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Introduction CEPEL CV

Grupo Eletrobras

m The Brazilian electric power sector adopts tariffs based on marginal cost pricing since
1980.

m The electricity tariffs are calculated by a methodology, whose origin is the Electricité
de France (EDF) and the French 'marginaliste’ economists like Allais and Boiteux.

m In this methodology, an important step is the identification of a few typical daily load
profiles from a set of electric load curves measurements on a sample of customers.

m These profiles represent patterns of energy use of different class of customers e.g.
residential, commercial, industrial, rural, public lighting, public administration etc.

m The standard way to identify the typical load profile from a sample of load curves is to
perform a clustering of the representative workday load curves. The centroid of each
cluster defines a typical load profile.

m This work presents a brief history about the softwares for identifying of typical daily
load profiles developed in the Brazilian electric power sector.

m In order to tell this history we present the features of three softwares that have been

used by the Brazilian electric distribution utilities. WEB2009



Procedure to identify cepeL Cy
typical load profiles Grupo Eletrobrés

1) Select a sample of customers (or power transformers)

Load curve measurement
2) Get a load curve measurement from each customer _

The load curves measures cover a period of two weeks, ! !| | " I| “ |"
where the demand is recorded every 15 minutes by bbb
recording meters installed at each point in the sample. ‘

3) Examine the load curve measurement (kW) of each MMWM

customer in order to identify its three representative e - : g Ml e
load curves (workday, Saturday and Sunday) workday Saturday  Sunday

4) Apply a clustering technique to group customers with similar workday load curves
(each daily curve has 96 points). After that, take the typical load profiles from
each cluster ( /1~

Irtn

Sample of < HAUAL ‘ Clustering
workday Technique ‘
representative S Eedyulll a

load curves ﬁﬂ “m |

~ Mﬂ il 3 clusters 3 typical load profiles
5) Derive typical load profiles for the entire population WFB2009




Soft es for identifying of typical load
wares 1Tor identitying ypI CEPELCV

profiles developed in the Brazilian electric
power sector

Grupo Eletrobras

We select a representative sample of three softwares for identifying of
typical load profiles used in the Brazilian electric power sector.

e SNACC (1991)
Sistema Nacional de Avaliacao do Comportamento da Carga
National system of evaluation of the load behavior

e TARDIST (1998)

Programa para calculo dos custos marginais de fornecimento e
tarifas de uso da distribuicao

Computational program for computing the supply marginal costs and
distribution tariffs

e ANATIPO (2005)

Sistema computacional para construcao de tipologias de curvas de
carga

Software for building typical load curves WFB2009



SNACC Program (1991) cepeL Cy

Grupo Eletrobras

e C:ATARDISTWMROSANSNACCASNACC. EXE

It was the first software

: DEPARTAMENTO NACIONAL DE AGUAS E ENERGIA ELETRICA - DNAEE
for clustering load COORDENACAO GERAL ECONOMICO-FINANCEIRA - CGEF
curves developed in the DIVISAO DE TARIFAS E ESTUDOS ECONOMICOS - DVTE

Brazilian power sector.

It was developed by the
National Department of
Waters and  Electric
Power (DNAEE).

DNAEE was officially closed
upon the establishment of the
Brazilian Electricity
Regulatory Agency (ANEEL).

Digite a Senha de Acesso ao SNACC: Tecle <ESC> para Sair

The SNACC employs the methods of cluster analysis p  rogrammed in two
computational routines in Fortran brought from the Electricité de France (EDF):
NUDYC (nuées dynamique ) and DESCR2 (Ward method).

* Molliere, M. Um ensemble de modules de classification automatique et de modules explicatifs associes, Note
EDF, Direction des etudes et Recherches n® HI 2818/02, 1978,

* BRASIL, Ministério das Minas e Energia, DNAEE, Eletrobras, Empresas Concessionarias de Energia Elétrica,
Nova Tarifa de Energia Elétrica: metodologia e aplicagdo, DNAEE, Brasilia,1985. WFB2009



SNACC Program (1991)

cepe Cy

Grupo Eletrobras

The NUDYC and DESCR?2 routines are executed sequenti ally:

first the typical workday load curves are clustered by the “nuées dynamique*
programmed in the NUDYC routine, then the formes fortes are clustered by the

Ward method programmed in the DESCR2 routine.

