0>"-/0"+460
Angle ! "835"580/7.843"83"5/HO//pHROQ
Radias<o Solar (W/m!) ! I6ON,7/">4A,0"0,58,.843"83"<,..>"-/0">_6,0/"K/./C
Precipitas<o (mm) - PesodaRZgua ! [4.,A"5,8AB"-0/78-8.,.843",."E/>4"5,":dH6,
Lisboa temperature j C ! =,8AB",;/0,H/"./K-/0,.60/'83"98>743
direction_N  "direction_NE  "l###"! "3/ J+4."/3745/5"580/7.843,A"<835"7,./H408/>"Z
direction_WSW ! 43'Angle "

ARY (+*-IL*2*IH>?2?2*% 3%+ 17>*-(23!10=&.@5 !

[&:/°&1-& /"5, * 218443 &I&*?,*8&" , *?1#*6!5/689, * 2MH#I$35 5# DH*#IDS,$! 1 #$!1/*6311&6!
UAS! $+/ 1% *1 B--&*6,J! [VI4/! 8#9,64#4&! h+&! -, *#9! 6#1#$CH! 4" 3143"&! ,*! C#A%&! gF! #*6! #$3&$$!



=746, #91>3#9,4D!, $$36$<I C+hI+89-86!H/ 1788 #1&!168$1 ", -h, B&I B, 1, LSAI6&KELhIH#*/ SH#),&$A1#*6!
177" 5164, *1&?" hD!!

C+&!"&$3%$! $& "8I #$!#1 1, *#I 1+&1K-/,*41:/9/ 1, *?IT ; BAI#*6!4+&D! +89-14/18&*$3" &1+l i+&!
OH#IHS&H!, $1"&H6D!: /1167 1 * 8" &#5!-" /1888, * I C+&I#*#IDS, $!,*193686!: /3" I SH#,*1§h&-$5!

J_AIM+lc;;G-.Ic/$(-<$!,(91$!_($;)+! !

CH&!:, S #0171 h+& #*49DS, 8! 1/5 - e $! +&! #88 #7281 898 14", 1, 4D! -, 1&! -&" 1 D&#"! 38, * 2! h+&!
1/935*! zPresos marginais sistema PortugueseO RY+& " 2801 84" #4981 : /") 1 /" &1#SH, * <!
C+,$!$h&-!-"/8,68$ #! +,2+P96889! 8,& 1 | /:! 5#"K&H! &8/934,/*! /8&" 14, 5&! #*6! +&9-$!4/!,6&*4, :D!
h*&*OSAISh" 31U #IIS+, hBA /"1 - 18182, 5&KIC+8&! /3h- 3!, $1#1H#AIUCHA gnV! T b+ h+&I#8& " #728)
=" 180/ GHLHIDEH" ! * V&) OHHSEH #*6 #1 44" 1+4"41 8,$3#9,N#th, /110, 23" &) ggV! i+l +, 249, 2+H$!
=", 181:93143#4, /*$ID&#"P/ 84 PD&H <!

C+,$! 8,$3H0! #+6! $hthh, S, 140! $355#'D! ,*1 0,238 gg! &, *:/ 183! 1+&! 1&5-/"#9) *#3'8! /11
898.14",1,4D1-", 18$#*BI$3 -~/ ¥ Ih+RIUHHE" 13581/ 1| 1HI&* B PAHSRE! 443" &SIUEPAIDEA M S /*4+) %]
57689, *2IC+E1/34-341$+/ 1 $IH#I+&IHB8 #281808LK", 1,1D1-" 181, *1 . /"¥32H01$+/ 1 $1$, 2% 2, L1
8H#' #4,/%1 /88°1 8! D&A"S " 188! 1&'8) "8%#4,889D! 9/ 1! ,*! FGFG! U] hn<FF{* " O+VH! $3"266!
6"#544, 1#0D! ,*! FGFg! U| ggF<GG{" " O+V! #*6! EGFF! U] gnmecFg{" " O+VAl 1+&*! 6819,*86! ,*! FGFh!
UJeeFn{"" O+V! #*6! FGFK! U|nh<kk{*" O+ B! 5/68"#8&! *1'8#3& $ /4$8'886! ,*! FGFH!
U] Flegm{® * O +KIC+E$8!: 93143, /%819, KID!"&: 9814129/ 44918*8&" 2D S K&4 8/9%4,9, {DA " &23044/° D!
1+ 28SNHB1HE) S-#14/:1" 86 N #498), %482 #5, /*AC+ S &*61:3"4+8"103%%, -, &3 1H+8!, *103$, /!
/:VLHOB* 64 PAHSRE): 83" SSIUSPAIDEH NS /1 Ik/ | 1#-43" Q&S - /" #916D*#5, 181, *15 /689, * 2!

"#$%&( )'H+&Y%02#&™*-&:.%":".3'9%":&'9&%'3&2YECYLY C

Average Price per Year
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Average Monthly Electricity Price (2023-2025)
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CH&I"8$308!, *ICHA%IGNIS+/ 1 Ih+81488" #28189611", 1,4DI-"  181-&"ID&A"1:" / SIFGFGI/IFGFHAS, K&ID!
KT O/ [{KO+!, 149" $#6D11/*88 &6\
8"*1)3V9s$- ),"3)$)1)B5,@B@5/%.,@B)%),$/)",

28"% [ $$%3*+)$% 8"+ %
EL;8M1%-*%L ;NN
%&9% #&)!I™ 94<"-087/x3-4>>8ZAB"56/".4"*"]24L",35"0/567/5"5/K,35"
%&% ((1)OO" T8H"8370/,%">.,0."4N"/3/0HB"708>8>",35"K,0S/.";4A,.8A8.B
%&9% (&)L(" ]/0B"+8H+4"/,S"4N"/3/0HB"708>8>"PXS0,83/"<,0F"H,>">*+40.,H/
%&% MM)!& EQ087/>"744A/5"54<3F"726.">.8AA"/A/;,.I5
%&% &#)$$ 1.,Z8A8\83pIK,0S/."7,AK83HF"Z/../0"0/3/<,ZA/>UH,>"74358.84 3>
%&% LS)("" G45/0,./"8370/,>/p"-4>>8ZAB"56/".4">/,>43,A"40"J6KAES">+8N!:
|
I
@;*9<2:4+

¥l 3434 +46! 1+ O/ 1&SH -*, 188" 0,K&ID! 638! 4/! k& XER) ; Pgf! -#+685,1! "8631,*?!
89814, 1, ¥DI6&5#*6

¥ 343MIBA33$+/ I $1#1+32815- K&L/*$,$1*H 1 S+15+&1"&#9P 1 /°9618*8"2D!1",$,§¢

¥ 343KNBA3VSI?26$HH!" G3 <14/ 1 #"6194#4,9,1D"h+/32+IFGFHIS+/ D $I#1$0, 2+41" 6124, =«

J_AI13+!1>G:98(IF$:$1:9';!d*9;<!@eD

C/!,6&*%,:D1&JH"&5&!-",18!8#938$!h+#411/396!6,$4/ " H1 57689, * 21" &$3%W$A! /340, &" B!, * h+& 1kt " 284!
8#" #498!zPre+0s marginais sistema portuguesO I'1& 868411466138, *?1H+&!1) *4&">3#"H, 98!
2#*261) 1 2V1584+/6<C+&!) 1 2!,$16&: , *&6#$M+&!"#* 28148 1 &&*1+&!:,"$hiU B gVI#*6!4+,"6!U K hV!
>3#',98$<! R#938$1 9D, *21 4897 1! 1g! O! gcHA) 121 /*1 #4788 Bh! Nl gcHA) 12! 188! 1/*$,68"86!
/319,&"$!

D$*G.:*4B8IS+/ 1 *1,*10,?23" &I ghAl# /1491 /- ImnF1/319,&"$! 1 &"&!,6&*Y,:,&6!, *1H+&!&I&1H",1,4D!
="', 18! 6#H! C+&$&! ", 5#",9D! "&-"&$&*H! 3*3$3#ID! +,2+! -*, 18! $- K&SA! B+, 1+ #'&! #I K*/ 1 *!
T+##14&8", 85, 11/:189€1%", 1, ¥D! S#"K&$AI&$-&1,#99D163", * ?16&5#*6!$3" 783! /" 1$3--ID1$+/ " #7283



I"#$%&J )'N,89-,.'0,%*-&:.%":".3'9%": &'EI"[&E

Boxplot of Price
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C+&! 4/73-9/4 ,*10,23'&! gh! 19&#"9D! 938k #4&$! h+&! 4&+#8,/°! i+l S/8h 6##! -/, *4$! #°&!
1/7%1&*0"#&6! ,*1 h+&! O/ 18" - 18! "#* 28! C+&! 3--&" 1 +,8K&"! &JW&*6$! §,2*, 1, 1#*4IDA! 1 ,h+!
*35&'/3%! ,*6,8,63#9! /319,&"$! 4&D/*6! FGG! |{""O+Y$/58&! &8&*! &J1&86,*?! nGG! |{* " O+
C+836!/349,8°$11/7%*: " Sli+&! +6#8DPH#,9&6A! *, ?+IPSK& | &6!6,$4",434,/*1#9°8#6D! /488" 886!, *1h+&!
T; BI-+#$8IC+&, "1 -" 888> 18103%h, - &$!H+&13$&! /1" 743FHAI* /%P9, *&#" 1 5 /689$1U&?A Z, 2+HL " V!
#*B1$1#9, ¥ 2181+, >38$1U$31+1#$1 2/ 43GHA1HI& " VI+#hI#" &19&SS!$&*$, b, B&IH/ 164" &5 &!18#I38%!

1J_A,IK+129%*9:<IR-.G$*IGII-(%! !

Bli+/"/32+11+81K1: /15, $3,*218#938$! 1 #511/*6314&6 11" /3514991 8443 4$AC+&1"8$3%415+/ 1 86!
el /1 %3001 8#938$! 1 &' &) - "8$&*H! , *11+8) GHHSAMI L/*:, "5, %21 191 1/ 5-084E*E$$14*6! " 846, *6$9!
/"1 5/689,%2 C+,$! $1&-1 88”7, 88! ] -'88,/381 —"8-"/188%,*?! $1&-$! US3L+! 3! :/* N 4"6P:, 0!
5= 34, /¥ 61641, <H& 2", /*V! 1 &' QIS 11838: 30*6IHHI*/1H66 4, /*#1+#+60,%21/:15 $3, <21
Bt $1'8>3, "GO+ SISHH8<!

J_A,I5+IFG6.91-:$!D'&*H2$10!Q!AU6'(:9;<ID$*G. #

B*Ig*#9D$, 31 1 #81-8" /" 5&6M/1, 684, :DH*DI63 -, LHI&I" &1/ 6SH+HHIS 2+HE, $H, *H+-&IGHHHSRK!
C+81"8$3%1 $+/ 1 46! +#1*/163-9, 181"/ 1 1 1 8781 1/3%6", %6, Lith, *21i+#1 +8! 681 $13%,>389D)!
<BRIEBIH*6!: 881 /51 8B BH*1DACHS!'8, *: /" 18$IH+8&!, 482" UDI/:1h+8) GHIHS&H #*6! 863183
81" SKI/ - IGHHHIOGHKHPE)/ 14 #5163 215 /68311 #,* * 2!

C+&!$1",-H16&H& 14$H*6!/ 34-3$1#*DI63-9, 1#1€6!" &1/ 68BN/ 3h-34$1Y 1, %1936, * ?i+& #B& " #726!
=", 1868A1/319,&" 19, $HAIS , $8, * ?18#I3&$AH*6163-9, L&Y #" &I5#BEO M/ 1#18, * 298I T I 189! & U$%C-. ) KPIEP
I i+HI$8—#"#1GIS+&EHS!: 7716/ 135 & tth, /*<IC+,$1* /41 /*ID!+&9-$1h/ IK&&-!" &1/ 68!/ - i+8&! -, *#1 6!
1+81KSIA3NHIS/ 1419, SIS+, * 21" &S 3NS! I H+11/994#4/ #1/ "8I/ "1, %1936, * 2W+8 5!, * - -£*6,16!
C+,$!1$355#" DI#*#IDS, $! 8#9, 6#416.6! Hi+&! >3#9,hD!#*6! $* 3143 &! /: 1+&! G##S&H! #:%6" 1 T ; Bl#*6!
48: /&1 #--9D, * 1 #68H* 186! W' #*$: /" S#h, /* & ) &*$3" 6P 1/*:,6&* 18!, *1H+&! 6#i#! -, -&9,*&! #*6!
574,8#18$M+&13-1/5,*?1:8#13" 818> ?, *&&" , ¥ ?M&1+*,>38IY 1§31+ H$I1#08*6# " PA#3&6!8#" , #4I&SA!



9421 &##h3 " GBAL " /99, * 21 Siitfh, S, LBAI#* 61 +&!, * 1938, /%1 /-1 & IN&" *#9! G $/3" 18$IU&< 2! N &+ 1#*6!
6&5#*6!,*6,1#1/ VY T+, 1+1#° &1 %" /631&6!, *1h+&!1*&IHI$& 1k, /*<!

A#! 1+(0(&,'8/,&-(+6!F44'/* =10/"\F--IF-6/'(2="75 !

[&:7° 8 $89& 1, * 21 h+8&! :, *#91 5/68%K4#*18IN&*$,86!&J-&", SE&*H#I! -+#3&! 1 #$!1/*631466!38,*?!
$88& HISHL+,*&IH"* > 21497/ W+ 53, 498! /" 1-"86, 1%, B&IHIKSAIL/*$,68" , * ?1#11/*4,*3/3$!
280 8#" #498! zPresos marginais sistema portuguesO AC+,$!-+#881#,586!1/1&8#I3#48.!
hH&128*& #-&" /" S#*18!/:16,::8" &N 5 /689! /*14+&! €9&14",1,4D! -, 1&! - &6, 1%, /*1#EK 1 #*61 /!
L6874, :D!I 1 +,1+1481+* >38$! 1 &°&! 5/ $3, #4981 : /71 :3"+&"16&88I/ - 58> ! BY+/3?2+!#1 . /* S#I!
-,-80,%&! $1"3143"&! N#$! ,5-9858* 16! /7*ID! #:4&" #+&! -, *#9! 5/689! 143! $8I&LH&6A! h+&! $#54!
58&4+/6/9/?, 1191 #5681 /*KI D #$1#--0,86!1/*3, $i&*HID 1" /$$1#915/6898163", * 21+, $Ii# 28<IC+&!
$&41/:Im5/6898!,*193646! ; &1,8,/*IC"&8M12#*6/ 510/ &SN\ L [//$WZ, 2+L " AT IW"#1C" &&$H!
XHH[//$H#*61B6# [ //$MESIS+/ 1 %1 *IC#4RIgnd!

C+&15/689,*?1-" /1833148241 1 h+!$348h#H>H, 40! :6#3"&186* 2, *&& ", *?11#,9/°&6!: /" 1%, 58!$&" &S
"87°8$8,/*< @-&1,:, 1#99DA 942! :&H#H3"&$! 1 &"&! P&*& #1&6! 1/ K&D! *358&", 1#9! 8#" #498$! $31+! #$!
9814, 1,4D! 2&*& #h,/*! 4D! $/3"1&! U&«?<Al $/%°A! 1,*6Al +D6"/VAl B &#H+&"! 1/7%6,%,/*8! U&?<h!
WS-8 #13"GAI /94" "H#6 ,#h, /<N " &1, - Yth, /*VAI #*6! &*&" ?D! S#"K&M! , *6, 1#4/ " &! Z#7?2766! 8#I3&$!
1&'&! 1#913%#66! /*! #! 6#,9D! 4#$, 94! &J4&*6,*?! 3-11/1$88&*1 6#D$! U, <&kl gne! +/3"$VI i/ 1#-43"&!
We5-/"#9168-8*68*1,84$<!B66 b, /*#IIDAY, 58&!8#" #498$!$31+1#$1+/3" 1/ 16#DI#*61 S /> +1/:1D&#"!
1&'&18*1/6&6!38,* 218, *&1#*611/$, * &I #*8: /" S#h,/*$1H/1" & 9&10H+&, 11D 19, 1#91*#43" &«!

C/18*$3'&!1"&-"/631,4,9,iD!#*6!1/5-#"#4,9¥D'#1" /$5! 5/ 689 h+&! 6#4$&H! 14$!6,8,686!,*1/!
W'#, >, * PN 8H#9, 6#th, / <A+ 6 1HESHI SIS 3, * ?1#*1eG{FCI$-9,1A!: 799/ 1 &614D 1 : 3"+&" IFGE!$-9, 41/ : H+&!
W', >, <21 6##1 1/ 1 $&" 8 #8141 8H9, 644, /%1 88! BN S5/689$! 1 &°&!h'#,*&6!#*6!68#I34#186! 38, *?1H+&!
$HE&! 413" &IB&NH* O i+ &ISHS &IGHIH-#",§, /*&IC+&!I-&": /* SH* 18158}, 113546 #1" /$$1#99!5 /6895
D#$!" "8#*IBAS/ISNGIT "/ ™ "BTVAL I +,1+! D #SI1#13%#486!: /7 th+& 1" #,* , * PAIBH, 644, / *Al#* 6 1HeSh!
O#SaHS!

=D-&"-#'#5&K&" ¥3**?1  I#§l FL/°-/'#166!  D+&'&! #--0,1#4%< O/°! [ *Si*18A!
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N1+, 880! GH/*H#AWRI-&" : /* SHFL&I/*1h+81"#, > *215&KIU" " BTSIFngVAL 11&J+,4 %6618, 2*, -, 1#*H!
P8*&HNHh, /%! $E3ESA! 1 H+! #! +,2+1 8#9,6#h,/*! ""BT! /:1 gGkG! #*6! h&$H! *"BT! /:! gG<hh
$32268h, 210 D#SI* /4! 1 &99P$3,4&6!: /" H+&!h, SEPO&-&*6&* I *#13"&!1/:1€9&1%",1,4D! -, 18!

C+& \L[//%h 5/68% # -/ 18&":39 ?2°#6,&* 4/7/8h,*?! "#5& 1 /"KN $+/ 186! ,5-"/886!
P8*& #I, N, /%! 1 i+ 41 89,64, /%1 " "BT! /1 F<Ck!#*6!i&$h! " "BT! /1 e<eq" 434! $,99! 9#1KE&6! +&!
#113"#1D! '€>3,"86! :/"! 6&-9/D5&*U! TE&*! #:4&" 1, *&PU3*,*?! /88" HG! E-¥3*#! §* #9$! #*6!
KL=/, 222661 476! St $h, 149! - &3 & BAI+&! - 66, 1%, /%18 /11 & 5#, 86! +,7+! 894, 811/
/-8 #h,/*#91*8&6%K!

C+&! #+,"6! Z,2+IL[""! 5/689! ,*1/'-/'#1&6! #! 1/5-"6+8*$,88! $&k! /:1 2%l 1#9&*6#"A
H&H#LE, Z*AH*6! /99, %21 1, %6/ 113" &SN #9/* 21 1 ! 1 &HH3" &I $149, %218, #1 32 /43$H@ 1498 ~<! !
#1+,68686!,5-"888,88!1"#,*,*?1-&" ./ 5#*181U" "BTSIGGHghV!#*6!9/ 1 Pr&$H! * " BT!UGhhghVAID&H!
1+818#9,6#h,/*1" " BT!"65#, *&6&I&B#&6 #HIgGmmTAL *6, 1#h, * 211 /464, #91/8&" - hlh/ W+ & 1" #, %, *?!
O 6I#19#1KI/ 1" /438h*8$$!, *13*$8&*18#9, 644,/ *1$1&*#", /%!



"#$%&! )!*+,1-&./%0.1123!104&!04536!*26&%578!+D0&9:0
8-4%7% O*'+.9%8/9Y 5"7+4"#+-.%8/F¥ O$(#%8/¥

Rb5,"$8,))% | )&O'M (O)HLLY (O)HH#
JKL>>4% ner o L)O$$S M)MOB.&:
<@3A5KL+$68 0)0%(#  ()O"L" O)HH(#

BH#A :/>'2=18/,&--(+6!F2287242 [1:8&*2>'&N+'(.=&,!I(6=2SN8!)(2=!
1Y28+,&8,11*65!*+,18/28+2>7 |

VRGN0, 5 -1 /8815 /6891 28* & #I,N##h, /*1#76! - " &6, 1%, /*1#113"#1DA#! . / 3"+ 5/689,*?!
#iHeS-h! 1#$!11/*6314%66!38,*21Z, 2+ [ ™ "AL*1/" -/ #,*?1# 5/ 81846 *$,88!1$&H! /:16*?, *8&" 46!
(83 &SIH*6 #1786, * 86! BHI, B4, /* I $h & ?DA C+&! :&#43 &1 B&M!, *193686! 972! - 843" &$! 441 5 3%, - 9&!
W&5-/"#9!"&$/93h,/*$ ULAI 3A SAL 7AL 12K #*6! 241 +/3"$VA! -, "$iP/* 641 6,::8"&* 186! 8#I3&$A! #*6!
*/99,* 21 $ith, $h, 1$1US &#*A St *6#" 61688, #4, /*A S, *N S#IN S/ 5&*U3SV! /" 1h+'&&! 1, *6/ 11$,N&$!
V24N A8N#*6!721+/3"$\I BI S, *&P1/$, * &N #*$: /" S#h, /*1 /- 1i+8! S/*h+! 84" #498! 1 #$! 3886!4/!
&*1/668!1D19, 1491 1#98*6#" | -#Hh& " *SAI#* 61 &IN" & S&!H#" 284! 8#I38S! B &'&!19,--&6! 4% B &&*1+&! Hif+!
#*6IFHI+H -8 18*h,983!4/15 K, 2#4&H+&1,*:93&* 181/ :1 /319, & I C+&## " 284! D #SISEAIH#SIH+&I S#" 2, *#!
€981%",1,4D!-", 1&!Igne!+/3"$IU/*&! B &&KV!, *4/1h+&1: 343" &<!

C/! 13*&! §+&! Z,2+hL [ +D-&"-#"#58&&"$h! E-413*#! 1#$! &5-9/D&6! /88&"! FHG! " #I$A!
/-5SNF? /M TTBT! 38,*?1 #1 S, 1,660 8#9,644, /%1 $&i! 079/ 1,*?! +D-&"-#"#581&"!
/-5, 5 N#h, 7*A+&1: *#I 5 /689! D #$I"#, %861/ *HI1/ 54, %861 #,* > ?1#*618#9, 6#h, /* | 6H##S&HI#*6!
&8#I3HIC6! /*1#1+8I6P/ 3MHESHISEIIC+,$1 5/6891#1+,84886!C"#,*!" "BT!/:Igimn"IR#9, 6#,/*!" "BT!
/2 gmhA*6 1S, 2%, 1 14D+, 2+& " IC&$H " "B T/ Ichnd O +,981+&14#, * 1#*618#9, 644, /*! " &3 3%4$!
1&'&! 19/$69D! #9,7*86°Y,*6,1#h,*?! "6631&6! /88" h, *? Y h+&! $+#"-1 ;*1"&#8&! ,*! 1&$i! &"*/"!
"888#986! Y+ H+&! 5/6&9! $1*327966! 1/ 28*& #I,N&! §/1 :343"&! 3*$&E*! -&", /68! BS! $31+A! fi+,$!
8&'$,/*! N#$! * /0 #6/-486! :/*) 1 *#9! 6&-9/DS&*UA! 434! il -*/8,6&6! #! $'/*?1 :/3*6#h,/*! /")
$3486>38*! 18" #h,/*$lk+#h! 1 / 13886/ *148HH& " K& 5 -/ "#18H#), B#th, / *1#*6!: &#43" &S, 5-9, 1, 14, /%

8"1)$/60$+-RSM)401BRID, 5AS+>?) L @#3$-55)=.5$6-?_"#B)?$<@3IR5KL+7

8-4$7%5%*(+% O*'+.%8/99 5"7+4"#+-.%8/% OSHY%S/Y
<@3A5KL+$6<"3$C$+>=)#50=8 ()'&($ " O#M" "VHE(YB'

B#B :(02=18/,&--(+61F22&242[\+.'&*5(+BI$A2>+1<' (¥-5 1+ 1:(+*-1
F-6/'(2=?1H&-&.2(/+

0797 1, *?153%,-98!,1&"#4, /*$1H*6 " 1+ W& 113" #I1"&:, * &S &*$Al+&I* &K1/ ?, 1#918h& -1, *8/9846!
/-5,5N*?215/689!-8": /" SH#* 181+ /374!, * 1" &HE&EGIE -13*#1h" #9117/ 34§ 1 #$IH#$S3 586+
5781 8J48*$,88! +D-&"-#"#58&1&" $&#" 1+ 1 /396! +&9-1,6&*%,:D! 4&Hh&"! S/6&9! $&1H, *2$A! 1+,1+!
173%6!,5-"/88&!+/ 1! 1 &04+&! 1#*6,6#1&! 5/6898F TIW'#!C'&&ANL [//$M#*61Z, 2+ " °f
-&" /" 5I/*13*$8&*16#H#!



