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A bstract 

MetooroJogicaJ C()nditiúJL~ determine ti", re"ewable .. nergy genernüeIU and , \.() a let1tler e.xtent, 

,lIe I<>arl úf microgrids , Weath .. r fO",,""'SL. are th'L' lM'CffiAAJ"y \.() ... tahlish úptimaJ plan. """",rding 

tú lhe op ..... tiúnal úbjectiveI lUId priúri l ie! úf .. ach. microgid. Wf' ... ther forecasl errom are aJoo 

I'ffipo'L~ible fúr deviatÍ<>'L~ fro", theoo pla'L., th .. reby being an imporl.ant ""U/'Ce of 1IJlC<'.rtainty in lhe 

""hed llling 1"""","" l)e;pite thi.q, .. · .. at h .. r informaliml plays a oocondary role in ",001 of microgrid 

studies. T h;" ¡mp.'.r provid ... a generaJ m ... rview of lhe 11 ..... of meleorologieaJ data in microgrids, 

fOCIL"ing on lhe impl .. mentation of ,., .... th.". fo",," .... ~1.:I in Illicrogrid ene'XY manag .. lllent .Y"l.enLq. 

Data ""u"""', metbodologi ... , 1II>CeI"Lainty approach."" and r .. ",II... frolll a ""Jection of ¡mpem witb 

~nmplete information aoout the for"" ..... t oon ....... t are anaJy""d in detaiL Ad ditiollany, simiJlll'itÍffi 

and d ilTeren.,.." regarding other .. nergy fo",,"ast application.. apart from microgrid. are disc'''''......t. 

Vinany, on ti", l>Il,si" of the aJ)(we, a li.~t of rooommendation.. (or flllllre implementatio,," of ........ ther 

fo ....... asl.!< in Illierogrid e"e'XY ","nagelllent systeHm is p ........ "t"d . 

KcytJJ01't1..: mierogrid, weatlter (oreellst, win,J energy, ""llll' e,,,,rgy. 

1. Introduction 

A ",icrogrid (M(:) i.. oonoeived llII 11 smllU-"".aJe power Rystem oomprising 11 ....t. of load." 8.nd 

d istrih " ..... 1 energy .... '01"'''''' incJlIdillg photm'Oltaic ( l ' V) jlIlllel., wind tllrhi"e! ( \ \I'"l's), oo,we ntiollaJ 

gener8.\.()m and ene'KY Nlúrage systenm. Me. can 0l"''''te in hoth grid-oonneete<l alld stllnd-akme 
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mod ... and Itave I,rm'ed 10 he .. lllcient in s",ootlting tbe elf~1:I of t he int.ennitlem generation 

"""""iat.ed with renewable e nergy oonr<,,,, ( liK<;) p]. T ltey are t.herefore oonside"",l key elemenls 

lo I"omote lile power "y~l.em inlegrat.ion of ItES a"d tlle ~uOOeq, ... nl "",¡uctío" of envimnme ntal 

pollntanl>< MOOCiat.erl wit.h oon"""tional "" .... 10' >IOun,.,... MG" ""ahle loc,,1 energy managen ... nt 

Ntralegiffi ad8]lt.erl lo t.1te particnlar cl,aracl<>riet.iOl of the Nystem (devicel, con6guratíollll , load 

patl<>rt~. or at.mooplleric conditio"" of lhe site), e nabling "" individuaJi,ro optimi>-.ation of lbe u,.., 

of e "ergy ""U/"CAl. Sud, a detaile¡j Olll.imi><aüon wonkl ~",e intra.ctable from tI ... viewpoint 

of the i"depeOOent. "YNtem operator ( ISO ). H""' ....... r, benefited by tbe regional dis]",,,,ion of the 

ge, ... ration uni", [2] and the large m,ml ... ", of conue"t.erl loads [3], ISO o]leratiolL~ and ""hednl ... 

e ntail a lower degree of unoortainty. In the case of 1I IG", un" ert.a.inty is am]llified by tI ... local nature 

of tlle problem, aud partienlarly impa,,'" R ES ""d loac1 ""l.imat io"". In tltL~ """'le, Oli ........ el al. 

"""""iat.erl the nmt main t.ech nical cltaJlenge in MG control to tite ">lclled"le and dispat.ch of uni", 

nnder "upply a"d dem""d nnoorlalnty" [4]. 

TI ... scheduling ]ll"O<'.ffiS del<>rmi,_ tite '~y o]leraHolL< for all o]ltimal MG management, 

add.....,ing the g;"en objective. T h L. illcJud ... minimi"",t.iou of operation """M, maximi'Jlt.ion of 

RES, .... ["ct1on of emL~1on" and """uranoo o( ",liabiJit.y. The ""hedule L. ",taIlIL.hed for a specific 

time horizon (,¡d",d uling OOriooll) based 011 p .... lictiollll of dilferent paramet.em of illte......,t relal.ed 

lo demand, ge, ... ration or ele.otrieity ~""t. ~;rmm inll"rent lo th",.., ]lrerliet.iorc< produc e deviatiorc. 

from lhe optima! plalL~ a"d t.1 ... ""I"""Iuelll. wol"lle"ing in MG operation. I' mbabiJistie or """narío 

re]l ...... ntation .. are ,""!ed lo descril>e ""oortainty in ]lredictiotlli, fU,,[ A\.()(".It""tie ap]lroaeh ... , "" rolmst. 

o]ltimi'Jlt.ion [!j] or two-stage st.och""tic optimi""tíon [fi], are then ap]llied lo the determination of 

tite opUmal ""hedule. The mlling oorizon strategy al"" hell'" in minimi~ing l he ,mcenainty der;"oo 

fmm for""ast. .... ro .... In t.hi" method, only lhe fimt. ste]lll of the optimal ""hedule a", implemenled. 

T iten, a ,,,,w ""ltooule is rerAlculatoo oo,.~idering t.lle 11]l<lal.ed data. Tite imple mented operMio,c~ 

are t.1011" h .. ""d on UI><I"too i"formation aud shorl<>r fOrec/L<ting hori>-.o,~., thereby "",[,,,,ing lhe 

l1"oortainty [7]. 

\Veathcr information L~ of high .... I"e in M(; ... lloo11ling, Nince meteorological oo,~litio"" del<>r­

mi, ... ItES generalion, and to a ""-r .. "'l<>nt, the "y~tem load. W""tl ... r for(l('Jlsl. errom, derh'oo 

from the dillicultietl in flCCllrately ",odeIJing aunoopheric proce«:t', are al"" responsible for a ",]e.­

.... nt part. of llt"",rt.ainl.y in M(; ", ... ration. TI", ("llaracl.eri~.atiot, of bo1.h ,oetooroloflica! oonl .. "'t in 

whk-.It MG opernteA .. oo tI ... weallter fo,""""" t. erro", ,.".,nL~ lo he nece!AAl"y for 8J' optima! dffiign and 
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va.!idation of the Prol>Ol!efl MG ma""gement metho<lologi .... WithoOlt lhis, the obl";noo tlOlntion.~ 

migbt be baooIl 011 i<lea.! repre;eutatiouIl of the Me: working oondilion .. ' aud will no/. add ....... pooIible 

~nutiugenci", <lerivad fmm lhe operru.ion un<ler real tJequenr .... of metoomlogical scenario¡. I)e,;pite 

wealh .... forerA'ts heing referenoo<l , .. primary inpuUl in microgri<l ......... gy managemem "y"t.enL~ 

(MEMS), they playa """"u<lary role in Me: "t u<li .... M""U"" lhe m";u fOC'L~ i" on lhe electrical, 

compntaliollal or eNmomical aspecu. of the probl .. m. To iU 'L.trate, MG reviews cover control (8, 9J, 

ardlitecUlrffi (JO, 1 1] , protection (12, 13] , storage (1 4J, or computational optimi, .... tiou ted",iql1ffi 

( l~] ; ¡'U1 to lhe alltho", kno ... looge, no revíe ... hfL~ '-n ool>du"too for the utili'''''lion of ... eather 

information in MEMS. Ad<li t iona.!ly, in AlII,lie< ... here _ather information iA <lffiCriOO<l, there i.~ 

a general lack of detall. a"d nniformily tha1 oomplicate the interpretation of the approad"," , lhe 

oomparison.. among the slu<lie<and lhe e:.<trapolatio,," of r ... ",lt.:;. T I",,,, the .. .xlrnct ion, darification , 

an<l organi,.e<I dffiCription of too meteorological fran",,,'Orlu! IL"""I in Me: """",,("11 are not 11. trivial 

or efL~y Ia..k. In th .. frameYo'Ork , ¡he m";n oontrihution of thi.~ review i.~ lhe allaly,;i" of MEMS 

fmm 11. meteorologica.! pe"'pective, in order to d .. .arly defiue lhe approarl ..... curreutly applied lo 

(h.l~ problem, analy,;ing lheir p"," aud oon.. aoo providing SllppoM. for f"ture "t l1<1i ... for an eftident 

imple ... entatiou of wealh .... foreCll...t.:;. 

Thi.~ major oontribution can he itemized into too followinK more "I"",¡fíe oontributio'L~: 

• A general oont.extual¡"ation of meteomlogir.aJ dat a in Me; applicatio'L', paying "pedal &tt.e,,­

üou \.o lhe rep ....... ntal;.'en_ of lhe """ted met.eorologi(".aJ """"",iOll. 

• A detaiJed aualysi.. of OOUI"Cffi and procedu,..... for the impleul<'mation of wMther fore<".aste in 

:\ I~;MS. 

• A oompanson and <li.""'L",ion of the ,.....ultg reg....-Jiug additionalliterature ap",t from Me:s in 

muer lo <letect "trengtlL~ an<l weal<"""""" iu ......... ther fo""",",,,, for MEMS. 

• Uecommeooation.. for an apI"opriate use of ", .. ath .... fornclL.tg anrl dffiCriptio"" of n",teoro­

Iogical informaüou iu Me: .. nergy manage"I<'ut "Ludie<. 

Tl1<' rest of thi. I"'per .. st mctured fL. follo ..... Sect ion 2 pr ..... nu. a ge""ral cwerview of the 

revi."led pape"', provi<ling a cont .. .xl lo "Upport lhe rem";uing ooctio,m. Sectio"" 3 au<l 4 provirle, 

I'ffipeclh ... ly, 11. <letaile<l dffiCription of the " ';ud al,,1 ""lar forecaste 'L...-I fOl" Me: mauflge, .... nl ba."led 

on a I'ffitriclive ... leclion of I"'pern. Secllon r, is f""u""'¡ on wMther fOJ"e("A~te for load l'rooict ions. 



Section G symh",i'.eland di'<CIC_ the previoIL~~tions, comple ting tite infonnMion with IVIditional 

literature heyond Me .--arch. Sect ion 7 pmvld ... oome recommendatiOl~' for the applkation of 

w~Athcr fore<"AslII in Mes and SecUon I! contaln.. l he ~lunmary a"d co"d,,"iotL~. 