Set of workday load curves
(each load curve has 96 points and
represents a customer)

:

“Module NUDYC”
Nuées dynamiques

formes fortes 1

“Module de Description et classification
hiérarchigue ascendente (DESCR2)”
Ward method

: 1

Typical load profiles

Diday, E. Une nouvelle méthode em classification
automatique et reconnaissance des formes. La
méthode des nuées dynamiques. Revue de statistique
Appliquée, 1971, vol. XIV n°® 2. Institut de Statistique.
Université de Paris.

WFB2009



SNACC Program (1991)

ev CASNACCASNACC. EXE

DNAEE
MME

Arquivos
Cadastro Consumidores

Backup das Medicoes
Movimento Consumidores

Parametros Executar

Todos Arquivos Acima

Mensagem *

SNACC

Sistema Nacional de Avaliacao do Comportamento da Carga

Para selecionar a opcao tecle <ENTER> ou <ESC> para sair

cepeL Cy

Grupo Eletrobras

29/04/09
17:83
Finalizar

Relatorios Utilitarios

WFB2009



TARDIST program (1998) CEPELCV

Grupo Eletrobras

Software developed by the Brazilian Electric Power Research
Center (Cepel) to compute the distribution tariff framework based on
marginal cost. T e

TARDIST also has a TarDist - 4.1
module to build typlcal Programa para Calculo de
load profiles, but it has a Custos Marginais e Tarifas de Uso
frlendly user Interface Caracterizagéo da Carga e Célculo

dos Custos de Fornecimento.
Localizagdo do Programa
] C:Acepel TARIFASY Leitura de Tipologias e Calculo dos
Th e SOftwa re Is U SEd Lozl phiegEn | Custos de Fornecimento
the Brazilian

b
EYectricity Regulatory

Dados dos Consumidores

Agency (AN E E L) tO Dados de Subestagdes e
set the distribution
ta I‘Iff. Sair do Sistema

221142000

Pessanha, J.F.M., Huang, J.L.C., Pereira,
L.A.C., Passos Junior, R., Castellani, V.L.O.  Famvien e
Metodologia e sistema computacional para
calculo das tarifas de uso dos sistemas de

distribui»cdo, XXXVl SBPO, S&o Jodo del
Rey - MG,2004. WFB2009




TARDIST program (1998) CEPELCV

Grupo Eletrobras

Input data:

= List of costumers and electric power transformers in the sample.

» Load curves measurements files (Excel or text format) for each sample point

= Annual energy demand (MWh) for each consumption class and energy flows

(MWh) among the voltage levels.
load curve measurement file

P B00738DQ - Bloco de notas
Arquive Editar  Formatar Exibic  Ajuda

[251800732 5112 505021318089803 0900001 808980900001 80898084 5001008980000000000000000000000000000000000000000173017301730173020302
(10000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000001
07981516512707980220323007980220543007981435270308981537110308980850071 008981020341 00898

Microsoft Access - [Definigio do Caso] == x]
Arguivo

;0O000013000OE50000O00O00&1000OOOOOOUOOODOOOOOOOE7800000000145900091200000000000000003762900000067910000000000000003OEEEOOQOUO
'23DE0023370000000024DSOODOODDDDOOOOODDDDOZlABBDDDOOOOZ7037000000000000000000

