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Abstract

As is known, the insertion of new generation technologies, whether it is on 

²°̶-±ßı±±ı©-や ©°や Łı±²°ıÆ³²ı©-╇や æ̶±や ±ØµØ°̶œや ØTØª²±や ©-や ²æØや ²°̶Łı²ı©-̶œや ØœØª²°ıªや
network, from technical changes to its regulation. There is a global interest 

©-やR-Łı-ºや²æØやÆØ±²や¹̶½や²©や²̶øØや̶Łµ̶-²̶ºØや©Œや²æ©±ØやØßØ°ºı-ºや²Øªæ-©œ©ºıØ±や
̶-Łや²æØやÆØ±²や¹̶½や²æØ½やª̶-やı-²Ø°̶ª²や¹ı²æや²æØや²°̶Łı²ı©-̶œや¬©¹Ø°や±½±²Øß╆や5æı±や
¬̶¬Ø°や¬°©¬©±Ø±や̶やßØ²æ©Ł©œ©º½や²©やØ¼¬œ©ı²や²æØやß̶¼ıß³ßや¬©²Ø-²ı̶œや©Œや²æØや²°̶-

ditional electric network and the integration of a well-known generation te-

ªæ-©œ©º½や±³ªæや̶±や²æØや¹ı-ŁやºØ-Ø°̶²ı©-╆や5©やŁ©や±©╇や¹Øや¬°Ø±Ø-²や̶や1°©Æ̶Æıœı±²ıªや
"$や 0¬²ıß̶œや 1©¹Ø°や 'œ©¹や 〉101'《や ²æ̶²や ²̶øØ±や ı-²©や ̶ªª©³-²や œ©̶Łや µ̶°ı̶²ı©-╇や
wind’s stochastic behavior and variable line’s thermal rating which is usua-

œœ½や³±ØŁや̶±や̶やŁØ²Ø°ßı-ı±²ıªやµ̶œ³Øやı-や±ØµØ°̶œや±²³ŁıØ±╆や"やµ̶œıŁ̶²ı©-や©Œや²¹©や¬°©-

¬©±ØŁや±ªæØßØ±や©Œや²æØや1©ı-²や&±²ıß̶²Øや.Ø²æ©Łや〉1&.《やı±やß̶ŁØ╇や-©²や©-œ½やŒ©°や
-©°ß̶œや Łı±²°ıÆ³²ı©-±や Æ³²や Œ©°や ŁıTØ°Ø-²や øı-Ł±や ©Œや ¬°©Æ̶Æıœı²½や Łı±²°ıÆ³²ı©-±╇や
±³ªæや̶±や8ØıÆ³œœや̶-ŁやºØ-Ø°̶œı¾ØŁやØ¼²°ØßØやµ̶œ³Ø╆や0Æ²̶ı-ØŁや°Ø±³œ²±や̶°Øやª©ß¬̶-

°ØŁや ¹ı²æや ²æØや.©-²Øや $̶°œ©や 〉.$《や ±ıß³œ̶²ı©-や ı-Łıª̶²ı-ºや ²æ̶²や ²æØや ¬°©¬©±ØŁや
ßØ²æ©Łや±ıº-ıRª̶-²œ½や°ØŁ³ªØ±や²æØやª©ß¬³²̶²ı©-̶œやÆ³°ŁØ-や¹æıœØやß̶ı-²̶ı-ı-ºや̶や
æıºæやœØµØœや©Œや̶ªª³°̶ª½╆
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Introduction

#Øª̶³±Øや©Œや²æØやª©-±²̶-²やØ¼¬̶-±ı©-や©Œや²æØやØœØª²°ıªや±½±²Øßや
ª©-Rº³°̶²ı©-や〉œ©̶Ł±╇やœı-Ø±╇やºØ-Ø°̶²©°±╇やØ²ª╆《や̶-Łや²æØや°Ø-
ªØ-²や-ØØŁや©Œや³±ı-ºやß©°ØやØUªıØ-²や̶-ŁやØ-µı°©-ßØ-²̶œœ½や
Œ°ıØ-Łœ½やØœØßØ-²±や̶-Łや¬°©ªØŁ³°Ø±╇や²æØやØœØª²°ıª̶œや±Øª²©°や
æ̶±やÆØØ-やı-µ©œµØŁや©-や²æØや²̶±øや©ŒやŁØ±ıº-ı-ºや̶ -Łや̶ ¬¬œ½ı-ºや
ŁıTØ°Ø-²やøı-Ł±や©Œや±²°̶²ØºıØ±や²©やŁØª°Ø̶±Øやœı-Øやœ©±±Ø±╇や³¬-

º°̶ŁØや²æØや±½±²Øßや°Øœı̶Æıœı²½や̶-Łや±¬Øªı̶œœ½や²©やØ-±³°Øやı²や²©や
ÆØやØª©-©ßıª̶œœ½やµı̶ÆœØ╆

5æØや©¬²ıß̶œや¬©¹Ø°やS©¹や〉01'《やæ̶±やÆØØ-や©-Øや©Œや²æ©±Øや
±²°̶²ØºıØ±╇やØ-±³°ı-ºや²æ̶²やŒ©°やØµØ°½やœ©̶ŁやŁØß̶-Łや±ªØ-̶-