O/ +&! T #! C&&$! 28727 &$$/ A 1 #98! 1&'&! $1#986! " /5! gG! #/! FGG! =/ 1&8&"A! "&$3%$!
-0#h&#386!8# DA I i+1*/1/4$8 886!, 5-"/8858&*11 48D/ *6! R#9,6#h,/*! " "BT!/:Ingm!#*6! C&$H!
""BT!/:Hchehl, *6, 1#h, * 2W+#I#66, %,/ *#I" #9$16,61* /41-"/8,68!5&#*,*?:301-&" ./ S#*1&17#,*¥!
0,5,%"IDANL [//780 1 H+TnlE-43*#14" #9$1D, 89686 #IR#9,6#4,/*1" *BT!/: InimFI#*61CESH! " "BT!
7 ImgHAA/ 441, 2% 2 LD, P+& I+ * #1168 - 14981+ " &S+ /96" &2 " 5, * 2 +#1I+815 /689! 1 48!
/88" i, *21#*6!* /4! 1 &IPH3*&6!/1H+&!13*6&ID, *?16,$4",434, /%

X/*88"$&IDM Z, 2+ [ " "1685/* " #166! 1984, 5-"/8845&*4$! I h+!,*1"&#$&6!H" #I%! BH! gGG!
b #98" W #1+,8886! 4Pl 4&BH! -&": /" B#*1&! I W+ #IC'#,*! ""BT!/:1 G<Gemk"!R#9,6#4,/*! ""BT!/:!
g<GFehAl#*6!1C&SH! " "B T!/:IGKhhkm<IC+&$&!" &$3%M$!, *6, 1#4&6ISH" /* 128> & " #9, Nifh, /> 1#-#1 §D 16!
1778, 548> -&": /" S5#*1&! #1° /33! #99! 644! $-9,4<! L,88*! h+,$! 1/*$,$h&*H! /34-&": /" S#*18A!
Z2+HL 7! 148! $6981486! -/ :3"H+&"1 6888/ - S& M #*6! 1, *#91 5/689! 1/*$h" 314, /*< C+8&! *&IH!
- +#361:/13886! /%" &, * * 214+ Z 2 HIL [ " "15/689!38,*?!16/5#,*P$-&1,:, 1! :&#H3" &I #68#* 166!
WPSAIH*6!" /A3SHBHY, B4, /*IBh" #4872, &$<!!
8"+1) 6T+ R$M) 401 2B F5AS+>?)1 @#3$-55)=.59$Q#B,)"4@#3$P.504#'$8, @" 143" #2$(@#"1$4.3>, @5A=$D)1)!

8-4$7% OX"M O*'+%  5"7+4"#+-%  O$(#% B-#$(%
819 % 819 % 819 %
Rb5,"$8,))4$d$ | (Op  sO &)(1# " %)#L"  EA,.,6/5"-/ON4OK,37/
P.50#"% 100
JKL>>45$d$P.508 L& O)'OM  &)L##" Y(%!19%'  ;/ONS..83HF"+8H+"
H/3/0,A8\,.843"H:-

<@3A5KL+$d$ | %O  0)OT"  (JOML¥ O#$!0  W445"-/ON4OK,37/
P.50#"%
SSE$5$ (OO  O)OM$  ()OM# OM#S"  QUC)*&Y%$(..| 2%SR*$/(+4%
55835 (%O  O)OMDO ()O(%& O)#0$  IA8H+."5/HO,5,.843

B#E H(Y2=18/,&-(+6!F22&?42[!:*52!1(6=2SN8!/+!H4-(2!L*2*IV:(Y &,!
O*¥'*?&2&'5X!

)<+ $1 57689, % 2HHAS —Hl ] HSH 14619, 2+ 1 &, 2+41 88'$, /%1 /: 11481 Z, 2+4L [ " "1 5/680! 149!
8J-0/"86! AD! #--9D, %P1 #1 6," 8141 ¥"#,* *21 $"#&2D! /*! ="8P$-9, 1l GH4HA 1 4+/341 &*242, %71 *|
H66, 4, /*HI+D-&" ~# S 13* *2AC+I - SH'DIS /Y, 84, /*1: /" b+ Sitt—=" /H#1+] 1HS1H/18SHI+&)
8::8.14,88%8$8!/:1- 88,/ 3HDIN3*E6!+D-&" ~#" # 584G 16| &BHIBHE 81 5./6890$! 288 #I,N#th, /*!
1#-#4,9,DI#1" /3916, 91, * 14 6##1 8825815 0/ 1+ $1 5/6831#1 - *#I18E'S, /%1 /- 14+ GHHHSEH 1 43!
3SE6A L/, * *213311'($!18$-:G(SHC+&):, *HIIGHHHSEH! 1 14813 H+8" 18] -3, *E6!, * X+#-48" In!
H*61-"8$8 6!, *ICHA%I FKAIC+RIGHHSEH 1 #516,8,686!, *1/11+8819/?, 1#91-8" /68!

_(-9;9:<1J$: SIT*H,"8!D&#" IFGFK!

R-.9)-:19%10$: Slj#*3#'DIgi/1084" 3#' DIgKAIFGFH!
_$*:10$:51084" 34 DIgHI/1* *#" 1+FGAIFGEH!



C+&8!15/689138&6!" /43GHI1#I&*6#" A 2A, *4& " #1k,/*AH#*6!" 799, * 21 6#43" &$1&*?, *&&"&6!, *18#"9,&"!
&' #4,/*%<B!RobustScaler | B#$1#--9,86!4/18#1+1$345H14&: /& 1" #,* , > 241 6*$3", * 21" &S, St * 18!
W1/319,8"8!,*1*35&", 1#916, 4", 434, /%!

CHIZ, 2+ [ "1"&? &S/ " D #8"#,%66!38,*?1#!:, 86584/ - !1-"&8,/35ID!/ -4, 5 N&6!-#" #5848 $!
Ug«?<kllearning_rate = 0.0462 Fhum_leaves = 221 V!6&",886!:"/5!8#"9,8"18&J-8&",5&*4%!
W/IE-¥3*#1 /-4, 5 N#h, /%1 /184" DISH/ - - * 21 B #$1-&": /" 586!, * i+ $IHHE S -HA! I +,1+! 5#68!4+8&!
W, % > 21" /188818, 2% - L#*H9D ! #$H& <!

C+,$!15/689! -"/8,686! #! 35&:30! 4&*1+5# K14/ #$$8$5! +/ 11 1 899! #! S5#*3#9D!43*&6! 5/689!
-&":/"581/* M5~/ #9D!$-9, h6H#KI=/ 1 &8& AL I$!-&" : /' B#*18!584",1$!1$3?78$486!$/ 581687 88!
71788 W, <20 1 k! -4, 139D 9/ 1! " BT /> h+&1 4" #, * > 21 S84 A3 1 $+4" -1 * 1" 8488 /*1 48!
8#9,6#4, /*1$8i!

8"1)$/6G$+-R$M)40154$F>,$5A)$D@b5AS$+>?)1 @#3$-55)=.59%("45$<@3A5KL+
I"H(SHO&, THE  8/9 %
8," @#$6%EM06!7 0)O%(¢
Y'1@?"5@>H#PPFRI7 $ ()SLSL"
8)45$6()*$\W",$%&3F | O)$IMT

( (




"1 A<,=-$'(T8()".,2(H*6$2( @$=2*3#$.-(,.6(9==2"+,-"* (
5.-$/,-"* I

C+,$I1+#-48"1-"8S&*USIH+&! -, *#OIBHE - SM#KE* h/1- " &-#" & +&1€9& %", 1,4D!-", 1&!-"&6,1%,/*!5/6&9!
:/"16&-9/D5&* ! B:#&"! $&9&1H, *?1h+&! S/ -*/5,8,*?1 5/689! 4#$8&6! /*! -&" ./ S#* 18! #1'/$$!
W*4,* <20 8#9, 644, /%A #*6! 18! -&", /68 i+&! Z,2+IL [ 1 5/68VA i+&! $#5&!1 1/*:, 23 #h,/*! 1#$]
"8, <8O/ *N+& 3991 GHHSHIN/ 1 - " /63181+E&! 1, *#9188"S, /!

C+&11/5-984&! SH#1+,*&I98#" >, *?1 -, -89, *&!, $!#9$/168$1" ,486A!, *1936,* ! 6#4#! - "&-" /1838, * 7N
(3T RI&*?, *FR&" X PNH*BISLHY, * HIB*I8I-Y*#, /*1/ 1+ 1 14#1K&*618*6-/,*4$! 1 &" 8166889/ -&6!
3§, *?104$B . ) /183-- /"%, <482 44, /*1 I ! 33" & -0, 14, /%! $1#98/1,*193666¢!

E#T ((+*-1L*2*5&2!9'&4**2(/+ |

[&:7° &M #, >, *2W+&!:, *#1 5/ 68MH+&I6HHEN 3 *6&" B &*HH#*!, 5-/"#*H!:&#13"&!" 6314, /*1#*6!
19&#*, *?1$h&—<IC+,$! 1 #$16/*8!1/! S#HK&!I+8!5/689!'5/°&1&: 1, 1,8*h#*6!1/16*$3"&! i1 /*ID! 3846!
& S/ "&9&8H*H! 84" #498$! /! -'&6,14,*?! £9&14",1,4D! -*,1&%! C+&! 2/#9 1#$! §/! '&5/88!
3**&18$# DAl "&63*6H#* A /1 9/ DPL/*W",430,/7*! :&#43"&$! i+#h! 1/396! #66! */,$&! /! +&! 57689
I b+/30,5-"/8,*?1-&" /" S5#*1&!

0,"$iI$/ 5414, 58P 6! 8#" #498$!9,K&! @earO, OMonthO, ODayO, !#*6! @ay of the
weekO! 1 &'8!"85/886<IC+838!+#61H)" 84#6D1488* " #*$: /' 546!, *4/15 /" &!138&:3911D19, 149! 443" &$!
3§, %218, *&I#*61 1/8,*&1&*1/6,*?1Uh/! 1#-43"&! $&HS/*#I YDVAI §/14+&1 /*, 2, *#91 1/935*§! 1&'&!*/!
9/*?8" 1*8&B&6NEN+&"11/935*$4$31+ 45!} Data e Dia da Semana®  #*6!zHoraOAl I +,1+!1#5¢8!
I8N -/ S 1187 81#98/1°85/886!481#388!4+8D!6,6*Qh!#66!#*D! 3$8:39!,*: /" S#fh, /*14:4&" 1+&!
5#,*@ate O1/935*!1+#6!488*!-"/-8"ID!-"/18$$&6¢!

BIS&HI/:1: 84437831 " &I#k86!14/1 1, *616,"&1%, /*AI$31+#S! @irection N OA,@ection_ SO  A#H*6!
S5#*D! /448" $A 148! #9871 8J193666<! C+&3&! B &'&! /*&P+/H &*1/6&6! 1#1&?/" &$! ,*6, 144, *?! h+&!
1,*608!1/5-#8$!6,"&1%, /*1#h1#1? 88*1+/3"NA3h!H+&DH3 " *&6!/ 34/ 1 +#886!19,9&!h/1* /1, 5 -#141 /*!
5/689'1#113'#1D<!'B66,h,/*#DAI#! : 8#43" &1 1#%9&6! zAngleO B I +,1+!"&-"&$&*4&6! 1,*6!6,"&1%,/*!
,*1687" &S D #814#98/16" /- -861636M/19/ 1 "898 8H#* 181#*61/8&" -1 1 +1i+&16, &1k, /*11#4&?/ " ,&%!

O/58&! "&*& 1#498! &*&"?D! 28*8"#4,/*P &6 (&3 8$! 188! "&5/886! 481#3%8&! 1+&D! +#6!
5/%MDIN&" /! 8#938$ 4+ /3?2+/ i h+&! 64381 O/ "1 8J#5-98A! zZFossil Hard coal - Actual
Aggregated [MW]O 1$+/ 186!3-188&"D!"#'&ID!#*6!6,6*Q! /::&"1&*/3?+18#" #4,9,4D!%/!14&!3%&: 30!
/'1-"86,14,/7%1@,5,% " DA# & 111/935*$! I i+!/346#1&6! /"1 /88 IDI$-#"$&! 64! 18'8!6"/--86!
#$14+&D!16,6*Qh+89-1h/1, 5-"/8&1+8!5/6890$198#"*, *?1-* / 18$%<!

O,*#99DA 1&!$,5-9,:,&61+&!*#5 ,*?1/:18/ 58! :&#413" &3/ SHKE!h+&! 6##IEH 198#*8" 1#*6! 5/ 8!
"&H6#498<1 0/ * Bt 184 zRadias<o Solar (W/m!)O 148! 8*#586!4/! zsolar_radiation F
zPrecipitae<o (mm) - Peso da RZguaO !4&1#58&! zprecipitation_mm OA, @sboa



temperature C O 1#3! $+/"46*86!4/! @sbon_temp_cO ,35 OPres0os marginais
sistema portuguesO to O portugal_marginal_priceO W C+E$&! *&*#5,* 208! +&9-86! 4/!
B &# 59, *&1+&I6#IH! - " /18$F, * ?1#* 61 SHO&I+8! 1/ 681848, & /| H#H*#?8<

CH&! 1, *#9 64884 3886! :/°1 5/689! 68-9/DS8&*4! 1/*H#,*66! 33! 1'($! 8F-:G($M#8!1 $+/ 1 *! *|
C#498 FK+

8" 1)B60$$(@#"1$()'50,)4$e4)?$@H#$5A)$S). 1>/fR$+>?)1

>$"#0*$%B"=% I$()*+ #+-. %

date ! [8K/>.,K-"4N".+/"4Z>/0;,.843"P+460AB"0/>4A6.843Q

solar_gen_day ahead ! D40/7,>./5" >4A,0" H/3/0,.843" N4Q" .+/" E40.6¥4B/5['G"}"
PG2?20

wind_onshore_gen_day _ahead ! D40/7,>./5" 43>+40/" <835" H/3/0,.843" N40" .+/" E40.6H6/%
|GA)'P G22Q"

biomass_actual ! C7.6,A", HHO/H,./5"H/3/0,.843"N04K"Z84K,>>">4607/>"|G}"
=,.,"Y6ZQ'

fossil_gas_actual ! C7.6,A" HHO/H,./5"H/3/0,.843"NO4K"N4>>8A"H,>" |GA}"P:?"
Y620

hydro_pumped_actual ! C7.6,A" H/3/0,.843" NO4K" -6KI¥540,H/" +B504" -A 3|8)"
P?V'=,."Y6ZQ"

hydro_pumped_consumption ! | *43>6K-.843"4N"/A/7.0878.B"N40"-6K-83H"83"+B504">.40
P:2V'=,."Y6ZQ"

hydro_runofriver_actual ! C7.6,A" H/3/0,.843" NO4K'BEBS;/0" +B504" -A,3.>" |GA}" P:?\
=,.,"Y6ZQ'

other_actual ! C7.6,A" HHO/H,./5" H/3/0,.843" NO4K" 4.+/0" >4607/>" |G }" F
=,.,"Y6ZQ'

solar_actual ! C7.6,A", HHO/H,./5">4A,0"H/3/0,.8&¥3"P :?V"=,.,"Y6ZQ "

wind_onshore_actual ! C7.6,A" HHO/H,./5" 43>+40/" <835" H/3/0,.843" |G"}" P:?V" =,
Y620

total_load_actual ! C7.6,A".4.,A"/AI7.0878.B"A4,5"83"E40.6H,A"|G"}'P:2V"=","

wind_speed_kmh ! A835">-//5"83"SKU+"N04K"0/,3,AB>8>"5, . "P*4-/03876>"*=|

solar_radiation ! 14A,0"0,58,.843"PAUKWQ"N04K"0/,3, AB>8>"5,.,"P*4-/03876

precipitation_mm ! E0/78-8.,.843"83"K8AABK/./0>"P*4-/03876>"*=IQ

lisbon_temp_c ! [/K-10,.60/"83"x*"K/,>60/5"83"98>Z43"P*4-/03876>"*2|Q

portugal_marginal_price ! G,0H83,A™-087/"4N"/A/7.0878.B"83"P4UGHHT" G22"G,0S/."
=1-1Q"

daily_market_energy ! [4.,A" [3/0HB" .0,5/5" 83" .+/" 5,8AB" /A/7.0878.B" RGSLD"
PG220

total_energy_acquisition I | [4.,A"K,.7+/5"/3/0HB",7_680/5"83".+/"E40.6H6/>/">BPGK+Q"
PG27Q"

total_energy_sale ! [4.,A" K,.7+/5" [3/0HB" >4A5" 83" .+/" E40.6H6/>/" >BPGEIQ"
PG220

export_spain_to_portugal | | 2@-40./5" /A/7.0878.B" NO4K" 1-,83" .4" EZ40.BBHAQ"
PG2?2U?V[IT RQ

iberian_market_energy ! [4.,A"/3/0HB" 83" +/"2Z/08,3"K,0S/." 837A6583H" Z8A,./0,A"
PG QP G270




)*1$355#" DAlli+,$!:&#43" 8! " &631H, /*1-" /183$IU#$!16&-, 1%86!, *I CHAI&IFHVI+&9-&6 /1 : /1381 /* 14!
19&H*AIS&H* , *?: 3NH*61AH#IH* 18618641/ 11, * - 348! /" 812 *HNZ, 2+HL [ " 15/68H,5-"/8,*?14/ 1+

5/6891-&": /" S#*1&1#*6!, 18" - "&i#4,9,5D¢!

8"1)$6'9()"50,)4$M)=>_)?$@#$(@#"1$S"5"4)538, 0#@#3

>$"#0*$%AS=-$%

A$"(-. %EP1$*$%N.-P%

Data e Dia da Semana "Hora "Day of
the week !

Year "Month "Day"Holiday "week or
weekend !

Fossil Hard coal
Aggregated [MW]
Angle !
direction_*

- Actual
!

16"113[@#?$?@,)B5@>#3$?0==(

Radias«o Solar (W/m!) !
Precipitas<o (mm)

Lisboa temperature j C
Preeos marginais sistema portugues

Energia Mercado Ibi©rico incluindo
lilaterais !

- PesodaRZgua !
!

10,73"&! gk! -"&$&*4$! h+&! -, S k&> "/ 1S /1)

:/5635,3.",N./0"5,./"-,0>83H

A-A7/5"ZB"TB7A87"/374583H>"83"/,0A8/0"K45//
504--/5"

G4>.AB"\/04>"40"34",55/5";,A6/

V4.">8H38N87,3.AB"7400/A,./5"<8.+"-087/

94<" N/,.60/" 8K-40.,37/F" 0/K4;/5" N4Q" K45
>8K-A8N87,:843

:/3,K/5",>" solar_radiation

:/3,K/5",>" precipitation_mm

:/3,K/5",>" lisbon_temp_c
[+8N./5".4"70/,.target  ",35"A,H"N/,.60/>
:/3,K/5",>" iberian_market_energy

fH&! o, *#9) GHi#SEH 3366! 17! &9&1H",1,4D! -*, 18!

T RLASH, *FAUTHLH/ NI/ 88— /*681/ 1#*1+/3" DI /438" B##h, /* 146!, * 19368 $+& 1" 2641 8#" , #498!

UPortugal®s marginal price VIH9/%21 1 b+l

+&1&*?,*88" 86! :&#413°6$!6&",886! " /SIE" ") TA

2TW! ; #i#=34A#*6!X/-&"*,138! X ; @!$/3" 16510/ 11+&! 0, *#91 * " /68! . ,-&9,*EAI#*6! O#$HB . )!

5 &-9/D5&* A+ 6H##SEH! B #$!"&$h",14&6!4/11 January 2024

1+ 0+IS /$h!" 89884 H1#*6!3-Pi/P6#I&!-&",/6!:/

%/ 20 March 2025 Al#9,?2* *?!
YI-tAN, 1491 /T B H S, * ICHEISHS -9&! 9935k #h&$!

&l $1" 313" &I /21 h+&! GHIHSH! #:1&" —"8—"/18$$,* Al [&#3 &l &* 2, *&&" ¥ 2N #*6! ,Fh&? #h,/*! /!
S# KEHII/HOA &*& N #498126*8"#h,/*A#*6! I &#4+8"P" &9#4186!84#" ,#498$<!!

J6E;*%& (&J6*<.&'L&

date solar_gen_day_ahead wind_onshore_gen_day_ahead biomass_at

2315059954 340
00:86:59.684 356
016650984 377
028569984 384
03:56:50 984 377
04i86:50 984 374
05:86:50 684 363
2024-01-01

06:59:50.984 (=2

346

2024-01-01

07:59:59.984 655

342

2024-01-01

08:59:59.984 e

346

10 rows x 22 columns

mH

*+7<&+8&.C%&86R"$&0"."<%.

ctual fossil_gas_actual hydro_pumped_actual hydro_pumped_consumption

324 218 0 1703

325 215 2057

323 215 2416

325 215 2067

304 n 1896

322 214 1273

318 308 453 16

318 521 956 6

322 535 900 2

320 524 865 2



hydro_runofriver_actual other_actual solar_actual ... wind_speed_kmh solar_radiation precipitation_mm lisbon_temp_c portugal_marginal_price

1723 13 0 .. 4.883598 0.000000 0.000000 11.49 71.96
187 13 0 .. 5.322486 0.000000 0.000000 11.69 63.33
829 13 0 .. 4169583 0.000000 0.000000 11.256 50.09
1021 13 ® o 4.401760 0.000000 0.000000 10.97 47.50
661 12 0 .. 2.795044 0.000000 0.000000 10.57 43.50
646 13 (s 4136323 0.000000 0.000000 10.35 42.50
886 13 0 .. 4.104097 0.000000 0.00001 10.22 42.09
1290 13 25 4.187094 0.000000 0.000021 10.08 42.50
1728 13 96 ... 5.182555 0.372252 0.000023 10.00 42.59
1752 13 337 .. 8.742517 71.686058 0.000021 9.90 43.37

daily_market_energy total_energy_acquisition total_energy_sale export_spain_to_portugal iberian_market_energy

16574.3 5628.0 3915.2 1712.8 27462.7
15865.9 5195.1 4069.0 1126.1 26156.5
15096.7 5066.0 3373.3 1692.7 25072.3
14183.9 4960.2 2851.8 2108.4 23682.0
13894.7 5059.6 2633.0 2426.6 23035.9
13812.4 4800.0 24275 23725 22707.4
13850.4 4655.5 2401.5 2254.0 22748.9
138391 4617.3 2578.0 2039.3 228621
14195.3 4679.5 2755.4 19241 23434.7
14608.5 4742.9 2763.9 1979.0 23963.9

EHT :(+*-18/,8-1H&-8.2(+[1$42>+* M>+&,!I(6=2SN8!/+IH4-(21L*2* |

C/168889/-1#!"/438hH#*6128*&"#I,N#AI&I&I&1H", 1,¥D!-", 1&!1: /" &1##8h, * 215/ 6&MH#!: , *#915 /689, *?!
#--"[H#1+1 1 #3168$,7*86!38, * 2 +&INO<2:XP? #9?/" i+ SI#SIS+/ 1 %1, *IB--&*6,JIXVAI#!+,?7+9D!
&1, 1,&*HH#*6!#113 #1&!1 2" #6,&*W 47 /84, *?1 " #5& N /KA 7%, K&I&#9,&"1 57689, * 21 #1185 - Ii$hl i+, $!
8&'$,/*!, W7 #i&6!#! 5/ &IS/ -+ K, 1#186! - "&—" /1888, * 7! -, -89, *CAl#*1&*" 1 +&6!: &#h3" &I S&HAI#*6!
#3W/SHI&G! +D-&"-#"#58K&" 13*,*?1 8,# E-43*#! ¥/ #1+,688&! $i'/*?! -&":/'5#*1&! 1+,%!
5*5N,*?1/8&": M, *?!