Definicao do Caso

825112 516553404060
130798202511 251411 24200798302 5112 51443252 70706202 5115 41,41 500270798202 511 514 31 28030898202 511250847021 00BSE202 5112 508021 21808
|saLvooL 8003000207 7600000000001 400000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Escolha do Caso  |[EININECIEES SALV00Z 000400050791000 004000507960004 000507930004 0 920004000607 0060007079300040
SALVOO3 00040005079200050005078800040005078700050005078700040005079300050005079200070008079300060006079300040005079600040
SALVOOS 0003000307970003 0030799000300 00030004 080000030003 05020003000408020002 0003079900030
Caso 52 SENDI_caract Descrigio do Caso |5ALV005 000300020701 00040004 0753000200020 75100050004 07890004 00030754 0004 000307 7300050004 077 7000400050173 0005 000207 300060
|SALV00E 000500050770000700060770000700060773000800070776000600060774 000600060774 0005000507760006000607 780005 0008077700050
L Cazo de caracterizacso para SEMDI |saLvoor 00050006075 70006000507 560005000607620005000507650008000807670005000607670005000607670022000607 7100180006077 000060
P.U. Mé&ximo I 9 Gaop SALVOOS 0006000607 8100050005078300060006078100050006075100060006077 00006000507 7100050006077400060006078000050005078000060
|saLvoos 00110004077200030004 077000120004 077000110004 077200090004 077 70012000507 7600120004 07790008000407 7700120005077 700120
|saLvolo 00050005078200100004 077600120004 077400070004 07EL0G1100050781 00120004 077000060004 0778001 2000507 7900100004 078000030
|SALVOLL 00080003077500070003078000110003077200050003077600100003077300080003077500070003078200100004078700060003078900050
|5ALvoLZ 0015000307 790004 0005077800040005 077300060007 075000030005 07%10004 0004 0783 0003000507810011000507800027000407790004 0
|SALVO13 0003004 075300020003 07 790003000307 3100030004 078300020003 07 £10003000307 8300030001 078400020003 07 £10003000307 8000020
|sALVOL4 000300040794 0002 900020004 079700030003079, 0003079500030004 079800020
B B S |saLvo15 0003000407%0003000307910003000407940002000307920002000407890003oooz078900020003075200030004078400030003078500020
Inclui Todos Clientes Clientes EARVE 0004000507950003000507540004 0 0004000507930004 000507940003000507970003000507960005000507 940005 0005079600080
IR SIUREE = |saLvolr 00050006078300050006078000050006078200050006077900050006078000050005077400050006077000050006077400050006077500050
[=7Y =7 - - SALVOLE 0006000607680005 7650011000707 710018000507 74 0013000507760 0050006077200050
o] == —I |saLvolS 00050006076000050005076000050006076000050005075900050006076700050005077100050006077200050006077100050005077000050
T m BT SALV020 0005000407 760005000507720011000507700 100080006077 500120005077 500050006077 300110005077 500050006078200060
) X L 3> [*ADELMIR PEIXOTO b, |5ALV02L 00L 50004 077400090004 077300100004 077 000LL 0002 0776003 00003 7EO00L 20004077 600090008 0770000007 F 300050004077 6000R0
1 - Receita Requerida 2 - Subgrupos Tarifarios I |SALvo2Z 00110004077900060005078000120004 078200050003 075200050003 078100090002 0783001100030782000500030784 00050003077 900130
= 5> [*ALvAREZ PONT ARQ LT ;” Ada |saLv023 0006000307 780004 000307770007000207740013000307770005000307800004 00030782 00050002078000110003078L00050003078500040
|SALv024 00300004 077400070004 077000030005077700G416004 0777000800050 84 000500050782 00050004 07520004 000507900005 0005078500040
— LA COLLNOBRITO _I 5T |saLvo2s 000400050782000300050783000500050780000400 005078700040005079100030005079000050005078900060005078800040
. 5 . > Fa, - | |saLvo28 0004000407910003000507910004000507900005000607940004000707970003ooo505010004oooao?asooozoooso?aaoooz0005075700030
3 - Redes 4 - Periodos Hidrologicos \ |SALv027 00040005079300050005080200050 00507960005 0794000500050785! 00004 0004078700040
m |saLvoz8 00030003078300030003078500030004078500030003078400020003078300030004078500030003078500030003078700020004078600030
3> ["aRMAZEM PARQUE CENTRAL LTDA H\ Ada |SaLv029 00040004 07850005000507920004 01 800005000607 7500050006077900050006077700050006076900050
6 - Custos Marginais de |5ALvO30 00050006076200:LZ00060759002300060760001600060760002800050769002Z0006077200120008077200070006077100060006077000060
| - Postos Tarifarios : SBEMJARIN REY ;” |SACvo31 000500060764 000 6500050006076 50006000 50006076800050
= Capacidade SALV03Z 0003000607 70000800050702 000200000 7E1001100000 76200120005 07EE001 80008075 70010000007E 20013000 707600002 000507 EB00LA0
— Recurd 4] 4| v | »1|v#] of 47 |saLvo33 00160004 076200170004 075300110003 076200220004 076500100004 076700170004 076500160004 07710014 000407 63001700030764 00170
.. |saLvo34 0005000307710004000307700011000207700004000307750005000307740010000307750003000307730002000307 7100060003077600040
7 - Custos Marginais de |saLv025 00100003077500050002307760003000307710011000207720004 000307740003 0003 07 7100120003 07760002 0003077 50003 0003078000140
: 8 - Fator de Perda SALV036 00110003076300200004 077800250004 077300190004 07770014 000507 7600160004 077 700160004 0782001 00005078500120004 078300100
Energia — Inclui Todas as Redes Redes |3aLv037 0003000507 7900130007078L00132 0004 078300080005078200110004 7790012000507 7800020004 077800100004 077 70012000507 7800120
4 |SaLv038 0015000507910013000507930014 00050795001 00004 080000140005 0798000800050792 0014000507 880009000507 8800130004 078500030
o - |saLv039 00140004 0785000800050788001000050786001 20004 07830008000507860011000507830011000407800008000507880014 0005078300050
9 - Mercado Periodo 10 - Classe dos » 33 SE A3 fAd 11 JAS |A4 - |SALVO4D 00040005078900040005079000040004OFE80004000507850004000507880005000507870005000407870004000SO'/E900040004078700040
Hidrolagico i S— ] SALVO4L 0003000507800005 0783000300050784 0004 0005078600040004 07860003 0005077500030004076300040
g9 “SE A3 /412 = ) 5 |sALv042 D003 0779005 300080771001 000060772 00900004 07650014 0008072100 08000B0775 2004 000007 790003000307 30004 20080723 00040
>3 |SALV043 0004000507 710005000607710004000507650004000607600004 000507620004 00060764 0004000507610004 000607630004 0006076500040
11 - Relagéo Entre Postos - . m < ¥
o 12 -Clientes-Tipo 3> [FSE A3 /ad13 -fas a4 !
Tarifarios =
o
>> ["SE A3 /A414 = IAS |A4
13 - Redes-Tipo 14 - CMF e TUSD | >> ['SEA3 /2415 'IAS I’M
“SE AT /A4 T6 = IAS |A4 ha
15 —Tranfa de Uso & —Argquivi de Besultadas Recurd T e | S S =