°ı©や²æØ°Øやı±や̶-や©¬²ıß̶œや̶ß©³-²や©Œや¬©¹Ø°やºØ-Ø°̶²ØŁや̶-Łや
°Ø±²°ıª²ØŁやı-²©や̶や±Ø²や©Œやª©-±²°̶ı-²±や²©やØ-±³°Øやı²±や©¬Ø°̶²ı©-

-̶œや ±³ªªØ±±╆や )©¹ØµØ°や ²æØや 01'や æ̶±や ÆØØ-や ºØ-Ø°̶œœ½や
̶¬¬œıØŁや̶±や̶やŁØ²Ø°ßı-ı±²ıªやßØ²æ©Ł╇やıº-©°ı-ºや±©ßØや³--

ªØ°²̶ı-²ıØ±や²æ̶²やı-や̶やªØ°²̶ı-やß©ßØ-²やª©³œŁやÆØや̶-やıß¬©°-
tant factor such as load variation and change on the 

ª©-Rº³°̶²ı©-や©Œや²æØや-Ø²¹©°øや²æ̶²やß̶½やœØ̶Łや²©やßØ̶±³°Ø-

ment errors on the generation forecasting.

It is also evident the huge insertion of wind genera-

²©°±や©-やØ¼ı±²ı-ºや¬©¹Ø°や±½±²Øß±や¬°©ß©²ØŁやÆ½やı²±や°ØŁ³ª-
tion on the environmental consequences and the usage 

©Œや ı-R-ı²Øや ¬°ıß̶°½や Ø-Ø°º½や ±©³°ªØや 〉¹ı-Ł《や ¹æıªæや æ̶±や
ß̶ŁØや ̶や œ©²や ©Œや ª©³-²°ıØ±や ±³¬¬©°²や ²æØや Ø¼¬̶-±ı©-や ©Œや °Ø-
-Ø¹̶ÆœØや Ø-Ø°º½や ºØ-Ø°̶²ı©-や ª̶¬̶ªı²½や 〉4œ©©²¹Øº╇や ｲｰｰｳ╉や
+Ø-øı-±╇や ｲｰｰｰ《╆や /ØµØ°²æØœØ±±╇や ı²±や ±²©ªæ̶±²ıªや ÆØæ̶µı©°や
ß̶øØ±やı²や̶-やı-²Ø°ßımØ-²や±©³°ªØ╇や¹æıªæやß̶øØ±やı²やæ̶°ŁØ°や
²©や ¬°ØŁıª²や ı²±や ºØ-Ø°̶²ı©-や ª̶¬̶ªı²½╆や 4ØµØ°̶œや ¬°©Æ̶Æıœı²½や
Łı±²°ıÆ³²ı©-やŒ³-ª²ı©-±や〉1%'《やæ̶µØやÆØØ-や¬°©¬©±ØŁやı-や²æØや
œı²Ø°̶²³°Øや〉$̶°²̶╇やｲｰｰｹ《や²©や°Ø¬°Ø±Ø-²や±³ªæや̶やªæ̶°̶ª²Ø°ı±-
²ıª╉やæ©¹ØµØ°や²æØやß©±²や¹ıŁØœ½や̶ªªØ¬²ØŁや1%'やı±や²æØや²¹©ま
¬̶°̶ßØ²Ø°や8ØıÆ³œœやŁı±²°ıÆ³²ı©-や̶±やı-や,̶¾Ø°©©-ıや〉ｲｰｱｱ《や
̶-Łや#̶-Ø°łØØや〉ｲｰｱｲ《╆

"-©²æØ°やıß¬©°²̶-²やŒ̶ª²や²æ̶²やı±やº©ı-ºや²©やÆØやæıºæœıºæ²ØŁや
ı±や²æØや²æØ°ß̶œや°̶²ı-ºや©Œや²æØやœı-Ø±╇や¹æıªæやæ̶±や³±³̶œœ½やÆØØ-や
³±ØŁや̶±や̶やŁØ²Ø°ßı-ı±²ıªや¬̶°̶ßØ²Ø°やı-や±ØµØ°̶œや101'や±²³-

dies. As can be seen in ,̶¾Ø°©©-ıや〉ｲｰｱｱ《や̶-Łや:Ø-³ß³œ̶や
〉ｲｰｰｴ《╇や œı-Ø±や æ̶µØや Ł½-̶ßıª̶œや ²æØ°ß̶œや °̶²ı-º±や ²æ̶²や ª̶-や
µ̶°½╇や̶ ß©-ºや©²æØ°±╇やÆØª̶³±Øや©Œや²æØや̶ ßÆıØ-²や²Øß¬Ø°̶²³°Ø╇や
̶ı°やŁı°Øª²ı©-╇や̶-ŁやµØœ©ªı²½や̶-Łや±Ø̶±©-╆や5æØや œı-Øや °̶²ı-º±や
̶TØª²や²æØや¬©¹Ø°や±½±²Øß‒±や²°̶-±ŒØ°やª̶¬̶ªı²½╇やœıßı²ı-ºや²æØや
ß̶¼ıß³ßや̶ß©³-²や©Œや¬©¹Ø°や²æ̶²やª̶-やÆØやŁØœıµØ°ØŁやŒ°©ßや
©-ØやÆ³±や²©や̶-©²æØ°╆や*Œや²æ̶²やœıßı²やı±やı-ª°Ø̶±ØŁ╇やŒ©°やØ¼̶ß¬œØ╇や
ı-やª̶±Øや©Œやæıºæや¬°Ø±Ø-ªØや©Œや¹ı-ŁやºØ-Ø°̶²ı©-╇やı²やª©³œŁやı--