C+&!-"86,1%,8&1#" 284! &5#,*86+&! Oportugal_marginal_price OA /" 81#$16!M\Z12' G (*!
=OLSL";$I&PSOC!9;: 1: 218G B3 -~/ "M+, $1: /" & LASHA 1, B&!"#* 28!/ 194 ?7?786#*616& ", 846!
813 8S! D &"&I&*?, %88 86! /B +&! /7, ? < HI 6HIHSI! ZH#?PAHEL6! 16413 &S! , *193646! +, 84/, 149!
8#938$!1$31+4#$1+8!-", 1&!gnmi#*6Ignn!+/3"$14&: / &4+& 1" 284!Uprice_bef , price_befl  VAI#S$!
1899 #$! 168- hour ! W?786! 8#938$! zsolar_radiationO F" total_load_actual Al #*6!
ziberian_market_energy O1C+8381185-/"#! :8443"&$! - " /8,686! 1/*48.Ih! #4/ 34! —#$h! S#"K&H!
1/%6,4, /%8 1 +&*154#K,*?1:343"&!-"86, 1%, /%!



C/!:3"+&"1&*+#*184+8! 5/689($! 3*68 " $i#*6,*?1/:13*68&"ID, *?14& 5 -/ "#9! -#Hh& " *$A! 1#9&*6#"!
813 8S! 1 & &I&IN#1486! /B 14+8!4, S&FHS 117935+ C+&! S/ *+1#*6164D! 1 &"&%"#*3: /" 586!
UV, < #*6! 178, %8!1 8% 1/6,*28h &*#49,* 21 1+&! 5/689!1/1 984" *1 $5/ /4+! 1D19, 1#9! $64#8/*#9,4D<!
B66,%,/*#9!  *h& #1%,/*! :6#43"&S! B &"&! 1" &#H86! /! "6~ "&$&*H! H+&! *&I#h, /*$+, -1 48K B &&*! +&$8&!
W&5-/"#9! 1D1963! #*6! &*&"?D! :&#43"&PA! $31+! #$! h+&! ,*h& "#1%,/*! 484 1 &&*! @nonth_sinO "#*6!
zsolar_radiation_1680 WC+&! 8443 8! S #9371, *1936&6! °/99,*?! 1 ,*6/ 1 ! Sith, $h, 18 S84*A!
5,*,65354 54#J,535A #*6! $i#*6#'6! 6&8,4#,/*Y 1#9130#1&6! /8&"! FKA! mFA! #*6! 168 - hour !
1,6/ 19! ./ 8#" #496%! 9,K&! #+&! Oportugal_marginal_priceO F"golar_radiationO R#*6!
ztotal_load_actualO NC+&$&!: 43" &$!+89-86H+8!5/689M/ 1,684, : D" &*6BAI: 93 1K3#h, /* $hl*6!
8/%#4,9,4D!, *18*&"?DI1/*$35 -4, /*1#*61 268" #, /*<!

@&8&™#! /4+&"! (&3 8! 188! 1/5-34&6! 44#366! /*! "#, /K 6,::8"&* 1834 #*6! 5/58*4135!
%6, 144/ %1 0/ "1 8 I#5 -98A ¥+&! "#4,/' /) zsolar_radiationO "i/!! ztotal_load_actualO Fh+&!
6,::8'¢*1&! 4&k0&&*! -",1&! W?$! Rrice_bef diff QF */'S#N&6!  $/%#'1 *<H&*$ D!
Bolar rad 168 norm CA #*6! 1/5-/$4%&! ,*6,1#1/'$ $31+! #$! price_bef
total_load_actual_168 FR&"&!,*193686<! BM/ 284+8 A H+&$&! 6443 &$! 1#-43"66! 4/4+! $+/"4P
&' BIT+HF*28$1*619/*?P&" 516D*#5, 18! 1 i+, *1h+&189&14", 1, 4D 5#"K&iK!

E*1814+8&!1:3091: &#43" &IS&H! B #3!-"&-#"&6A+&I 61! D #$1$-9,41 1+ /*/9/72,1#9D1W/1-" 838" B&I4+&!
WS-/ #I G 3143 &1 /- 1h+&! /" 814, * 21K C+&INH, > * 21581 1/ 5-",$66! 6#4#! . /5 14+&1 &*H,"&!
D&#" IFGFK<IC+&18#9, 644, /* 188!, * 193686 +&!-&",/6!: "/ Sj#*3#'DIgh/1084 " 3#' DIgkAIFGFHA! I +,9&!
h+&IMESHISEH!, *193686!6#1#!: " /51084 34 DIgH!/ 1" "#* 1+IFGAIFGFH<!B 'RobustScaler , 1 #$#--9,46!
W/ V+&L A3 RISEHBA! I i1+ &IS1#I& 148, * 21 &G /*IDI/* 1h+&10"#,* > 21 G| #* B +&* 1#--9,&6!4/!
+&18#9, 644, /* 1#*6HESHI BRI/ 18+ $ 3" &+ GH I 98 #K#2616,6!* /41 /1137163 ", *?1$1#9,* <!

C/!/-%5 N&!i+&! 5/689$! -&": /" S#* 184 1+&! E-43*#! :"#5& 1 /'K! 143! 3886! : /"1 #34/ S5#186!
+D-&"-#"#5&K&" 43*, *AIC+&!1/4081%,88! 1 #$1/1S,*, 5 N&I+&! " "BT!/*14+&!8#9, 644, /* 1884138, *?!
& DIGH/ ——, * 21/ 1-"88&* I/ 8&" b, * P X&DI+D-&" - # " #S&H&" SIS L+ I#BI08H"*, * 21 #18AI* 35481/ ]
98HBESA!: &HH3" &H*614#27 > 21 #1h, /*$A#*6!15,*, 535!1+,96!$#5-98$! 1 &"&13*&6 11" /5513888 "#9!
W' 98 THLH! B #0114, *%&6! #! Z, 2+ [""! 57689 38,*?! §+&! §'#,*,*?1 $&Hl #*6! 5/*,1/"86!
-&": /" SH* 18I/ *W+&I8#9, 64, /*IS&KITH DI/ - -, * 21 1 #$185-9/D&6! I it H1-#4,8* 181/ HG!" /3* 68!
WA, > > 21D +&*1:3"+8" ], 5-"/8&5&*H$! 1 &"&1*/19/*28" 1/ 436" B&6H!

@&8&"#9! /-4, 5 Nith,/*1"3*$1 1 &'&11/*6314&6! 1 Ii+!,*1"&#8, *?1*354&"$! /| E-§3*#1K" #I$SIHGA!
gGGAIgHGA*BIFGCO+,9&M+8!5/6898!: " / SHCH*BIgGGH" #9$15+/ 1 &6!"&#S/*#498!-&": /" S#* 184!
13U FLEHS, FPUHRISEH " LHIS-#1&M/IgHG " #8198 61/ IS, 2%, 1 1#FHI &6 3L, />, < Ih'#,* <218 /")
I i+/7300 $#1° 0, 1,% 21 28*& HI,N##, /%< )*4&"&$h,*PIDA! h+&! FGGPY',#9! 5/68&9! -*/63186! *&#"9D!
,68*%, 149! *&$3NS! 4/ 1 +&! gHGPY" ,#9! 5/68K! $32263h, * 2 i+ 1/*88" 28> 18! +#6! 488*! #1+,88&6¢!
CH&'&:/ A #$! 6&-,1486! ,*! C#AK! FnAl f+&! 5/76&9! 1 i+! gHG! §",#98! 1#$! $89&11&6! #§! H+&! -, *#I)



1/77%:,23 0, /%K /228" <21 h+6! A&SH! A#H* 181 484 1 &&*! 1/'5-3Mtth, /*#91 &::,1,&* 1D #*6! -"£6,14,88!
#113"#1D<!!

CH& I Z,2+HL [ 71 57689! 1 #8!%'#,*86! 38, *?11+&!1 4&8H! +D-&" -#'#584&"$! 6,$1/88° 86! 4D!
E-h3*#A#*61,1$!-&" /" B#* 18! 1 #$188#I3H#&6#1" /$$1#991+" 881 6##1$6 2 5&*HKIC+&!"6$3%$! 1 &"&!
#$1:/99/ 1 $SH+&I#,* > 21" "BT! 1 #$IGGHNNA+&18#9, 6%, /*!" " BT! I #$g<Ck FmAl#*6 M+& &Sl * "B T!

1 #31GchFmm! =C#498! FnQI C+8$&! "8$3%$! , *6, 1#1&6! i+l f+&! S/689! DS #49814/1 - JlH+&14#,*,*?!
B 18991 1 +,98!1 #9871 2&*& #9,N,*?! &::61%,889D! /! 3*$&&*! : 343" &! G#h#A! &$-&1,#%9D! ?,8&*! f+&!
1+#99&*?,*21/*8P | &8KPH+EH6! - /" &1##8h, *?1+/* N/*<

BY+/3?2+!1* /41 66-9/D&6!6," &11IDAN+,$18&"$,/*! /:14+8! 5/689! -HD&6! #1 1"}, 1491 798! *1 1 *#I!
576891869814, /%< SIS /> 21 268 #I, Nifh, /*1-&": /" 5#*18! - " /8,686!68,68* 1& i+ h+6&! $698 14&.6!
+D-&"-#"#5H& " SIH*6!: 813" 818> 2, *8&" , * M- " H#1+1 1 &"&!" /A3FKIO&H#HI" &), 5~/ W * 1&H*#IDS, $!
D#8I#98/1-8" . /" BB CH+&IN/-11/*4" 434/ 8!, *193686!9#7786! -*,16!8#938$! Pprice_bef_1690 F
@rice_bef 1700 QF" splar_radiation OF" iotal_load_actual® A #*6! 1/5-/3%}%e!
G HL, /MG BB/ >, NS 2 WG, L b, 1H9! /98], < k&) /T & LA, *?1- " /18$SKIC &N #, *86!5 /689!
#*6! 4§l 1/7'8$-/*6,*?! $1#98"1 1&'&! -'6$&°8&6! 38,*?! .pkl ! $&" HI,N#h,/*! 11 $3--/"H
'&-"/631,4,9, YDA 1/ 5-#" $/*K#*6! - /4>, 49! : 343" &! 66-9/DS&* ! C+,$! &*$3" 86! i+l +&! &*H,"&!
="8="/1888,*?W*615/689,*?1-,-89,*&11/396!148!" &#- 9,86/ 1*& 1 164! 1 Yt/ 30" &4, >, *21:" /5]
$L 1+

)*! $355#DA I+, E-K3*#PI3*&6! Z,2+IL[""! 5/68M h'#,*&6! #*6! 8#9,6#1&6! /*!
1+1/*/9/?,1#99D!$-9, HI6HH#AISE " 8864 M+8!11/ " &148* 1+ 54 K. /" W+&1-" /08 1%!)h* /41 /*9ID16&9, 88" &6!
B /%20 /T 814, * L1 3 #1DIHL" /5514901, 5&1$& 2?58 *1$1 4341498/, * . /" 586!4+8!6888I/ - 58*%! /!
&1, *#91: 300PEHHIEH S5/689!135846!: /7168-9/DS8&*K!

8 1)DOIS(@#"1$+>7)1$+-ROSP. B ?$< @ 3ASKL+$>#$D. 1 @BF$S)5$a),F>,="#B)$
U>=." @4>#$-B,>44$8,@"1$$>0#54

O*+"7%C-O O*'+.%8/9Y 5"7+4"#+-.%8/F OP(#%8/Y

'8$5,@4F O)($0$  ()O%MS$ O)##LY
\&&$5,@% O)OM%(  ()O%SL O)#!'
QRS%#9 SKSM88  :KS;TU SK8LUU
%&&$5,@ O)O%#H#  (JO$L™ O)#"

)*IH66,%,/* 10178/, * 21" "BTISL/"&$A -"&6, 1%, /%1 881 #14h3#9! -9/4$! B &' &I 28&*& #4&6!: /"1 4/ +]
+&! 8#9,6#4, /%! #*6! heFh! $&KE<! C+&$&! 8,$3#I,N#fh,/*$! 1/*: " 5&6! i+l 1+&! 5/689! 1#-43"&6! +&!
28*8"#916," & 1%, /*1#*61968891/: 189&1%", 1,¥D!- ", 1&SAMH+/ 32+18/ 5&!$+/ " 1Ph& 518/ %#,9,1D! & 5#,*&6!
1+H#998* 2, *?214/1-"66, 14! - &1, 389D C+&!8,$3#9! , *$-&1K,/*1$3--/"H&6! i+&! >3, I, 88! 1, *6,* 29!
#*61685/*$h"#166!1+&! 5/689$!1/*$, $i&* 1D 11" /85! 3*$&&* 1 6#i#!



"#$%&O)'H:.$2-'XE";,%&1":." [, %" &E'FX2-"12." ['=&.]

Validation Set: Actual vs Predicted Prices

— Actual

0 200 400 600 800 1000
Samples

I

0,?23"&!gH!, 938k #&SI+8!5/689(S!-&" -/ S#H*181/*W+&IESH), 64, /*ISCHE! | +,1+!,$13$86!63",*?!
57689168889/ -5&*h/143*&1+D-&" -#"#584&" $I#*6!-"&B&*HI /88" - M, * 1@, 5, %" 11/ h+&IH&SHI S&KA!
h+81493619,*8!U-"86,14&6V! 2&*& " #IDI" #1K$!i+&! 494 1K!9, *&IU#LHSHNVLLC+,$! 1/*, & *1DI4&% B &&™*!
8#9, 644, /* 16 lESHISHI-&" -/ S#* 18! $I#17//6!8, %4, S-9D, * 2M+#li+&IS5 /689!, > /41/8&" -, th, * 2!
WV &I #, > * 21 6HH I 6! S, >, *$) 18! -"&6,14,88144,9,1DI#1" /8816, :: &' &> $34$&K$! /- lh+&! 6!
B?#,*N$/58!16,81"&-#*1,8$14&K B &&*1#1413#91#*6! -"86,1186! 8#I38$!#'&!8,$,49€A!, *6, L#h, * 21 h+HH!
181576891, $*(H1-&" : & 1M A3 1H#-43" &$l+&1 26*& " #I!h" &* 6!

I"#$%&R)'H: . $2-'+E< %&1":.&1";%" &E'FA&KE.'=&.|

Test Set: Actual vs Predicted Prices

= Actual
—— Predicted

Price

o 100 200 300 400 500 600
Samples

0,23'&!gn!$+/ 1$1+/ 1! 1&014+8!5/689!-"86, 148! -, 183! /*1%& 1 AI3*$8E* 1 G Uir+&IERRSH SRHE V!
C+817"88*19,*81U-"86,1%86V19#" 28ID!: 799/ W $l4+&!" 8619, *&IVHLHIHIVAL *6, 14, * 2 HHIN+81 5/ 6891 +43!
084" *&6!1+813*6&"ID, * 21 ~HHH& " *$IH* B! 1#*1 288" #9,N&! "8#$/*#4ID! 1 &90!4/1%8 1 6t =/ 1 888"
B8 &I #" 8] -/, <US! D +6"8! 1+8! -"86, 146! -, 183! 5,$! 1+&! #143#0! -L#KS! #*6! BHIKDSA! $3228H,*?!
//5!:/'1,5-"/8858*4!,*1-'86,14,/*1#113"#1D!: /" 184" & 58!8#938!



\L3LM H'I6-(9*;! '8! 19;-.! 2)$.! J$.$1:9';! &9:2! JOU:2! ?)$..9;<! c::$16:+! |-*:1
AQ<2:XP?1":136.9:IF-:-1=]9US)! - (-1$:$(*Cl-;)| @16 (/$I$;:*+! !

VIXHE-IE IHA+1@, ! " /689, * 2| BHI& S -1 B #8!, ¥4 /63186A#! :#$H Z, 2+ [ "1 5/689!%"#,*&6!
/*18-0 W6HHI3$,*?1: J&6!+D-&" - # #5848 KO +,9&! 11/ :&"&6!>3, LK& 1h*#, > * 21 ¥$1-&": /" B#*18!
"888#986! /8&" 1, * Y #1+,88,*?18& DI/ N 1&" /1 /* &I #,* > 21 88U 434! §, 27 2, 1#*HID! +,7+& "
&"" /" S1/*1+8I8HI, 64, /* 1#* 6 QSN SEAS ) * 11/ * 4 #FHAN+&10, *#9! * * /689! @&I& 1%,/ *SIE-H3*#PC3*&6!
Z2HL T 7R @-90 S #H! $+/ 186! \5-"/886! 28*&"#I,N#h,/*! #*6! -'&6,1%,88&! #113"#1DA!
—#"%,13%"9D! /*1 3*§&&*! 6#i#<! C+,$! 5/689! 9&8& " #?286! E-43*#! 1 /"1 #34/ S#4&6! +D-&"-#"#584&"!
3%, *2U#*61 * 1/ -/ H#1&6 #! 7, 1+&" 1 &#h3" & $&HA! > 1936, * 21 2 P&6! 8" #4I&SA! /99,21 $iit#h, $H, LBA!
Fh&H#LE, /% I8 S #*6! 1 &*6PA#SEOE! "H#E, /8! BS! $+/ 11 *1 CHA%! Fmh! 68$- %&! $9, 7+49D! +,27+&"!
Wh,x K20 & & O, 4H9 T /689! @89&1%, /S E-H3FHPC3*E6! Z,2+IL [T /*! @90 ; #H!
/34-8":/"586!1+81$,5-0&" 1#-- " /#1+1/*18H9, 644, /*1#* 6 1HESh! 6##A SHK, * 21 Hi+&1 578! " &9, #498!
1+/,1&!:/"16&-9/D5&*K!

I"#SYM{&A+12"*6<+B&+8&JI6B"$&1+0%$&76.C&I68.C&>+@NOSS6BEL?..%012.

I"#$%& 3-(26&175 & 8(%&I758 3$.+&1758&
*26(%&!"H#$%8&9:;+,6(&<2+=8>?@& &"&((, %&H#)  &'($)),
:6F.C&>+0%$6BE&?..%12.&NI6F%E 11010, 1'2323,  1"2#<#

E# (+*-18/,&-I<"*(+&,1/+!:>--1L*2*5&2IVK/IH4-(2X !
\LKLM ?2)$.1/$(/9$& !

079/ 1, *?14+81$3118$$:39! 68883/ - S8 41 #*6143* %21 /: 11+ E-43*#P/ 4,5 N&6! Z, 2+ [* !
5/6831/*H+815-0 HBHHSEIMEL <HII88"S,/*1/  W+&IS /68HSIS+/ 1 %], *IB--8*6,J! ; VI 1 #$4"#, %66
J*VUHRL &%, "B 8K SHAIR) GHIASEN | /34 S—#H, <21 H1 *U/1 ", * *h BHD, 6#, /M #+6! 1ESH
Y,/ G+ 3" /381 /11,1 $1&-! I#$1 /1 :390D! 34,0, N&! #0991 #84 WA + B4/ ", 1#9) 6! #*6
54,5 N8 18 5/68308! 8J-/$3" 8 1/] ~#&" *$! i+#1 SED 5-"/88! 13! -'86, 14,88 -&":/" S#*18
48:/"8) 68-9/DS&*HKI C+$! #--"/H1+] $1 #-—"/-" #&] 481#3$8! 1+8) 5/68308! 28*&"#I,N#,/*!
1#-#4,9,4,88!+#61 40 (46D 4881 89, #1861 63", * 211+ $-9,P4#$86! 8] -8, 5&*H%<! [DI'#,*,*21/*1
48] 13001 GRS 18] 57689 11 - /484 #09D1 964" *1 $34408" 115 - /" #I1 4" *6$1 #6141+ 688! &84
0/ 188" /" 1188
\LKLB F-:-17-)9:<1-))1, ($6-(-:9; !

C+&! $1°,-H1 482, *$! 4AD! ,5-/"4,*?1 &$$&*h,#9! _Di+/*19,4'#" &$! $31+! #§! _#*64$" W35 D"
Z2+4L [T 6101, K, P98 A I +,1+1#°6! 1,689D!38&6! -/ 16##! - /1838, * PN S#1+,*&19&#" >, * 24!
#*6188#93#h,/*<IC+EIGHIHSH! $19/#686!:" /S H*ITI18I!: 9811/ *#, > *?1+/3"IDIGI&1H", 1, 4D S#"K&M!
8#' #498$! /" FGFK! #*6! FGFH<! C+,$! 6##88&%! ,*1936&$! ,*:/"5#4,/*! $31+! #$! PortugalOs

marginal price, solar radiation, total load Al#*6!Iberian market energy AB!



1/-DI/:W+&1/° 2 *HIGHIH#SCH! $I 1" 6444610/ 1 - &$& " B&IH+&! " # N 1B#MHAH*611+8!$1", -1 - ", *U$11/935*!
*#58$1#*6!$#5-98!"/ 1$14/188",:D1$311&$$: 39!19/#6,* <!
\LKLK 1$-:G($!A;<9;$$(9;<+!H($-:9;<!:2%! -(<$:1-)'G:G($!R-(9-7.* !

CH&!:&H#13&I&*?,*8& ", * 21—, -89, *&1H#--9,86!, * I+, $I - +#8&! N #$!,68*4, 1#/ 1h+&!1/*&13846!, *lh+&!
$-9,1P4#386! 8&'$,/*< C/! -"&6,1%! &9&14",1,4D! -*,18$! *$/$;! )-%0*! -2$-) Al h+&! 4" 284! 84" #49&!
Utarget V!,$!?&*&'#%&6!4D!$+,./a,*?!u+&!13 "&*Hl-*, 1&Uportugal_marginal_price VIM\ZI2'G(*!
8'(&() WFKkI+/3'$IAImIGHDSIAIgNeVKIC+ SIS &4+ SliHAIS#1+1" 81/ " GQS 1" 28411/ ** &$-/* 6/ li+&!
=", 1818 JH#1HID! /%8 B &&KIH:H& i+, &S E - @, 5,94 IDAI 9#?2286! -7, 18! :&#43"&$! Uprice_bef Al
price_befl  VH#*6!:343"&P$+, 486! I &#th+& " H*6!54"K&HI8H" ,#498$U&<?<lsolar_radiation_168 Al
iberian_market_energy 168 Altotal_load_actual_168 VI 811" 8#4&6<IC+838!: 443" &$!+&9-!
1+815/689196#" * &5 -/ "#I1 - #& " * %61 " 80t /*$+,- 81484 B &&*113" " &*h1#*6!: 343" &!18#I3&!I C+&!
/2% #91-7 1811/935*! $li+8*16"/--&6!4/ 148/ ,6! 64 98 #K# 2815, * 1814+&!$+,:486!8&"$,/*$!*/ 1|
"&-"&S&FHIN+&!-"86, 1k, /* " 28hI#* 6! I&BH*HIIH P 286!, * - 34«

\LKLE H-.$;)-(1-;)13$-*;-.1]$-:G($* !

X#9&*6#'P4#566!8#" #498$!#" &8I "#14%86! : "/ Slh+&! date 11/935*A,*1936 *’?'year month Al
#*6! day Al /! 1#-43"8) 9/*?Ph&" 5! $&#$/*#9,4D<! C/! "&-"83&>H! 1D19,149! 4, 58&! -#He"*$! 5/'&!
&::&1%,889DA! $,*&! #*6! 1/8,*&! h*#*$. /" S, /*$ #'&! #--9,86! 1/! 5/*h+! #*6! 64D! 8#93&$' V&< ?2<!
month_sin Almonth_cos KIC+,$1#--"/#1+18*$3" &SI+l ; &18548"1#*6! j#*3#" DI#" &' &#486! #9!
19/%&!-7 %41, *14h+8&!D&#"ID11D19&I Y 18/ S &M+, * 219, * 8" - &3 &BILA** /41" &~ " 638 *H! B &9K!

\LKLV @;:$(-1:9";!]$-:G($* !