WFB2009



TARDIST program (1998) cepeL Cy

Grupo Eletrobras

The friendly user interface shows the load Measurement

curves registered in each measurement file. M | Ii ||| ‘,

Based on a pictorial analysis any user can \
select the three typical days (a workday, a g
Saturday and a Sunday) of each measurement MK‘JMW‘)LW

file. workday Saturday  Sunday

E-d &y 2 Anenh b e b L R = I = arquwe =18 %
r Eegnte T Tema ® Dusts T Duita ” Zen Guairma | Sdbado TERCA
: ke Deuss | _Domingo | o 0505 Tesed =
! 1 hem -| —[ n -
’ : =T = >
Enel e EEwfloL] o [ [ELL] RBT0E] _ 7 [l ) 8 3 I [ = R )
CURYA DF BENCAO DO CONSUMO0R: ay Bawrm | == et
ﬁmni CURVA DE smﬂo DO CONSUIIDOR: GABRIEL [l manoes-rerg
e | — | E=lhle St
FErET N = & m_"a am; SEE B8 I 032405 Ters
st | / '*'.:,L o i sose Wi Twp
| (2 o :
= LA 00 0T 0 i T'mmm?'é'
-~ 3] 'i 02 0 0 0 ST Uz
0 '|I| :i::?gﬁ ez 4\ Y Y g} erece
=4 i e e 51 e ! T o ¥ ,-,;%m
e ' Seoroaradi w5 19 Y £ AF 3 EE0GC0
kG ! (7 % O s
Ko T A0,09 B0 1 / s RETI T Oroeon
e R 01 1100 g . O CEO0TD
16200 + £4 L s G210 15264 - a 03 LR
st -2 kﬂﬂ CIRRET R e = e
st hass sl L oco
{23 LR Ta s e SEERUR n & 3 R0 & or oo oo | . ! 120000
eSO oo 130000
I | 20100
D Uil Sahadn Damroo
Gialhi Satisdn Camings [ O10GTece | |
I l Recced: 14 ¢ ’I [ 3 S
Recont 14l [ T : Ferm e | |
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TARDIST program (1998)

cepe Cy

Grupo Eletrobras

TARDIST employs only the Ward method to cluster the

curves.

The user can change the clusters'
composition, in order to correct any
misclassification made during the
clustering process.

TARDIST shows the following results
useful to set the number of cluster
(typical load profiles):

» Load profiles plots for each cluster

» Share (%) of each cluster in the energy
consumption

» Within  Sum Squares (WSS) and
Between Sum Square (BSS).

workdays loa d

@, <
Arquivo ;Iilil
Sabado | QUARTA Lonfirma ;I
Q-DmmgtT | Pacen [09/11/96 Quarta =l Desistir |
Dias [Ilelsl
1 hora 'I
r
A A = e e e Y
CURVA DE MEDICAO DO CONSUMIDOR: CONSUMIDOR
555555
[ o9,
000000
000000
000000
222222
222222 M 0941 6/96-Quar
11340
360
37.80 I 09:25/96-CGuar
0.00 :\4 & A 4/:\ a A s g
1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17
BAES (i BTy
Diia Ll Sabada Damingo
[ EATEE s [ E
I
Record: 4” 1 >| | |F
[Farm vie m UM o

WFB2009




TARDIST program (1998) CEPELCV

Grupo Eletrobras

The software shows the load curves classified In each
cluster.