2 . I' re llmlua r y o ver v lew 

T ite core of thi.. re ... iew comp.i_ aOOm lOO worJu. (from 2014 1.0 Ihe "ubmi. ... iou date) iu whlch 

ho .. h MEMS and wea.ther fm""a"lII a re ""mcOOw a"oo"'at.ed. Appm~ltnately 20% of ti""", "tudi ... 

foe"" 0fI energy policy or very particular ""1""'1... that CAnnot he con..~lered in Jine with the presen .. 

re"iew. T he ,emalning pape'" foil",,· a simll3.l NtrUC1.ure : ( i) a Me Í.'< delC,i~, ( ii) a methodoloKY 

for t he optimized mana!>"me nt of t hi" IIlG is pm]""""I, aOO (iil) a t", .. i:I ronduc ted 1.0 corroOOrnte 

the henefil.." of t he pmpo;ed met hodology. Thi.~ 11<'1. of pal"'''' con..tltule!l .. he prelimiuary ob.i<'cl of 

our analysk 

Uegarding the MGs de!Cri~ in tI_ pape"'. the grid-connected mode i.. the moot fl"f'(juent 

operalion mode (f.::i% of "tn,I;"") . Sl .... nd.alone MeA rep.--nt 2.'i% of CILIlffi, alld the remalning 

ca .... " .. ud i"" t"'te<l both moo ... of operntion. There i. a" important diverslty of ronfiguratioIL~, 

"" """h Me im plemenlll diffcrent elemenlll for e,,,,rgy ge,,,,rntio,, flud/ m sl.Orage . llaltery cne rgy 

stornge system is inchl<led in 80% of ca· .... " di ..... 1 general.OJ"S (28%) , microtnrbi' ..... (2!i%), flnd fuel 

ceJls (20%) are other freque ntly rolmidered elemenlS. D,,,, to lIS cent, aI mle in Ihis ,e"iew, note 

thflt Il ES gene' Mion .. I"""'nt in aJl re"ised pflpe",. Goncrotely, wind .... "d sola, hybrid "y"tenL. 

rep ....... nt !i7% of t i", d..,.,ribed MG". Solar a",1 wlnd gellerfltlon are rollsidc red "" uniq"e Jl.Jo1'l in 

29% flud 14% of ca. ..... ""'I"", .. ively. 

Another releva.nt a..(""'t regard ing the "",teomlogiral coute",t Í.'< lhe d"rntion of ti", I.e!lII. TI", 

le!lt pe, ioo WM o,,,, day m "hmter in [.0% of lhe pflpers. In the oolar ca .... , t h"", I""iod" are fre<jl",ntly 

"""""iatad with i, rad ian"" p,ofilel of cnmpletely ""m,y days. Uude. the"" con<litioJL~, ti", "alidity of 

(he propoood " "'thodologiffi fo, fl continuo,," long-te, m ol""alion CAUllol. he cormOOrnled, ",,(""'ifllly 

of ti""", foem"",l on dea.ling Wilh " ""crlfliuLy in Il ES and load "'t imatiollS. T h"" , rohIL.tn/N; agal,"" .. 

uncertalnly m"Sl. he l.e!ted with <lata fmm kmger I",riod~ i",,·.Iud ing partially ckmded dflys and gtmty 

I"'riods, .. ·hkh are the mOllt unffl,'O"rahle ...,..Uflriotl fmm the weflther fo"""".<t "iewpo int. O nly "nde, 

lh ..... conditim~" CAn it he a".<nred thflt lhe ],m¡1Otled oolntion." are appmpriate fo, o\"ereoming ti", 

.... AI situatio,~" of high Imcert flinLy. .¡ .... t.t. longer t ha" 0 00 day flnd shorte' tha" one moml! are 

p .. rfmmed in 32% of th .. re" ised pflpen<. In ti...,., CA"", t he ~I EMS i" testad in a more .<igt,ilic .... n .. 



,.,ay, flIthough loo poe;sihle eff"" tI! of "ea,;onruily are negf""te<!. Aga.in, if the letltoo periods invofve 

Mmospherie h"tahifity, ti", lm""naiuty derivad from .. 'eather foreca.~tiug errors ,.,ould uO!. he prol'erly 

... """.Ied. TI", re",a.iniug <wdi ... perform longer I.ffitl!, covering one year ¡n some CA...-.., in oMer lo 

a""me rep ........ utaliven~ iu the I.ffite<! "'''teorologi<".aJ """",.nO/!;'; a, .. ured. 

ll.egarding fore<"-"IItII, IlES a"d load I'red¡ctioll.~ are coru;idered in all exlUniroed studi .... lu mlU'y 

c"'_, the forec ... <te<! iuformaliou al"" ¡uclud ... other J""au>ctern NU(".h .... el""trieity pricel, huilding 

"""upaJley or eh.arge of eJectrie vehieJee. AII the"" fOre<"AIlIS eau he d ... ""if...-t inl.O fOlLr <".alegoriffi 

dependiJlg ou lhe ,.,ay they are ohta.ine<!. Tite fofJowing el ... ""ifirnl"'u will he referenced along the 

te" l: 

• Arhitrary: T oo test ie ha.....! on symhel.ie data speciH"ally dffiigne<! for lite experirnent, ,.,ith 

ditr .... ent deg"""" of simitarily with refllity. 

• Hl~loric: FOre<"AIlM are simutaled from histori<".aJ ..... riffi, whieh ("lU' he t ... .ated M J",rf""l fore-­

eMM or modified by introducing sorne variahitity lo "imulate erro", inhereut lo ...... 1 foreca.<tI!. 

• 1..o<".aJ fo"", ... <,-": T Itey are generated hy J"oceOIing lhe uJ><iate<J me ... mretlleutll of Lile fl)'>l­

\.etll'. 0J",.,.t1on, ineluding meteorotogicaJ eon,Jit1ons of lhe "i\.e. The imptement.ed fOre<"Jls t ing 

modeL~ are typi<".ally I"""",J on gt.aü<ür.aJ or machi"" k>.arniJlg approad' .... Hisl.Oricat data are 

gen .... ally u.--t 1.0 adjl~<t or uain the forecatlüng m<>del. 

• EX\.ertlat foreca.~ta: TI", prediction.~ are direcl ly receh'ecl from a puhlic or commercial forec ... <t 

... rvice. In some CII.""", additional [lrocetO<ing for a het\.er &dju.'\tllli'm is J",rformoo. 

Too fOre<"AIlt """ur""y iA t)'I,i<".ally ",."""",,<1 using Alatistirfll ... timat ... "u"h ... ~ lhe "",.all aboohl\.e 

error (hlA~;), '''''lU' ahe!olute poreenlJlge e rror (MAI'E) amI roo~ m".au "'l,ul",,1 error (Jl.hlSE) , or 

lheir corre;ponding nornlllJi'l.ed ..,ümal.el (ti MA E, ull1 A I 'E rurd nJl.hlSE) [IGJ. Howe.'er, "" di.""l~...oo 

in Secl ion G, there is a",lliguity in the rlefinitiolt of th""" ..,ti",aletl. T he persis\.ence i" IL'Ied .... lhe 

I",nehmark melhod in ",auy ca.-.. 

Weather forec ... <1S are ",ainly applierl 10 predi<:1. II.E.'; generM",n in hiGA. Concretely, ,08% of U'" 

revl~ pape .... ",ake ""' plicil the pTOCelS of obl.a.ining ItES gene.,.l1on for .... A~ta from metoorologkaJ 

preclieliotL~. In too rema.iniug e ... """, UK'; fO",,"AIlM are ...... ume<! 1.0 he av"¡lable, hut either lhe 

lIleteorologir.a1 frame,.,ork l~ omitted in the te" l, or fOre<"AIlL~ are ohtairted hy direc:tly p~ing 

ItE.'l generalion data. In lhe ea."le of load, only re ... worlu; ha.,.., fICCOllUtecl for ... eather <nJlsiderat ioJls. 



Attending 10 the "bo,'e d"..,ifiCfltion , ",,,,"th .... forft'.AA1.!1 for MG. "'" m"¡nly locru or .. ",tern"L In 

lhe rAfle of Iocfll for"""st:<, M EMS is generruly snpplied ",ith upd"ted met.eorologiCflI """",uremenls 

from " " .. arhy "t"tion. The: ... dat" flffi proretllled "long ",ith ...-lditional inform"lion of lhe "ystem 

to gener"te the nece<AAry fOrft'A"L~. Auloreg ...... i"" modeb< "ud "rtifici,,1 neuraJ net work.. (ANN'l 

&re the m"¡n optioru; in th_ c........ l.oe,,1 fo"",,,"tIl "re MIlll",..-[ lo be "ppmp,i"t.al only for 

~hort-ter", hori:ams, "ince no inform"lion "bOlll lhe "l'tlO!\pheric fmnl:¡ or .ynopti<: evolution i.~ 

considered. On lhe r"nlr",y, .. "'terttAl fO"""A"M fmm ",,,,,lber ... rvi.,... "re w;eo:l for longer hari",ns. 

T I ...... predietion. flffi g ......... "ted ,""ing Nlltnerk"J W ..... U ... r l'rerlktion {NW I' l modeffi, whieh .'IOlve 

lhe physirAl e<¡ulltio"" """",i"ted "'ith lhe "tm""l,herie p~. SUP1><>rted by deNCriptio,"" of ti ... 

current st"te of the "tm""phere, NWI' modeffi r .. " gener"te gridded l"ediclions of metoomlogirAl 

par"m ...... .,. of "" ...... "J d"y" in ",1.,.,.""" in "teps of 1 _ :1 h. Ho,,'e, ... r, the oomplexity in cruellllltion., 

and the oo"""'luent oompnt"tionaJ COfIl, r ... ulls in " lo", llpd"ting freqlleney (t",o or fOllr updat ... 

per d"y) a",1 " lack of JocsJ oonsiderations, &Il is dffiirnhle for M(; "pplicaliolm. Some ",,,,,lher 

forft'""l .... rvices al"" olfer ell",mhl" fo,,,,,ast:<: """" of Ringle point forecas,"" t h"l r1'LU he ll.....d lo 

a._ lhe uncertainty in the prerlietio,m. E"""mbJe fo,..,.. ... s.,. "re ohtllined by "Iightly ....... yi"g lhe 

IlMllmetri,,,liott", bonndary IIud initilll oonditio"" of lhe NW I' ",odeL. "" th"l dilTerent J>OIII'ibte 

evolutioll" of the "tm""pl ... re ca.n he c"lcul"led. The diven;ity of the l"edict.ed """",u'i"" in "gi, ... n 

lime hori",n infol'tl ... "hOllt lhe uncertllinly """",i"ted with the forecru;t.e.-I vrulLe:l III Uut.t point. 

Too rure"dy rommented deficit of detail, "nd uniformity mllk ... dimeult "n elfecti, ... rompari-

""n fU'lO'tg .tudi ... neceo;ary to outli, ... the "arious methooologi ... IInd lI ... oontexl:¡ in whkh lhey 

are IIppliod . InlO deeply unden;tand lhe ulili,,,tion of ",,,,"ther fO"""A"L. in MElIlS, a ""tricti~e 

",'Iaction of pape.,. mllSt be condllCt.aL In the folJowing """tiott~, only lh""" otudi ... thal provide 

complete inform"tion "bonl. the metoomlogkaJ prediel ioll!l ",ill he ron"idered. Thi" informlltion 

"",sl i'lClude description." of predict.ed "","iahl ... , fO"""1'L~t """rce;, fore<"1'L~ling hori,,,,m a"d, if a¡r 

plicahle, p""""",ing t.echniq" ... and llll""'t"inly anaJysi.~. Table 1 ""mmari."", thi" inform"tiot, for 

",...11 of the sel""ted l"'I"'/'N. In ""me c.-, lhe fO"""1'L~littg IlOri"""s "'" 'lOl direclly menüo "e,1 in 

lhe t~",l, hm it ;" a."",,,me<! thllt they are adapted 10 lhe hori'l.on.q and lemporru rmolution of the 

MG ocheduling "tr"tegy. T herehy, th;" informalion h&ll ruoo oo,.n al"" i"eluded in the table. TI ... 

item!! tabellad ",ith ""teri.~k.~ indk"te information lh"t ha.. oo,.n inferrod from the oonlf'",l: graph.q, 

l~""'¡ algorithmB, or rderenced work.q. 