ª°Ø̶±Øや ²æØや ®³̶-²ı²½や ©Œや æ̶°-Ø±±ØŁや ¬©¹Ø°や ª©ßı-ºや Œ°©ßや
them, decreasing, among others, the generation costs 

̶-Łや²æØや¬©¹Ø°やºØ-Ø°̶²ØŁやŒ°©ßや-©ま°Ø-Ø¹̶ÆœØやºØ-Ø°̶²ı©-や
¬œ̶-²±╆

*-や °ØªØ-²や œı²Ø°̶²³°Øや ²æØや 101'や æ̶±や ÆØØ-や ³±ØŁ╆や '©°や
Ø¼̶ß¬œØや ı-や7Ø°Æıªや 〉ｲｰｰｶ《や̶や101'や³±ı-ºや ²æØや ²¹©ま¬©ı-²や
Ø±²ıß̶²ØやßØ²æ©Łや ı±や ¬°Ø±Ø-²ØŁ╇や¹æØ°Øや ²æØや Æ³±‒や œ©̶Łや ı±や
²̶øØ-や̶±や°̶-Ł©ßやµ̶°ı̶ÆœØや̶-Łや²æØやœ©ª̶œやß̶°ºı-̶œや¬°ıªØ±や
〉-.1《や̶°Øや²̶øØ-や̶±や°Ø±³œ²±╆や"º̶ı-やı-や-ıや〉ｲｰｰｸ《╇や̶や101'や
Æ̶±ØŁや©-や²æØやµ̶°ı̶²ı©-や©Œや²æØや-©Ł̶œやœ©̶Łや¬©¹Ø°やı±や¬°Ø-
±Ø-²ØŁ╇や Æ³²や ³±ı-ºや ²æØや R°±²ま©°ŁØ°や ±Øª©-Łまß©ßØ-²や
ßØ²æ©Łや〉'04..《や̶-Łや²̶øı-ºやı-²©や̶ªª©³-²や²æØやª©°°Øœ̶-

²ı©-やÆØ²¹ØØ-や±²©ªæ̶±²ıªやµ̶°ı̶ÆœØ±や̶-Łやß̶½や-©²やÆØや̶ªª³-

°̶²Øや ıŒや ª©-ºØ±²ı©-や ©-や ±½±²Øß‒±や œı-Ø±╆や 5æØ°Øや ı±や ̶œ±©や
œı²Ø°̶²³°Øや±³ªæや̶±や;̶øØ°や〉ｲｰｱｲ《や̶-Łや"æß̶Łıや〉ｲｰｱｱ《 that 

ı-ª©°¬©°̶²Ø±や¹ı-ŁやºØ-Ø°̶²ı©-や̶-Łや²æØや1&.や²©や±©œµØや²æØや
101'╆や

'ı-̶œœ½やı-や#̶-Ø°łØØや〉ｲｰｱｲ《や̶や%$やß©ŁØœØŁや101'や〉©-œ½や
̶ª²ıµØや¬©¹Ø°や ı±や ı-µ©œµØŁ《や ı±や¬°©¬©±ØŁ╇や ²̶øı-ºや ı-²©や̶ª-
count load variation, wind generation and variable line 

ª̶¬̶ªı²½やµ̶œ³Ø±や³±ı-ºや̶や.$や±ıß³œ̶²ı©-やÆ̶±ØŁや̶œº©°ı²æßや
Œ©°や̶や±ı¼や-©ŁØ±や²Ø±²や±½±²Øßや̶-Łや̶やßØ²æ©Ł©œ©º½や²©やØ±²ı-
ß̶²Øや²æØや¬©¹Ø°や°Ø±Ø°µØ╆

Resumen

Como se sabe, la inserción de nuevas tecnologías de generación, ya sea en transmis-

ión o distribución, tiene varios efectos sobre la red eléctrica tradicional, desde cam-

bios técnicos hasta cambios en la reglamentación. Existe un interés mundial en la 

búsqueda de la mejor manera de aprovechar dichas tecnologías nuevas para que  

puedan interactuar con el sistema de potencia tradicional. En este trabajo se propone 

una metodología para explotar al máximo el potencial de la red eléctrica tradicional 

y la integración de una conocida tecnología de generación como la generación eólica. 

1̶°̶や Øœœ©╇や ±Øや¬°Ø±Ø-²̶や³-やS³ł©やŁØや¬©²Ø-ªı̶や Ÿ¬²ıß©や¬°©Æ̶Æıœç±²ıª©や"$や 〉101'《や®³Øや
tiene en cuenta la variación de la carga, el comportamiento estocástico del viento y 

la variación en los límites térmicos de las líneas, los cuales usualmente se toman 

como determinísticos en algunos estudios. Se presenta una nueva validación de dos 

esquemas propuestos del método de estimación por puntos, no solo para distribucio-

nes normales, sino, para varios tipos de distribuciones como la Weibull y la distribu-

ción generalizada de valores extremos. Los resultados obtenidos se comparan con la 

simulación de Monte Carlo.