One cluster Two clusters

: Tarifas - [Grafico 1] [_[=]x] : Tarifas - [Grafico 1] M= E
Arquivo = x| Arquiva 18 x|
: i PU DA MEDIA DO NIVEL BT |
Gréfico 1 Grafico 2 m VER 10U 2 Grafico 1 |
Agrupamento Tipologia  Agrupamento  Tipologia GRAFICOS —
= | = 5 | o] 3] Gléﬁcmﬂegl
-
Bl =% 2] [&E [aalb]l-Tol .y @l ]2] BIE] 2T ' EEa[e# ]S WEwlle)k] =0 B EelTR]
CURVAS DA TIPOLOGIA 4 - 2 CURVAS DA TIPOLOGIA 4 - T- 71.51%
277 I SELECIONA 5
a4 AGRUPAMENTOS - e ta . o ° e
102 /”_‘\‘\./_/O o o
319 oen s s : = e
2490
034
251 o
232 T4 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
203
174 ADERENETEEEE R EEENEE R
145 CURVAS DA, TIPOLOGIA 4 - 3 - 24.03%
116
087 375
058 250
029 155
0.00
0.00
Record: 14| 4[] 1 enfrs] of 1 Record: 14] <[] 1 v ]rs] of 1
|Farm View [ lcaes | [ |Farm View [ lcaes | [
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ANATIPO Program (2005) cereL Gy

Grupo Eletrobras

Software developed by Cepel to Cosern (Companhia Ener gética do Rio
Grande do Norte) in its R&D Program.

Purpose: To identify typical load profiles from a s ample of load curves
measurements.

Main characteristics:

Import load curve measurements (kW) from files in t ext format or
Excel worksheet

Routine for automatic identification of the typical workday, Saturday
and Sunday curves of each measurement file

Allows data analysis through graphics and reports
Three clustering techniques: Ward, k-Means and Fuzz vy Clustering

MethOd (FCM) Pessanha, J.F.M., Castellani, V.L.O., Aradujo,
. . . A.L.A. Uma nova ferramenta computacional
User friendly graphical interface para construgdo de tipologias de curva de

carga, X SEPOPE, Floriandpolis - SC,2006.

Output reports (text format and Excel) WEB2009



cepe Cy

Grupo Eletrobras

ANATIPO Program (2005)

Sample of customers or electric power transformers

Annual
consumption
= [Mados doEstuda (MWh) —
Codigo.: ans IESTLIDEI SOBRE CLIEMTES COMPLETO tercado [kwh].: I 1000000
Mivel de Tenzdo: 7 IBT j Clazze de Conzumo.: I IHesidenciaI j
Fairna de Conzuma.: 2 IEI & 500 Ex j
— LClientes
005-00001-001 | Conzurmidor Momero QO5-00007 -007 |l|”:|T||:||| JHMPUTYFaormato Publico'h:
005-00007-002  Cornsumidor Moamero 005-00007-002 Sim E "-.I:EF'EL‘-.-'l'-.naTlpl:u"-.INF'LlT"\Fl:nrmat-:n F'ul:ulln:u'hEE'I ED&a ams
005-00007-003 © Cornsumidaor Momero 005-00007-003 Sim | CACEPELMA&naTipohMPUTSFarmato_Publicos361 F8kgn.agde
005-00007-004 © Corsumidor Momero 005-00007-004 Sim | CACEPELMAnaTipohMPUTSFarmatoPublico361 335g0.gtn
005-00007-005 | Consumidar Momero 005-00007-005 Sim | CACEPELAnaTipahMPUTSFarmato_Publico' 86247 g, gle
005-00007-006 © Consumidar Momero 005-000071 -006 Sim | CACEPELMAnaTipohWPUTSFarmato_Publico'8631 3% fob
005-00007-007 © Consumidar Momero 005-000071-007 Sim | CACEPEL\AnaTipohMPUTSFarmato_Publicot 8632355 C. AL
005-000071-008 | Corsurnidor Mdmero 005-00007-003 Sim | CACEPELMAnaTipohMPUTYFormato_Publicoh 36348565 AGT
005-000071-008 | Corsurnidor Mdmero 005-00007-003 Sim | CACEPEL\AnaTipohMNPUT Farmato_Publicoh86518%MF AEP
005-00007-010 | Cornsumidar Momero 005-00007-010 Sim | CACEPELMAnhaTipohMPUTSFarmato_Publico'BE57F7EPT Adk,
005-000071-011 | Corsurnidor Mamero 005-00001-011 Sim | CACEPEL\AnaTipohMNPUT Y Farmato_Publicoh868108NH AR
005-00001-012 | Consurnidor Mdmero 005-00007-012 Sim | CACEPEL\AnaTipohMPUTYFarmato Publicoh36387EICAKT |
005-00001-013 | Corsunnidor Mdmero 005-00007-013 Sim | CACEPEL\AnaTipohMPUTFarmato EXCELMNCG_TRET_ 024
005-000071-014 | Corsurnidor Mdmero 005-00007-014 Sim | CACEPELMAnaTipohMPUT Formato EXCELMCG_TRET_D40
005-00001-015 | Corsurnidor Mdmero 005-00007-015 Sim | CACEPEL“AnaTipohMNPUT Formato EXCELMCG_TRE4 009
005-00001-016 | Corsurnidor Mdmero 005-00007-016 Sim | CACEPEL“AnaTipohMNPUT Formato EXCELMCG_TRE4 010
0001-017 | Conzumidor Mo 00500007017 Sim
| 0007-018 | Cansurnidar My 005-00007 -01 8 Simn
4