@&8&"#9, *¥4&"#14,/*1: 643" &1 811" &H#1&6W/15/689M+811/ 54, %8616 : 81481/ - 1h, S&#*618*&" ?DP
"80H#466! 8#" #4983 0/ "1 &I#5-98A 53%,-9D,*?!month_sin !4D!solar_radiation_168 1499/ 1 %!
h+&! 5/689! 1/! 3*6&"$iH*6! +/ 1! h+&! | S-#141 /:1 $/%"! "#6,#4,/*! 8#" &$! $&HS/*#ID<! EN+&"!
UG HLE, /781 1/ 54, * 819/ HOA "HE #h, /<N 6! BH K& &*& ?DIW/ !, 5-"/884+8&! 5/6890$!#4,9,4D4/!
B8U&LIN L/ S5-98I1*/*9, > &t 1" 80, /*$+, - 81484 B &&*1:#14/°$!, *:936* 1, *?189&14",1,4D! -, 18$<!
\LKLA A-<1-)ID'.9:<IYO:)&1$-:G($* |

Z#?21:6443'8$1$31+!#$!price_bef 169  #*6!price_bef 170 !"&-"&$&*W$9,?+49D!/96&"!-",1&!
8#I3&$A! ?,8,* 21 I+&! 576891 #66 b, /*#9! +,$1/° , 1491 1/*48Ji! 279, * 21 1, *6/ 1| :&#13" 63! #° & h+&*!
1#913%#486! 3$,*?! #! FkP+/3"1 1,%6/ 1A 1+,1+! 1#-43"€$! 6#,0D! #8&'#728&$M 5,* 5353 #*6!
54#3,5358! /:! 4/4+! - 18! #*6! $/%"! "#6 #h,/*< C+&$&! :&#13'8$! $3554" N&! $+/°1Pi&" 5!
031434, /* A +89-, > ?1h+815/689!3*6& " $i#* 619/ 14914 &*6$! /*18/%#4,9,4D<!

ZHH& A 799, * 21 S, B, 181 B h+19/7%28° 1 1, *6/ 1 $IUFKAImFAI#*6! gne! +/3"$V1#" &1 #66&6! . /*19/#6!
#*6! -*, 18! C+&$&! 53%,P$1496! #8& #728$! #*6! $°o#*6#'6' 6&8,#h,/*8! +&9-! 1#-43"&! 6,::&"&*H!
1&5-/"#16D*#5,13!"Y 16#,IDAl+" &&PEHDAIH*6! 1 &&KID! -#h& " *$<!



\LKL[ D-:9"1F988%($;1$"l-))!_($;)!]$-:G($* !

C/! ogelhl -"/-/"%/*# 1+#*?263! #*6! -' 18! &8/93h,/*K *&1! :&#3'6$! $31+! #$!
solar_rad_to_load_168 DU, /) A8hD&&™! $/%" '#6,#4,/*! #*6! 9/#6VA price_trend !
UB,::&"&*1&! 4&h B &&* 1% 1 /1 "81&*H! -, 1&8VA #*6! price_bef _diff_pct U-&"18*WH#28! 1+#*28! ,*!
=" 183V1#° 811/ 5- 3486 C+&$&! - 6443851499/ 1 11+&! 5/6891/188*$&!* /4! /*ID! "# 1 18#9363! 4 34!#98/!
RN/ N1+ 281461 894, B& ! " &%, /7 5+, -8 I+, 1+14#°811" 31 #9!: /" 16D*#5, 1!1$DFH& 5.$19,K&!&*&" ?D!
S5#"K&H$<!

\LKLZ F-:-!H.$-;9;< !

@,*18&!" /99, *214*61$+, 41/ - & #4, /*SI*#13 #IID11 " €448 5,88, * 218H#I3&S HHN+& ISt 1/ * 18+ 6 !/ : 1h+&!
BHHERIMIHNINAN"/ 1 $1#'816" /- -&6W/1&*$3" &IL/*$, Bh&*H!, * - ShGHIHKIC+&ISL" - hI#9$/11/3*4$!+/ 1 |
S5#*DIN&" /! 8#936$! &, 34!, *1 $/%#"P* &9#4€6! 1/935*$A! ,6&*%,:D,*?! 1 +&i+8&"1 $/%"! 6#4#! SHD! 48!
$-#"$&1/713*"89,#498!, *118 #, *1-&", /65!

\LKLb 1$-:G($!-;)!_-(<$:19%6-(-:9; !

B:#&"1-"&—#" *?140I8*? *8&"&6!8#" #AI8AM+8!: 8443 &I SHK", IIX!,$16&:,*&6!4D!"&5/8,*?1* /*P
-'86,1%,88!11/935*$1$31+#$!date Alyear Almonth Al#*6!day Al I +,98!4+&!#" 28418#" #4981y !, $IS&HI#S!
818+, :486!-", 1&!ltarget ! [&:/"&!5/689,*2Al4+&!,*-3h! 64! $1$1#96!3%,*?!RobustScaler Al
1+,1+!5,* 5 N&$li+81&:: 814171/ 319,811/ 5-#" &6/ 1$#*6#" 615149, * 2<IC+,$1+89-$1 Z 2+ [ " ™!
="/188$1#991: 8443831 /* 1418, 5, 0" 11498 1#*6!, 5-" /8835 /689! $1#4 ,9,4D<!

\LKLM2"$.! (-9;9;<!d*9;<!>6:919a%)!,-(-1$:$(* !

C+&15/6891388$! Z, 2+HL " " Y 14! :#$H1 #*61&::,1,&* W 2°#6,&*0 4/ /84, *21#92/" 1+ 5!,66#9! : /"
94 28! BHIHERUS! #*6! $i*3143"66! 1#A3%" | 6#it! C+&! 5/689! 1 #3! §"#,*8&6! 38,*?! I+&! $#5&! 468H!
+D-&"-#'#584&"$! ,68*h,:,86! &#"9,&" Hi+'/37+ E-3*#1§3*,*?1 /88" 1500200 trials <! C+&3$&!
-# #5848 $I+#6!#9" 4#6D148&*1$+/ 1 *11/1689,88" 1 /-4, S5#I1 " &$3%$!163", *?1$-9,1PA#$86!h&SH, * 24 $/!
'838,*?1+8518*$3"86!1/*$,$1&*1D! 1 +,98!1$4#8,* 211/ 5-3litth, /*#%, S5&IC+&IZ, 2+hL " *15/689!
DA #, 86! /*11+&1:3001$1#9&6! GHHSEN 1 W+14+&1:/99/ 1, *211/*: 23 #h,/*1#*6! 1#" &: 399D!43*&6!
$34$#5-9,*21#*6!" & 230" Nith, /* 198, * 283!

best_params = {

'n_estimators' : 1000,
'learning_rate' : 0.0462 ,
'num_leaves' . 221,
‘feature_fraction' : 0.9794
'‘bagging_fraction’ : 0.8991 ,
'‘bagging_freq’ D4,
'min_child_samples' . 54,
‘random_state' . 42
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C+&!5/68908! -&":/"5#*18! ,$! &BHI3H&E! /*! +&! :399! 6H##EH! 35, *?! ™ *&#*1 BAS/934&! T** /"
U"*BTVAIL +,1+58#$3"&$M+&HB& #7816, :&"&* 181484 | &&*H113#IH*6!-"86,14&6!- ", 163!, *1&3" /%!
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0.0822 Al B+,1+! F#$I4+&19/ 1 &K " "BT! /444, *86! #1" /88! #9391 8J-&", 5&*H$! , *14+8&! - /0&1i! C+,$!
177, SO+ #H& /" /32+! 8HI, 644, /%A &l #, >, * 21 /*14+8&! : 399! G#i#$&H! - */8,686! #66 %, /*#9!
24,%81*1-8" 1/ SHF1RASHK, * 2 lh+8! 5 /$H1$3, #4981 1#*6, 64416 /' 16&-9/DS&*K!

V¥IH66,%, /%1010 #, > <2146 &8#I3Hh, /*Al1+&! 576891 #*6!1 $1#98"! 1 &"&! $#886! ,*! .pkl !:/"S#i!
38,*?1J/49,4"/ V- #1,9,1#4816&-9/D5&*H#*6!"8~" /631,49, iDIC+&!IZ,?+hL [ " "15/689! 1 #$!$h/ " &6!
#$! “final_lightgbm_full_dataset.pkl" A#*6! h+&) 177" 8$-7/%6,*?1 $1498"! 143! $#886! #$!
“final_scaler.pkl" A C+,$! #9719 :343"&! -"&6, 1%, /7*$! §/! 4&! 26*&"#1&6! 1/*$,$48*HID! #*6!
&*$3" &SM+HN+&I&*N, " &1-"&~"/ 1858, * ?1H*6), *:&"&* 18!, -89, *&!" & S#, *$IHI, 2*&6! I b+ l+& 1 "#,* > 7!
-'/1863"&!

\LKLMX$;$(-:9;<!-))1J-/9:<! ($)91:9* |

C/1H9,7*184#1+!-"86, 14,/ 1 h+! 1§14 38! : 343" &M, S S -A#1*& 1 11/935*Ipredicted_date !
511" 6#486!4D1#66,*?'gne!+/ 3" $1Um!GHDSVIN/ 18#1+1/" 2, *#9) * - SH6#16< B IS&—#"#1&! ; #i#O"#58!,$!
28 & #1861/ M, * *?W+&linput date  Alpredicted date, actual price Al#*6!predicted
price <! C+,3!:,98! lactual_vs_predicted_7days_ahead.csv VIS $#886! 1/ 8,349, Nth, /*A!
#*HIDG, SAl #*6! 89,64, /%< C+&I $1" -1 #98/1 -* *4$! 386:39! ,*: /" Si#h, /*1#4/ 38 +/ 1 S#*D! "/ 1 !
18" &I38&OAHI/* 21 1 Yt lh+81 #* 281/ ) *-3hI#*6!-"86, 1166!16#1&$A 2,8, * ?14#1196#"1/8&" 8,8 1 1/ 1+&!
57689081 #,*, *?1#*61e5 -/ #911/8&"#7?28«!

B:#&"1$#8,*?1h+&!-"&6, 1%, /*$AlH+&!$1", 4! 6,$-9#D$!#! $35 5# D! /: 11+8! 5/68908! -&" : /' S#*1&!
#*616#1#! 1/88 " #28&IC+&!:/9/ 1, *?21/3h-31/*: " Slh+#1h+&! 5/7689! 1 #81$311&$$:399D!h"#, *&6!
#*Ol+#h!-"86, 14, /*$! 1 &' &IP&*& #186!: /" 1#0H#8#, #4981 &1/ 685!

Model trained on full dataset

"#$%&™ ()&*)+,&-"&#'$./.10&$/,&1'+,.2#."7 85
4*56+'8"-&1'+,.2#+ & T$%*9BB5
8.V#&./1*#&,$#824 - 01- 07 22:59:59.984000
9$)#&./1*#&,$#2625 - 03- 12 22:59:59.982000
8.)#&1'+,.2#+,&,$#2824 - 01- 14 22:59:59.984000
9$)#&1'+, . 2#+,&, $H2F25 - 03- 19 22:59:59.982000
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C/'$3--/"1 5/689" ,*h&" - "84 9, 4DA! :&#43"&! ,5-/"1*18! $1/"&$! 1&"&! #93/! &N #14&6! #*6!
#*#IDN&6<10,?3"&lgm!! W93SH" #&M+&!5 / Sk, S5- /">l 843" &$!, * 938> 1, * ?+8!5 /6&90$1&9& 14", 1,4D!
=" 181-86, 1%, /%5 = $h/" 1491 - 18164 $3 1+ #S price_bef 169  #*6!price_bef 170 Al1&"&!
ADL:#" 18IS/, * 936>, #1799/ 1 &614D! - #4381 1#-43" , *21-* 1814 &* 6! 9/#6! 4&+#8, /"N #*6!
0 &#h+&"1 1/%6,%,/*8$! U&<?<! wind_speed_kmh Al total_energy_sale Al'total_load_actual !
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}hydro_pumped_actual ~ ~Al+#6!#! 531+1$5#%96"!, 5-#14 /*!1+&! 5/689$! -*&6,14,/*&I C+&! 44"
1+#"0-"/8,683#1198#"18,$3#91/8&'8,& 1 I/ :\h+814/ - IFG!: 443" &SAI$3— /", * 21 *4&" - " &i#4 9, iD1#*6!
+,249,2+h, * U+ 811874 #9! #1477 516" ,8,* ?14+6!5/6690$!681,$, /* !
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=", 183! U8<2<k! zprice_bef 1690, Oprice_bef 170 O 1 & & I+&! 5/, *:93&*h,#9! -"86,14/" $A!
1/%:,"5,*?2W+8I84" /* 20 5-/"#916&-&*6&*1D!/:1&9& 14", 1,4D! -, 185! /*! -#$h! 8#93&$<!) *1#66 ,h,/*A!

6&",886! :&#13°&$!  $31+!  #$!  price_trend ! #*6! [ KRHLE,/*] 0 WIBE U<
zprice_bef x_total_load_actual_1680 Q 1#-43"86! 584>, *?:30! "89##h,/*$+,-$! 484 1 &&*!
-"18! 6D*#5,1$! #*6! 6&5#*6<! " "H#'K&IP'IHE6! ,*6,1#1/'$! Protal_energy sale,

total_energy_acquisitionO, Oiberian_market_energy O | #*6! &J/?8> /39! 8#" #4983
9,K&! zwind_speed_kmh Ol#*6!ztotal_load_actual 168 U&7 A3%86! S, 2%, 1, 1#*HID<!

C/28U+8&"A! 1+&$&! "&S3WS! +,2+9, 2+l h+#h! 4/%+! + S/, 149! -* 18] WH?$! #76! S# K&IP6ESH™6!
HEHLY, /*SI-GHDIRI L& HI /96! * 1§+ - ¥ 21806 1%", 1,4D! -, 181 - /" &1 #$H!
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I"#$%&U)'1"/2-'6,1&-'FQ,'E9-".1)H:.$2-'XE";,%&1":.&1";,%":&E

Final Model (No Split): Actual vs Predicted Electricity Prices
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C/! #888$$! +/ 1! 189! §+&! 5/669! -*&6, 149! &9&14",1,4D! -*, 1&3A § B /1%, 58&P$&",&$! -9/%$! 1 &"&!
288" #1&6S51H#!:3%918,& 1 1U0, 23" &I geVI#*6!#IN// 5&6P, *1$&14,/*IU0, 23" &lg F;<!!

0,?3'¢lge!6,$-M#D3l+&15/689($!-"86,1%66!89&1%",1,4D!-",1&$!(blue line) 24, * Shlli+&I#143#9!
+,$0/", 149! -* 188! (black line) 1/8&" 1h+&! &*h, " &! GH#H#E&H! )il $+/ B $lU+# h+&! -"&6,1%66! -*, 188!
28*&#ID! 1799/ 1! 1+&! $HS&! /8& HI! h &*6FA! 1#-43", > 21 h+&! SH0/°! <17 8#$6S! #*6! 681" EH$&S!
/438" 886!, *1+&I#1h3#9!-*, 18$<!

I"#$%&V)'H:.$2-'XE";%&1":.&1";, %" &E"\,,6&1'X"&S'FI"%E.' JCC'=269-&El

Zoomed View (First 300 Samples): Actual vs Predicted
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)*10,?23"&IgFI#119/8&" 1 &I#S, *#h,/*1/ 14+&! " $hIGG! 6#i#! -/, *$! - /8,68$! 5/ &! 6&#, X! C+,$!
8,&1! 1/*:,"58! fH#hl 1+&! -"€6,1%6! -*,1&3! 19/8&ID! #*#1K! H+&! #1§3#9! -*,18%! C+&! 5/689!
$3116$6:309D! 1#-43&$! ¥+&! $+/°HPHETS! :931h3#,/*$A ,*1936,*?1 -&#KS! #*6! §'/3?7+h!
B&S/*$h"#h,*?1 181 #4,9,iD1H/1S," /" 1h+&! "&#P 1 /796! -, 18! 5/8&5&*1$! >3, #&! #113"#4€ID<! [/4+!
8,834, N#h, /8! 1/*:," Sl fH#hl 1+&! 5/689($! -"&6,1h,/*$! #°&! +,2+ID! 1/*$, $h&*h! B h+! h+&! #143#9)
981%",1,4D!-", 1&$A!, *6, 14, * 21" /*?1-"86,1%,8&!-&": /" S#*18&!

B/ 284+&" A+, 812, *#15 /689117 54, *&$1H#!", 1+188K1/:18&* 2, *&&" 46! &#43"&$! 1 J+!" /43h!h3*,* 2!
#*6! :39P6HH! h°#,*, <A "&$3%,*?! <1 h+&! S/8H #113"#&! #*6! 6&-9/DS&*IP&H6D! /" &1#$h,*?!
$/934,/*168889/-&6!, *1H+&!-* /081! | EB&"#IRH+&1$1",-4143,9681#1 1/ 5-9&4&!#*6!8-%#, *#49&![ O



BH#DP#+8#618961%",1,4D!-",1&!-"86,14,/*!5/689138, *?18*?, *&& " &6 M&S -/ "#I! | &#1+&"AH#*618*&" ?D!
“&H#3 8!

T8&' DI #*8:/"S5#h,/*1Y 1" /511643 811" &, /* 1/ 1S 149, * 2N S /689" #, >, * PA#*6188#I3#, /*1Y'|
1/7%% A3M8$IM/ 1 1#-43", *?1h+813*6& "D, *?4e5-/"#I6D*#5, 181/ 1i+&!1€9& 14", 1, kDI S#"K&K!
CH&I"#,*&6!5/68911#*19#4& " 14813886!: /" I" &#9P%, 5&!: /" & 1#$1BAI-* /8,686 +#H*& 1 1, *1/'5 , > ?16#H#!
/97 1 $IHEISHEE! 613" &IBH" 3143 & 1H#*6!-"&-" /1888, * ?1$h&-$!

I"#SYBIREA+12"*6<+B(&JI6B"$&>+0%&NI;$$&9"."<%.0&5<Q&I6B "#&>+0%$& 76.C&:2$6.

0'&)0"1 2,30%6"6&71%0#"318- 783 %(3319""6& 1%0#"318-T&3
VOO 19" 1| IS /EFSUEI+)HE)1% HEHESC>DE KI#.+ &, $H$)+#&G/"&FL% #J
<@#'1HoH; 1 L+)&G:CCE&H &%)J L+)&G)$5+&6+)#&1$ $5-8+)]
%&"()&1=H#04&&)0E M, 7$/2+ &GY%$0)<&"%%./0<&./H+$ N$5+&
B R,
8-7&31:>,&1 9.00#PQI& 9.00#PQI&
8?=1 @)"O#1ABCBL CRCB®: H&
87=1 @F"307"0-#1AG@H&H1ID ‘RCD% H&
87=1 @&6'1A%&HEI)1BCH CR>@> H&
872=1 @»(3319""6&! 8. "H#'$%%8
K6&1/'6& " +06&+TSY*SH."<&)+Y082H#."  8.I$%EH'S.]./0&6+-"+&, +1%"H+/

\LKLMD$*G.:*1-)1?2')$.1H-6-79.9:9$* !

CH&1*Z 2+IL [ 15/6891#1+,88&61#*IMAE of 0.0824  Al"&-"8$&*},*?1#*18J%" & 5&9ID19/ 1!
&'/ #1M /88! #991 +/3'9D! -"86,1%,/*K! C+,8! 6&5/*$h"#i&$! ! +&! 5/7689! 1#*! #113"#4&ID!
"8&-"/631&!H+&!14" 38! -, 1&!4&*6S! /8&" 1#IMPEHD! : /* &L#$h, *?1+/* N/*! D +&* 14" #,*&61 /*1h+&1&*H,"&!
BHIHSEIK!

CH+&L: *NZ, 2HL " "15/7689! 1 #$M"#,*&6!/* +8&!: 30164#SEHAI3S, * ?h+&!-"&8,/3$ID!8#9, 64166!
E-#3*#P43*&6!+D-&" -#" #5848 "SI C+&!6## SN $-#*$!+/3"9D!"8&1/"6%!:" /5 January 1, 2024, !
W/!May 31, 2025  Al#*6!H+&!IH" 264! 8#" #49&! N #$!1/*8H"31466!4D!1$+, b, *?14+&!89&14",1,4D!-", 18!
/" 1#'6!4D'168 hours 1U/*&! 1&EKWKIB:4&"1-"/183$,*?1#*6!"45/8,*?!"' /1§ 1 i+! ,*1/5-0&ke&!
WL/ /90, %21 83" EFAN+&! < -3 -&", /61 3886! ./ 1 #, > < 21" 3*$! ' /S5l January 7, 2024, /!
March12,2025 "Il +,0&M+&!11/""8$-/*6,*?1-"86, 1486 !Uk#" 284VI6#18$I$-#*1Jan uary 14,2024 Al
#/!March 19, 2025  LLO/"1&J#5-98A#*! *-341"/ 111/""&$-/*6,*?14/12024 - 01- 07 22:59:59
$I35861H/1-"86, 101+8!-", 1814412024 - 01- 14 22:59:59. !

)*I-"H14, 1#914E S84 : /71688 D!+/3"ID!, * - Jhlh+8! 5/ 68K ES! +, 84/, 1#I1#*61 02266 : 443" &$!
$31+1 48! -7 1&BA! O/7#OA! #*6! B &#+&"! 17764,/ N #*6! /334! 1+&! 5/6890%! &$h, S#4&! /:! h+8&!
&9&14",1,4D! -*,1&! &JIH#1HID! $&B&™*! 6#DF! &™) #h! h+8&! $#S&! +/3"1L C+&! 28*&"#1&6! CSM :,98A!
actual_vs_predicted_7days_ahead.csv A 1#-%38S 4+ 81 198#°9DS!I W 9, BH$! w+&! | *-3H!
b 5SS -"1+8! 86, 148614, SESHS -1 =*- 34 NI gne! +/3 SVAli+&I #1K34#9! -* 18! #41 h-+#41 - &6, 1486
h, 5835 -"H*6h+8!5/6890%!-"86,1466!-,1&11)*1936, *?li+&!- &6, 1166!64#4&!, * +&!ICSU'85 /863!



#*DI#54,73 {DI#4/ 30 1 +,1+1:3K3"&1+/3"1,$148&,*?1: /" 81#81&6<| BI$#S-08! 7 1+, $1CSM, $1$+/ 1 !
,*10,73"8IFGAIG&S /*$h'"#h, *?1+/ D 1841+, %341/ &$-/*6$1/ #1$-&1,:,11-"86,1486!+/ 3" 1#*6i+8!
#$$/1,#1€61#143#91#*6!-"66,1%86! -, 18%!

I"#$%&'G'?,1&-"' H:.$2-'+E";%&1":.&1'T123E'25&21'BE2KB9-&

A
input_date
1/7/2024 11:00:00 PM
1/8/2024 12:00:00 AM
1/8/2024 1:00:00 AM
1/8/2024 2:00:00 AM
1/8/2024 3:00:00 AM
1/8/2024 4:00:00 AM
1/8/2024 5:00:00 AM
1/8/2024 6:00:00 AM
1/8/2024 7:00:00 AM
1/8/2024 8:00:00 AM
1/8/2024 9:00:00 AM
1/8/2024 10:00:00 AM
1/8/2024 11:00:00 AM
1/8/2024 12:00:00 PM
1/8/2024 1:00:00 PM
1/8/2024 2:00:00 PM
1/8/2024 3:00:00 PM
1/8/2024 4:00:00 PM
1/8/2024 5:00:00 PM
1/8/2024 6:00:00 PM
1/8/2024 7:00:00 PM
1/8/2024 8:00:00 PM
1/8/2024 9:00:00 PM
1/8/2024 10:00:00 PM

B
predicted_date
1/14/2024 11:00:00 PM
1/15/2024 12:00:00 AM
1/15/2024 1:00:00 AM
1/15/2024 2:00:00 AM
1/15/2024 3:00:00 AM
1/15/2024 4:00:00 AM
1/15/2024 5:00:00 AM
1/15/2024 6:00:00 AM
1/15/2024 7:00:00 AM
1/15/2024 8:00:00 AM
1/15/2024 9:00:00 AM
1/15/2024 10:00:00 AM
1/15/2024 11:00:00 AM
1/15/2024 12:00:00 PM
1/15/2024 1:00:00 PM
1/15/2024 2:00:00 PM
1/15/2024 3:00:00 PM
1/15/2024 4:00:00 PM
1/15/2024 5:00:00 PM
1/15/2024 6:00:00 PM
1/15/2024 7:00:00 PM
1/15/2024 8:00:00 PM
1/15/2024 9:00:00 PM
1/15/2024 10:00:00 PM

C

actual_price_7d_ahead

D

82.97 "82.97710067422206
72.52 72.52256234137366
77.7 77.67691734398673
67 767.05101852111407
64.99 '64.96317942932244
62.04 762.04317767162798
62.1762.080151522148064
65.165.09756242698647
69.13 769.16063011994393
86.74 '86.7066453420787
99.52 799.54615329061217
100.337100.31179264350614
94.92 794.8647356792488
90.3790.22116652181671
85.7 '85.62081745309244
82.41782.43026654459987
84.99 "84.92059560374504
90.1790.1662337975833
95.82 795.76003583324862
100 "100.13486318592616
112.857112.97760758062537
113.97113.73703922159298
107.587107.35124022073525
100 "99.8582930797843

predicted_price_7d_ahead

97.21797.23920331220823

1/8/2024 11:00:00 PM
a1 "an a75A519550RR4A !