Descriptores: 

̋" hnwlq"fg"rqvgpekc"„rvkoq"
rtqdcdkn‡uvkeq

̋" ofivqfq"fg"guvkocek„p"rqt"
rwpvqu

̋" igpgtcek„p"g„nkec
̋" igpgtcek„p"fkuvtkdwkfc
̋" ukowncek„p"fg"Oqpvg"Ectnq
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5æı±や ¬̶¬Ø°や ¬°Ø±Ø-²±や ̶-や "$や 1°©Æ̶Æıœı±²ıªや 0¬²ıß̶œや
1©¹Ø°や'œ©¹や³±ı-ºや²æØやｲmや̶-Łやｲm┏ｱ〉ｳm《や±ªæØßØ±や©Œや²æØや
1&.や〉)©-º╇やｱｹｹｸ《や²̶øı-ºやı-²©や̶ªª©³-²や²æØや³-ªØ°²̶ı-²½や
on bus loads, the stochastic behavior of wind velocities 

and line’s thermal ratings being the random variables 

〉37《╆や"-やØ¼¬œ̶-̶²ı©-や©Œや²æØやß©ŁØœやŒ©°や²æØや¹ı-ŁやºØ-Ø°̶-

²©°±や³±ØŁやı±や̶œ±©やŁı±ª³±±ØŁ╆や"やª©ß¬̶°ı±©-やÆØ²¹ØØ-や²æØや
¬©ı-²や Ø±²ıß̶²Øや ±ªæØßØ±や ıß¬œØßØ-²ØŁ╇や¹æØ-や ŁıTØ°Ø-²や
øı-Łや©Œや¬°©Æ̶Æıœı²½やŁı±²°ıÆ³²ı©-±や̶°Øや³±ØŁ╇や̶-Łや²æØや.$や
simulation of the generation costs obtained from two 

²Ø±²や±½±²Øß±や〉*&&&やｱｴや̶-Łや*&&&やｱｱｸ《やı±や¬°Ø±Ø-²ØŁ╆や'ı-̶-

œœ½╇や°Ø±³œ²±やŒ©°や²¹©やŁıTØ°Ø-²やª̶±Ø±や©-やØ̶ªæや²Ø±²や±½±²Øß╇や
̶±±³ßı-ºやR¼ØŁや̶-ŁやŁ½-̶ßıªやœı-Ø‒±や²æØ°ß̶œや°̶²ı-º±や̶°Øや
Ø¼¬©±ØŁや ̶-Łや Łı±ª³±±ØŁ╆や 5æØや ©¬²ıßı¾̶²ı©-や ¬°©ªØŁ³°Øや
¹̶±やß̶ŁØや³±ı-ºや.̶²¬©¹Ø°╆

Wind generators model

There are several kinds of wind generator technologies 

²©やª©-µØ°²や¹ı-ŁやØ-Ø°º½やı-²©やØœØª²°ıª̶œやØ-Ø°º½や〉+Ø-øı-±╇や
ｲｰｰｰ《╉やæ©¹ØµØ°やß©±²や©Œや²æØやı-±²̶œœØŁや²³°Æı-Ø±や̶°ØやÆ̶±ı-
ª̶œœ½や©-Øや©Œや²æØ±Øや²æ°ØØ╈や±®³ı°°Øœやª̶ºØやı-Ł³ª²ı©-やºØ-Ø°̶-

²©°±╇や Ł©³Æœ½や ŒØŁや ı-Ł³ª²ı©-や ºØ-Ø°̶²©°±や ©°や Łı°Øª²や Ł°ıµØや
±½-ªæ°©-©³±やºØ-Ø°̶²©°╆や5æØやß̶ı-やŁıTØ°Ø-ªØ±やÆØ²¹ØØ-や
©-Øや ̶-Łや©²æØ°や Æ̶±ıª̶œœ½や ̶°Øや ²æØや ª©-²°©œœ̶Æıœı²½や ̶-Łや ı²±や
connection to the network. The model used in this do-

ª³ßØ-²やı±やÆ̶±ØŁや©-や̶やµ̶°ı̶ÆœØや±¬ØØŁや̶±½-ªæ°©-©³±やºØ-
-Ø°̶²©°や ²³°Æı-Ø╇や ¹ı²æや -Øº̶²ıµØや ºØ-Ø°̶²ØŁや ¬©¹Ø°や 〉QW 

œ©̶Ł《や̶-Łや̶やœ̶ººı-ºや¬©¹Ø°やŒ̶ª²©°や©Œやｰ╆ｸ╇や¹æıªæやæ̶±やÆØØ-や
̶œ°Ø̶Ł½や³±ØŁやı-や²æØやœı²Ø°̶²³°Øや〉;̶øØ°╇やｲｰｱｲ《╆

5æØや ŁØ¬Ø-ŁØ-ªØや ©Œや ²æØや ¬©¹Ø°や Ø¼²°̶ª²ØŁや Œ°©ßや ²æØや
̶ı°S©¹や©-や²æØや¹ı-Łや±¬ØØŁやı±やºıµØ-やÆ½やØ®³̶²ı©-や〉ｱ《╆