Customer code

Customer name

CACEPEL\&haTipo'NPUT Y Formato EXCELWCG_THE4 011
CACEPEL\A&naTiooNPUT Farmato LA\CG TFEEM El_dlj

File with load curve

measurement

WFB2009



ANATIPO Program (2005) CEPEL

Grupo Eletrobras

Reading load curve
measurements load curve measurement file

(text format)
300738DQ - Bloco de otz = E]E

Arquivo  Editar Formatar Exbir  Ajuda

(251800732 511250902131 80825803 0900001 808950900001 S0898084 5001008980000000000000000000000000000000000000000173017301730173020302 A
|L000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000L.
1079B151651270798022052300798022054300798143527030898153711053089808500710085%581020534100895

500000013 0000650000000000810000000000000000000008780000000014 55000502 000000000000000037620000000679100000000000000020838000000

. |23080023370000000024 030000000000000000000214 3900000002703 7000000000000000000DATA HORA INTE FERM

Sa m p | e po I nts | ERRO ALER HIMP DIGI 2025112516593404 069
[13070820251125141124 2007983025112 51413202 707098202 51125141 500270798202 5112 514 3128030898202 5112 5084 702100898202 5112505021 218080
[sALvDOL 0002000207 7600000000001 900000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
|5aLv002 0004 00050791000300050752000400060754 0004 000507960004 000507930004 00050792 0004 00060783000600060730000600070759300040
{# D ados do Estudo de Clientes M= |SALVO03 000400050792 000500050738000400050787000500050787000400050793000500050792 000700080753 000600060793 0004 0005079600040
|5aLvO04 00030003079700030004073800020003 079500030004 080000030003 07960003 000408000003 00030802 00030004 0802 0002 0003075500030
% El @ y S? Q- |5ALVOOS 00050005079100040005075300050005075100050004 07800004 000507840004 000507 780005 00040777000400050772 000500060774 00060
..... |SALVO0E 0006000507 700007000607 7000070006077 30008000707 760006000607 740006000607 74 00050005077 60006000607 780005 0006077700050
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Reading load curve

measurements

Saturday and

Sunday

measurements

mSele 30 de Curvas

X e

load curve measurement file

B B007380Q

Brauivo Editar

[2518007325112500021318089803 0900001608550500001 80898084 5001,

Formatar Exbir

loco de notas
Ajuda
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Saturday and Sunday measurements Two modes to select the three
e 8 representative load curves from
I | measurement files:

o Saturday ey the typical | ® non-automatic (pictorial

fo e MM 2awrday adcuve  gnalysis of each measurement)

e automatic

Identify the typical
Sunday load curve

Curvas Selecionadas
w l
3:Il W
§ . o \\\
‘ g 20 ". A V\A — 28M0/2003 - ter
| e g | | e
10 W‘, i
CEEEEEEEEEEEEEEEEEEEEEEEE
Identify the typical The three representative load curves
workday load curve : workday, Saturday and Sunday
| Wednesday . Thursday B WFB2009
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Automatic selection of the representative load curves of each

measurement file . .
) Automatic selection

1 - Delete the bad data
Sunday (outage service and

abnormal power

consumption)