, 
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3 . Wind generatio l1 

Wind power forerfL~,"" Ilre snl>I>OMd to he dirrelly .. ""ilal>le in oome 81udie;, therefore .. ,'Oiding 

lhe p,ediction pmblem. In tI>"", aL_, forecfL~,"" .. re simnlMed by inuodndng some Sl.OChfL~ticily 

in hislOrical ooriel! of wind gener"1ion "" ....... y 10 reproduce the ,e3.l-life forerAllüng erro",. Despile 

Ihe metoorologicaJ fmmework heing ominOO, it iA ol>viollsly implici1 iu 1he w;ud geooration d .. ta 

, .. nd the introduce<! stocltasÜci1y, ... hiel, ultimMely rep""'>"I... 100 unCO',l.ainty in ... ind predietion.~. 

Ho ... e .. er> lhe .. bNe"ce of explicit information on ... <,-"ther ""pecl..~ exdudffi tl_ studie< from meteo.. 

roIogirnl .. ,o.a.Iysk 1" the rema.ining ~.ilI1ffi, .. ·ind gene",tion forerAllM lI.re obt .. inoo I>y proce<o<i,'K real 

mewomlogk-"I prediction. aJong Wi1h WT models. Th ..... moc1eL~ ha.~irnlly implement 1he typical 

WT po .. .." ClIr._ whic.h oonnec1 wiOO ~pee<l1O ... ind p<.,.'er. GOlI.~nently, wind eoorgy forerasl:< 

fo, 1I-IGs Ilre malnly ha ...... :! on wiud spood dM.a, although, in some aL_, lhe .. tmoopheric p.....,ure 

L~ .. L'IO considerad lo indude a.ir d<'J,sity ffilimaliOlL~ (2!j, !jI ). NOte 1ha1 ... iud direc1ion i~ tlOI. con-

siderad in the re .. i.....:I pnhlirntion.~; moreover, hcight <'..Jít"'po laüon.q 10 ... timale lhe wind "r-1 M 

lhe hub height Ilre ouly de1.a.iIOO in (!jI). 

The infOlmaliou referenced in 1his OOC1.ion is compilOO i" Thble 1. ~br darity, lhe analysLq of l he 

wiud forer.a¡;1.t! is dividOO iUlO th"", aSI_tI! of intel"ffil fo, Me: e'lel"K)· m""ageme m applica1ion.q; 

the 00"''''''' aud method", lhe nncert .. inty fmmework, .. ud 1he remll:< from reaJ el\."" 81,Kli"" . 

. ~. l. 8"' .. ...,.. ... o"d ",~tJHld .• 

Il.eceivi,'K <'..Jíleru .. l ;nformation fmm w<,ruoller fOlecast oorvi<et i.~ 000 of the t",o m .. iu method.. 

lo obta.in wind forrefllll.t! for MG e nergy mrumge me ut .. pplirntion.q. AA com,oontal previon"ly, data 

from ",esther forerA.l oo,v¡" .... Me .. pplietl in longea oorÍ>".onfl, ""d con.""I'lently, tlley lI.re "I"",i .. lly 

used in biddiug ""d market .. pplic.atio,m. T .. hle I "hOW8 how wiud data from <,.xte", .. 1 fOrerfL~1.t< Me 

applioo to ""hednling oori"",," fmm !2 to 72 h. T he Global Forrel\.~1iug Sy,;tem (G FS) i.. 0I1e of tlle 

moot 'L'led "",,,""" of "" .. lher foreca.qtl!. 11 haN t-n demOl"'trat.ed lo be a "ser"J tool for ",iud energy 

forerA~ting fOl IS{),; and ",ind fa,m opera1ion.~. G FS d .. ta are freely l"O\'ÍlJ"d hy the NationaJ o,nter 

of EnvironnlentaJ l' ,ed iction (NGEI') v¡" .. ",eb oorver, thereby ¡leiug "" interffiting ""Imion 10 be 

integr .. t.ed in M EMS. However, tbe glollfl.! u"t"re of 1he G FS d .. ta .. 00 the """'""" ........ haion of tlIe 

outpu1 grid" M vioo agal'L~t tbe d ir-ecL applk.alion of ti,,,,,, fOrerAqL~ in loca.I prob!e",". T he W""tller 

ltelearcl, .... d Foreralll.ing (Wl t F ) modeJ h .... t-n ,..xl.en.~ively 'L'le<! lo reH"" lhe G FS gri,L. in 

Older lo i,,,,lude local ~.o""ideration~ .. OO mll.ke the l"ffiults more usahle for energy or environme ntaJ 



applieations. A oombination of th"", models (GFS data ... fir>e<l by WIlF) ",a.~ ,tsOO in [52) lo 

generate wind fo ..... ""t.s for au mlatOO Me: iu Huatocondo, Chile. In this ca"", the wm,' outpul 

",a.~ additioually oorrected by a stalislical model for a hetter adj ,~,tment 1.0 ti", ooo"r...oo dalA. TI", 

",ind forecast:<,merl in [25] and [51) ,,'ere al"" produced by a rombin8tion oí G FS and WltF, although 

in thl~ """", lhe refinemenl procell! iR r1UTied olJ\ hy a regional ",etoorological agcnr.y. Updated 

data, ",ilh hourly ......"I"tion, are received every 12 h , therehy reqniring additional procffilliug 1.0 he 

adapted 1.0 ti", horirons of the MG management strategy. NCEI' al"" I,rovides en!lemble fO ........ sl:< 

produced by the GlobaJ En!le",hle Foreca.~1;ing Sy..tem. TI", '~'le oí en'lemble fO ..... A't:< allo,,'" all 

"ncertainty ",ta.ly";~ of lhe predictOO "'ind oondition .• w ith valnable al,plkations for Me: stochat;l ic 

optimi, ... tion I,roblenlll, "" described in [29). In thl~ study, afl.er tffiling the hori,.ofL~ up 1.0 72 h, 

lhe autho", ronclnded lhat a planning hori'l.on of 3.1 h ..... nlt:< in optima! ",,1oOOul ... lo minimire 

lhe ex¡-.led total oo..t in grid-romoected "IGs. Ik!<id ... the NGEI' prod'¡Clll, other puhlic and 

com,,,ercial .... rvice! of ",ind foroca.,ts ha"" al"" heen cited. In [r,¡¡] , forerA'''' """"'1 on dalA from 

lhe A'~'traHan IJnrp ... u of MetooroJogy ",ere [L',ed 1.0 calculate ti", optimaJ pnreha.'le of eJectricity in 

a grid-ro,mected MG. In [62), a hidding strategy adapt,ed to the S"""ish markel. ".",. tffited. The 

procedure <'''''ploited pnhlic " 'ind foroc",, '" from lhe ,,'ell«ite ohhe Sota,,,nl.O experimenta! w ind farm , 

which , in turn, were specifically generatell for lhe wiud farm !or ... tion by a ro,mnerda! provider. 

ACNlr.-Jing lo lbe timeliue of the day_al", ... d aud imraday SI.,miAh marke1..< , forecasting horiro'L< 

rnnging from 3 lo 36 h were ,.'led in ti ... analYAl •. In [61] , wind foreea..'" pr<Wided by ti ... DTIJ 

Wind EuerR)' Department " .. re ,.'led in the day_ahead ochOOuling of a grid-ronnected lile: with lI", 

goal of minimi"ing lhe noo of ti", ''''''rgy slorage "ystem required lo rompens8te for ti", deviation.. 

deri.",,¡ from foreca..t errom. Thl~ Aludy al"" ill'L<trnted lhe proble", of bidding in lhe day-ahead 

market. In thi" rA .... , forced by the dO!lure of the day-ahead markel. and the nl>dating I",riod of lhe 

", ..... ther foreca.<t:<, hid.. ""d ... 1o.,dul ... ",ere ha.'led on fO ..... A'ling horizo"" up 1.0 39 h. In s,,,,,,nary, 

.. ""terna! wind fo ..... ""\..< are mainly 8J>plied in hidding strategÍ81, dffipite ~he low llpdaling frequellcy 

of ll...,., data. """,....ffi, alld the market timeHn,," foroo lo work witlt long for","A~tillg loori,.o,.~. 

Wind pre<liction .• can al"lO he obtainOO D)" ]>t'OOiNIing!orAl meallllreJl",n'" from a "earby slAtion. 

In lhi. ,, __ , a foreca.~~ing module l. "I>ecifically inclllde<l in ti ... MEMS for thl. ta.~k. A" "hown 

i" Table 1, t hi. option ÍIl a.'<OOCiated with scheduling loori,.o,,,, ranging from 10 min 1.0 12 h. TI", 

r.oncerr>e<l manage,nent strategi ... are fOC'L<ied Oll reHability, minim¡¡. ... tion of the ol",rntio,t.al 00..'" 
or ntru<imizalion of wind enerR)' rontrihntion. It i" al"" ",marka!>le thal litis o]>lion ;" mainly con-

, 



~i<lered in i.'lolat.ecl MG". T oo fO",,"Jlsting modnle ge,,,,rally imple",ent.< a machine I .. .arning o, fItI 

antoreg ....... ive morlellhat is lrained (or adj'L~ted) 'L~ing historical ""ri .... IJ.ogaraj anel Kanaklt.raj 

applied at, alltoreg,..",.,h'e moving average (A IL\IA) """lel to I",rform 100min-ah .. Nl >lCheduJe.¡ fo.­

clIseel 011 lI. ... uring lhe rontinnml." ~upply to a prio,ily load. Too coemcients of too ARMA mollel 

",ere adj,."led 'I."ing a year of obo!e,ved d ata ]38]. In ]47] , wind sr-! WII." predicted I>y an antore­

gNNIive integrated moving average (AltlMA) model in order lo ",aximi~"" lhe wind power inraed in 

an i""late<! M(; . In this <"JI!1e, lhe n""lel is adj' l.,ted using ,0001) ""mpl ... rorretlponding to inter""L" of 

30 mino Thell , the Monte Gario mell",,[ WII.. m""j fo, """nario generation adapted to lhe "tochast ic 

mollel prediclh'fl rontrol. T IIe AIUMA morlel , in rombinalion wilh lhe Kalma.n Hller algoritlll", 

WAA also applied to minimi .. "" lhe tolal operation costs of a. romhi"ed I ... Aüng , rooling am[ po",er 

"ystem i" a hypol.helical building in Naijing, Ghina ]4G]. In (4:1], genetic algo'¡lhn .. ~ atld l>aclr.prol'a­

galion "eural IIelworkN were n--t to (lf',form l-h-abead average ",illd fOre<"II.,tIl wilb lbe ohject.i,'e of 

maximi~ing cbe utilization of winel e"ergy in II.J' i""lat.e<l sea ,,·a\.er d"",,11na.üoII syste", . The ""me 

meU""tology is ,1...00 in ]45] lo ,.,.""e reJiabilily lU,tI optimal ""heduJing of tbe ditrerenl element.< in 

an i""lated MG, in cbis e ... ..." ba......t on lft-min-abead average wiOO sr-! fo,ecast.<. Don ct "i. ,\Sed 

tbe en,¡ .. ntble eml,iricAI ",ode derompo\ition rombin .. d with "1""'''' Jlay",ilU' learning lo perform 

l-b-ru ... Nl for""AAt.< witb lhe goal or minimizing coe;t.< and [91.""""1., .. me .... io' .. ' in a grid.conneeted 

MG ]:1.1]. In (21] , wavelet ""ural ne\.",orks (WNN ) are .... ¡edl.O minimize the oper.üollal co;l of a 

grkl-COllnected MG ba.'W'd on 24-h-ahead foree""l da.\.a. 