ややや や や 〉ｱ《

where

PWや └やßØªæ̶-ıª̶œや¬©¹Ø°や Ø¼²°̶ª²ØŁや Œ°©ßや
²æØや̶ı°S©¹や》8『

t   や└や̶ı°やŁØ-±ı²½や》øºのß
ｳ『

cpややや└や¬Ø°Œ©°ß̶-ªØや ª©ØUªıØ-²や ©°や ¬©¹Ø°や
ª©ØUªıØ-²や²æ̶²やŁØ¬Ø-Ł±や©-や²æØや°̶-

²ı©やÆØ²¹ØØ-や²æØや°©²̶²ı©-̶œや±¬ØØŁや©Œや
²æØや²ı¬や©Œや̶やÆœ̶ŁØや̶-Łや²æØや̶ª²³̶œやµØ-

œ©ªı²½や©Œや²æØや¹ı-Łや〉²ı¬や±¬ØØŁや°̶²ı©《や
̶-Łや©-や²æØや¬ı²ªæや̶-ºœØや©Œや²æØやÆœ̶ŁØ

vWやや└や̶ ª²³̶œやµØœ©ªı²½や©Œや²æØや¹ı-Łやı-や》ßの±『
"r   や└や̶ °Ø̶や±¹Ø¬²やÆ½や²æØや°©²©°や》ß

ｲ『╆や

)©¹ØµØ°や ²æı±や ŁØ¬Ø-ŁØ-ªØや ı±や -©²や µ̶œıŁや Œ©°や ̶œœや ¹ı-Ł‒±や
¬©±±ıÆœØやµØœ©ªı²ıØ±╇やı²やæ̶±や²©やÆØやÆ©³-ŁØŁやÆØ²¹ØØ-や©¬Ø°̶-

tional limits if real wind generators are going to be mo-

ŁØœØŁ╆や "²や œ©¹や ±¬ØØŁ±や 〉³±³̶œœ½や œØ±±や ²æ̶-や ｳや 》ßの±『《や ²æØや
Ø-Ø°º½やª©-²̶ı-ØŁや©-や²æØや̶ı°やı±やł³±²や²©©やœ©¹や²©やºØ-Ø°̶²Øや
̶-½や¬©¹Ø°╉や²æ̶²や±¬ØØŁやı±やª̶œœØŁやª³²まı-や±¬ØØŁ╆や#Ø²¹ØØ-や
²æØや ª³²まı-や ±¬ØØŁや ̶-Łや ²æØや °̶²ØŁや ±¬ØØŁ╇や ²æØや ºØ-Ø°̶²ØŁや
¬©¹Ø°やŁØ¬Ø-Ł±や©-や²æØや°Øœ̶²ı©-やı-やØ®³̶²ı©-や〉ｱ《╆や*Œや¹ı-Łや
µØœ©ªı²½やı±やæıºæØ°や²æ̶-や²æØや°̶²ØŁや±¬ØØŁやÆ³²やœØ±±や²æ̶-や²æØや
ª³²ま©³²や±¬ØØŁ╇や²æØやºØ-Ø°̶²ØŁや¬©¹Ø°やı±や±Ø²や²©や²æØや-©ßı-
-̶œや ¬©¹Ø°や ©Œや ²æØや¹ı-Łや ºØ-Ø°̶²©°╆や *-や ±©ßØや °̶°Øや ª̶±Ø±や
¹ı-Łや±¬ØØŁ±やØ¼ªØØŁや²æØやª³²ま©³²や±¬ØØŁ╇やıŒやı²やŁ©Ø±╉や²æØやºØ-
-Ø°̶²ØŁや¬©¹Ø°やı±や±Ø²や²©やªØ°©や〉4œ©©²¹Øº╇やｲｰｰｳ《╆

4ØµØ°̶œや±²³ŁıØ±やæ̶µØや±æ©¹-や²æ̶²や̶やº©©Łや¹̶½や©Œや°Ø-
¬°Ø±Ø-²ı-ºや²æØや±²©ªæ̶±²ıªやÆØæ̶µı©°や©Œや¹ı-ŁやµØœ©ªı²ıØ±やı±や
̶や8ØıÆ³œœやŁı±²°ıÆ³²ı©-や〉,̶¾Ø°©©-ı╇やｲｰｱｱ╉や#̶-Ø°łØØ╇やｲｰｱｲ《. 
*-や ²æı±や ¬̶¬Ø°╇や ̶や ²¹©や ¬̶°̶ßØ²Ø°±や8ØıÆ³œœや Łı±²°ıÆ³²ı©-や
function is used.

や や や 〉ｲ《

5æØや¬̶°̶ßØ²Ø°±╇や ª³²まı-や ±¬ØØŁ╇や °̶²ØŁや±¬ØØŁ╇やØ²ª╆や Œ©°や̶œœや
¹ı-ŁやŒ̶°ß±や̶°Øや±æ©¹-やı-や5̶ÆœØやｱ╆や&µØ°½や¹ı-ŁやºØ-Ø°̶²©°や
©-や²æØや¹ı-ŁやŒ̶°ß±やı±や̶やµ̶°ı̶ÆœØや±¬ØØŁ╇やｱ╆ｴｱや》.8『や°̶²ØŁや
¬©¹Ø°やß̶ªæı-Øや̶-ŁやØµØ°½や¬Ø°Œ©°ß̶-ªØやª©ØUªıØ-²やcp is 