1/9/2024 12-00-00 AM

1/15/2024 11:00:00 PM
1/16/2024 12-00-00 AM

E"$+IC+&I5/689 1 #8!h"#,*86#*618#9, 644186138, * 2?1+, 1/ LHIGHHU B b+ li+&l#" 2841268 #146!
i+ /3?2+!1#1168- hour &5~/ #I1$+,: W10/ "1 :343"&! /°19,88! : /" &LHBIGA!+&! Sheh! #84#, 349&! , * - 3H!
BHHIS3MI48!-"8P-"/18$586!38, * 2M+&ISHD &) 813" &1&* 2, *8&" , * ?H*6I1$1#9, * ?1$h&-KIC+&!5 /689!
1,90+ *128* & " #1& mPEHDPH#+8#6!- 86,14, /*$!" &9k, &M/ Mi+&! S /$h" 18 *Hlh, 5&FHS -, *lh+&!,*- 34!
B!

C+&!I5/689! 1#$!4'#,*86!#*6!1&$186! 38, *?!+,8h/°, 1#91 64 S#,*ID! - /* 1&8#93##h, /*<) *Ii+&/* DAl
h+&1 64!, $13-14/1" "#DIhgh FGFH<!)11/396! 3$& 1 +&! 9! B &&K!/ - 1+ 6414/ - /* &1#$H J3*&Igim<!
=/ 1888 A * I+ $I SK36DAIH+&! -"&6, 1%, /7*$! 1 & &I SHO&! I+, *1%+&! #84#,3#498! 6##$&4! /! 8#9, 6#46!
5/68914#113"#1DA*/411/18 48> 6! /" & 1#81$!14&D/*6! !

0/'1:343"8!6&-9/D5&*Mh+8!$#584! 5/689! 1#*!1-"&6, 14 j3*&! -, 183! /" 194" Y] 1 &!038h! *&&6!
b1 ="/8.68! 1+&! 5/$H! "81&* U *-34! 64 #*6! 4+&! 576891 1,991 :/"81#SH! §+&! *&I%! m! 6#D$!
#34h/ 544, 1#99D<!
@;:$(6($:-:951-)119;-.1H";*9)$(-:9";* I

BSIS+/ 1% *ICHARIFFI4/4%+] : *#91 5 /68981 358! 4+8! $#58! :8#413"&18&*?,*8&" , *?1 -, -&9,* & #*6!
E-43*#P43*86!+D-8&" - #"#5&HE I C+&!6,::&"&*18!19,88! , * 1% #,* *?21 641451 4+&! :, "$hl 5/689! 3386! #!
o, *{8#9,64h, /*{H&.Sh! $-09, 14/ 1 8 8HIBHNE! 26> & #I,N#th, /%A | +,98!%+&!$&1/*6! D #$! "&h"#,*&6! /*1h+8&!
1399 GHHSRN! %/ 9888 #2&! #IO! + $i/" 149! B! C+&! $-9, 4PA#$&6! &8#I3#H, /*! £*$3"46! 5/689!
' /438*&SSAI#*611+8! : 39POHIHSEH 5 /689! | #3I$#BEOH#SII+8!: *#918&"S, /*1"8#6D!: /"168-9/D5E&*K!



C+,$!-"/18$$1 Y 1849, 644, * ?1#1 5/669! 38, * ?1#1- " /-&"1$-9,h1#*61$34$&>3&*HID! " &h'#, *, * 21, b1 /*|
h+&1:3091 6HHSEN Y1, B! 1 ,689D! "&1/?7* NEO! #S #1 A& - "#14,1&! > S#L+ *&I9&H# >, *?1 1 /'K 9/ 1 $A!
-#'0,130'D! B+&* -"&—#"*?1 #1 57689 /! "&#P 1 /96! #--0,14#h,/7*1 U #i# @1,8*1&! @W#1K!
TI1+#*?8AFGFHs!@%#1KIE8&":9/ BAIFGFHW!!

E#A L&4-132&+219(4&-(+&1*+,19'(.&19'&, (.2(/+\+2&'0*.&

B!, *# N, * 21 h+& Z, 2+ [ 71 576891 38, * 21 H+&! : 399 6#1#3&H! B Yt/ 34! #*D! 64! $-9, 1Al H+&!
$34$>38*H! —+#8&! ,*8/9886! /-&"#4,/*HIN,*?! h+&! 5/689! #+'/3?+! §+8&! 66883/ -5&*N! /) #*]
#31/ 5#486!-"8-"/163$,*?!- -89, *&IU#$I$+/ 1 *1, *IB--&*6,JI TKIC+,$!-,-&9,*&! 1 #3663, 7*&6!4/!
"8-9, L&) 499! 163" &) &* 2, *8&" <21 #6I WS/ Sith, /% $h&-$! 1/*$, Sh&<IDAI &*$3", * 21 fi+##h! #*D!
:343 &l G * -3 3*6&"2/8S$! 68K, 1#9! - " /1838, * 21U/ i+ /:1H+&1 /7,2 < HO > 21 Bk C+8l
H&? 0,/ * /2 i 8L - -89, % &) &*#ARS! 18! 5/689! §/! 4&! 6&-9/D&6! &::&1%,889D! 17! -"#1h, 149!
/T &LHSH, >V -0, 144, /* S, *1936,* 21 "&HPY, 5&! -7, 18! -"&6, 1%, /* 1 #*6! 38& P #1,* 21 #--0, 1#4, /*$!
$3L+14$1-" 1811/ 5-#" $/*1#*6! - /18>, #91 1/ $hI$#8, * 28!

C+&!-,-89,*&! D #$!11/*$4" 31466!38,*?M+&!Pipeline  '5/63%!:"/SMh+8&!scikit - learn 19,4"#"D<!
ML, $11/5-7/366!/ 1+ 88!-" , 5# D11/ 5-/*8*$5IDataFrameSelector  AlFeatureEngineer , 1#*6!
RobustScaler <! T#1+! 1/5-/*8*4! :39:,98! #! $-&1,:,1! */9&! ,*1 &*$3" *?! 4+&! "&-"/631,4,9,4DA!
"9, 44,9, ¥DAH*61$1#9#4,9,1D! /- 1h+&1698 14", 1,4D!-" 18! : /" &1#$h, *21$D$h& 5<!

\L5LM F-:-](-1$3$.$1:'( !

C+&! DataFrameSelector ! 19#$$! $! #! 1384/ 514" #*$: /" 5&" "8$-/*$,498! : /"1 &Ih"#1%,* 2! §+&!
"898 8!, *-3h! 8#" #4983! "8>3,"86! /") 838! &*? *¥8&",*?N #76! 5/689,* <! @,*18&! ¥+&! "#1!
BHIHSANS! SHD! /2, *#1&! "/5! 8#",/3%! $/3" 163! #*6! 1/*W,*1 & h+&"! . /"43?23838&! /°1 T*?9,$+!
1/7935* 1 #5880+ 811/ 5- /778>, "$i+#' 5/7* N&$!1/935* *#58$14D154-- *2?! . /'13738%&!:,896!
*HEESM/+&, I T*?9,$+18>3, 8498 *H$<!

1G;1:9;*1-))!D$*6';*979.9:9%*+ !
¥ T*$3°8$11/*$, $h&*H1/935*1*#5,*211/*8&*, /*$1#1" /53! 6#$EHS<!
¥ 0898148!/*DI+8!"&>3, 86!, *-3N18H" #498$13886!,*11+&!5/689,*?!-" /183!
¥ R#9,6#163164#!, *4&?" ¥DI4DI1+&1K, *?1: /15,88, *?1/"15 $*#586!1/935*$1#*6! "#,$,*?!
&"'/'9,:16,$1"&-#*1,8$'#" 816848 1486<!

C+,$! #--"/#1+! -"/8,688$! :963,4,94D! ,*I  *H&2"#h *?! +&4&"/28*8/3%! O#H! $/3"1&$H!
P34 #U8&, *?! bl $34$8>38*H! -, -&9,*&! $ut?8S$! #9 W#DS! 818,88 -"/-&'ID! /" S#H&6! #*6!
819, 6#146!,*-3kg!!

\L5L8B ]$-:G($A;<9;$$( !

C+&! O&#43"&T*?,*8&"! 1/ 5-/*&*H! &*1#-$3%#H&$! 1+&! 9/?,11 171 28*&"#4,*?!1 #%9! -*&6,1%,88!
(63" 8$13886!, * 1!, *HIZ, 2L [ " 15/68K!)i$! -, 5#'DI/40814,88!, $I4/1" &1/ *$h* 31hIH+&I&IHLH!



W #*$: /" S, /*$H--9,86163",*?15/689M #,* , * 2A+& " &ADISH, ¥, * *?211/*§,$1&*1D14&4 I &&* lh+&!
W%, F2U*6!,* 1 18! - +HHB&SIC+&1: /97 1, *?IK&D!: &3 &$! B &"&!11" &#4&6S!!

¥ o (<$:L)N<]$-:G($*  SICHIS/689!-"86,11$M+&!portugal_marginal_price gne!
+/3'$IU1 week VI#+E#6<I Z#21084#43"6$1$31+!#$! zprice_bef(167 hours ahead Ql#*6!
zprice_befl (166 hours ahead)O 1+89-1%+815/6891/ 1 1#-43"&!$+/ " 1P1&" 5148 5-/"#)!

68-6*68*1,881#*6!"81&*H!-",1&!5/8858*1%!

¥ H-$)-(1-)13$-*-11$-G($* S TINHLS k& year, month,  #*6  day Al #*6!
1/*8&"1$!4+&5!,*4/sine/cosine  1:/"5!H/1"&:9&1%11D19, 1491 $8#$/*#9,4D1U&<?<A! 5 /*#+ID!
$&H#$/*#9,YDVIC+,$11D19, 1#918*1/6,* 2@ 1+* >38!-"&$& " 88$H+8&!1-&" , /6, 11*#43" 81/ : 14, 5&P
"QUHHE618#" HAWSAIHI/ 1, * 21+ 5/ 6891/ 198" * 184S/ *H#I! - #Hh& " *$!, *1698 14", 1,4D!-*, 185!

¥ @;:B(-1:9%1]$-:G(B* S X#-43"&$! <& #1%,/*$! 484 1 &8*! %, 58! U&<?)Fmonth_sin V! #*6!
&*&"?D! 8#" #498$! 9,K&! zsolar_radiationO " /' zdaily_market_energy 0. C+&$8!
838! +80-! H+&! 5/689! ,6&*H,:D! 1/5-98J! */*9,*&#"] "8, /*$+,-B! 4&h 1 &&*! $/%#"!
#1%,8 WDAISH KN 1/*6 %, /*SA#* 61 84S/ *#Ih' &6 %!

¥ D..9;<! J:-:9%:91%! XH#13%H&S$! /%9, *?1 #8&' #7263 5,*, 535%! #*6! 5#J,5358! :/"!
$6981%86! 8#" #498$! 9,K&! zportugal_marginal_priceO I #*%6! zsolar_radiationO I
/88"4,58&! 1,%6/ 1 $IUFKAImFAlgne! +/3"$V!4/1+89-14+8! 5/689! 3*6& " $i#*6! 586 ,35P!#*6!
0/ *?PPh&" 51:931%3#4, /*$!, *1h+818*8&" 2D S5#" K&K!

¥ D=0 ($)S-G(E*  SIORHI3 RSISL+ISILHRI . /1/ 15/ "6 40,/ 18/ W/ 918/ 46
Usolar_rad_to_load_168 VI#*6! -&"18*1#728! 6,::&"&* 188! 484 0 &&*! 1/*$613%,88! 37!
-",1&$! Uprice_bef _diff_pct VI -"/8,68! #66,%,/*#9 ,*$,2+4$! *4/1 4+&! 6D*#5,19! /:!
"&*8 N #4981 28* 8 #h, /*1#*6!685H#*6! 1 +#* 28!

¥ A< ]$-G(F* S )*193688! #66,4,/*#9 W?266! - 188! 9,K&! zprice bef 1690 ! #*6!
zprice_bef 1700 '#/1,5-"/88!5/689!58&5/ D/ 11#-43"&!-&"$, &> 1&!-#he " *$!, *1-* 18!
&8/93h,/*<!

B & HIOM H*S: /" Sfh, /1" l#- 9,860/ D $IL/*Wt, > * 215 §8,*?18#936$1U#" ,$,*?1: " /5194#21/"]
199,%?0 /-8 #h,/*V! #°&) "&5/886! ¥/! &*$3"&! H+&! ,FU&?" UD! /1 h+&! bH,* <21 #76! -"86,1h,/7*!
-"/18$$8$<!B66 4,/ *#9DAI */*P-"86,1%,8&!1/935*$!$31+!#$! date, year, month, day, 1#*6!
portugal_marginal_price 1#°816"/--861/1-"88&*H!,*: /" Sifh, /*198#K# 28!

\L5LK D'7G*:J1-.$( !

0/%/ 1 *?1 :&#43"8!1 &*?,*&&" , *?2A 1+&! RobustScaler  !,$!#--9,&6!14%/1*/"S5#I,N&! #99! *35¢",1!
38K 7Y K&! WH6 0, /*HI! BiH*6H#"6,N#H,/*! B&+/68A 1+&! RobustScaler ! 3h,9,N&$! H+&!
FH&T >34, 96 #F26IU) B 2VA T +,1+1"8631&8$M+&!,*:936*18!1/:18J%" 854!/ 319,6"$11/55/*ID!: /3*6!
189614, 1, UDIS#" K&N B C+, $IS1HI, * 2I$h& - 18> +#* 168! 5 /689191449, KD 1#*618*$3"&$!11/*$, Fhe*H!
1&#3" &1 5#7* ,1368$!63",*?1-"86,14,/*<!



\L5L5 g$(!R-.G$!C:-.%*9%19:17" -(1]$-:G($*+! !

3 3T FPWHFE /S /A& -89, ¥ & IS/ 1T KIBI6, #2* /8, 1816+/ 1, *?1+/ 11/ HE*IN&' /18#938$!
/113" *18/%" P 89#4&6! :&#13" &< C+, 8!, $1 35&:391 :/°1,6&*%,:D, * 21, -1 18", *1 8#" #498$! 5,7+H! 48!
3*"89,#498!1 /" 1$-#"$&«!

0/"1&JI#5-%s!

¥ Osolar_radiation_1680 1+#6148.17% IN&"/!8#938%<!

¥ Osolar_radiation_168_roll_min_240 I+#6!100%dN&" /18#93&$<!
¥ EW+&"16&",886! 4443 8$!9,K8&! zprice_befl_x_solar_radiation_1680 1#9$/1+#6! Uke !
N&" /!

C+,$11/*:,"566!8#',8"1,*$,27+1$163",*?15/6&9,* 724 1 +&"&I$/ %" :&#13"&$! 1 &" &1/ H&*IN&' /Y
-#"%,13%"9D163", *?1* 2+Hk, 5&!1/°119/36D!-&", /68 Y #*6! 1 &' &M+&'&: /" &11/*$,6&"&6!: /" 1-/4&*H,#9!
'&5/8#9168-8*6,*?1/*1+&, ", S5-/"H#*18&!

\L5LY 2$.1@;:$<(-:9"1-)1,($)91:9"; !

B:h&"!, 62 #h, * 2M+&I4"#, *&6! Z, 2L [ " "15/689! B i+1h+&!: *#9,N&6! - "8~ " /18$F,*?1- -89, *&A!
h+&! SDSHES! 1 #$!8I&13H&6!H/! 28*& H#r&! +/3"9D! &9&14",1,4D! -, 18! : /*&1#$4$! seven days (168
hours) ahead  /:!&#1+!,*-3hlh 5855 <!

C+,$!I5# KSIh+&!: *#NGH28! /- 11+ 5/689,*21-" /18$Sh! 1 +8&" &14+&14"#,*&6! 5768914 #*$oH6$! - #Sh!
S5#'Kehl48+#8,/3" ), *4/1: /" 1#'6PY/ /K, *?!-" 18148k, S#H&$!

,($)91:9ID$*G.:*1-))!1>G:6G:1J:(G1:G($ !

C+&15/689!-" /6318641843143 86!/ 3k- 3l +#1#9, 27*$1&#1+linput date  U+&!6#4&1#*6!H, 58!
/KR D*I6HVL D i 8811/ 8$-7%6,*? predicted date  [U&J#149D!$&8&*16#DS! & "VI#*61%+&!
#$$/1,#1€6! predicted price AC/1&*$3"&I#11/5-"8+8*$,8&! &8H#I3H, /*AI+&!1#143#9! /438" 846!
=", 1881/ 148! -"86,1466!-&", /6! 1 &"&1#98/!,*1936&6!: /" 11/ S-#" ,$/*! *1#1$,*?9&!: 98! B!-/"h,/*!
/&I 8$3%, *216##HE&! $! - 858 *466!489/ 11, *10,?3"&!FgS!



I"H$%&Y ()";"9&-"/&]:-2EE&R! . $2-'+E";%&1".&1'T123E'25&21' E2R9-&E

A
input_date
1/7/2024 11:00:00 PM
1/8/2024 12:00:00 AM
1/8/2024 1:00:00 AM
1/8/2024 2:00:00 AM
1/8/2024 3:00:00 AM
1/8/2024 4:00:00 AM
1/8/2024 5:00:00 AM
1/8/2024 6:00:00 AM
1/8/2024 7:00:00 AM
1/8/2024 8:00:00 AM
1/8/2024 9:00:00 AM
1/8/2024 10:00:00 AM
1/8/2024 11:00:00 AM
1/8/2024 12:00:00 PM
1/8/2024 1:00:00 PM
1/8/2024 2:00:00 PM
1/8/2024 3:00:00 PM
1/8/2024 4:00:00 PM
1/8/2024 5:00:00 PM
1/8/2024 6:00:00 PM
1/8/2024 7:00:00 PM
1/8/2024 8:00:00 PM
1/8/2024 9:00:00 PM
1/8/2024 10:00:00 PM
1/8/2024 11:00:00 PM
1/9/2024 12:00:00 AM
1/9/2024 1:00:00 AM

B
predicted_date
1/14/2024 11:00:00 PM
1/15/2024 12:00:00 AM
1/15/2024 1:00:00 AM
1/15/2024 2:00:00 AM
1/15/2024 3:00:00 AM
1/15/2024 4:00:00 AM
1/15/2024 5:00:00 AM
1/15/2024 6:00:00 AM
1/15/2024 7:00:00 AM
1/15/2024 8:00:00 AM
1/15/2024 9:00:00 AM
1/15/2024 10:00:00 AM
1/15/2024 11:00:00 AM
1/15/2024 12:00:00 PM
1/15/2024 1:00:00 PM
1/15/2024 2:00:00 PM
1/15/2024 3:00:00 PM
1/15/2024 4:00:00 PM
1/15/2024 5:00:00 PM
1/15/2024 6:00:00 PM
1/15/2024 7:00:00 PM
1/15/2024 8:00:00 PM
1/15/2024 9:00:00 PM
1/15/2024 10:00:00 PM
1/15/2024 11:00:00 PM
1/16/2024 12:00:00 AM
1/16/2024 1:00:00 AM

C

actual_price_7d_ahead

D

82.9782.97710067422206
72.52"72.52256234137366
77.777.67691734398673
67 "67.05101852111407
64.99'64.96317942932244
62.0462.04317767162798
62.1762.080151522148064
65.165.09756242698647
69.13769.16063011994393
86.7486.7066453420787
99.52799.54615329061217
100.337100.31179264350614
94.92794.8647356792488
90.3790.22116652181671
85.7 '85.62081745309244
82.41782.43026654459987
84.99'84.92059560374504
90.190.1662337975833
95.82795.76003583324862
1007100.13486318592616
112.85112.97760758062537
113.97113.73703922159298
107.58 "107.35124022073525
100'99.8582930797843
97.21'97.23920331220823
91 90.97565195596846
86.5986.57880114782117

predicted_price_7d_ahead

@;:$(6($:-:9,'8!DS*G.:*!

0,?73'&!FQ!19&#"9D!, 938k #1&$! +/ 1 11+&! S5/6891#9, 7*$1 &#1+1+/3"ID! , *- 341 /4$& " 8#4h,/*! 1 ji+1#!
1/ &1#$186!8#93&!$&8&*16#D$!%#4& <! &D! /488" 8##h,/*$!, *1936&S!

¥ SIB(-I1O% S 1%+  ITHL+H: /" GLHSH $1-"81,$89D! 5 --EBI/ Ii+&ISHEEI+/3"1/%8!
I G8KI#+8HOMBH, ¥4t * *21-&" 8141+ /*/3/ 2 1HIH, 2% 5&*HUEUI1/7/2024 23:00 #
1/14/2024 23:00 !
¥ SO<216($)91:9';1-11G(-198E+&!-"86, 14861 -" 16814 &IHIS /S, 6&*H, 1#YIh/1h+&H#14349)
/438" 886154 KEHBHIZESH | 1+15 > SHIIGES #h, /101 *§ht* 185!
0! BW1/7/202423:00  Mi+&I#143#I-" 18! 1 #31$82.97/MWh A#*611+815/669!
~'86,1186'$82.98/MWh 106, ::8"&*185!$0.01/MWh \!
0! BH1/8/2024 10:00  Mi+&I#1§3#I-" 18! 1 #31$100.33/MWh A#*614+815 /683!
-"86,1%&6!$100.31/MWh U6, ::&"&*145!$0.02/MWh !
C+8$6188 " DISSHING, ::8" &> 188!, 6, LG I+#111+815 /68915311835 399D! 1#-43" 86!
H+8IS+/"IPIL SIBD*#5, 181/:189814", 1,1D1 - 1818#" #4, /%<
¥ J-7.80($)S6()GLIO+  IBL/$5I1/*$8134,881+/3 SHH+&I5 /68305186, 14, /*9!
/97 1 I+RISHEE16, 814, /%15 /8858 HASI+E1" SHIGHHIY 1" §, ¥ 214*61:#09, *7!
1/%8 $1&*HD! 1,1+ SH# KBHIH E*6$AC+ $1$3228$1818: 1414, 881984 > *21/:16# 9DI6ESH#*6!
—HHE *SI#*61$3-~0D1:03143#4, /%!
¥ €G- 19-19/BI$/-. G101+ 1O+E*1H$36$6861/88" Ih+&!: BMESH -8, /BAI+&I " " &it*]
BAS/ISHEIT ™ /*1U" "BTVI'&SH#,*86! 1 i+ X HIBE DI*4"" / 1 '"#*28M1/*: ' 5 *214/4+]
$H#4.,9,4DH#*61-"86, 14, 881"89,#4,9,1D<!

C+&!"&$3%,*?1-"86,14,/*$! 1 &'&!&J-/"1&6!, *W/1#ICSM 98! : /" 18,$3#9, N#h, /* 1 #*6! &8#I3#, /*<!
CH&$&! 1/ Q1A 1> h+&*1 481 1/ 5-#"86! 1 i+ "&#9! S#* K& 64! 1/ #5$8$5! 57689 #113"#1DA
iD-,1#99D13$, *?158&4", 1$1$31+1#$! " " &#*1B4S/934&!I T /* IV "B TW!