In ]22), both external at,dl()('",al wind data " .. re p,,,, .. a.d ,ming fll:&-.y prec:liclio,m inter .. al .. (FI' I) 

lo generate day-ah .. .ad forecll.'t.< Wilh a """Iution of 10 minu\.el for a realll'IG I.ffil bed in Beijing, 

Ghina. Se.'eral optimi1Alion melhods ",ere ro'l.,idered, obloainiug lhe betll re",lt.< witb lhe plU"'Licle 

swarm optimi1.ation (1'SO) algorithm . 

. ~.2. IJII""",,inly 

Uega.rdl",.. of the prec:licted ...... iable wind "p .. ed or wind [lO_r 0' the fo"""",,ting 1'''''''''''', 

m .... ~ ",.i.oo l>al""'" ha, .. fICCOllnted fo, the ,,' ind I""",er Iln" .. rtainly, which ÍIl ,.,.."mad to he ti", 

","Ull of lhe wiud foreca.~t errors. TI", lreal"",nl of lile" ,mcer1.ainty is varied, reneeting chal 

lb .. ", is IIot ro'I.'lOlidatod knowledge iu lhÍll ... ,~l. Funhermore, lhere are uo ditferenret; in lbe 

approaches regarding lhe source of ",iud foreca.~t:<. T"hle 2 show:< relevant information of the 

uncertainly framework of oome of lhe following "ludi .... F.<Itable,bing lhe maximl1m error IlO,m,l~ 



L. a siml,le way to deal ",ith th .. ",..,ertaimy. In [49J, the U-h_ahead schednle WM determine<! 

under the a,,,,n"'ption that ",in,] J>Ow~r erro,.,. are "l..,)o""d in a colL~l.ant llncertainty bonnd of 40%. 

In [45J, the ",axin",m error honnd for ¡;;"min-ahead wind sl>eed for","A~tI! was ""tahlil;hed aL 20%. 

Howe...,-, the general treoo i. the applir.ation of probahiliLy den,ity fllnctionq (I'D FM) 1.0 morlel 

lhe fOre<".flIl t erro",. Normal dL,trihutio"" are l he n\alt freqnent OpliOlL~, a!though parametriM.tiOlLq 

differ signilkanlly alJlOlt¡l; stlldie<. T h¡" point can he iU,.qUaled hy comparing ,de rel..,... [32J, [34J, 

and [40]. T h ..... stndi ... u""'¡ the .. .ero mean nonnaJ dislriblltion lo ,epre.ent the wind power forerAqt 

erro,.,. for U-h-a1 ... .ad sched llling ",ith hollrly ........ Iution. [ le;pite lhe coinciden"" in the <"1''-10 l' DF 

and the similar fOre<"...., t ing frlUllewor k, the sl.flJl<lard deviat ion of lhe e rrom WM SIlP)>Otled lo he belo,,· 

2% in I34J and 15% in 132J. In 140J , the depe ndence hetween the error aoo fo,,,,,asUng hori""n ...... q 

considere<!. In thi.. ca .... , the sta ndard deviation lI.,""",iated ",ith I·h-ahe.ad f""",aqtl! ¡,¡ estahlL.hed 

in 5%, heing linearly iJl(:rea~ nmil 35% for fO""'MUng horiwns of 24 h. In [ISJ, helid ... lhe linear 

increa .... , dilferent error level. are cont;ide red, reaching the standard deviation a m&ld",nm ,.,.Iue of 

56 % fúr a 24-h·aJ ... .ad horoon. O ther "t ,,,I;"" refer 1.0 &l' ad ju"Lment of the normal dLqt,ihulÍOl' 

coll.qidering lhe e.x~tation and the standard deviation of the erron!, but do not provide nllmerk.al 

.. a1n ... of ti, ........ timal ... 1:1.1, ,.oJ. In IUJ , Lhe adj'L.tme nt úf IIMamet.e,.,. i. l>e,formed , ... ery hon, 

according Lo the I""t me ..... ,rementl!, ImL it ¡,¡ implicit in a Ga, .""ian mixtn", model (GM M). In 

some ""'~.,,¡ , wind llOW'" erro,.,. are """mued 1.0 he bett.er d"""rih ... 1 hy úther I'DFs.l n 137J ,md lr,;;J, 

lhe unifor", dL.trihmion w"'" ,,,,..,¡. Th""" "l .. di ... coll>lidered linear depende""" het.ween error and 

fO l"OCasting horoon, but """""iat.ed dilferent ma¡o:nilu,] ... to thi. elrect: lhe nuui",n", errom fúr a 

24-h-ahead fÚI"f'CflllM ""híe .. ,,] ,.0% an,] ."10%, I"ffipecUvely. In lr.6J, the Ilayleigh dLqtrihntiún .. "l'1li 

eh""e n alld t he At"""ard deviation ""'" increa_1 frmll 2.1% for I_ h_ahead 1.0 40.4% fúr 24-h·flhead 

fOre<"8SU.. T oo het.a dLqtritmtion WfL~ ,merl in 153J COIl.'lÍdering dilferellt parame1.,i'JltionA for dllferenL 

]lower le",,1!;; it w"'" ... ""umed lhat error ,·ari"""" Ji .. "",ly i""",""",," ",it h lhe prndicted power le,..,!. 

In l3G], hyperholic dL,uihution "'fI.~ applied 1.0 ",odel the day-ah ...... ! wiud !"""..,r fo""""'t erro,.,., 

lI.",uming a standard deviation of 11.9%, ha:<e<1 on l he ohoorved erron< of Lhe Electric lleliahlJity 

GOll tlCil úf 1""""~. Mohan"",uli ~I 01. OO,~q;'lerffi l he WeihulJ dL.lrihmion hut d id not I,rovide any 

IIMametri'Jlt ion lf>ll). E.-en "",,"ming a ,,,,,,,,,,.1 di"uihution in wind AI>eed fOre<".flllt erron<, Kon et al. 

pmpoe;e<l a sI"""" onli"" warped Ga,~""¡an pl"OCffi!l (SO WG 1' ) lo morlel ,,,,n-G lLll,,,,iallity in the w ind 

I""" ... r predictions 142). The nOll-llMfIlnetric a]ll",,,,,,h based on em pirical adjllSU. w"'" lL"""] in [35J. 

F inally, other approach ... a .. oid l ile llOO of 1'0 1" 1.0 repr ...... ' t win<] ]>OW .... lln""rl.aimy. In [47), since 

" 



the normalily of the ermm conld nm be confirmed by the Kolm"llorov-Sminlov tffil, a ,lata dr;""n 

approach "·ilhonl",,,,"mJ>1.iml8 mI the I'UF wa.~ ,"_1 lo generat.e pmhabilislic ocellAl'ÍOOI. In 129) "" 
..... ell, lite IIllcertainly ..... a.~ d"""rit-l by """"ariO/!, .",t in lhi.~ ""''le, lhey " 'ere diroctly pmvided by 

""""",l>Ie fol'f'('''-'I.' . In 12'21 , the f"""y approach ,t..oo lo ""1",, lhe pml>lem f""ilitated lhe defi"itÍün 

of lhe nnc"rtainly Ie .. el" which are defined by the covcrage grade (CC ). 

'llWk,2, W;'MI un",rl";", 

H orizoll 

Re!. ['UF !i miu Ir, min 30 min ", 24h 

149) M"" -Mi u <e % <e % 

14!i) M"" -Mi" "'% 

119) Normal ,,-:;0% ,,=,00',)\, ,,=:;0% 

[34J Normal ,, =2% ,,=2% 

[321 Normal ,,= I!i% 0= 1!i% 

[40) Normal o =!i% ,,= 3.'i% 

[IRJ Normal L: 0=10% L: 0=14% 

M: ,,= 10% M: 0=28% 

H: 0=10% H: 0='.6% 

(37) Uniform L: m,.,,= O% L: ",,,,,= 10% 

M: ",,.,,=0% M: ",,,,,= .10',){, 

H: m,.,,=O% H: ",,,,,= ,,0'){, 

[f'::;] U"iform L: nuu= O% L: ",ax= IO% 

M: m,.,,= O% M: ",,.,,=20% 

H: m,.,,=O% H: ",,,,,= :10% 

[f.6J Uayleigh 0=2.1% ,,=46.4% 

[:IG) Hyp"rholic 0=11.9% 

L: Low, M: Med , H: H'gh 

I)a;pite the importance givcn 1.0 deviMÍütLq fro", HChe<!"I ... r.a' tqed by fOreca/lt "rrom, ouly fe,.. 

stndi ... reporte<! lhe ac:cnr""y of lhe predict iolL< applied iu each r.ase stlldy. The erro", a.....,.,iat.ed 



wilh G FS rlat.a .... fi.-l I>y W I!.F in Huatooon<!ú [52) ,,,,,e detaile,J in [1i9). Too MAI'E II.-..ocial.ed 

with wind po",,,r errorn for 1-It- , 24-1>_, an,I4,<l..It-ahead horiw.~. ",ere 11.73%, 24.G7%, and 27 .... 00% 

re;peelh'ely. MfU"inelli d rú. pm"idoo lbe distrihuüon of wind ~I_I erm", a"NlCÍIIl.ed Wilh six 

month.~ úf [)TU Meteo forecasM [GI), al"" t-1 on NW I' modele. The distribution e.xhihit.ed a bilL~ 

of 1.0 m/ R, a SI&IldfU"d de~iation of 2.9 m/ N, fUld a non-~ynltnelrica.l shape wilh rffit-'ll.o lhe mean 

value, ",hieh oomrooietll the get>ernJi~.ed al'plieaüou of "",ro-mean uormal rlistribULionR. Note lhlll. 

the horiwns AAOOCial.ed witl! the .... p,..",.."t.ed erro", are nOl. el""r in lhe "".xl. 

F<)C1L~i,,1': m. 1()("1\1 foreca<t:I, HIUL~ el aJo e,.,.]." .. too the wind po ... " r e rrorn deril'oo from wind 

spood fm'er1\f;M ,"~in¡¡: IIJI AlU MA moo" I [47]. T he accuracy ,,·!I.IlII. ..... ''''d by caJculatinl': U'" nltMSE 

vaI"e IIINlCÍllted ",hich " .... 1. prOOict.ed ""ríes úf 24 elemenlll resolution nf 3f) mi"ul.ffi, maximum 

hor;';.on úf 12 h. Afl.er lhe e""hllltion úf lOOCI predicl.ed ""ri ... , lhey ohtainOO a m"",. error of 0. 0.15 

p.u. , ~howinl': IIJI imp""",menl of 13% in lile rffiulLq ofnai"",1 by the pernislence "",thod . T he error 

distributioll pru;enu< a maxi",u", prohabilily in erro", arounrl O l>.tl. and a displace",,,m lo U", 

l106iü~e rlU'ge in ti", re;t of tbe erron!. In [43J, the error ""aly"i" "'IL~ omilled, hut il WIIIl ob",r\'OO 

that nlO6t of the t ime l he error ,,'11.' heJow 10% for the ..... .xt hom average win<!"pood valne, achie\'ing 

11. maxi",um of 18%. How.we r, it m't<1. he ta""n inlo IICCOllnt th," lh""" valu ... are obtai.-l from 

a tffit of fmlr ",indy houn; (wind speed of fU"ouud 9.5 mI"), lUId eo'L""'luemly, tOOy may no!. he 

rep,..",..nlati"" of the general performance of lite ,fl()([,,1 in the "ite. 