̶°Æı²°̶°ıœ½や±Ø²や²©や©-Ø╆
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Line transfer capability

5æØやß̶¼ıß³ßや ª̶¬̶ªı²½や ©Œや ²æØや ²°̶-±ßı±±ı©-や œı-Ø±や ŁØ-
¬Ø-Ł±や©Œや±ØµØ°̶œやŒ̶ª²©°±╇や̶やœ©²や©Œや²æ©±ØやŒ̶ª²©°±や̶°Øや̶±±©-

ªı̶²ØŁや¹ı²æや²æØや¹Ø̶²æØ°╇や¹æ̶²やß̶øØ±や œı-Ø‒±やª̶¬̶ªı²½や̶や
non deterministic variable. It is common for network’s 

ª̶¬̶Æıœı²½や ²©やÆØや³-ŁØ°Ø±²ıß̶²ØŁや ıŒや ²æØ°ß̶œや °̶²ı-º±や̶°Øや
R¼ØŁやı-や²æØı°や°̶²ØŁやµ̶œ³Øや¹æıªæやı±や³±³̶œœ½や®³ı²Øやª©-±Ø°-
µ̶²ıµØやı-やª©ß¬̶°ı±©-や²©や²æØや°Ø̶œや-Ø²¹©°øや²°̶-±ŒØ°やª̶¬̶-

ªı²½や̶²や̶やºıµØ-や²ıßØや〉#̶-Ø°łØØ╇やｲｰｱｲ《.
5æ³±╇や ı²や ı±や -ØªØ±±̶°½や ²©や ª©-±ıŁØ°や œı-Øや ª̶¬̶ªı²ıØ±や ̶±や

¬°©Æ̶Æıœı±²ıªやµ̶°ı̶ÆœØ±╇や¹æØ°Øや²æØや¬°©Æ̶Æıœı²½やŁı±²°ıÆ³-

²ı©-やŒ³-ª²ı©-や©Œや²æØやß̶¼ıß³ßや¬©¹Ø°やS©¹±やı-やœı-Ø±やª©-

°°Ø±¬©-Ł±や²©や̶やºØ-Ø°̶œı¾ØŁやØ¼²°ØßØやµ̶œ³ØやŁı±²°ıÆ³²ı©-╇や
¹æıªæやı±やØ¼¬°Ø±±ØŁや̶±や±æ©¹-やı-やØ®³̶²ı©-や〉ｳ《╆や5æı±やŁı±-
²°ıÆ³²ı©-や ı±や ª©ßß©-œ½や ³±ØŁや ı-や œı²Ø°̶²³°Øや 〉#̶-Ø°łØØ╇や
ｲｰｱｲ╉や,̶¾Ø°©©-ı╇やｲｰｱｱ《やÆØª̶³±Øやı²やæ̶±や¬°©µØ-や²©やÆØや²æØや
ß©°Øや±³ı²̶ÆœØや1%'やŒ©°や²æØや¬æØ-©ßØ-̶╆

   〉ｳ《

5æØや ±æ̶¬Øや ¬̶°̶ßØ²Ø°±や ©Œや ²æØや ¬°©Æ̶Æıœı²½や Łı±²°ıÆ³²ı©-や
̶°ØやŁØR-ØŁやÆ½やゎ╇やk╇やμ╆や5æØ±Øや¬̶°̶ßØ²Ø°±や̶°ØやŁØ²Ø°ßı-ØŁや
̶ªª©°Łı-ºや ²©や ̶や ±Ø²や ©Œや Œ̶ª²©°±や ı-や ²æØや œı-Ø±や 〉,̶¾Ø°©©-ı╇や
ｲｰｱｱ《╆や5æ©±Øやµ̶œ³Ø±や¹Ø°Øや±ª̶œØŁ╇や̶Ł̶¬²ØŁや̶-Łや³±ØŁや©-や
Ø̶ªæや©-Øや©Œや ²æØや ²Ø±²や±½±²Øß±やª©-±ıŁØ°ØŁやı-や²æı±や¬̶¬Ø°╆や
0-や²æØや©²æØ°やæ̶-Ł╇やÆ̶±ØŁや©-やØ̶ªæやœı-Ø‒±や1%'╇や̶や¬°©Æ̶Æı-
œı±²ıªやµ̶œ³ØやŒ©°や²æØやœı-Ø‒±や²æØ°ßıªやª̶¬̶ªı²½や¹ıœœやÆØや³±ØŁや
̶±や ª©-±²°̶ı-²や Œ©°や ²æØや©¬²ıß̶œや¬©¹Ø°やS©¹╉や ²æı±や¹ıœœや ÆØや
discussed later.