2 - Compute three average ‘ 2
curves (Sunday, Saturday )

and workday)
Saturday ‘

3 - Choice the three curves
near to the average curves

The three representative load
curves for a customer: workday,
Saturday and Sunday

This procedure is
applied automatically
to each load curve
measurement file

0

o

=" i EEEEEEEEEEDR "IN EEEEEEEEESR
Tempo (intervalode 15 minutos) Tempo (intervalode 15 minutos)

workdays
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Identification of the load curves with abnormal consumptions

workdays . Box plot These load curves
. c U . are not considered
= /~ + " Abnormal in the average
X . \.__# _/consumption computation
" < —= Upper bound (UB)
5 I
- | | 75% percentile (Q3)
Q -
Ju median
) _
0 25% percentile (Q1)
| I -D ] |
S —_ Lower bound (LB)
S
g_ i
5 \ Abnormal These load curves
8 | ‘consumption are not considered
8 I in the average
: computation

UB = Q3 + 1.5%(Q3-Q1)
LB = Q1 - 1.5%(Q3-Q1)

WFB2009
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Cluster analysis ez | -

© PUdaMeda & K ‘

~ Mimero de Clusters Visualizadas Simultaneamente. ——

 Um[1] ¢ Dois(2] ¢ Ties(3] (¢ Ouatio(4]

Niimeo de Clusters: [18 =] H I~ Agregads do Cluster

The user
o : can s

- ° e 7w ,!; 10000 g; 1500
) ) s : £ £ 1000

o w0 o0 To0 T 5p00 z
choice

150 1000

Nl
AT K-Means,

i —— Ward
L SA VARV B I\ ’ o
ﬂ S —— or FCM '

2000

cEEREREERER
o e R
dgsEodzows

Set of centroids
workdays

representative
load curves

Al G |
= Demands
‘ N2 de Tipologias.: 'Tj ‘

" PUdaMéda & KW"

~ Mimero de Tipolagias Yisualizadas Simultaneaments —
€ U] ¢ Daisf2] ¢ Tés[3]  Quataf4)
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£ 100000 % 2000
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- S
; [ .l WFB2009
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User can move a load curve from one cluster to another

C n =
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Output report with statistics to set the number of clusters

& analise.txt - Bloco de notas Bl -0l x| BSS = Between sum squares
arquivo  Editar Formatar  &juda .
—112
T —— e —— e ————————— o — = _ B
Number of ' BSS_ZHCj CH
C|usters CS 0/OBSS 0/OWSS BSS J:l
e K ——m————m— K m e m e e WSS = Within sum squares
L b et 0.00 100,00 0.
2 0. 4796 23.16 76 . B 200,
3 0.4001  36.65 63,39 3182, WSS = EZEZHX CH
4 0. 7044 44. 88 55,12 3807 i
g 0. 7250 40,23 50, 77 4274.
& 2. 2650 52, &2 47.18 4586,
7 > 1014 638 A3 BY 4800, %BSS = BSS / (WSS + BSS)
g 1.0617 5, 23 40,77 5143,
g 1.8387 61,78 38,22 5365,
10 1. 7360 63, 00 26,10 5548, %WSS = WSS / (WSS + BSS)
11 1.6567 65,57 34.43 5603,
12 1.7017 67.12 32.88 BE28. o
1] | i

The ideal number of clusters minimizes the compacity and separation

measure (CS)
cs=33urfs e /e, .

j=1i=1

k = number of clusters X = load curve c= cluster centroid
n = number of objects (load curves) u = membership function

m = degree of fuzzyfication (m=1 for crisp methods k-Means and Ward) WFB2009
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The main result is a worksheet with the typical load profiles

rosoft Excel - PLANILHA_2004081 21

J@ Arguivo  Editar Emibir Inzerr Formatar Feramentaz Dadoz Janela Ajuda Traducgao = I =3 |i|
A e C = E | F & [ H ] I [ J k| L [ m ] —