B66,%,/*#99DAl-"&6, 1186 H*6#113#9!- ", 165! 1#*14&18,$3#9,N&6!/ 886" 1h, S&!/1/4$8" 8&!+/ 1 119/$89D!
I+&! 576891 1#-43"&$! S#"K&h! :93143##h, /* A &*#49,*?1 688-&"! , *H&" - "&i#4,9,1D! #*6! 8#9,6#4,/*1 /]
/18 1HS, *?1-&" 1/ BH*1&

E8& #9%+&!5/689!$8" 8aSH$HH!- 86, 14,881/ /9!: /7 168h, S#4,*?1+/3"ID1&I&1H", 1,4D!-", 18$!6&8&*!
BHDS! #+&#6<! Yh! -"/18$$E3! +,8h/°, 149 #*6! &IU& *HI! H#H1N/"$Y $31+! #$! 9/#6A D &#h+&"A! #*6!
&8 NHA! 288" #h, /¥ Y/ 1/ Q1#SH! 1338 SH K&K 4&+#8,7°<1 )il -3 - /88! $! /1 &*#A%! -*, 18!
2/ &LHSH, > 2NN &*O1#*HIDS, SAH* OIS #I&?, 11 08> * 21 *18*&" DI S#*#?8 S&*H $DFHES BAI +89-,*?!
A/ -8/ SIH*6!" aB&H 1 +& " BlH*N, 1, - #4&1$+/"PH& " 5! -7, 1&!1:93143#4, /*§!

\L5LY H-.1G.-:9;<1?":2.%!J-/9;<*I8'('A))!d*$(*! !

C/! 5#K&! i+&! 5/689! "&$3%$! 57°&! #1%, /*#49&! #*6! 35&"P:",&*6IDA! #*!1 #66 4,/ *#3! e~ 14!
#6686!1/168h, S#I& 5/ *1+ID1 1/ S $4#8,* 28! : /*11/*$358&"§IC+,$11/5-/*&*H! $148*&:, 1,491, :1%+&!
576891, 8!, *4&? " #&6!, *1/1#*18*& ?DI1/*$35-4,/*1643+4/#'6!/"15 /4 98!1# -~
!

AUG.-;-:9%1'81:128H)$IV<91+ |

def calcular_poupanca(consumo_mensal_kwh, preco_atual _pago):
preco_previsto_mwh = predictions.mean()
preco_previsto_kwh = preco_previsto_mwh / 1000
poupanca_media_kwh = preco_atual_pago - preco_previsto_kwh
poupanca_total_mensal = poupanca_media_kwh * consumo_mensal_kwh
return preco_previsto_kwh, poupanca_media_kwh, poupanca_total_mensal

Il @;6G$
¥ Oconsumo_mensal_kwhO 1" " /*I+9D189&1%",1,4D!3$#28!/ : 1#13%8" 1U&<?<A! 1000 kWh \K!
¥ Opreco_atual pagoO  1C+&!3$8°0$!113""&*H€I&14",1,4D! " #4&IU&<?<A!$0.12/kWh \K!
|1 F$*1(96:9"!
¥ X/5-34e$N+&1#8& #26!-"86,1466!-",18!3%, *?1i+&! 57689/ 3h- 3!
¥ X/*88"$I$/MWHIE/I$/kwh !

¥ XHI130#48$!H+816,::&"&* 161 4&K B &&*Ih+&! 388081 13" " &I ", 1&!#*6!h+&! - &6, 1186! SH#"K&H!
-',1&!

¥ T30, -9D+,$!6,::8"&*18!14D!5/*4+ID!11/*$35 -4, /* 14/ 1Sk, SHH& /1! - /48 *h, #91$4#8, * 24!
D$*G.:*I'7:-9;%)!-))19;:$(6($:-:9"+ !
28$3%$1$+/ 1 i+ /" 141338 11/*$35,*?11000 kWh/ 5/*k+1#*6!-#D,*?1$0.12/kWh "l1+8!5/6&9!
&$h, S#4&6S!

¥ _'86,1%66!-",185!1$0.0721/kwh !

¥ @#8,*?%!-&'IKO+5!$0.0479 !

v C/HOIS/*1+IDI$#8,*2$5!$47.87

C+,8!,%6,1#48$!1+8! 354" 1 1/396! $#88! #95 /841 $48 1 -&" I 5/*+! 1§ 1 %1+, * 214/ 14! -9#*1 49 2*86!
I }++!-"66,1%66! 5# K& -, 18! O+,98! %1 6/&$!* /0! -"86, 14! : 343" &! 1/*$35 -4, /*Al ! 35&$! H+&!
5/7689($!: /" &1#8h)/ - 188 #7€18981%",1,4D!-*  1&M/1$, 5 3%&!- /%€ %, #916#8, * 7$144#$661/*1386" |, * - 3!



C+,3! SHKES! W #1 o/ W#*6PY/ /K, * 21 4/ /9! &8&*! +/32+! H($! 4#8&6! /*! +, 84/, 1#9! -*&6,1%,/*!
57689,*

\L5LI JGI-(% !

C+&!16&-9/D5&*H! -,-89,*&! $3118$$: 399D! #3h/ SH#1&$! 6##! - &—" /1688, * 2 &*$3"&$! 1/*$, $hé*H!
SEHHE3TRIE*?,*8&" N6, FHE P &S ISEHSISSID! I It &I H#, *&61Z, 2+ [ 15 /68%K!)hI* /4L/*9D!
-'/8,689!"89,#496! 98 14", 1,¥D! - ", 18! : /" &1#$H$I 4301 #9$/1$3- -/ "H$! 1/ *$35&"P:#1,* 214~ -9, 14, /*$!
$31+! #31 $#8,* 28! &$h, S#h,/*<I C+&! 688, ?*!,$! ' /43BMh! 5/63%# Al #*6! $1#34#498A SHK,*2! i1 1 &99P
$3,0&6!: 77 1"6#P 1 /796!, *H& 2" #h,/*1, *¥18*&" 2D SH*#2SE*M/ /981/16,? #9! -t /* 5!

E#B 9'&,(.2(/+'19(4&-(+&"*+,|H>44/'2(+6!]2(-(23!H.' (425

C/\&*$3" 811964 /" 24> Nith, /*N" 838#4 9 IDAH* 61843, & " 1S#, *h8*#* 18!/ - M+8&!-"&6, 1%, /*1$DSH& SA!
8!, 5-9858*NHH,/*! 14$!6,8,686!,*h/!1$888&"#3! . Dit/*1$1" ,-4$14#$8&6!/*1:3* 14, /*#9,HD<!
0/%/ 1, *?14+8&!:, *#91 5/689!#*6! Pipeline_classes.py ARl /14664, /7*#9181" 481 $3- -/l h+&!
#3h/ SH4186! - "&6,14,/*!1#%6! 6&-9/DS&*H! $i# 268! pipeline.py  '#*6lutils.py  Al4/4+/:1 D +,1+!
$3--/"W+&18I&134,/*1/ W+&IB ) 1&*6-/, FhSIH*B1+&!:, *#91-"86, 1%, /*!" &$3%¢!
\LVLMutils.py ~ +IF-:-1-)12)%.1d:9.9:9%* |

C+&lutils.py 181", -HIU#SIS+/ 1>, *1B--8*6,IIOVIL/*i#, *$1+89-&"1:3*1h,/*$!: /" 19/#6, > ?+&!
'8>3,"&6! 6#i#! #*6! 5/68K! @&—#"#h,* 1 1+8$&! "&$-/*$,4,9,%,&$! , ¥/ 1#!1 34,9,iD! 5/63%! , 5-"7/88$!
1/768!11%" iDI#*6! SH#KES! 1 EH#$,&"1h/16843?1/°14/15/6,:D!: 98! -#i+$1#*6!9/#6,*?! - /1863 &$!, *!
/GILE*N #I,N&G 9/ Lk, /<!

CH&I$1", -hI3G&$N+&!/99/ 1, *219,4™#" &$S!

¥ pandas SM/!"&#6! T J189!644#! :9&$<!

¥ joblib  SH/V9/#6!+&!-"&Ph #,*&6! HH#1+, *&I98H"*,*?15/68K!

¥ osSIU-#",#99D!,*19368&6V! . /" - /4&*h,#6D*#5, 1! -#i+! SH*# 28 S5&*Mhlh+/3?+!+#'61/646!
-S4 8113 " & *HID! 3$&6¢!

#$%!R-(9-7.$1

¥ MODEL_PATH!-/ *I$l/1+&I$#886! 5#1+,*&PIH" >, *?15/689!U.pkl  VI§"#,*&6!/*1+&!
1/5-984& 6 S8khI#*6!$h/ " 619/ 14#99D<!

¥ DATA_PATHi!-/,*4$!h/1h+&I T J189!: 9811/ >, >, *21h+&194#h8 3!, * - 3h! 61 3886!: /")
-"86,1%,/*$IC+&!6#4#!, $18J-81486!4/14&1#9"&#6D! - "&~#"&6! 1 I+!1+&IS#5&!I$h" 3143"&!
3886!63",* 21" #,*,* !



1G;1:9%; *

=-Clget_data(path=DATA_PATH) : C+,$:3*1},/*I"8#63M+&ITI18I!: 9&I1/*W#t, > *2U+&1*& 1 !
O+ 1,9914813886! . /" | BSH#HK, *?1-"86,14, /* &I C+ S =" /#1+18*$3" &S h+#4 #*D! 6P
0/#6,%?! $338$!#" &1 "8~ /48611984 ID! I Y+/ 31 #S+, * 2+& 14— <!

¥R UGG 981 -#h+14&, * ?1#118$$886!: /119722, %21 -3" - /865!

¥) T+ 1 980 &, 98! #7461, $! $31168$:399D! *&#6! 3%,*?! pd.read_excel() AL b1 83 *$1 f+&!
"&$3%,*?! ; #iHO"#5 4!

M) &L 2 08!, B * /%! /3%6A! ! 1441 +&$! i+&! FileNotFoundError  1#*6! "&43"*§! #*1 &5 -4D!
3 HHO #B&IH: N8 ="  *h, *214*18" " /"1 58$$# 28!

=7@et_model(path=MODEL_PATH) : C+,381:3*1},/*19/#6$1+&14"#,*86!Z,2+iL [ " "1 5/689!
/5lh+818-81,:,86!:,9&!-#1+138,*?ljoblib <!

¥ RS - #1468, * ?1#1163586!: /7 16#8,8"1684 3272, * !

¥ ) l+HI5/689!: 98180, BHSAL 4! $19/#686!14#*6! " &3 " *&6¢!

¥) /LR 11 +63%+&! FileNotFoundError 1#*6!" 843" *$INoneAl #99/ 1, * 21 /4+&" 1 -#"4$! /!
h+& -9, 1, /> 10/ 1 +#+69& 1 h+818" " /712" #18&: 399D<!

\LVLB pipeline.py  +1?-9;!,($)91:91].'"& !

C+&!pipeline.py  !$1°,-hU#S!I$+/ 1! *IB--8%6,I' LVI#14$! #814+&!14" 628! 484 D 887! : 8443 &!
&*?,%88&" , *?N5/6899/#6,* 20H#*61-"86, 1%, /* 128> & H#h, /¥ 2#h+& " W+#*1"86&:, * , *?1- "8~ " /1835, *?!
Bh&-SA1h1* & 3$8$1+8!5/63%" 11/ 5-/*8*1$!, 5-0858*4186!&#",&"!, *IPipeline_classes.py I#*6!
HHIBHH5 /680134 04,881 /S lutis py <

?-9;1@I16'(:*  SICH&ISL",-HISh# §$14D!, 57", *?1#90l+&!*&18$$#' DIS /6398 $A!, ¥ 1936, * 28!

¥ pandas /" 1+#%60,* 2164 $h" 3143" &4«
¥ Pipeline #*6!RobustScaler !:"/5lsklearn SW/!1"&#&!1#*6!* /" S#I,N&!I+&!-,-&9,*&!
¥ X3%/5!1%$86$!lUDataFrameSelector  AlFeatureEngineer  V!:"/5!

Pipeline_classes.py <l
¥ 74,9,4D1:3*14,/*$get_data Alget_model V!:'/Slutiis.py <!
]G;1:9%;! get_prediction_pipeline() +IC+,81:3*14, /%1 1/*$4" 314$! #! 1/5-964&! Pipeline !

7408140138, * 214+ 88! 5#, * 1§48~ $S!
¥l DataFrameSelector:  !|@&9814$"+8&!"&988#*H!,*-3h!1/935* %!
¥l FeatureEngineer:  B--9,8$!1381/5!:8#43"&1&*?, *&&" , * W/ &> +#*18!-"86,1%,88!-/ 1 &'«
¥ RobustScaler:  W/"'S#),N&$!h+8!-"/183386!:&#43"&$!H/ 1" &631&1+&!1&: :&1%1/:1/3K9,&" !
C+,81:3%1H,/*1" 813" *§+&! -, -89, *&A! I +,1+!, 319448 1386614/ 14" #*$: /" S1*& 1 |, *- M 64!, *H/ 14!
/" SH#h$3 A% /115 /689! -"86,14,/*<!
1G;1:9;!  run_prediction() o CH, 80 :3%14, /7% /T 1+88h 6! 8! &*6PU/PE*6! -"86,1H,/*!
1/°K:9/19%



<! Z/HE8IH+81-"8—# 86 6HHIRH3S, *? get_data()  !:*/Slutils.py

F< X/*8h 3L4M+&1-"6~" /1888, *?!-,-&9,*8&!8,#!get_prediction_pipeline() g
h<d C'#*8: /" 58lh+8!,* - 3 6#H N/ | DL+ #,* *211/*6,%,/* !

k<! Z/#ESM+8M4"#,*86!Z,?2+0L [ " "15/689!3%,*?!get_model() :'/Slutils.py <
H L&*&"#48$!-",18!-"86,14,/*$!3$,*?1+&!5/68908!predict()  !S&k+/6¢<!

n<d 2843 *$l+&1-"86,1h, /*1" &S3MS1#$!1#19, B!

2

2y

N

T /'$163", *?164#1#1/"15/68919/#6,*?1#" &1 1#32+h18# IDAI&*$3", * 21h+8&1: 3* 1%, /*!:#,9$!
?'#16:399D! 1 Y+/ 30!, *h8" " 3 -4, *?1h+&!B 1)1 /1 166-9/DS&*H 1 /K 9/ H<IC+,$1:3* 1k, /*!,$11" , 149!
#1119, *KS16#hHAl - "&~" /1838, * 205/ 68919/#6 , * 20 #*6!-"86, 14, /%1 28*& " #h,/*!, *1/1 /*&!

B &#59,*&6!/ - & #h,/*<!

]G;1:9";! calculate savings () +IC+,$! :3%14, /%1 8 J%8*6$! 1+8&! $DFHESQ$! :3* 1%, /*#9,4D! 4D!
&$h, S, *?1- /1>, #1388 " 1$#8, * 2$14#3661/*!-"86, 146! 5#" K& -*, 1&$A!: 799/ 1, *?2W+&I$#5819/7?,1!
68$1",486!8#9,8",*13$1:9";I\LEL ! ! 35&$!h+&! 35& 08! 5/*4+ID1&*&" ?D! 1/*$35-h,/*A 13" &*4!
&9&1%",1,%D! =", 18AI #*6! 1+&! 5/68%0%! -"&6,1486! -, 183! #/! 1#913%h&! #*6! 843" *! h+&! - /%&*Hh,#9!
$#8,*2814#*6!-"66,1486!#88& " #72&!- ", 18A1&*$3 ", * 211984 " 1#*6!388 P " ,&*6ID!/ 3h-3h!: /" S, * 2!
D$*G.:*1-)@;:$(6($:-:9; !

78>0 h+8 4 #,*86! Z, 2+ [* ! 5/68%! i+8&! -,-89,*&! $3116$$:3%D! -*/631&6! seven - day -
ahead forecasts !:/"1+/3"9D!&9&1%",1,D! -*,1&$<! C+&! C#49&! hG! 685 /*$h"#1&$! +/ 1119/$89D!
-'86,1486!1-", 185149, 21 1 +1#143#918#938%S!

A2B-80Q)';"9&-"18&<9H:.$2-'+E";%&1":.&1' T123E'25&21'E2K9-&

VW5XO!Y"06l 5D6YVZOGBY!Y'O6 | "ZOX'[!5DVZ6!=\B ! 5D6YVZO6Y!5DVZ6!=\B

I0I$JO@0"1#100 101$J0$"#100  MI)L™ VINEY
101$JOIOM"001, 101$J0((%"00100 ')%! " %! "
101$JOIOM"O(1( 10!1$0(%"0(100  ")O " "&M"
101$JOIOM 011 10I$J0((% 01100  &)00 &)0%
I0!I$JOOM"O#1( 101$J0J(%"O#100  &S$)LL &$)L&

3,08 8* 188! 1 & &MD-, 14#99D14897 N I$1AIL/*: "5, * 218k /> 2128* 8 #9,Ntth, /* 14/ 13* $&&* | Gtkt<!
E*1#88"#78A1N+8!-"86,1486! S5# K& -, 18! 1 #$10.072 $/kWh (72 $/MWh). lO+&*11/5-#"86!
1 b+ G661 & 91", 181/:10.12 $/kWh  All+, B! &~ "8$&* Sl 18$h, S#4&6!saving of % 0.048
$IKWhAL/"1#4/34$47.9 per month 1/ 1#1D -, 1#91+/ 386+/96<!!

C+&$&! "&$3%$! 1/, Sli+#hl h+&! , 5-9858*1&6! -,-&9,*&! */4! /*ID! *&-"/631&$! h+&! §"#,*,*?!
-&" /" S#*181434#98/1$3-- /11 #14, /#4964 388" PI&BEI!, *$, 7+ $31+!#$1 1/ 1/ 5-#" ,$/*1#*6!
- /%6*h,#I8#8, > 28183h, SH#H, /!



\LVLK @I6'(:-;1$!'81?)G.-(1J1(96:1J:(G1:G($ !

3,8,6,*21h+&1 #-=9, 144, /7%, *h/! 1 899P6&:,*86!$1",-4$Y Pipeline_classes.py Mutils.py Al
#*6! pipeline.py ! Y 1#3! #! 689,4&"#1&! 6&$,2*! 1+/,1&! W/! &*+#*18! S#,*I#,*#4,9,4D! #*6!
*&9,#4.9,4DS!

¥ H#/115/68919/4#6,*?1,$$38$114#*148!>3,1KID!"&$/9886! I b+, *lutils.py !

v -89,%81/11-"86,14,/7*P:9/ 1!, $538$114#*148! $/%86!, *Ipipeline.py <

v -/1888,%?) /T (G3TEPE*?,%8&" ¥ P! #E03THEE*HS! 1#*! 48! +#*6%&6! I K+, *!

Pipeline_classes.py <l

C+,$! 5/63%" #'1+,16143"8! $,5-9,:,83! 6843?27, * 24 #99/ 1 §! ,*6&-8&*68*N! h&$Hh,*?!1 /! &#t1+!
1/5-/7*8*M#*618*$3"&SHI$5 / /1+166-9/DS&*H 1 Y+, *W+&IOH#SHB . )1&*8, " /*5&*H!: /" §#IP%, 54!
&9&1%",1,%D!-",1&!1: /" &14$h,*2<!

EHE :(+*-IFO\I 1+, 4/(+21\?4-82&+2*2(/+ |

CH&! 1, *#9 $i&-! ,*! 6&-9/D,*?! #+&! &9&14",1,4D! -*,1&! -"&6,14,/*! $DS&S! N#$! #/! 1°8H#4&! #!
:3*LH,/*#91 B )ik 3887 S! L] *H& " #14! |,a+<! C+,$! 148! #11/5-9,$+846! 38, *?! i+&! FastAP| !
CH#5E 1 /'K U@&AHSHM* 12450 GNAIFGge VA #5768 *1#*61&::,1,&* W%/ /91:/"143,96,*?! B . )$! I i+!

Dii+/*IC+&!B . )1$1",-hlU#$!I$+/ 1 %1, *IB--8*6,I!1=V!,$!"&$-/*$,496!: /" 18I - /$,*?1&*6 -/, *$h+#H!
#99/ 11388 $!4/1"&4" 86! -"86,11€6!€9& 14", 1,4D! -, 1&$!1#* 6! 1#91 3%#h&! - 74&*H,#91 $#8, * 7$1 4#$86! /*!
h+&, 113" " &*hI&I&1H",1,4D!13$# 24!

C,@'J$:G6-C+&!B.)!I@&K3-1$1",-#14&7,*$14D!, 5- /", *?14+&1*&18$$#'D!19,4 " #" &35!
¥ FastAPl W*6!HTTPException !:'/Sl+&lfastapi !5/63%M/!16&:,*&N+&! 1 &4!$& 88"

#*6!1+#*69816" "/ §!

¥ BaseModel ,:"/Slpydantic '#/16&:,*&+&!$4"3143"&!/:1,* - 3h!6#kH«!!

¥ C+&! :3*14,/*8! run_prediction() I #*6! calculate_savings() AV ASII £
Pipeline !$1", -4l I+ 1+! +#*60&! 644! - /1633, * 20 5/689! ,*:&"&*18A1 #*6! $#8,* 29!
1491304, /%<

B*! *$i*1&! /:1i+&! FastAPI T#--0,1#h, /%1 $1 1"8#186! 1 ,h+! S&iH6#HI#H! $31+! #8! f+&! B . )Q$! 4, HI&A!
6&31", -4,/ *N#*6188&"$,/*!

app = FastAPI( !
titte=  "Electricity Price Prediction API"
description= "An API to predict electricity prlces and calculate

potential savings."
version= "1.0.0"

)

@;6G:! F-:-1 J128I1- +)*1)*-3H! ; #i#! @1+&5#! §+&! Savingsinput ! 194$$! ,$! 6&:,*&6! 3$,*?!
pydantic.BaseModel  )IC+,$119#$$1&*$3 " &$l+#hl#*DIG#HH IS8 1/ h+&ISHS, * 251876~/ , *HIL/ *H#t, *$!
b+&1: /97 1, *?2W% 1 /!, &I6$S!



¥ monthly_consumption_kwh 2" " /*4+4D!&3&1%",1,%D!3$#?8&!, *IkWH!
¥ current_price_kwh 1C+8&1-" 1814+81388" 113" *&*HID!-#DS!, *1$/kWh<!

C+,81&*: /" 18884, 3018#9, 644, /*1/!-"88&*H&" " /781" /5!, *8#9,6!138& "1, *- 3!

H-129;<! ,($)91:9'* +IB! $,5-%&! 1#1+,*?! 5&1+#*,$5! §! ,5-9658*466! 38,*?! #! . Di+/*!
6,14, /*#'D!*#5&6!predictions_cache ~ ))i$!-3"-/8&! ,$14/1$h/"&14+8! 5/689!-"8&6,14,/*$! I +&*!
8158 88" 1B 1S/ +#4II+81 5/68916 /83! * /41 *&6!1/1481 " 89/#666!#*6! "8 3*! /*188&" D! " &>38&Fi!
C+,9!,5-"/888!H+8!-&": /" S#*181#*6!"8$-/*881h, 58!/ 11+&!B . !

predictions_cache ={

"predictions” : None
}
J:-(:G6!A/$;: +C+&l@app.on_event("startup”) " 3*14,/*1,$18J813466 34/ Si#fh, 1#99D! I +&*!
8158 " 8& Ik 1S )h! " 3*Blh+&! &6, 1%, /*! -, -89, * &I /*1&1#*6! /" &$lh+8&! - &6, 1%, /*$!, * 1h+&I 11 +&«!
):1-"86,14,/*$1#" &1$31163$: 30D! 26* & #1&6AH#I L/ *: " H#h, /*158$8# 728!, $! -, *h&6<!) : 1h+&!15/689!/"!
O #, IS0/ 10/ HOA D 4% *?1 §1-7 *486!, *SheHOIC+ S 1t - " /#1+18*$3" &S+ +&ISDFHE 5!, $!" &#6D!
W1 8$-/*61/138&" " &> 38 SIS/ /* 148! 0 $13 <!

C,@'A;)6'9;:* +C+&I$1",-H16&:,*&$!h+6&!B . )!"/318$S!

&# GET /. C+,31,$#1$,5-96! 1891/58&!"/34&!4/11/*:," Slh+#hlh+8!$6" 88", §!"3** *2<)h!"&k3"*$!
#1443,11 1891/ 58! 58354 2¢«!

ot GET /predict : C+,$18&*6-/,*h "&H#3"*$14+&! 1#1+66!69814",1,4D! -*,1&! -*&6, 1%, /*%! ) : 1 h+8&!
-'86,1h,/*$14" 81> /41#8H#, A9 U&< <A 638!/ 1#!5/68919/46, *7'& "/ VAL SESIHIHGG!, 8 *#9!
$&"8&"1&" /<!