Probabilistic optimal power flow

Qrvkocn"rqygt"hnqy"hqtowncvkqp

"-½や ¬°©Æ̶Æıœı±²ıªや ̶-̶œ½±ı±や ±²̶°²±や Œ°©ßや ²æØや æ½¬©²æØ±ı±や
²æ̶²や²æØやÆØæ̶µı©°や©Œや±²©ªæ̶±²ıªやµ̶°ı̶ÆœØ±やı±や̶¬¬°©¼ıß̶-

²Øœ½やø-©¹-╇やŁØ¬Ø-Łı-ºや©-や²æØや1%'╉や±ØµØ°̶œや¬̶°̶ßØ²Ø°±や
̶°Øや-ØØŁØŁや ı-や©°ŁØ°や ²©や©Æ²̶ı-や̶や ±̶²ı±Œ̶ª²©°½や °Ø±¬©-±Ø╆や
5æØやµ̶°ı̶ÆœØ±やı-µ©œµØŁやı-や̶や³±³̶œや01'や̶°ØやŁØ²Ø°ßı-ı±²ıªや
µ̶°ı̶ÆœØ±╉やı-や²æı±や¬̶¬Ø°や̶や101'やı±やÆ³ıœ²やÆ̶±ØŁや©-や̶やŁØ²Ø°-
ßı-ı±²ıªや©-ØやÆØª̶³±Øや²æØや01'や²æ̶²や."5108&3や³±Ø±やı±や
̶やŁØ²Ø°ßı-ı±²ıªや©¬²ıß̶œや¬©¹Ø°やS©¹╆や*-や©°ŁØ°や²©やŁ©や²æ̶²╇や
̶や¬°©Æ̶Æıœı±²ıªやßØ²æ©Łや ²æ̶²や ª̶-やÆØや³±ØŁや ı²Ø°̶²ıµØœ½や ̶±や
ı-¬³²や̶°º³ßØ-²やŒ©°や²æØや01'やæ̶±や²©やÆØやŁØµØœ©¬ØŁ╆や5æØや
ßØ²æ©Łや²©やÆØや³±ØŁやı±や²æØや1&.╇やß©°ØやØ¼̶ª²œ½╇や²æØや¹Øœœま
ø-©¹-やｲmや̶-Łやｲm┏ｱや¬̶°²ıª³œ̶°や±ªæØßØ±╆

5æØや°³--ı-ºやª©±²や©Œや̶や²æØ°ß̶œや¬©¹Ø°や¬œ̶-²やª̶-やÆØや̶¬-

¬°©¼ıß̶²ØŁやÆ½や̶や®³̶Ł°̶²ıªやŒ³-ª²ı©-や̶±やı-やØ®³̶²ı©-や〉ｴ《╆

   〉ｴ《

Where ai, bi and ciや̶°Øやª©-±²̶-²やª©ØUªıØ-²±や°Øœ̶²ØŁや²©や²æØや
cost of fuel at generator i. And iや└やｱ╇やｲ╇や╆╆╆╇やm, where m is 

the total number of thermal generators and mw is the 

-³ßÆØ°や©Œや¹ı-ŁやºØ-Ø°̶²©°±╆や5æØやŁØ²Ø°ßı-ı±²ıªや©¬²ıßı-
¾̶²ı©-や¬°©ÆœØßやª©-±ı±²±や©-やßı-ıßı¾ı-ºや²æØや©¬Ø°̶²ı©-̶œや
ª©±²±や¹æıœØやøØØ¬ı-ºや̶や±Øª³°Øや©¬Ø°̶²ı©-や©Œや²æØや±½±²Øß╇や̶±や
ı±や¬°©¬©±ØŁやı-や〉ｵ《╆

や〉ｵ《

subject to

gP 〉ゃ╇7m , PG《や└やｰ
gQ 〉ゃ╇7m , QG《や└やｰ
hf 〉ゃ╇7m《や└やふ'f 〉ゃ╇7ß《ふま'max ┙やｰ
ht 〉ゃ╇7m《や└やふ't 〉ゃ╇7m《ふま'max ┙やｰ

       ,    iや└やｱ╇や╆╆╆╇やnb

       ,     iや└やｱ╇や╆╆╆╇やm

       ,     iや└やｱ╇や╆╆╆╇やm

        ,    iや└やｱ╇╆╆╆╇やmw

5æØや Ø®³̶œı²½や ª©-±²°̶ı-²±や g〉x《や ̶°Øや ²æØや Œ³œœや ±Ø²や ©Œや ｲやぉやnb 

-©-œı-Ø̶°や̶ª²ıµØや̶-Łや°Ø̶ª²ıµØや¬©¹Ø°やÆ̶œ̶-ªØやØ®³̶²ı©-±╇や
where nbやı±や²æØや-³ßÆØ°や©ŒやÆ³±Ø±╆や5æØやı-Ø®³̶œı²½やª©-±-
traints h〉x《やª©-±ı±²や©Œや²¹©や±Ø²±や©ŒやnlやÆ°̶-ªæやS©¹やœıßı²±や̶ ±や
nonlinear functions, where nlや ı±や ²æØや -³ßÆØ°や ©Œや œı-Ø±╉や
one for the from-end and one for the to-end of each 