4 . Solar gelleratioll 

The Nur .. ey of /I01fU" fOre<"lL<UI fúr MGs p ....... nM iml>orl.am ~imilarit¡'" t.o lhe win<! ("lL"". For 

in.<tlU..,.., IIOme "tudi ... direclly co.t<ider oolar generll.üon preclictionl< witltout oo.~.irlering ",,,,,"ther 

fOre<"J'\IIM. A" in tite wind """", th"", predictions are mMUy .i",ulatoo by iutrod u"¡ng Mme RtochIL~­

líe heha .. iour in hist.orical seri ... of I 'V generRtion wi l h the goal of reprodllCing lhe erro", inherenl lo 

real foreca'M. Howel'f'l", unli"" too wind CIL .... , I'V 1>01,;er predictiOl~" fU"e al"" ,..,.,..".,.,¡ from forecll.<l 

service! [40, ."ID), or <".alclllat.ed from local Jlower mea.~ure""'tll:! by applyin¡¡: tim .... ser;.", fm""asting 

t""lmiqll"" (allloregreo;ive (39)[r.o] , pe,"i"l"nce [ ... ..tl, ANN (40)) . In aJl ti,,,,,,, ~A_, ti", .... eather 

COnditiOlL~ are imJllicit in lhe managed inf()l"m81ion , hlle no ""'tooroJogi<-.aJ variahle .. directly con­

.idered. 

Inlhe remaininl': ca:<eti, I'V po .... "r predictiottq fU"e exJlliciUy obt.ainOO from ,...."tI ... r fúrec1\f;LtI. I'V 

mOtlel" are 11 ... n reqlli rnd t.o transfnnn lhe "",teorologi<".aJ data illto Jlo .... er ffitimatiOl~~. Th"", modeL~ 



are 00...00 ou "",1 I'V pru,el~ [32, 48] or lheoretical eq,UlÜOl~" of I' V ge ueration [27, 38]. Q, ...... .n, they 

"",mme lhal I'V prOO'lClion i. fnud"me mally dependenl on i,radiance a"d temperalure. T IlCrefore, 

lhe;e are the met.eo~at l",,"anJetem 1}"1,Ó<" ... lly COl~~idered iu M~;lI' I S. Hm.'e...,r , iu ROme ("A ..... , 

irradiance l~ uot directl)" for""fL~t"d hut inferred from oth .... I",,"ametem ""eh .... lhe clc&r sky ind~.x 

[52], sk}" cover [3.1J or sky elearuffill [5;;J. Moreover, in [MJ, lhe irradiance WfL~ esti",ated from a oo."ic 

d"""ripl;"n of lhe meteorologkaJ conditiOlL. of l he period by 'L<ing l he following thme (" ... tegori",,: 

fine, cloudy, a"d ,ainy. lu [55J, b",'¡d"" lhe sky ele",,_: teml",rature, humidity, a"d ,ain(atl 

prohability "",re fll.-oo considered in lhe I'V ""timation. T lle .",mbe, and di~e",ity of v .... iabl ... 

in~ol.",1 iu I' V (O'e<"A<M indicale a"othe , ditrerence het"'",,n oow fUl([ wind ca ...... 

The a"alysis follow" a "imilAr "t "lCtUro lo the oue ]",rformed in the l"eYio'L~ """tion. 

~.I. Sou,.,.,.$ and m~thoo.. 

Sol", (o,,,,, ... <t.II are !limlllat.ed from historiea! ... ,ieI of irradiance and te"']"''''ln", in RO",e "tudiel. 

Simil .... lo lhe atlO>'e .. .xpla"ation fo, I'V predktiOlL., hisl.OlkaJ ""Íffi are t,ansformed in "YlllheLic 

fOrecfL~t.II by introdlK'.ing oome unceI"'Laiut}" .... a rep ....... utatiou of the erront thM wollld he pnH'nt i" 

real ", .. ather fO",,"A<t.II . Thl~ u"ce,t.alnty .. ulti",atcly lranslat.ed lo the ""lar prodllct iou esl imation .. , 

thereh)" allowing lhe ... _melll of ",et loodolO8i ... foclL",ed on minimi><ing lhe impaet of deviation.. 

deri,.".1 from wealher forecAAt errom, one of the maiu object ives in lhese "llldi ... . For in.~tance, in 

[roS] , lhe tolerance of a grid-conn""ted ~lG lo unceI"'LainU ... in I'V gene,aüou fO",,"A"L. l. "'h ..•• . d 

con.<ideriug Olle y""," of irradiance ""d tem ....... alllre 'egistern. BfL..oo on irradia"ce ""d temperature 

data ac<lnirod al l he Oa!< llidge National Lahoratory (Tenu_, USA), an lil e: ta,t s}""tem "" 

""at)"""d 1.0 dete, mine lhe optimal bKldiug "trategi ... in the da)"-ahead "' .... ket [48J and lhe l~landiug 

capahilil}" lInder dilferelll conditiorul [32]. lu [r,(j] , dille rellt """uari"" are gener8l.ed from a real 

irr"diance profiJe in orner lo miuimize the oJ"''''lional .,...,1J¡ of a grid-counecled M(; d~.rivOO from 

the w""Lher fOrecfL~t e,rom. 

HOW<!ve" lhe rrtOOt extended option is lhe lL'" of real fO"""A"L.., eilh .... provide,J by w""lher 

fOrecfL~t ... rvi""" or ge nerated hy (o,.., ... "tiug modlllffi embedded in the MEMS. There are ""en 

~llld¡ ... in which both oom""" are oo",,¡dered. Fo, e-"alnple , lhe fo"""",ted temperatu", J,mvided 

by a w.--... lhe' ... ,vice and lhe lat<t oollm of m~Allured I' V J>ower alld irradiance are 11._1 fL~ inpuM 

of" lhree-layer ANN lo ... tómate the day-ahead power ....... rve of a.u llrhan M(; [3J). In [r~) , local 

w~-"ther meA~ure" ... ut.s a.ud e.xterna! ... ealher fO,"""""L" ... ere proceoJe(l along with t.echn ;"al, time 



.. "'\ goograpltical <lata by apply ing regr ..... ion techniqnell to predict I'V prodnction in ru, MG telt 

fadli ty M the lInivernily of Gen"" (Ilaly) . In [17]. hoth local meflll"remenM from SCADA and 

e""lemaJ data from \VIU' <lata ",ere combinoo to areurately fo"",ast tlle I'V ,o;eneration of a real 

~IG in Beijin,o;, Ghina, by apply ing dilfe.rellt mll<'.hine-lellrning aJgorithm.~. A simil,.,. ",,1,.,. forecllst 

framework WM apl, liOO in (2"2], in tití.. ca..., ""ing fu,,,,y prediction inler .... ¡". 

As in tlle wind g,>nemtion ca. .... , dllta from _Ather fo",mst ... rvk .... are ,~"led for long ""hed"ling 

hor¡".o,~., ranging from 12 tú 39 lo in the reviewed "t,idi"". Agrun , e",ternal forecasts are ",ainly 'L""'¡ 

in biddin,o; applicatio,~". The l,rohJe", .• """""iatoo witlt th""" 00"""'" are "imillU" for wind ru,d oolllr 

p;eneratiou: low "pdllting fr"'lu""ey, lack of IorAI feMu"", a",1 n"""""ity of ""aptatiou to the M EMS 

timeline. It.>fere"""" (51], ((j I] ruid (62] provide ilhL~trat.ive .. ...,a"'pl"" of the;e i."<I\""" "" (bey d.,..ail 

fo....,a..ting hori",,,,, , re!tOl"tion aud "1"'aUug freq"enci .... , In (5 1] lU.d (6I J, irradianee, temperat"re 

and wind fO",,"AIlM "'Ie re ohtai"OO frmll lile .,.,ue oource. In [(j2], ""ind lUid 001,.,. forecMI." _re 

rocei""d from dmerent ""urce!, lhe mUer heing ohtainal from 11 comn ... ",illlprovider. 1'1ea. .... refer 

to Sectiou 3 for furtl ... r deta.iL, on lh""" "t ,ldi .... , If only 001,.,. fO",,"ASts are needoo, il ÍIl fre<I, ... nt 

to filter tite prediction.. a.'ft>CiatOO with the daylighl periodo In (67), the opti","1 manap;emel't of 

a grid-connected DC M(; is "upported hy irradiru"", forecl\llts from Metro FrrulCe. Tite fO",,"Jlsled 

",,,íeti ha,'e hourly """Iutío" ruld are """,ived a t 3:00 am, hul only forecas!.. from 9:00 ruu tú 6:00 pm 

lU"e used for MG tiChoouling, tl ... reby involving hori,.on .• from 6 up to 15 h. In (M] , the forecasts from 

the .]111"'" MetooroJogk.1ll Ageney were IIppliOO in the dlly-a1 ... ,.,¡ opUmal ... .heduling of .. DG ;\1(;. 

T he fO",,"AIlted ""ri .... compri"ed of following three ("Jlt.egoríeti: fine, clo, ,,ly and rainy. A ....... Iution 

o f 3 h implíeti Il inte ... .,.I" in 11 <lay, hul o"ly 4 inlen.,.l< , """"ring lhe period frmll 6:011 ruu to 6:011 

pm, are considered in the ("AIe"latio'lIl. TI ... (".Me delCrihed in (28] i.. very iIIustrath ..... I>o"t lI ... 

prohlem., in lL""imilating dllta from _ather foreca.t ""rv;'-. T IIe fO",,"ASM ",ere p;enerat.ed hy the 

Ganada Global En"ironmentaJ M ultl"lCaJe NWI' ",odel ""ith a ",axi",,,,,, horiwn of 4!1 h a"d loo"rly 

....... I"tion. Since the manap;ement "trategy con .• ide", slooner intervals, the received data n,,~.t he 

interpollll.ed lo be emdenUy im.agrated. I)eo;pite is lhe da~a heing updat.ed every 6 h, lhey enta.il a 

dela)' of 8 ho"", het""....., the slllrt time of the for .... .a..Ung ]>roce<IIlU.d the online availability of the 

prediclio'lIl. Thí., im.ere<ting point, whkh "' .... als even Ionger horizon." in the 'L .... of NW l ' forecMts, 

is rarely tllken ac«lllnled for in MG literal"re. 

~orec"sts ha._1 on 1()("1\J nlelL."ren ... "ts are 'L"led for hori,"",~. rru'ging from minuu.; 1.0 few loo"",. 

Statí..ti<".1II aOO machine learning ,nodeL" are implen ... nted a.. fo""",""ling engine<. In [38], irradian"", 



""'\ tempe' ''lure fOre<'AIlL~ prod,>eed I,y AIUM A ",odel" ... ere .. ppliOO to opümi,.., lhe etlergy 110'"' in .. 

"t .. nd-.. lor.., M(: ootl:lide,ing loo,i~.<>n" of 10 ", in. In ]46], lhe AIUMA "'0001 ..... s oomplemente<! ... ilh 

K .. I", .. n 61t .. ,ing 1.0 be u-t in roJJin.o: ho,w.<>n stmtegi ... " ' ilh Sl.el'" of I r, .. ",1 5 min anrl m""i n",,,, 

too,w.<>n of fo", hon .... In ]33) .. n .. mpi,ic.aJ ",orl .. 1 deco"'JlOI'iüon hyh,irli,.erl ... ith "parne H .. yesi"" 

learnin.o: (EM D+SHL) ... "" 'L'lerl fo, 1-1o-.. h .... <1 foror.,,~t.I< ""hieving " !lignific .. nt imprm· .. "",nt in 04.1.." 

.. pproach ... ha_Ion l>ersl't.ene .. , ......... lcl o, ANN. O"ly in [52) , local ",eas"remeul:! ... ere ,.'lerl fm 

loo,w.<>' t. nI' 1.0 24 h. The"" pred iclior", ..... re I .... ,.,.¡ ou 11", pe",istence of lhe e"'-'i' sk)' indu , h"l 

lhe .. "tito", """'K'lÍl<M 110 .. 1 th .. "l'proach .. onl)' .. pplic-'i hle in lhe Al>edaJ oondiüo,," of the d", ... n 

of Atl\(';u"" (Chile) (69). 