1 |CEPEL - Centro de Pesquisas de Energia Eletrica —
2z | Sistermna ANATIPO
2 | Tipofogias e WA
4
1] INTERYALDO HORA TIFD 1 TIFO 2 AGREGADO
E atil sabado | domingo atil sabado domingo atil sabado domingo
T Q0:00-01:00 1 15.263 18113 15.600 0.953 0.8ET 0720 1E.207 18,980 16.38
2 0:00-02:00 2 14,307 12,113 16120 0.867 04953 0693 15,773 13.067 16,813
k) 02:00-03:00 3 16,167 17.340 15,347 0.720 n.7Fan 0.Fan 15,947 18.720 1E.727
10 03:00-04:00 4 15167 17620 16033 0.867 0.8ET 0633 1E.033 15547 1E.727
1 04:00-05:00 1] 15.263 17.7E7 15.600 0.693 04953 0720 15.947 18,720 16.38
12 05:00-0&:00 E 18,287 19.674 160373 0.8E67 0.8ET 0633 19.154 20540 1E.727
13 0E:00-07:00 T 32.7E0 36707 16,380 1.040 1127 0,953 33.800 36834 17.333
14 07.00-08:00 g 44 450 E3TET 16,293 1.200 1733 0,953 45, TG0 E5.521 17.247
15 05:00-09:00 9 142568 123.588 16.207 1.820 1.387 0633 144,388 124.974 1.4
1E 03:00-10:00 0 206,976 227.935 15.773 E.OET 1.387 1127 3130473 229322 16.9 Exce I WO r kS h eet
17 10:00-11:00 1 317.8496 244 055 16,293 E413 1.213 0693 324303 2452639 16,987
18 11:00-12:00 12 2ar.042 23 EZZ 18.200 1.5E0 1127 0.7an 288603 236643 18.33
19 12:00-13:00 13 296.7449 225,855 176830 4 B30 1.040 0.E07 201.4249 226.895 18.287 ready to be used
20 13:00-14:00 14 219962 184,428 17.073 0.780 2.253 0,347 220,742 186652 17.42 . . . .
21 14:00-15:00 15 245 442 204 275 16293 E.153 1.560 0867 251.596 205,835 17.16 th d t b t
22 15:00-16:00 16 2003283 202455 17.247 h.233 1.040 0.6520 206882 203.435 17.7E7 I n e IS rl u I O n
23 16:00-17:00 17 232875 209475 16467 5.807 0ES: 0520 238 E82 2101649 1E.9287 . =
24 17:00-13:00 18 228009 | 215.282  16.900 0.780 1,560 1300 228889 216842 12.2 ta”ff com p utat| on
25 18:00-19:00 19 1r8.622 131474 16,380 1127 0.8ET 0720 179.748 132.34 17.16
2B 19:00-20:00 20 117,865 94,901 17.247 1.907 04953 0.867 MA774 95854 12,113
27 20:00-21:00 21 11.374 47327 17.533 1.387 1647 0.963 113.361 43674 18.547
28 21:00-22:00 22 Ta.041 32414 17333 1127 1.387 0,347 20167 3,800 1768
249 22:00-23:00 23 44 114 26827 16900 0.780 1.213 0433 44 294 27.040 17333
30 23:00-24:00 24 23.054 17680 16,033 1473 1.040 0173 24 527 12,720 1E.207
H | mercado 95.347 1.EG3 100
32 | mercado Mwh A53472 4 1ERZT.BE 1000000
33 | demanda média MW 135,606 2.297 137902
24 |poderagio sabado 0303 0517 .04
35 |poderagio domingo 0122 0314 0125
3E | Fator de carga 12657 3681 12622
37 |demanda max MW Ponta 1FEEZ2 1.907 179.748
32 |demanda mazx MW Fora_FPonta 37896 E.413 324309
39 I -I I;l

4[4 [#[s PLANILHA £ | 4] v
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The softwares for identifying typical load profiles deve loped in the
Brazilian electric power sector are based on the French ftr adition,
specially from the EDF’s experience.

Most of the studies carried out in the Brazilian electric ity distribution
utilities have been used statistics techniques (Ward metho d, k-Means or
the “ Nuées dynamiques ”) to obtain the typical load profiles. For example,
the statistics technigues have been used in the tariff revi sion process.

However it is possible to find few studies that use Self- Organizing Map
(SOM) in order to get the typical load profiles. Most of these studies have
been used the Matlab Neural Network Toolbox. The challeng e remains to
develop a software based on SOM like * Courboscope ” (Debregeas &
Hebralil, 1998) developed by the EDF’s R&D Division.

Debrégeas, A., Hébrail G. (1998). Interactive Interpretation of Kohonen Maps Applied To Curves, In KDD'98,
Proceedings of the 4th International Conference on Knowledge Discovery and Data Mining, New-York, pp.179-
183, AAAI Press. WEB2009
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