Æ°̶-ªæ╆や'ı-̶œœ½╇や²æØやµ̶°ı̶ÆœØやæ̶±や³¬¬Ø°や̶-Łやœ©¹Ø°やœıßı²±や
on all bus voltage magnitudes and real and reactive ge-

nerator injections. PG
iやı±や²æØや¬©¹Ø°やºØ-Ø°̶²ØŁやÆ½や²æØやi-th 

thermal generator, PW
j and Ejや̶°Øや²æØや¬©¹Ø°やºØ-Ø°̶²ØŁや

Æ½や²æØやjま²æや¹ı-ŁやŒ̶°ßや̶-Łやı²±やŒØØŁまı-や²̶°ıTや°Ø±¬Øª²ıµØœ½╆

Rqkpv"guvkocvg"ogvjqf

5æØや¬©ı-²やØ±²ıß̶²ØやßØ²æ©Łやı±や̶や±²̶²ı±²ıªやßØ²æ©ŁやŒ©°やß©-

ŁØœı-ºや²æØや³-ªØ°²̶ı-²½やı-や²æØや©³²¬³²やµ̶°ı̶ÆœØ±や̶ ªª©°Łı-ºや
²©や²æØı°やªØ-²°̶œやß©ßØ-²±やØµ̶œ³̶²ı-ºや²æØやß©ŁØœや̶²や±¬Øªı-
Rªや¬°Øµı©³±œ½やª̶œª³œ̶²ØŁや¬©ı-²±や²æ̶²や̶°Øや¹ı²æı-や²æØや±̶ß-

¬œØや ±¬̶ªØや 〉3©±Ø-Æœ³Ø²æ╇や ｱｹｷｵ《╆や #̶±ıª̶œœ½╇や ²æØや ©ÆłØª²や ©Œや
²æı±やßØ²æ©Łやı-や²æØや101'やı±や²©や©Æ²̶ı-や²æØやß©±²や°Ø¬°Ø±Ø--

²̶²ıµØや ¬©ı-²±や ©Œや Ø̶ªæや °̶-Ł©ßや µ̶°ı̶ÆœØや 〉œ©ª̶²ı©-±や ̶-Łや
¹Øıºæ²±《やÆ½や̶やß̶²æØß̶²ıª̶œや¬°©ªØ±±╇や³±ı-ºや©-Øやµ̶°ı̶ÆœØや
̶²や̶や²ıßØや̶±やı-¬³²やµ̶œ³Øやı-や²æØや01'や̶-Łや±²©°ı-ºや²æØや©³²-
¬³²やŁ̶²̶や²©やR-̶œœ½や©Æ²̶ı-や̶-やØ±²ıß̶²Øや©Œや²æØや±²©ªæ̶±²ıªや
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ÆØæ̶µı©°や©Œや²æØや©³²¬³²やµ̶°ı̶ÆœØ±や〉$æ³-╇やｲｰｰｵ╉や1Øü³Øœ̶╇や
ｲｰｱｰ╉や.©°̶œØ±╇やｲｰｰｷ《╆

2o"Uejgog"

ｲmや ±ªæØßØや °Øœ̶²Ø±や ²æØや R°±²や ²æ°ØØや ªØ-²°̶œやß©ßØ-²±や ©Œや
each random variable kや¹æıªæやı±や¬̶°²や©Œや̶やµ̶°ı̶ÆœØ±やµØª-
tor M. Its mean μkや̶-Łやı²±や±²̶-Ł̶°ŁやŁØµı̶²ı©-やゎk must be 

known from a set of N observations, allowing thr esti-

ß̶²ı©-や©Œや ²æØやÆØæ̶µı©°や©Œや ²æØや©³²¬³²やµ̶°ı̶ÆœØ±やÆ½やｲm 

©³²¬³²や¬©ı-²±や̶Œ²Ø°や²æØやØ¼Øª³²ı©-や©Œやｲm 01'╇や¹æØ°Øやm is 

²æØや-³ßÆØ°や©Œや37╆や4©やı²やı±や-ØªØ±±̶°½や²©やR-Łや²æ©±Øや²¹©やxk,i 

¬©ı-²±や-̶ßØŁや̶±やœ©ª̶²ı©-±やŒ©°やØ̶ªæや°̶-Ł©ßやµ̶°ı̶ÆœØや̶±や
ı-やØ®³̶²ı©-や〉ｶ《╆
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"ªª©°Łı-ºや²©や)©-ºや〉ｱｹｹｸ《╇やØµØ°½やhm┏ｱや±ªæØßØやı±や̶-や
̶Ł̶¬²̶²ı©-や©Œや〉ｲi┏ｱ《mや±ªæØßØ±や©°や〉©ŁŁ《m schemes. In 

²æØやª̶±Øや±²³Ł½╇や²æØやｲm┏ｱや±ªæØßØやı±や̶や¬̶°²ıª³œ̶°やª̶±Øや
©Œや²æØやｳmや±ªæØßØや²̶øı-ºや²æØや²æı°Łやµ̶œ³Øや©Œやらiや〉iや└やｱ╇やｲ╇や
ｳ《や̶±やªØ°©╇や²æı±やı±や¹ı²æや©-Øや©Œやı²±やœ©ª̶²ı©-±やØ®³̶œや²©や²æØや
°̶-Ł©ßや µ̶°ı̶ÆœØ‒±や ßØ̶-╇や ̶±や ±æ©¹-や ı-や Ø®³̶²ı©-や 〉ｶ《や
¹æØ-やらk,3や└やｰ╆や'©°や²æØや©²æØ°や²¹©やœ©ª̶²ı©-±や²æØや¬°©ªØ-

Ł³°ØやŁ©Ø±や-©²やªæ̶-ºØやÆ³²や²æØや¹̶½や©ŒやR-Łı-ºや²æØやµ̶-

œ³Ø±やŁ©Ø±や̶±やı-や〉ｱｰ《╆
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