# POST /calculate savings . C+,$18%6-/, *hi#11&-4$!1388" !, * 3!, *lh+&!: /" S#416&: , *86!4D!
Savingsinput  "#*6!"&43"*§lH+&! &h, SHI&6! $#8,* 29! 3§, *?1h+&! 1#1+86! 5/689! -"&6,1%,/*¥!
)*h&"*#I9DA! h! 1#99$! h+&! calculate_savings() F:3*1H, /% U N +,1+! $+/396! 48! 3366! +&"8&!
*$h8#6!/:Icalcular_poupanca R+, 1+H--&#"$I/14814196:4/88" " /5 1#*18#"9,&"18&"$, /*\!
): B8 &, $1*1 $33&T N HH1-"86, 10, /%I " 11HIL 304, /*ShL 1" # &S - /=" #h&I& /W) x5
h+8!119,8*K!

E#GH>?7*3 |

)*l+ SILHE-46 A& A#1KE™*6! /- 1h+81896 14", 1,4D! -7, 18186, 1%, /*I$DFH& 5! N #3!$H" 3143 46!, *4/!
5/763%" #*6!5#,*W#, *#49811/5-/*8*} $<!)*!#!., hSh#28Al- -89, *&119#88&$!UFeatureEngineer  F"
DataFrameSelector O 1&"&!6&:,*&6!1/! +#*698! 64! " #*$: /" S#4h, /< WEIW! B! 34,9,%,&$! $1", -4
D#$! #9871 43,91 /! B#*#28) 6! #*6! 5/689! 3/#6,*?2<! B & 1# 684 1+8&! -,-89,*&! $1°,-H! 143!
,5-0858*4&6A 1 +,1+! 4° *2§! §/2€4+8&") -"&-"/18$$,* 70 5/689! ,*:&"&* 18! #*6! 3%&"! $#8,*?$!
1491394, />



O, *#IDAN+&!B . )1&*6-/,*HI$1",-h! 1 #$!6&889/-86!38, *?10#$HB . )AHI/ 1, * 21386 $14/1, *4&"#1H!
1, i+1h+815768918, #1#! 1 84!, *1&" :#18<IC+&!B . )!-"/8,6&$M% 1 /!15#,*1$8"8,18$5!"&%3"*, *?1-"&6,14&6!
&981%", 14D, 18$1#*618$h, S#h, * 215/ *+ID1$#8, * 7$144#$66!/*138&"11/*$35 -4, /*<!

[ &#K, *?1i+&! $DSHES!, *1/197?, 1#91#*6! & 3$#496! $1°, - 1$! &*$3" &$! h#h! H+&! - /061%! ,$! &#$D! /!
6843 2NSLHIRAH*6!SH#, * i, *<IC+,$11/5-0848&$M+&1M&1+*,1#916&-9/DS&*H!/ : h+&!5/ 68R&*#49,*?!
"6#9Ph, 58! £9&14",1,4D! =", 18! /" &1H#EH,* 21 #*6! 388" 1/$H! #*#IDS,$! h+"/32+! #1 :3*1h,/*#! B .)!
he" # 18«



("1 A<,=-$'(UB(A*.+27&"*.&

G#H' H>??7*31/012=&!2=&5(5!

C+&! 5#,*1 /4081%,88! 711+ 8 1+&$,8! 1 #$!1/1 68889/ - #*1 #113"#1&! SH1+,*&! 96#"*, *?14#346!
U8LHSE*? 57689 1/ (/374908 &9&1%,1,4D! S#°?7,*#Y - 164 1#-#498! /1! -'86,1h,*7?!
-*,189!$888*164#D$!#+6#6!U168 hours  \KIC/11+,88&!+ A5 3%, -9&!6#1#$&H$! 1 &"&!11/99&1486#*6!
K& HI&G! /5! #30+/" Y, 88! $/3'18$! I>?@A"! DAER #*6! H'6$(;91G*! HFJVA! 1/8&",*?!
S# KRUAI/HOA "8 N HAWRI 268" #h, /*NH#*6! D &#ti+&"18#" #4984 BIS&" ,&$! /1164437618 * 2, *8&" , *?!
S48 2, &8 N #31#--0,86A!,*1936,*?19#2766! 8#" #AI&A! * /99, * 21 Sitth, $h, LOA! 149664 : 8443 " &SAI #*6!
Fh&#1h, /% he SN/ 11#-43" 815 -/ " #II6D*#5, 1$1#*616/ 5#,*P$-&1, 1, 11" &9, /*$+,- !

088&'#15/689,*? &S -1$! 1 &"&11/*6314&6M/ 1" &, *&14 /I li+&!: &#13" & IB&KIH*Bli+&!-"&6,1h,/*!
+/° N/ > 1 #O! S P8 SA! HOK& " *#4,8&! /" S 3%, /*$! $31+! #$! mP6#D! $+, 466! it 2&4$! #*6!
&JH&*$, 881947151 3143"&$! 1 &' &MH&HHEO! I i+ 1’ &&PAHE&E!S /689!, *1936,*21Z, 2+HL [ "ANL [//$!
#*6! TIW'#! C&&$<! B+/37+! $/58! 8J-&", S5&*H$! $+/ 1 &6! 3*"&#9,$h,1#9D!1 9/ 11 &"* /" $A! 3" H+&"!
8#9,6#4,/*! '&B8&HIOG! W+ $31+! #--"/#1+&$! B&'&! */4 D&Y #9,7%86! 1 Ki+! §+&! 435,*&$$!
'8>3,"&58*H1/: ImP6#D!+/3ID!: /" &1#SHE) *$, 2+i$! " / S 1h+8$&! K& #h, /*$Al+/ 1 &8&"A 1 &' &!1 31, #!
*¥16&*%,:D, *?214+8! 5/ 86,14, 88! - &#43" &SAl -4, 1304 ID! $+/"1Ph& " 51 9#2786! -, 165! #*6!9/#6P
A#$66!8#" #4985

C+&! ) *#) 57689 UZ,2+L[""V! 1#$! 6&889/-&6! 38,*?! /-h,5,N&6! +D-&"-##5&K&"$A!
SDSHESH, 1! 74, *P8HI, 644, /*PHaSH! $-9,1BA1 #*6! #! 1#°8:399D! &*?,*&&"&6! &#43"&! $-#16<! 26$30%4$!
$+/ 186!+ 1+8!1 8896 14%66! 5/689!#1+,8886! 8 /*?!-&":/* S#*1&! 1 i+! " "BT!8#I3&$! I i+, *I4+&!
#11&8-1#4%) "#*2&! UaH! |{" " O+VA 58&&k,*?! h+&! -"/061%08! #113'#1D! "&>3,"&58&*4¥! [&D/*6!
-"86,1%,88!1#113"#1DA+&!-" 70814 1/*%" ,434&6! I Yi+14#*1/-&"#h, /*#I1&*OPH/PE*6! -, &9, *CAl 1 +&"&!
&l o <HO ', *66! 57689 143! 6&-9/D&6! I+'/37+! O#$IB . )! &*6-7,*H$A! &*#49,*?! "&#IPh, 5&!
H&2 0, /*V D -9, 14, /*$14#+61661,$,/*P$3-- /" HISDSH&E S !

C+,$! 1/°KI6&S/*$h" #1&$! i+l " /438! - &#43"&! &*?,*&&", *?1 1/ 54,*86! 1 i+ #68#* 166! 4" &&P
4#366!5/6898!1#*1689,8& " H113 #i&1#*6!-"#1%, 1#9189& 14", 1,4D!- ", 1&!: 7 &1#8H$!: /" h+&! . /"§3738$&!
S5#'K&i! [D!4°,67,*?! 6#i#! -"&-"/18$$,*?A 5/689,* 24 #*6! 6&-9/DS&*Hh! #+&! -*/061% 5/869!
48D/*6! Y+&/ 6h,1#9 &J-&", S&* W, /*! #*6! -'/8,683! #! 3$#498! "#S&1/'K! /! "&#P 1 /796!
#--9, 144, /*$!

GH#7 F55855?78+21/012=&12=&5(5!./+2'(C>R(/+5!
0'/5+,$I$136DAN+" 88! B#,*11/*4" 434, /*$1 141481+, 2+9, 2+#&6<!!

0, " $ili+&!16&889/-58&*H!/:1#*18*6PH/P&*6! T . O! -, -89, *&LC+&!11/"&! /40&1%,8&! N #8!%/143,96!#!
U8LHSE*? 57689 1/ (/MH374908!) &9&1%,1,4D! S#°?,*#9 - 164 1#-#498! /! -'86,1h,*7!
-, 16819886 *16#D$!#+8#61U168 hours VAI3$,*?1#13*,:,846!6#i#$&h 1/5- 966! " /S5IE" ") TA2TWA!



#*6IX/-&"*,138!X ; @!6##1$/ 3" 18KIC+&!:, *#IN5 /689!, *h&? " #1&$1H#68#* 186! 8#13"&1&*?, *&&", *?!
UL#98*6#"Al I &#+& A" &*& D #A9&IP&*&" #4, /*N#*610#?78619/#6{- ", 1&1&: :& 11V I i+ E-K3*#P4#$&6!
+D-&"-#"#S&K&" h3*, *?1 /1 #1+,&88&! /438! -"86,14,8&! -&": /" S5#*1&! C+&! 5/63%"! -,-&9,*&!
#3W/ SHIE!-"&-"/18$$,* PN : 413" &1&*?, *&& ", * 2AIH#*6!-"66,1%,/*<!

@&1/7*6A! #! SDS& S, 1! &8#I3#Y, /*! /11 SH#1+*&! W&# >, *?1 5/68%! 14$! -&":/" 561 @&8&"#9!
#92/° 1581 UZ,2+5L [ "A \L /78! X# [/ /8! #*6! TIW'#! C'&&IV! 1&'&! 1/5-#'¢6! #1'/$$!
530, 98! h& #h,/*$h!, *1936,* 21 4#$89,*&! 5/68IBK &*+#* 186! : 443" &I $&IBAI#*6! ' & P30 N&6! -, *#9!
5/689%!C+,$11/5-#"#4,881#*#ID$,$! - ' /8,686!,*$, 2+l ¥/ 1 +,1+! S5&k+/6$! 2&*&"#I,N&! 4&h! /!
3*$&&*16##H!, *1h+&!169& 14", 1, D! S#*K&H 1/ *he Ji!

C+,"GAl#!-"#14,1#9!16&-9/DS &>+ /37+1#IO#$HB . ) 14#1K&*6! 1 #$!-"/8,686L! [&D/*6!5/68&9!
W, * 2 PA & - /081K 17*E"  ASNGS! #S! #51 /-8 #h,/*#9) =" /4/4D-&! 1/ " &#P 1 /796! 3$#4,9,4D<I C+&!
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import pandas as pd

import  numpy as np

import  matplotlib.pyplot as plt
import  scipy.stats as stats
import seaborn as sns

df = pd.read_excel( "/Users/naiyakhalid/Desktop/intership work /Prediction
project /Analysis/old - filtered - data/final - filtered - data.xIsx" )

correlation_target = [ 'Pres0s marginais sistema portugues' |

multi_corr_columns = [
‘Day - ahead Total Load Forecast [MW] - BZN|PT' ,
‘Lisboa temperature  C' ,
'Porto temperature j C' ,
'fvora temperature j C' ,
'Prees marginais sistema espanhol’
‘Energia total de aquisie<0 casada sistema
espanhol'
'‘Energia total de venda casada sistema espanhol’

price_columns = [ 'Pres0s marginais sistema portugues'

tempo_columns =
‘Day of the week' ,
'week or weekend' ,
'Holiday ' ,
'Data e Dia da Semana'
'Hora'

]

categorical_columns = |

'‘Direction’
]

df_numerical = df.drop( =tempo_columns + multi_corr_columns +
categorical_columns)

df_tempo = df[tempo_columns + price_columns]

df_direction = df[categorical_columns+price_columns]

print (df_tempo.columns)

price_column = 'Pres0s marginais sistema portugues'
output = {}

print (df.head())

df = df ffill()

df_null_nb = df_numerical.isnull().sum()

print  (df_null_nb)

df _duplicates_nb = df_numerical.duplicated().sum()




print (df_duplicates_nb)

rows = len (df_numerical.columns)
cols =

fig, axes = plt.subplots(rows, cols,

if  rows == :
axes = np.expand_dims(axes, =0)

for i, col in enumerate (df_numerical.columns):

df_numerical[col].plot( ='hist’" =30, =axesl[i][
='skyblue’ ='black’ )

axesl[i][ ]-set_title( f'Histogram - {col }")

axesl[i][ ].set_xlabel(col)

axesl[i][ ]-set_ylabel( ‘Frequency' )

stats.probplot(df_numerical[col].dropna(),
=axes[i][ )
axesl[i][ ]-set_title( fQQ Plot - {col }")

plt.tight_layout()
plt.show()

fig, axes = plt.subplots(rows,
axes = axes.flatten()

for i, col in enumerate (df_numerical.columns):
sns.boxplot( =df_numerical[col], =axes]i],
='lightblue’ )
axes]i].set_title( f'Box Plot - {col }")

for j in range (i + , len (axes)):
fig.delaxes(axes]j])

plt.tight_layout()
plt.show()

correlation_value = df_numerical.corr()
print (correlation_value)

=(len (df_numerical.columns), len (df_numerical.columns)

sns.heatmap(correlation_value.T, =True , ='coolwarm'’
plt.title( "Correlation of Numerical Columns" )

plt.tight_layout()

plt.show()

=(len (df_numerical.columns), len (df_numerical.columns)

sns.heatmap(correlation_value[correlation_target].T, =True ,
='coolwarm’ =0)

plt.title( "Correlation of Numerical Fields with Price Columns” )

plt.tight_layout()

plt.show()




over_40_corr =

correlation_value[correlation_target][correlation_value.abs() >
].dropna().drop(correlation_target)

print (over_40_corr)
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df_tempo = df[tempo_columns + price_columns].copy()

df_tempo.loc[:, '‘Data e Dia da Semana’ ] = pd.to_datetime(df_tempo][

Dia da Semana’ ])

df_tempo.loc[:, ‘Hour" ] =pd.to_datetime(df_tempo][ ‘Hora' |,
='%H:%M:%S").dt.hour

df tempo[ '‘Day’ ]=df tempo[ '‘Data e Dia da Semana’ ].dt.day
df tempo[ ‘Month' ]=df _tempo[ '‘Data e Dia da Semana’ ].dt.month
df tempo[ ‘Year' ]=df _tempo[ '‘Data e Dia da Semana’ ].dt.year

correlation_columns = [
‘Hour' , 'Day' , 'Month' , 'Year |,
‘Day of the week' , 'week or weekend' , 'Holiday '
'Pres0s marginais sistema portugues'

]

correlation_value_tempo = df_tempo[correlation_columns].corr()
print (correlation_value_tempo)
print  (df_direction.head()) v

direction_encoded = pd.get_dummies(dff[ ‘Direction’ 11, ='Direction’
df_direction = pd.concat([direction_encoded, dff[ '‘Pree0s marginais
sistema portugues' 111, =1)

=(len (df_tempo.columns) * , len (df_tempo.columns) *

sns.heatmap(correlation_value_tempo.T, =True , ='coolwarm’

plt.title( "Correlation of Temporical COlumns" )
plt.tight_layout()
plt.show()

=(len (df_tempo.columns) * , len (df_tempo.columns) *

sns.heatmap(correlation_value _tempo|correlation_target].T, =True ,
='coolwarm’ =0)

plt.title( "Correlation of Temporical with Price Column”

plt.tight_layout()

plt.show()

print (df_direction)

direction_encoded = pd.get_dummies(dff[ ‘Direction’ 11, ='Direction’
df_direction = pd.concat([direction_encoded, dff[ '‘Pree0s marginais
sistema portugues' 111, =1)

correlation_value_direction = df_direction.corr()




plt.figure( =(len (correlation_value_direction.columns) ,

len (correlation_value_direction.columns) * )
sns.heatmap(correlation_value_direction.T, =True , ='coolwarm’
plt.title( "Correlation of Direction”

plt.tight_layout()

plt.show()

plt.figure( =(len (correlation_value_direction.columns) ,
len (correlation_value_direction.columns) * )
sns.heatmap(correlation_value_direction[correlation_target].T,

=True , ='coolwarm’ =0)
plt.title( "Correlation of Directions with Price Columns”
plt.tight_layout()
plt.show()
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import pandas as pd

import  numpy as np

import  matplotlib.pyplot as plt
import seaborn as sns

df = pd.read_excel( ‘/Users/naiyakhalid/Desktop/intership work /Prediction
project /Analysis/new - data/updated_data.xIsx’ )

price_column = 'Pres0s marginais sistema portugues'

output = {}
df.head()

if 'Year' in df.columns and price_column in df.columns:
avg_price_per_year =

df.groupby(  'Year' )[price_column].mean().reset_index()
avg_price_per_year.columns = [ ‘Year' , 'Average Price' ]
print ("\ nAverage Price Per Year: \'n", avg_price_per_year)
output] ‘Average Price Per Year' ] = avg_price_per_year

avg_price_per_year.plot( ='bar , x='Year' , y='Average Price'
='Average Price per Year' =False )

plt.ylabel( ‘Average Price'

plt.tight_layout()

plt.show()

print ("\ nMissing 'Year' or specified price column."

price_column in df.columns:
Q1 = df[price_column].quantile(
Q3 = df[price_column].quantile(
IQR=Q3 - Q1
lower_bound = Q1 - *IQR
upper_bound = Q3 + *IQR
outliers = df[(df[price_column] < lower_bound) | (df[price_column] >




upper_bound)]
print (' \ nNumber of outliers in 'price": {len (outliers) )
output] ‘'Outliers in Price' ] = outliers

sns.boxplot( =df[price_column])
plt.title( ‘Boxplot of Price' )
plt.show()
else :
print ("\ n'price’ column not found for outlier detection."

null_counts = df.isnull().sum().reset_index()
null_counts.columns = [ ‘Column’ , 'Null Count'
output] 'Null Values' ] = null_counts

duplicates = df[df.duplicated()]
output] 'Duplicate Rows' ] = duplicates

print ("---  Null Values Count
print (output[ ‘Null Values' )

print ("\n--- Duplicate Rows
print (output[ ‘Duplicate Rows'

with  pd.ExcelWriter( ‘result.xIsx’ ) as writer:
for sheet name, data in output.items():
data.to_excel(writer, =sheet_name,
print ("Analysis complete. Results saved to ‘result.xIsx"."
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ort pandas as pd
import  numpy as np
from lightgbm  import LGBMRegressor, early_stopping, log_evaluation

from sklearn.metrics import mean_absolute_error

from sklearn.preprocessing import  RobustScaler

import  optuna

import  warnings

warnings.filterwarnings( "ignore" =FutureWarning )

data = pd.read_excel( "/Users/naiyakhalid/Desktop/intership work
/Prediction project /2024 2025 data.xIsx" )
df = data.copy()

)

‘target’ ]=df[ 'portugal_marginal_price' ]-shift( - )

‘price_bef' ]=df[ 'portugal_marginal_price' ]-shift( - )
'price_befl' ]=df[ ‘'portugal_marginal_price' ]-shift( - )
'solar_radiation_168' ]=df[ 'solar_radiation' ]-shift( - )
‘iberian_market_energy_168' ]=df[ ‘iberian_market_energy' ]-shift(
'total_load_actual 168 ]=df[ ‘total load_actual’ ]-shift( - )




=[ 'portugal_marginal_price'

'vear' |=df[ ‘'date’ ].dt.year

‘month’ ]=df[ ‘'date’ ].dt.month

‘day’ ]=df[ ‘date’ ].dt.day

'month_sin" ] = np.sin( *np.pi * dff 'month’ ]/
'month_cos' ] = np.cos( *np.pi * dff 'month’ ]/
‘day_sin’ np.sin( *np.pi * dff ‘day’ ]/ )
‘day_cos' np.cos( *np.pi * dff 'day’ ]/ )

]:
]:

'month_sin_x_solar_radiation 168 ]=df[ 'month_sin" ]*
'solar_radiation_168' |

'month_sin_x_iberian_market_energy 168 ]=dff 'month_sin'
‘iberian_market_energy_168' ]

'solar_radiation_168 x_iberian_market_energy 168 1=
'solar_radiation_168' | el ‘iberian_market_energy 168
‘day_sin_x_total load actual 168 ]=dff ‘'day sin®" ]*
'total_load_actual 168’ ]

'month_cos_x_solar_radiation_168' ]=df[ 'month_cos' ]*
'solar_radiation_168' |

‘price_bef 169’ ]=df[ ‘price_bef' ]-shift( -1)
‘price_bef 170 ]=df[ ‘price_bef' ]-shift( -2)

window_size =
‘target_roll_mean_24' 1=
'‘target’ ]-rolling( =window_size).mean()
'solar_radiation_168 roll_mean_24' 1=
'solar_radiation_168' ]-rolling( =window_size).mean()
‘target_roll_min_24"' ]=df[ ‘target' ]-rolling( =window_size).min()
'solar_radiation_168 roll_min_24' =
'solar_radiation_168' ]-rolling( =window_size).min()
‘target_roll_max_24"' ]=df[ ‘target' ]-rolling( =window_size).max()
'solar_radiation_168_roll_max_24' =
'solar_radiation_168' ]-rolling( =window_size).max()

'solar_rad_to load 168 ]=df[ 'solar_radiation_168' 1/
'total_load_actual 168 ].replace( , Np.nan)

'solar_rad_168 norm’ ]=df[ 'solar_radiation_168' 1/
'solar_radiation_168_roll_max_24' ].replace( , Np.nan)
‘price_trend' ]=df[ ‘price_bef' ] - dff 'price_befl' ]
'load_change' ]=dff ‘total load actual 168 ] - dff 'total load_actual
‘price_bef_diff_pct' ] = (dff 'price_bef' ] - dff 'price_befl' D/
‘price_bef1’ ].replace( , hp.nan)

‘price_bef x total load actual 168’ ]=df[ ‘price_bef' 1*
'total_load_actual 168’ ]

‘price_befl x solar_radiation_168' ]=df[ 'price_befl' 1*
'solar_radiation_168' |

‘price_bef_squared' ]=df[ ‘price_bef' ]**

‘price_bef_diff' ]=df[ ‘price_bef' ] - dff 'price_befl'

windows = [ ] )
for w in windows:
dff f'price_roll_mean_ {w}']=df[ ‘price_bef ].rolling( =w).mean()




dff f'load_roll_std {w']=
df[ ‘total_load_actual' ]-rolling( =w).std()

df = df.dropna().reset_index( =True )

X = df.drop( =[ 'date’ , ‘target' )
y=df[ ‘target’

train_mask = dff 'year' |==
val_mask = (dff 'year' == RA(Clil 'month’ ] == ) | ((dff ‘'month’ ] ==
)& dff  ‘day’ ]< )
test_mask = (dff 'year' == ) & (((dff 'month’ ] == ) & (df] 'day’ ]>=
) | (dff 'month’ ]==3))

X_train, y_train = X[train_mask], y[train_mask]
X val, y_val = X[val_mask], y[val_mask]
X _test, y_test = X[test_mask], y[test_mask]

cols_to_drop =[ 'vear' , 'month’ , 'day’ ]
X_train = X_train.drop( =cols_to_drop)
X_val = X_val.drop( =cols_to_drop)
X_test = X_test.drop( =cols_to_drop)

scaler = RobustScaler()

X_train_scaled = pd.DataFrame(scaler.fit_transform(X_train),
=X_train.columns, =X_train.index)

X _val_scaled = pd.DataFrame(scaler.transform(X_val),
=X_val.columns, =X_val.index)

X _test scaled = pd.DataFrame(scaler.transform(X_test),
=X_test.columns, =X_test.index)

def objective (trial):
params = {
'n_estimators' ,
‘learning_rate' : trial.suggest_float( ‘learning_rate’
‘num_leaves' : trial.suggest_int( 'num_leaves' , ),
‘feature_fraction' : trial.suggest_float( ‘feature_fraction'

‘bagging_fraction’ : trial.suggest_float( '‘bagging_fraction’

'‘bagging_freq’ : trial.suggest_int( '‘bagging_freq’ , 1, ),
'min_child_samples' : trial.suggest_int( 'min_child_samples'