4. 2. Unrerl"inly 

As in the ... itwl rA .... , unc .. r tJú my in ..,Iar ""ti,nslio,," h,"s he .. n coll..iOOred in mool of tbe rev ..... 1 

"ludi .... T I", Nimilarily lo lhe ... iud ca. ...... al"" .. pplic .. hl .. 1.0 t he rep'ffiem .. tioll.. of the fOre<'-'iSl ing 

e rro".. In litis selL';e , norm¡J diSl.rihution ;,. lhe nlOlll. freque m opliou lo dffiC, it", lh ........ ,ron;, hut 

¡ ...... metri,-'itio'''' are rarel)' ... ¡oorted. Adj"stm .. nM according to tlle ex¡-.tation and lhe "t .. twlarrl 

rle .. i .. üotl are comITlOnly ... fe ... ncerl , h,a ... itbont I'roviding nume, k .. 1 .,.¡,,"" ( __ [,,2) .. nrl [roS) fm 

t .. 'O ex .. mple<). T h, •• , coml .... l'lOn.~ of the magnitude ""d chamct.eriSl.i<><; of t i", coll.,id .. ,..,d e , ro". 

"",,;1. be rnarle I""""¡ O" fe ... "l"di<><;. Liu ~l al. ,.,.""".l<i a Sl.and .. rd devi .. tion of 1,,%, whielt 

... mal"" oo,,,,t .. ,,. ove, lile 24-10 prerl iction hO';".üll (32). Li el al. ""collmOO fm the i"crease in 

e rro", """""i .. tM ... ¡th foror.asling hmi".Olm. T he)' e;""hll,hoo .. "t"" d arrl OOvi .. Uon of 1. ,,% for 1-

h-.. lte .. d prediction.~, ... hich liuearly incre ... ....,¡ "1' 1.0 7% fol' 2~-1t horiwns (40). In ]11\], he;irl ... l he 

lin .... ' illi' ........... , dm ..... "l error 1e, ... I" .. re ron."iOOred , "'-'lChing U.., st .. nrl .. rd de .. i .. tio" .. m""im"m 

.. ¡J,,,, of ,06 % fm .. 24.h-a\>ead Itoriwn. In ]41\], lite norm¡J dl,t,ib,aion "'M flsood .. ted ... ith botlt 

ir,,,di .. ,,ce "nrl t.em)>emture .. rro ... , ... itlt COII."""nt "t .. nd .. ,<1 OOVi"UOII." of 10% .. "d 3% durin!: .. 24· h· 

"",,1'1<1 period , r""l~ively. O U"" studie; h .. , ........ "''''''1 U"'l fo"",,-'lSl. .. rro", are ",ell .. deoc,ibed by .. 

"nifo,,,, d;"t,ib"Uon. Serllilariu cf al. ",od .. lloo ""lar .o: .. neration fOre<'1Is", by coll.,ide,in.o: " mndom 

e rro, of 10% du,ing .. 24-h-a h .. ad fo""""'ti".o: ¡""iorl [f~1) . In (37), both .. linear in".re .......... ith ti ... 

loo,izon .. "d ,lilfe ... m I.",el, of )"",lietion erron! "'ere <:O'I.~id .. ",d . ~br .. ",,,,,i,,,u,,, ho,i,.<>" of 24· h-

"" .... d loo'i~.<>", t i", .. rror ... fIlI "",m",,,,1 lo 1", fi% fo, tbe 10..' ... 1 Ie~el .. "rl 30% for the higl> ... l one. 

Si",ilar "onsider .. tion.~ ...... re acco,,,,te<! in [G!il, bm in thi.~ c ....... , .. , .. nge of 8%-24% ....... "'-..oci .. t.erl 

... illt ti ... 24-h-.. he .. d erro.,.. '!'Ioe hel./l dl,l,ib,aion "" d ,\Iont.e C .. rlo ",etl>od "· .... e 'L_I lo !limul"t.e 

" 



"""narioo of ""lar generaüon in [,03). The p&ra",etrhalion of the he1.a fnnction L. NUP1>OOOd 1.0 he 

dependent on the po",er le"el: higher e rrom are as •• ociated with higher I,o,,;er le""k In [GIi), ti", 

latin hypercube :<ampling appl"OflCh w .... lL..oo 1.0 ge,,,,rale ocenari ... fIffOr<ling lo a linear oomhinalion 

of two l",imodal heta dL.uitmtiollS. The hyperoolie distri!>utioll Jilte<11.O tite ""lar erro", oh.;ervOO 

in ti", EIf'Ct rk lIeliahility ('",nneiJ of "[hM was u..oo in [:lGJ. lJft;ide< I'Dh, uncert.ainty "'M aIoo 

modeloo lL<ing a non-para.meuie approach in [:15). Msuimum error hounds ",ere lL'Ie([ by J\lohan el 

al. hy ""'lOlming a oo'L<tanl , ... 10", of 20% for a 24.h·allP.arl perioll (49), anll by Li el al., by ... ..,uming 

OOII..lJ!.nt bound. of 10% fm the ""me hmizon (26). [n (22), nncertainty le .. el. _re <,-"prc.""'" hy t he 

ooverage grade (GG). deri voo from the ohl.ainOO fu~,.y intcr"ak T he IltlCert.aimy framework in [(4) 

hacl particular e lementt.. As mentioned ahove , the ""lar fOre<"A8U! are I'rovided in lhree c.iltegoriffi 

(fine, cJmkly fltKl rainy) and lhe uncert.ainty i" e;ümated aenmling 1.0 tbe 01 ....... 00 OCCl1r .... nce of 

lh_ (".iI\.egOri ... ,,·hen .,....ll of them is predided. 

Accnracy in oolar I'rediet io, ... h .... been "''>lG.;cd in oome of the cited stndie;. In [(1 ), six monU ... 

of oolar fo....., .... tt. l'r<Wided by tbe "[e.,hnicaJ llni,..,,,,ity of Denmark (DT lJ) " ... re IInllly..oo. The 

oOOerved MAE and Nta'klard deviation ",ere 34 W /m2 and 2!"oS W /m2 respectively. The ... -..ociatOO 

error dL.trihn¡'¡on "1.""",,-111 l'"el1JiIlC "hlll"', ",hic!' dilfered (rom thllt of oo",,,,on I'DF •. Howe""r, 

Ninoo the fOre<"A8tt. were ... -..ocillled with ,liUerent hori~ot ... , il WM not cJc.ar ".-Jlether the oht ainOO 

stlltist;"" lIud error distrit",tion referred to 11 Ilflt"1.iculllr fmee .... ting hori"",,n or .nmmllChed 1111 lhe 

lL..oo hmi,.on:<. In [:11 ), externaJ and I",".al w""ther (0.....,111\1... we .... n..oo, hm l'rec:lictioIL~ were eVllhllll.ed 

in ternL' of I'V generation. Coneret.ely, 11 ... ri ... of dlly-aJ ... .arlI'V po_r f"'","ASU! of 120 oo, .. ....,utive 

dlly. w ... < evalolllloo, each oí tltem being ooml>OOOd oí 24 hourly ""I",~. T he obt.ained nJ\lA~; flttd 

,,1L\ISE "",re IIl'l'roximatcly:l% 1I,K1 ~ . 5% , res¡l<'CUvely. In (17), the fOre<"AIlting frflt'''' ..... ork WII.~ 

~imiJ¡'.l but int roducing more meteorologica.l 1)111"II'''''t...... lo tlti.~ CIl."le lI", y ... .arly ""erllge ttMA E flttd 

MAl'~; ",Iuel adti,,,,ed 0.40 % lIud 4.22 %, resl~tiVf"Jy. T he forecllt .. tittg fltld vll1idlltion COttu>-"U! 

of the two preví",,,, study I\re oomj>flt"lIhle 1.0 l he o ..... dffiCrih"d in [,,r,], ... .>:cept ti"", r ..... lution 

15 minute< ilL<u>ad of "'''' oour , hut the rel'ort.ecl errom are signiticAntly higher, adtieving "" 

tlltMSE' of 29% and IItl " IA I'E of 11 % in the testad period (M .. y 15th lo .1",,,, 15th). ThL~ Ntudy 

'TI>. .. """'" au, he ~;", • .kd ,,;,""" U. , , .... ",..¡; ..... ;",., .. ooLoi,.cd 1,,- .1;.;'1;,"" ti., ~.,.""" ,..;'h U", " .... , ,,1 U. , 

" . "..", .. ,"-.. ...., ,..h; k: ;" [.1 ' 1 ;t ;" , ..... '" 1.,. .1 ;.;'1;"8 U"'"' ,.. ;U, ' be ,,>;«; """ " l' V 1"_' ""1"""1 
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H: max={l% H: ",ax= 16% 

H: max={l% H: max-2~% 

[:lIi] Hy p .. rbolic ,,= 11.9% 
. 

L: Lo .. , M: Merl, H: H'gh 

al .... ilhl'll.rates how U", fOrecMüng .. rro ... are highly rlel"'IIrlenl on lhe met.eorologicaJ conrlilÍOIL~. 

11 i" shown how forec,,'Ilf'rl aOO n",,,~,,rerl icrOOia""" are , ·ery similar ror a """"y <!ay, in ~.onlraSl 

lo the importllJlt rlitre"""""" ot-... erl ror a partialJy clo" rly rlay. In [39], lhe erro", of 24-h-aheOO 

forec,,~t... u-"in.o; au SAIUMA ",orle! rlllring a t.f'SI. I",riorl of 100 h " .. re a'''''.o!e<:l. The MG h"" 12 

kW of in-"tallerl I'V po",er alld lhe ohtaillf'<l a ,'erage e rror "'''~ 0 .75 kW, wilh a ",axin""" .ru,oe 

of 6.21 kW . In [52], lhe l",nÜ"Umce ",orlel ,,'a.~ 'L_ I for I'V p ..... liCliou in th .. At"""ma l.N.lerl; lhe 

l",rformance of lIoe ",orle! ".". e"rullaterl in [69]. The MAI' E ""h ..... "'¡oodaterl ",ill. ""lar power 

fo"",,,,,tt; "ere 8.1 4%, 11. 19%, a",1 I l. :l!i% for 1, 24 , a",1 48-h-ahead hori""m, ""'lleet i ""ly. However, 

lh_ ,e""IIS ",,,-"t he I.IIken inlo acc:o,,,.t ca .... fully, d,oe lo lhe plI/"tkular climatology of lhe "ite. 



5. Weal h e r forecasl for load esti lll.aliolL'; 

Unlike ItE.'l generaL ion, ",hieh i. ah"""t only determine<! by the ",eath..,. oood itioru<, load is al"" 

depeodaot on OI.he, fac.l.Ors relatad lo particular lile: palte,,~": building occup,u"'y, """""n.a.lily or 

cn,~,un", .... behaviour. Tl",s , "'~AL¡",r forecastl; for load p,ediction ha,'e e~,'n a more prono""ced 

ancillary l .... atmem in ,\IG lit .... at'ue. In facL , on¡y lhree arnong ti", studi .... compiled in Table 1, 

make .. "'plicit ,eference 1.0 " 'Mther data in load .,;t i mlltiou,.. In [31[, load predkLio,,,, .... ere I",rfonned 

by an ANN Lhal pJ'Oce"sed 48 h of load mM.~"re",ents and 24 h of tem¡",ralure fO...,.. ... SM provided 

by a ,,~ ... ther service. The proced"re i.. "imilar iu [[>5[, bUL pm<",ffi,¡jng 36 h or load "'''ASurem .. nU< 

a",1 :lf..-h-ahead of tem¡",ralUre fo...,.. .... ,I.... In [57] the ouuloor temperature and globaJ irrlldi""ce 

prO\'ided by Lwo weather forec8l<l. service!! .... ere lt<ed with i",¡>orlanl roe"s on th<!rmaJ Ioad.~. 

A voiding lile reIIl.,ictive .. riteria in the .... l""tion of "tudie< fOl Tahl .. ¡ , more informalion aoo". 

the " .... of ........ t her fOre<" .... ~tf; for MG load predicLion e ... n he ol>l.ai ned. Saudel, d ,,1. "";I.ed diff .. renl 

param .......... fo, day-ahMd predir,tioo.. of elect ricit)' ooo."um]>1.iou in an omce build ing in S,,<eden [70]. 

T he dat.aset inel"ded occupanc)', indoor and ou!.<loo, \.eml"'rntn .... , daylight level, ""lar rnrlialion , 

.... ind speed ,and load" divided iulo appliance, ventilation aud I""'L pmnp (I>eat or cooling) 

load,;. TOOy fOllnd that applilllil' .... load i. m""Uy dependem ou lhe """upancy, but .... 'milaliou 

and cooling load" are maiuly correlal.ed to the out/loor te"'peraLure. I.x..pite lhe applia"ce load 

Ilf'ing higher than lI", "um of Lhe ,,,nlilation and conling load" nlOl<1 of the )'e,.,., iu lhe warm 

montlL~, they "ere cnmparahJe, inclllding momenU< in ",hich appliSlllCe load only rep,""""nl.ed 30% 

cnn,;um¡ltiou. The general.ion of load foreca.~ts ror Lhe Faculty of EJectric.al Engi,,,,,,ring (Zagreh, 

Groatia) I",,-t ou ANNs .... 11.. "l udied in (71]. ANN. _re trnined co"sid .... ing 49 inputs, inc¡uding 

r, meteorologk.al .ariahl.,;: p ........ nre, humidity, temperature, glohal, aud dilft.'le irradiance . TI", 

l'ffiults ohta.ined IlSing th""" 49 ''lIriahles were similar lo the o ..... oht.a..ined hy .. .xclnrling g lohal and 

diff,~'le irradiance. In oth .. .r t.,;l lhe ""lecHo" o r .,.,.,.iahl ... Watl I",nri.~t;", ""d (lnl)' lf'JIl¡",rnlnre and 

p,...,.,nre _re colL~irlered fL~ "' .... lhe' .,.,.,.ial>l"". I n thi~ e.ase, the , ... mlu< ",ere ""{lI'se, iudicating ""me 

.... Ie • .,"'l informatio n from humirlity dala. 

O n a Larger ""lile, load fo...,.. .... ,ting for distrir,l enerl'S m"'lagen",nt "'fL~ "Llklied in [72]. Tlle 

stlld)' .... fL~ ha.....:l ()fl data obtained from the malu call1p'~" at lhe U,,;. ... ,,;;ty {lf TexfL~, conlpr;"ing 

If.o bnildingt<. Goo.",mpt io" WM rlivided into e Jectrk.al , conling, and I"",ting load", in {lI'der lo 

ca.lclllate thei, cnrrelalion coefticÍf'nM " 'ith lemperature (0.8, 0.8, aud -0.8, J'ffipectively) and with 

humirlily HI.3, ..n.2, ""d 0.2) . Theoo parnme\.ers, akmg ",ith Lime i"fo,mation (hou, of ti", day, 

" 



day of lhe _k .. nd II",nth) were , • ....n AA '''''ogenOll" inpu'" in a non-lillelU" .. utoregreooi,,,, ",orlel. 

If only .... -"lher vlU"iabl ... ",ere oon.<idered, day-ahead l'redietions and ot-rveol dala ""ould "how 11.' 

ooeHicient« hillher lha" 0 .9 for ooolinll and he .. üng loarl.., and hillher lhan 0.7 for eJectrkal loM~. 

T h ..... "~"IM CAn he impro.'{'(] ir time infúrmatiOl' .. al"" cOI .. <irle red, flCh ievinll li' """Hicie,,'" 

hillher than 0 .9 in AlJ CAllO! anrl inrlicatinll lI", dependence of elecuieAl load on lhe occ"J"",ey 

Jmu.ero .... In [73J, diJrerent load foret"1ll<tinll mel.hods for MG management on the distriCl ""ale were 

anaJyse.-l. Gons""'l'üon dat .. fro", 9-l I",u""oold< in J..odz, I 'ola ... 1 were compiled from .l"""IU"Y 2012 

lo Uecemher 2012, Alonll ",ilh .. ,lrol",micAl a ... 1 metoorological rlM" l'rovided by a w .... ther ,;ervice. 

T he tet;t.erl wealh"r vlU"iabl"" were reJative humirlilY, almool'heric preooure, pl"f'Cil,italio n, N"rface air 

t€"'perature, " 'inrl speed and ",illd ehiJl \.emperau,re. Data were divided dependinll o n the lype of 

lhe day (workday, Sal urrlay, Sunday or 1",liday) aoo the variahlel! found with "illnificlU'l oorrelat ion 

were dayüme, daily ... ·erage s",face ai r \.emperMure and daily average of relative hu",¡dily. Yuce 

d al. al"" sludie<! the d"mand fOl"f'C""linlll'rohk>m 01' ti", distriel ","1I.1e [74J. l'rineiJ",J oomponent 

analy"i" a"d mulliple reg1f .... ion a"AlY!lÍs "'!re 'l....n in the seleclion of variabJ.... Amonll the 23 

analy"e<l J>lU"amelenl, only 12 w .. .re .... \ected for the Proll<leled ANN model, five úf which rela1.e<l lo 

lhe meteorological conditiOl"~: outrloor air \.emperal"re, o"l.d oor h"midity, ()]ltdoor Rir p"",.mre, 

willd spee<l , willd dil"f'Ct ion .. "d visihili ty. 

In su",nUU"y, ti", ahove studi ... confirme<! I.he depende,,,,e of load on " ... atl",r condiüolIs. TI", 

outdoor temperature ".,..nl.. lO he lhe nlOllt erllcial wealher pantJnet€r, ""rl the venülation, heatinll 

anrl oooJing, ".,..m lO he lhe ",ore weaUler_d epend .. nl loacls. Ho ... ever, fUI commente<l previOlI.,ly, 

meteorolog:k1l.1 data are not co'l.,idere<! for load pm<licÜOl .. < in II>OeIl. Me: ><tudÓffi. 

Tlle load forocast« for Me:" are ge,,,,rate<! u"ing statislical and ",achine ]earninll lllO<leJ" , of 

whielo l"""'l,\.ence [2)), r,o, 7)), 7G] . aUlOreg..-ive [38, 39, 4G , 47), and ANN nlO<lel" [4)), ))))J are lhe 

nlOlll freq'lently 'L~. Uegarrling uncertainly, ,,,,rmal dl.trihution is by flU" lhe mool ,._1 approach 

for rlffiCrihing the loacl fÚl"f'("Af<l.ing erro .... , althoullh il is rem .... kable thal, unlike RES ge,,,,mlion , 

Jlerfec~ forecast« are co, .. ,Ó<lere<! in ",any sturliffi [42, 4iI, ['¡¡J. In ~he loacl CA.." , ,,,,id,,,r ti", n",,!eL, 

,,,,r the u"""rtRi"t)' fmn",,,"ork are determine<! by the metoorological i"formation lUId, lllererúre, a 

deeper .. nalysi.. úf tlo ..... elemen'-. is heyon<l tOO..,.,pe of t hi" "turly. 



6 . D L<;cuss iol1 

TIle 1>n"iOlL~ ~liOlO:; rl....,riberl ... wirle variety of ... pproache! for implememing ,.. ..... t her fOre<",,"'" 

in ;\U ;:\IS. Ilffipite thé. divernity, ""tOO gener ... 1 id""" ... re p ........ nt in the reviood liter"'L",e. In ti", 

folJowin!,: "uboor.liOlL~, th"", idea.~ .... e e."pounded ... nd oompleme nt.erl WiLh ... d dilionaJ inform ... liou 

from olller p"r.licalio'L~, ""me of which are ooyond the,..,.,pe of lhe Me: field: 

6. l. Variablr.s 

Wind I""" ... .r fare<"M!./< for Me: .... re ha._ 1 on wind s pe .. d data, e."cepL for of few rASe!< in which 

<>Lher meteorolOl':ic ... 1 ]lIU" ... "",tertl are oon:;irlered. Note that wind di,ection i.. not OO'L.irlered since 

is a oolllmo" inpul for otller ",ind po",er forecasUng model~ be;ide; M(: applirAtiotL' [77]. T I", 

alw>nce of heighl mllrapolaHon.< in wiud s),eed ffilimaliOlL~ is ... l..., not]"p.ahJe. "l'ypically, m"A~ured 

or gridded dalJl fmm NWI' are provided M 10 m ... hove gronnd le""l , hnL hnr. lleighM CAn I>e 

Nignitir.amly higher, ftl )>eci ... lly in lile WT Iying in lI", muge of M W. Tl>erefore , ",illd foree,,"'" "hould 

he oorrect.erl "" t hffie hcight extrapolatio'L~ oould iu""J.'e ... n import. ... nt inc l"efIAA ill the av ... ilar.le wind 

"""rgy. lIegarding,;nlar fo,ec ... s!./<, it """uo:; l hal irradiance ... ud tempera Lure are lhe most important 

\llU"i ... hles ... Ithough, in th;" r_, lhe iUpUL paramet ..... are more di"""",. Iu. .. hko""ka d aJ. provided 

int"'ffiling informali"" in this IISp .. ct [78]. T hey t.e;t.erl ditr .. rent n",teoroJogir.a.J vari ... h .... , from hoth 

loca) me ... ,mrem .. nU; a mI fOre<""'~L oorvice<, for a pmof-.()f-.coucept I'V foreca.<t.ing module foc'L .... 1 on 

Me: "'PJlJicatiofL~. Mea..ured dat ... (ineluding I",mid ity, precipitatioll , ",illd ")>eed a lld direclioll ) "we 

analyood , !luding the!>elL 1I ~ valu"" for irradiance (0.887) a nd air temperature (0.244) . Ad<litionally, 

N WI' data from weather foreca.<t oorv¡.,... "..,re ronsideroo ( iucluding hnmid ity, temperature, and 

lJ V -iu<le.,, ), hut nnaJly o nly cJoud oover "'''''" '1.'Oild a." exw.rturJ illformaLion for ti", propooe<l fOre<"JI" l ing 

Illo<hlle. l t is al"" rem.arkahle that wiud data are freq,,,,ntly oo'L<ider .. d in appli("ALiou" of ""l ... r I"""'er 

forec ... ~tiug !>elide; MCs, ,-"JI."OO of illl .. UecLi 011 I'V mo<lnJe temperature [79]. 