‘random_state'

model = LGBMRegressor(**params)
model.fit(
X_train_scaled, y_train,
=[(X_val_scaled, y_val)],
='mae’ ,
=[early_stopping( =50), log_evaluation(




preds = model.predict(X_val_scaled)
mae = mean_absolute_error(y_val, preds)
return  mae

study = optuna.create_study( ='minimize’ )
study.optimize(objective, )

best _params = study.best_params
best params[ 'n_estimators'
best params[ ‘random_state'

final_model = LGBMRegressor(**best_params)
final_model.fit(
X_train_scaled, y_train,
=[(X_val_scaled, y_val)],
='mae’ ,
=[early_stopping( =50), log_evaluation(

y_train_pred = final_model.predict(X_train_scaled)
y_val_pred = final_model.predict(X_val_scaled)
y_test_pred = final_model.predict(X_test_scaled)

train_mae = mean_absolute_error(y_train, y_train_pred)
val_mae = mean_absolute_error(y_val, y_val_pred)
test mae = mean_absolute_error(y_test, y test pred)

print (f'Train MAE: {train_mae :.4f }")
print ( f"Validation MAE: {val_mae : 4f }")
print (f'Test MAE: {test_ mae : .4f }")

import  matplotlib.pyplot as plt

plt.figure( , 9))
plt.plot(y_val.values, ="Actual”

plt.plot(y_val_pred, ="Predicted"

plt.title( "Validation Set: Actual vs Predicted Prices”
plt.xlabel( "Samples" )

plt.ylabel( "Price" )

plt.legend()

plt.tight_layout()

plt.show()

plt.figure( , 9))
plt.plot(y_test.values, ="Actual”

plt.plot(y_test pred, ="Predicted"
plt.title( "Test Set: Actual vs Predicted Prices"
plt.xlabel( "Samples" )

plt.ylabel( "Price" )

plt.legend()

plt.tight_layout()

plt.show()
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import
import

VK/IH4-(2X

pandas as pd
numpy as np

from lightgbm

import

LGBMRegressor

from sklearn.metrics

import

mean_absolute _error

from sklearn.preprocessing

import
import
import

joblib
matplotlib.pyplot
warnings

warnings.filterwarnings(

data = pd.read_excel(

import
as plt

"ignore"

RobustScaler

=FutureWarning )

"/Users/naiyakhalid/Desktop/intership work

/Prediction project /2024 2025 data.xIsx"

df = data.copy()
print (data.head())
print

‘target’
‘price_bef' | =elil
‘price_bef1’ ] =df]
'solar_radiation_168'

] =dff

‘iberian_market_energy_168'

'total_load_actual 168’

=[ 'portugal_marginal_price'

'date’
'date’
'date’

'vear' |=dff
‘month’ ] = dff
‘day’ |=df]
'month_sin'
‘'month_cos'
‘day_sin’
‘day_cos'

np.sin(
np.cos(

]:
]:

'month_sin_x_solar_radi
'solar_radiation_168'

'month_sin_x_iberian_market_energy 168

(" \ nColumns detected:"

] = np.sin(
] = np.cos(

list

‘portugal_marginal_price'

‘portugal_marginal_price'
‘portugal_marginal_price'
'solar_radiation’

] = dff

] =dff

] =dff

].dt.year
].dt.month
].dt.day

ation_168'
]

‘iberian_market_energy_168' ]

'solar_radiation_168 x_iberian_market _energy 168’

'solar_radiation_168'

] * dif

‘day_sin_x_total load actual 168

'total_load_actual 168’

]

'month_cos_x_solar_radiation_168'

'solar_radiation_168'

‘price_bef 169
‘price_bef 170

] = dff
] =dff

]

*np.pi * dff

*np.pi * dff
*np.pi * dff
*np.pi * dff

'price_bef'
'price_bef'

)

(data.columns))

]-shift( - )
]-shift( - )
]-shift( - )
]-shift( - )
‘iberian_market_energy"
'total_load_actual’ ]-shift( -

=True )

'month’ ]/

'month’ ]/
‘day’ ]/ )
‘day" ]/ )

]=dff 'month_sin'

] *
'month_sin'

]:

] =dff 1*

‘iberian_market_energy 168

]=dff ‘'day_sin'

]*

]=df[ 'month_cos' ]*

].shift(
].shift(

].shift(



‘target_roll_mean_24' 1=

'‘target’ ]-rolling( =window_size).mean()

'solar_radiation_168 roll_mean_24' 1=

'solar_radiation_168' ]-rolling( =window_size).mean()
‘target_roll_min_24"' ]=df[ ‘target' ]-rolling( =window_size).min()
'solar_radiation_168 roll_min_24' =

'solar_radiation_168' ]-rolling( =window_size).min()
‘target_roll_max_24"' ]=df[ ‘target' ]-rolling( =window_size).max()
'solar_radiation_168_roll_max_24' 1=

'solar_radiation_168' ]-rolling( =window_size).max()

'solar_rad_to load 168 ]=df[ 'solar_radiation_168' 1/
'total_load_actual 168 ].replace( , Np.nan)

'solar_rad_168 norm’ ]=df[ 'solar_radiation_168' 1/
'solar_radiation_168_roll_max_24' ].replace( , Np.nan)
‘price_trend' ]=df[ ‘price_bef' ] - dff 'price_befl' ]
‘load_change' ]=dff ‘total load actual 168 ] - dff 'total load_actual
‘price_bef_diff_pct' ] = (dff 'price_bef' ] - dff 'price_befl' D/
‘price_bef1’ ].replace( , hp.nan)

‘price_bef x total load actual 168’ ]=df[ ‘price_bef' 1*
'total_load_actual 168’ ]

‘price_befl x solar_radiation_168' ]=df[ 'price_befl' 1*
'solar_radiation_168' |

‘price_bef_squared' ]=df[ ‘price_bef' ]**

‘price_bef_diff' ]=df[ ‘price_bef' ] - dff 'price_befl'

windows = [

for w in windows:
dff f'price_roll_mean_ {w}']=df[ ‘price_bef ]-rolling( =w).mean()
dff f'load_roll_std {w']=

df[ ‘total_load_actual' ]-rolling( =w).std()

df = df.dropna().reset_index( =True )

solar_cols = [col for col in df.columns if ‘solar in col]

("\ n===ZERO COUNT PER SOLAR COLUMN ==="
col in solar_cols:
zero_count = df[col].eq( ).sum()
total_count = len (df)
print (f* {col }: {zero_count } zeros out of {total count } rows
({ zero_count/total_count 1.2%})" )
print ("===END ZERO COUNT ===\ n")

X = df.drop( =[ 'date’ , ‘target' , 'year' , 'month' , ‘day' ])
y=df[ ‘target’
scaler = RobustScaler()

X_scaled = pd.DataFrame(scaler.fit_transform(X), =X.columns,
=X.index)




best _params = {
'n_estimators'
‘learning_rate'
‘num_leaves'
‘feature_fraction’
‘bagging_fraction’
'‘bagging_freq’
'min_child_samples'
‘random_state'

final_model = LGBMRegressor(**best_params)
final_model.fit(X_scaled, y)

, "final_lightgbm_full_dataset.pkl"
"final_scaler.pkl" )

y_pred = final_model.predict(X_scaled)

mae_full = mean_absolute_error(y, y_pred)

print (' \ n8 Model trained on full dataset" )
print (f" M MAE on Full Data: {mae_full :.4f }")

df[ 'predicted_date' ]=dff ‘'date’ ]+ pd.Timedelta(

results_df = pd.DataFrame({
‘input_date’ (dff ‘'date’ ],
‘predicted_date' :df[ ‘'predicted_date'
‘actual_price_7d_ahead' Y,
‘predicted_price_7d_ahead' 'y _pred
)

results_df.tp_csv( "actual_vs_predicted 7days _ahead.csv"
print ("B Saved actual vs predicted prices to
‘actual_vs_predicted_7days_ahead.csv™ )

print ( f'Total rows used for training and prediction: {len (df) }")
print ( f'Number of predicted values: {len (y_pred) }")

print ( "First input date:" , dff  ‘date’ ].min())
print ( "Last input date:" , dff  ‘date’ ].max())

df[ 'predicted_date' ]=dff ‘'date’ ]+ pd.Timedelta( =
print ( "First predicted date:" , df[  'predicted_date' ]-min())
print ( "Last predicted date:" , df[  'predicted_date' ]-max())

)

importances = final_model.feature_importances_
features = X.columns
importance_df = pd.DataFrame({ 'Feature’ : features, ‘Importance’




importances}).sort_values( ='Importance’

print ("\ n®. Top 10 Most Important Features:"
print (importance_df.head( )

plt.figure( =(10, 6))
plt.barh(importance_df{ 'Feature’ [ 1 -1],
importance_df[  'Importance’ 1I: I -1))
plt.title( "Top 20 Feature Importances" )
plt.xlabel( "Importance Score" )

plt.tight_layout()

plt.show()

import  matplotlib.pyplot as plt

plt.figure( , 9))
plt.plot(y.values, ="Actual" ="red"

plt.plot(y_pred, ="Predicted" ="blue"
plt.title( "Final Model (No Split): Actual vs Predicted Electricity
Prices" )

plt.xlabel( "Samples" )

plt.ylabel( "Price” )

plt.legend()

plt.tight_layout()

plt.show()

plt.figure( , 9))

plt.plot(y.values][: 1 ="Actual" ="green"
plt.plot(y_pred[: 1, ="Predicted" ="red"
plt.title( "Zoomed View (First 300 Samples): Actual vs Predicted"
plt.xlabel( "Samples" )

plt.ylabel( "Price" )

plt.legend()

plt.tight_layout()

plt.show()
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import pandas as pd

import  numpy as np

from sklearn.base import  BaseEstimator, TransformerMixin

from sklearn.pipeline import  Pipeline

from sklearn.preprocessing import  RobustScaler

from lightgbm  import LGBMRegressor

import  joblib

import  warnings

warnings.filterwarnings( "ignore" =FutureWarning )
class DataFrameSelector(BaseEstimator, TransformerMixin):

, required_columns= None, column_mapping=  None):




.required_columns = required_columns (o]

‘date’ , 'solar_gen_day ahead' , 'wind_onshore_gen_day_ahead'

‘biomass_actual’ , 'fossil_gas_actual’ , 'hydro_pumped_actual’

‘hydro_pumped_consumption' , 'hydro_runofriver_actual' ,

‘other_actual' , 'solar_actual’ , 'wind_onshore_actual’ ,

'total _load_actual’ , 'wind_speed_kmh' , 'solar_radiation’

‘precipitation_mm’ , 'lisbon_temp c' ,
‘portugal_marginal_price' ,

‘daily_market_energy" , 'total_energy_acquisition'

'total_energy_sale' , 'export_spain_to_portugal’
‘iberian_market_energy"

]

.column_mapping = column_mapping or {

'‘Data e Dia da Semana’ : 'date’

‘Generation - Solar [MW] Day Ahead/ BZN|PT'
'solar_gen_day_ahead' ,

‘Generation - Wind Onshore [MW] Day Ahead/ BZN|PT'
'‘wind_onshore_gen_day ahead' ,

‘Biomass - Actual Aggregated [MW]' . 'biomass_actual’ ,

'Fossil Gas - Actual Aggregated [MW]' . 'fossil_gas_actual’

'Hydro Pumped Storage - Actual Aggregated [MW]'
‘hydro_pumped_actual’ ,

'Hydro Pumped Storage - Actual Consumption [MW]'
‘hydro_pumped_consumption' ,

'Hydro Run - of - river and poundage - Actual Aggregated [MW]'
‘hydro_runofriver_actual' ,

'‘Other - Actual Aggregated [MW]' . ‘'other_actual'

'‘Solar - Actual Aggregated [MW]' . 'solar_actual’

‘Wind Onshore - Actual Aggregated [MW]' :
'‘wind_onshore_actual' ,

‘Actual Total Load [MW] - BZN|PT' : ‘total load_ actual'

‘Speed_km_h"' : 'wind_speed_kmh' ,

'‘Radias<o Solar (W/m!)' : 'solar_radiation' ,

'Precipitas<o (mm) - PesodaRZgua' : ‘precipitation_mm'

‘Lisboa temperature  C' . 'lisbon_temp_c' ,

'Pres0s marginais sistema portugues' :
‘portugal_marginal_price' ,

'Energia negociada Mercado DiaArio' . 'daily_market_energy"

‘Energia total de aquisie<0 casada sistema portuguas'
'total_energy_acquisition' ,

‘Energia total de venda casada sistema portugues'
'total_energy_sale' ,

'‘Exportae<o de Espanha para Portugal’
‘export_spain_to_portugal’ ,

'Energia Mercado Ibi©rico incluindo lilaterais'
‘iberian_market_energy"

}

def fit (
return

def transform ( , X):
df = X.copy()

portuguese_cols =
.column_mapping.keys()).intersection( set (df.columns))
if portuguese_cols:




print (f" =) Mapping Portuguese columns to English:
{ portuguese_cols }")

mapping_to_apply = {pt_col: en_col for pt_col, en_col
.column_mapping.items()
if pt_col in df.columns}
df = df.rename( =mapping_to_apply)

missing_cols = set ( .required_columns) - set (df.columns)
if  missing_cols:
available _cols = list (df.columns)
raise  ValueError (f'Missing required columns: { missing_cols
Available columns: { available_cols )

return  dff .required_columns].copy()

class FeatureEngineer(BaseEstimator, TransformerMixin):

( , prediction_horizon=
.prediction_horizon = prediction_horizon

fit ( X ):

return

transform  ( , X):
df = X.copy()

dff ‘target ]=df[ 'portugal_marginal_price' ]-shift(
.prediction_horizon)
dff 'price_bef’ ]=df[ 'portugal_marginal_price' ]-shift(
.prediction_horizon - 1))
df[ 'price_befl' ]=df[ ‘'portugal_marginal_price' ]-shift(
.prediction_horizon - 2))

df[ 'solar_radiation_168' ]=df[ 'solar_radiation' ]-shift(
.prediction_horizon)
df 'iberian_market_energy 168 1=
dff 'iberian_market_energy' ]-shift( - .prediction_horizon)
df[ ‘total load actual 168’ ]=df[ ‘total load_actual ]-shift(
.prediction_horizon)

dff 'year' ]=df[ ‘'date’ ].dtyear
dff 'month® ]=dff ‘date’ ].dt.month
dff 'day’ ]=df[ ‘'date’ ].dt.day

dff 'month_sin' ] = np.sin( *np.pi * dff
dff 'month_cos' ]=np.cos( *np.pi * dff
dff 'day_sin' np.sin( *np.pi * dff
dff 'day_cos' np.cos( *np.pi * dff

]:
]:




dff 'month_sin_x_solar_radiation_168' ]=dff 'month_sin" ]*
'solar_radiation_168' |

dff 'month_sin_x_iberian_market_energy 168 ]=df[ 'month_sin'
‘iberian_market_energy_168' ]

dff 'solar_radiation_168 x_iberian_market _energy 168 1=
'solar_radiation_168' | el

‘iberian_market_energy_ 168 ]

dff 'day_sin_x total load_ actual 168 ]=dff ‘'day sin'" ]*
'total_load_actual 168’ ]

dff 'month_cos x_solar_radiation_168"' ]=df[ 'month_cos' ]*
'solar_radiation_168' |

dff 'price_bef 169’ ]=df[ ‘price_bef' ]-shift( -1)
dff 'price_bef 170’ ]=df[ ‘price_bef' ]-shift( -2)

window_size =
df[ ‘target roll_mean_24' 1=
'‘target’ ]-rolling( =window_size).mean()
dff 'solar_radiation_168 roll_mean_24' 1=
'solar_radiation_168' ]-rolling( =window_size).mean()
dff ‘target_roll_min_24' 1=
'‘target’ ]-rolling( =window_size).min()
dff 'solar_radiation_168 roll_min_24' 1=
'solar_radiation_168' ]-rolling( =window_size).min()
df[ ‘target roll_max_24' 1=
'‘target’ ]-rolling( =window_size).max()
dff 'solar_radiation_168 roll_max_24' 1=
'solar_radiation_168' ]-rolling( =window_size).max()

dff 'solar_rad to load 168 ]=df[ 'solar_radiation_168'
'total_load_actual 168 ].replace( , Np.nan)

dff 'solar_rad 168 norm’ ]=df[ 'solar_radiation_168'
'solar_radiation_168_roll_max_24' ].replace( , Np.nan)

dff 'price_trend' ]=df[ ‘price_bef' ] - dff 'price_befl'

dff 'load_change' ]=df[ ‘total load actual 168 ] -
'total_load_actual’

dff 'price_bef diff_pct' ] = (dff 'price_bef' ] - dff 'price_befl'
‘price_bef1’ ].replace( , Np.nan)

df[ 'price_bef x total load actual 168 ]=df[ ‘price_bef' 1*
'total_load_actual 168’ ]

dff 'price_befl x solar_radiation_168' ]=df[ ‘'price_befl' 1*
'solar_radiation_168' |

df[ 'price_bef squared' ]=df[ ‘price_bef' ]**

dff 'price_bef_diff’ ]=df[ 'price_bef' ] - dff 'price_befl'

windows = [ , ,
for w in windows:
dff f'price_roll_mean_ {w']=
‘price_bef' ]-rolling( =w).mean()
dff fload_roll_std {w']=
'total_load_actual’ ]-rolling( =w).std()




df_valid = df.dropna()

feature_index = df valid.index

cols_to_drop =[ ‘date’ , 'portugal _marginal_price' , 'target’
'vear' , 'month’ , 'day' ]

df_features = df_valid.drop( =[c for ¢ in cols_to_drop
in df_valid.columns], ='ignore’ )

return  df _features

solar_cols = [col for col in df.columns if ‘solar in col]

("\ n===ZERO COUNT PER SOLAR COLUMN ==="
for col in solar_cols:
zero_count = df[col].eq( ).sum()
total_count = (df)
(f* {col }: {zero_count } zeros out of {total count } rows
({ zero_count / total_count 1.2%})" )
("=== END ZERO COUNT === \n")

return df

pipeline = Pipeline([
('feature_engineer’ , FeatureEngineer(
('scaler' , RobustScaler())

data = pd.read_excel( "/Users/naiyakhalid/Desktop/intership work
/Prediction project /2024 2025 data.xIsx" )

data] 'date’ ]=pd.to_datetime(data[ ‘date’ )

X_transformed = pipeline.fit_transform(data)

joblib.dump(pipeline, "preprocessing_pipeline.pkl”
(" v Pipeline saved as 'preprocessing_pipeline.pkl™




model = joblib.load( final_lightgbm_full_dataset.pkl’

predictions = model.predict(X_transformed)

fe = pipeline.named_steps| ‘feature_engineer' ]

if not (fe, ‘feature_index' ) or fe.feature_index is None
raise ( "FeatureEngineer did not store feature_index. Make

sure pipeline.fit_transform(data) was called." )

feature_idx = fe.feature_index

input_dates = data.loc[feature_idx, ‘date’ ].reset_index(
predicted_dates = input_dates + pd.Timedelta( = )

actual_shifted = data[ ‘portugal_marginal_price' ]-shift(
).loc[feature_idx].reset_index( =True )

results_df = pd.DataFrame({
‘input_date' : input_dates,
‘predicted_date' : predicted_dates,
‘actual_price_7d_ahead' : actual_shifted,
‘predicted_price_7d_ahead'
pd.Series(predictions).reset_index( =True )

)

results_df.to_csv( "pipeline_aligned_actual_vs_predicted.csv"
=False )

(" ® saved pipeline_aligned_actual_vs_predicted.csv"
(results_df.head( )

~z




def calcular_poupanca (consumo_mensal_kwh, preco_atual_pago):

preco_previsto_mwh = predictions.mean()
preco_previsto_kwh = preco_previsto_mwh /

poupanca_media_kwh = preco_atual_pago - preco_previsto_kwh
poupanca_total_mensal = poupanca_media_kwh * consumo_mensal_kwh

return  preco_previsto_kwh, poupanca_media_kwh, poupanca_total _mensal

consumo =
preco_atual =
preco_previsto, poupanca_media, poupanca_total =
calcular_poupanca(consumo, preco_atual)
(f'"Preso mZdio previsto: { preco_previsto DA} $/kwh')
( f'"Poupanea mZdia por kWh: { poupanca_media : .4f } $/kWh")
( f"Poupanea total mensal: { poupanca_total :.2f } $")

NHE FAA&+ (Y [1932=/+IH.'(4210/ 1 utils.py  [IL*2*1*+,18/,&-112(-(2(&5 !

import pandas as pd
import  joblib




MODEL_PATH =
"/lhome/athul/vanaci_legal/electricity price_prediction/final_lightgbm_ful
|_dataset.pkl"

DATA_PATH = "/Users/naiyakhalid/Desktop/intership work /Prediction
project /2024 2025 data.xIsx"

def get data (path: str =DATA_PATH) -> pd.DataFrame:

print ( f'Loading data from: {path }")

try :
data = pd.read_excel(path)

return  data

except FileNotFoundError
print ( f"Error: Data file not found at {path }")
return  pd.DataFrame()

get_ model (path: str =MODEL_PATH):
print ( f'Loading model from: {path }")
try :

model = joblib.load(path)

return  model
except FileNotFoundError

print ( f"Error: Model file not found at
return None

NG FA4&+,(YIS[1932=/+IH.'(42!0/ pipeline.py  5.'(42!

import pandas as pd
from sklearn.pipeline import  Pipeline
from sklearn.preprocessing import  RobustScaler

from Pipeline_classes import DataFrameSelector, FeatureEngineer
from utils import get _data, get_model

def get prediction_pipeline () -> Pipeline:
return  Pipeline([
('selector , DataFrameSelector()),
('feature_engineer’ , FeatureEngineer()),
('scaler' , RobustScaler()),

run_prediction 0 -> list

raw_data = get_data()

if raw_data.empty:
print ("Stopping prediction due to data loading error."
return ]

processing_pipeline = get_prediction_pipeline()

print ("Transforming data..." )




processed_data = processing_pipeline.fit_transform(raw_data)
( f"Data transformed successfully. Shape:
{ processed_data.shape )

model = get_model()
if model is None
( "Stopping prediction due to model loading error."
return ]

( "Making predictions..." )
predictions = model.predict(processed_data)
( "Predictions generated." )

return  predictions.tolist()

def calculate_savings (consumo_mensal_kwh: , preco_atual_pago:
predictions: ) -> :

if not predictions:
return  {
"predicted_price_kwh" : None,
"average_saving_kwh" . None,
"total_monthly_saving" : None,
"error* . "Could not generate predictions."

}

preco_previsto_mwh = pd.Series(predictions).mean()
preco_previsto_kwh = preco_previsto_mwh /

poupanca_media_kwh = preco_atual_pago - preco_previsto_kwh
poupanca_total_mensal = poupanca_media_kwh * consumo_mensal_kwh

return  {
"predicted_price_kwh" : (preco_previsto_kwh, ),
"average_saving_kwh" : (poupanca_media_kwh, ),
"total_monthly_ saving" : (poupanca_total_mensal,
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from fastapi import  FastAPIl, HTTPException
from pydantic import BaseModel

from Pipeline import  run_prediction, calculate_savings

app = FastAPI(
="Electricity Price Prediction API" ,
="An API to predict electricity prices and calculate
potential savings." ,
="1.0.0"

class  Savingsinput(BaseModel):
monthly_consumption_kwh: float
current_price_kwh: float

predictions_cache = {
"predictions” : None
}

@app.on_event ( "startup” )
def startup_event  ():
print (" # Server starting up! Running initial prediction
pipeline..." )
predictions_cache][ "predictions” ] = run_prediction()
if not predictions_cache][ "predictions” I:
print (" A Warning: Initial predictions could not be generated."
else :

print (" ® Initial predictions are cached and ready."

@app.get (/" )
def read_root ():

return  {"message" : "Welcome to the Electricity Price Prediction
APII" }

@app.get ( "“/predict” , =[ "Prediction" )
def get predictions 0:
predictions = predictions_cache[ "predictions”
if not predictions:
raise  HTTPException( = ="Model predictions
are not available. Check server logs." )

return  {"price_predictions_eur_per_mwh" . predictions}

@app.post ( “/calculate_savings" , =[ "Savings Calculator"
def post_calculate_savings (data: Savingsinput):

predictions = predictions_cache[ "predictions” |

if not predictions:




raise  HTTPException( ="Model predictions
are not available. Check server logs."

savings_result = calcular_poupanca(
=data.monthly_consumption_kwh,
=data.current_price_kwh,
=predictions

)

if  "error" in savings_result:
raise  HTTPException(
=savings_result[ "error" )

return  savings_result
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