Hi.<lorical me ... "u rem .. ul.tl of I'V or WT I,o",er were ,1...00 iu more t.h!\ll 40 % of studíe< Lo "illl­

nlate liJo':'<; g .. ,,,,mtion fOre<"A.I.tl. T he .. !TecL of ",e ... ther foreca.'<t erro .. were g .. n .. rally mo<lelled by 

introd'lCing a s\.O("l1a.<t ic component iu th"", ""ríe< in mosl c"",," ,JffiCrihed by ~nmtt>on I'DF~ 

T hi.q i.q ... practica! alternative if meteorologicaJ inform ... lion i.. un ... , .... i) ... hle !\lid l ile .......".,.("11 fOC.lL~ 

i. on ceMAin MC Mpec!./< U<>L particularly alTect.ed by de vi ... lio'L~ of IUS fOre<"Mt. •. Howewr , th""" 

...... ullll m,~<t he ~JI.,...fnlJy ool~<ider"d iu t he ,.,.,...;n",nt of ."heduJiug "ual.egi ... Lo he iml'lem .. nt.ed iu 

""Jl.I-life MEMS, gl>ecially of those foc,l.""¡ on dealing with nncerta inty. As di...."I.......d in Sul...",t iotL< 



41 .• 1 ami 41.41, w""the, fO'''''A~l e,ron< "Ioow a oomptex dep"ndency on the fO",,"""lin,o; moo"L~, fO'e<""""l 

ho,ium .• , and IIlmoopheric ",,,1 ,o;eo,o;rnphirAl oondiüotl.. •. In IIddilion t.o thi" complexity, \\~I' and 

t'V model" aloo introd,,,,,, particuhll· devialion.~ in the erro, d¡"uih"tio'L~. 1'0. i'l.~tllnoo, lICCO,din,o; 

to the WT powe' cm ..... , oome inte,vaL. of wind ~peed in""lve simil,.,. wind po ... e, output. Th,m, 

wind "peed fo"""",,t ",ron< within tl_ int ..... "fll.~ do nOl. invol .... erron< in .. ·ind p;enerntion, í.~. 00'­

tain .. ·ind "peoo .. rron< are nol u"'l..lated to wind g .. n .. ,alion erron<. Thl. fllCl moti..,.t"d the u,.., 

of a sI"'''''' online war~ GalL'wall I'roc_ (SOW(;t') in [42] (oommentoo in S"br;ection :1.2) II"d 

aloo .. .>:plain. the ,,,,n..conv,,,,tional dl.uihution of wioo pow"," erron< 0"'''',",00 in (47j (oommem.ed 

in Su"'-:tion :1.:1). Gorl."""l" .. mly, lhe ",,,,,,,,,ptio,, of a fixoo, " .. IH1e6ned probahilistic dl~t,itmtion 

t.o mooel the ltES fo""""",,t e,ron< in a given Me: is in oonU,,'Il. witb lhe dh .. ",ity of almoopheric 

."ICenarÍOll ",.d the VIIriely of elements i"vol""d in lhe fO",,"A~tin,o; proce!>I. T h,,,,, r .. mlt.< from "imu· 

latiOl'" of lLES fOre<"A.ts bIt..-t on t'V and WT p;enernüon dllta cam",t he eo'lliide,ed anal<>Ko,"" tú 

the on ... ohtained frm" relll fo.ecasts obl.ained oo."!Od on n>etoorolo,o;irAl "ariahJe..¡. 

6.2. SO""", ... 

AA sho ..... n in T .. hJe 1, data rrom "·",,ther ..... " .¡"... are ,1:Ied in horOOn." lonp;er t han 12 h IIl,d 

fOr«"J'IIIts from local me,,~ure,nents .. re lL',ed in ho,OOn .• "1' \.O 24 h. Acoording to recen!. re"íe"", 

of i,rarll""oo fo""""",,ün,o;, lhe '''"le of NWI' d .. ta is recommended fo. ho,iw,l.~ longe, thlll' :1 h, and 

predicllon. ha.-t on local data In horiwtl.. "ho.ter than 41 h (M, 81]. In ..... ind powe.r re"l.,..._, lhe 

limll iA al..., _ahlished ro, fe ... 110"", [n, 821. In the. se, • .." fO""""",,M t.a._1 on loeal ,,...,,,,,,rem ... ":! 
are probahly , .. -t in .. .>:""",lve!)" long horOO, ... In MG "1'plkatlor",. lIo ... ..,"er, the ''""le of data rrom 

weather foteCll.,t se,vl""" imrod""", other prohlems; data req"lre adllptation, "ntaH lo ... updlltlng 

f''''t,,.,ney, and lnvolve additlonal dela)'" re;"lting from the eomlmlation pt"OCffi."l. As oomm .. nl.ed 

ahove, the lalte' polnl"'"flIl nol well add.--l in the revi"",J MG m"dl", (~'>:OOI)t In [28]), si,,,,,, lI,., 

data dell ,·ery lime "'AA adopted AA ,derenea time fnr lhe fO",,"AAün,o; 110'''''01'. Th'L<, lhe oom), ,,tation 

time a'!'I<",lllt.ed wlth the fo....,,,.tin,o; 1' '''''''''" ... "-. nOl. oo'L<Í<lered. F\,rthermore, oomputation time 

dillen< ",non,o; dille ... nt NWI' mooelll, and therefo ... the dellvery üme ellnnol he ,t<ed AA an unlronn 

... rerenea. This ¡,.",., e~ welJ add",.""J ¡n olher sludi.., fOC'L-t on e,,.,rgy fore<"A<llng modeL~ [1!.1J. 

~1"ally, note thal ""m" Me: studl.., induded holh NWI' and Local <lata in orde, 10 .. .>: pJoll the hetll 

or e,.,.l1 001''''''. 

" 



6_.~. f;1TfIn ttS. horúOlc. 

Some "l udi ... oollsider erwrIl oo'L~tanl in time , b"L il i" &CCf'pted LhaL forecllllt errom _m tú 

in",..,Ase WiLh the hori~..,n_ T he del"" L<lency helw...,1I errom IInd hori....,ns i. "enerally modeUe<l by 11 

linAAr relalion: erro", are AIIPllOtW'rl lo be n,,1I in the pr_lIt IIlId nnAArly increI\Ile ... -""hing WIl" ... 

of "1' lo ,.0% a"d :10% fOl will<1 IIIL<I ""lar gene rlllion, ""'1>ecLi~ely, in U-h-abead hori~..,ns_ An 

iJhL~trali"" vis"aJ """limpie of lhe COfIooq nelleel of Llti. as,mmption in tbe ge''''J"alion of probllbilisLic 

...... nllrioo ¡" prtWi<lcd in [40J. The Jill .. .ar rf'llllion beL .. _1I errom flII<l hori"""L~ rel"_m." an ""'celIIive 

simplifK"Atioll in mooL of ca.""," , In [17J, Lhe foreca.'L errom lI.'!SOCialoo Wilh NWI' IIIId ""'.al <lata 

pro ... _<1 "sing 1II1I<'1Ii ...... l<>a"'illg tedlllOqnef! ,,'e re lIIIalr-l showillg a logarithmic relatioll Wilh lhe 

foreca.~tillg horOOIl. Additionally, Lhe e rrom al"" .. ..xhibited 111' im porlll.lIL ""1I.""nal romponellt. 111 

[84] , l he ""lar predieLio,~" generated by Lhe A'L"traJilln JI " ...... " of Meteorology IIIId pool. p~ 

with machi ...... k>.arlling I.eChniq" .... "",re allaJyood in a l",riod of 11 days; illeludillg "IIIUl)", (>III"Lially 

clOII,iftl IIIId e lolldy dayA_ T be "",,,I~ showed how lhe ""I"are rorrelatio" coeftidellL slrollgly dc­

crea.""," in Lhe firsl. Lhme hOl'rIl, relllllÍlling alll>OfIt sLable fII'()"lKl O.f,r, beyond thal poillt. lt is al"" 

NI",,,,,, how 2- 10-111 ... ",,1 predictiOl~" ill "III"'y dllY" are more """"rate than 3I).",ill-ahead predictioll." i" 

elolldy pcriod". This poi"L dell"'T1.~trat"" thaL, hesid .... the time hori,..,n, Lite e"olmio" of the e rro", 

is alT",,1.ed by other ..,.,.iahl .... relal.ed tú atmoopherie "LahiJity. TI".,., fllture .it"atio,," of AtllbiJity 

(slleh "" wind calm period . , """lly days or ah,,,,,"ce of frollM) ('.8/1 imply more """"raey tha" p.."".,n( 

"il" ation" of high varillbiJity_ T he e""",,,hle f"'''''lIstll general.e<l by NWI' mooel" are 11 vllluabJe 

lool in this """"e, since lhey ca" d....,ribe Lh""" "iL"atio'L~. T lteir RpplicAtioll in renew" ble energy 

foreca.~tillg 1"", received iIlCI'f'A<;e<\ intcl'ell. in recenl yeam [M J. T he '''''' of elC'""",hle fO"""A~1. in MGs 

"''''' ronside red in [M J IIlId J29J. Accordillg to the IaLter ~1.,L<ly, e,~"",ml>le fo,..,.."",!." h .. mefi L Lhe Me: 

IIIl1nRge,,,.,,,t for pllll",illg hor;".o"" "p to:1.1 h. 

6,4. W;,Jd '.no,"" u,. solar.".,..,,,, 

Wi"d fO"""""'Ling error.< are freqlle"Uy oo,~"ideroo 10 he higher Ih"" ""lar 011"'. The wind· 

l<H!olar "ta"dard deviation ratio ra"ged from olle (32] to 1"", [40] in Lhe ~llld ies in wltich both 

IU':''''' ..... re oo,~"idered. Th ...... dilferen""", are oolllpatihle ... il h real ot-"·lIl io, .. ~ rel>orled in "",,,e 

pllhlic ... tiOl~". NeVe! d aJo IInaly_1 the foree""" errorll oboorved in an ioolal.e<l ,\1(; i" lhe Gorvo 

1 ~IIII.d by 'L~i"g lhe persistence model [87). T hey rel>orted 1II'lIIlAl 1I 1 A I'~:" of 19% alld 73"k for 

""lar lII,d wirtd power foreca.~1JI, ""'pecU, ... ly. Tbe IllreOOy cited sl,ldy of HlllltoooOOO, Chile [G9J 



reporte<! romlmmble MAI 'E ,-ru,,,,,, for l-b-aloe&d hori,.,,,, ... For 24 and 48-II-ahead hori~.ons, wind 

e rronl hecome doo ,ble tban Lhe ""lar o ...... 

6.5. ¡';!TOf'" ",drie.. 

O ne of lhe ",ain prohlent~ in romparinll fore""s~ r .. mll>! from dilferent Me: sl"díe< L. the ah6enoo 

of "tandardi, ... tion of e rro, mel,ÍCIl. Tlne~, simUa, acronyntq are freqnently a'lOOCiated ",itl! differen~ 

eltima\.el, and similar ffitimates a", ""met im .... "pplie<! 1.0 ... r;"" of dilferen~ eharacte,istia<, i.e . 

... r;"" iocluding" ,,~ific for""A~ting horOOn or ... 'i .... ineluding dilTerent foreca.qting horOO, .... '1'11 .. 

ambiguity is partie ularly noliooable in tlle nor",ali,ro ffitimatffi ",,,,.h fIII uMAE or nltMSE 

... h;"l1, depending on ti", st'KI)', are ohtAine<! hy dividiug ... ilh the mean of the m"A~uren",ntll [55], 

iTL"trule<! capacity 117), o, u"",her of ele",entA of the ... ríe< [:n). E ..... n in """'" ca ..... , lllere are 

rontradic~ion" I"'t ... oon the definition of tlle ""timat .... aOO lile w"y in which the)' are reporte<!; fo, 

il~'t"' ..... , defining abool"te e , ronl b"t providing ... lative o,,,,,,. Th ..... prohlentq are delected nO!. 

only in Me: l"AlMl"d" bm al", in O!.he, energy di.'lciplh ..... , "ueh a, ""la, fo,."..""ting [SS] or hnilding 

e ''''rg)I modelll [89], and dem ... ,,] a """lio,e, int.er]>rel.ation of ""UIM. 

6.6. ¡';!TOf'" de.'ICr"Íf'Iu.n.. 

TI",,,, is a g .. " .... all"<'.k of agrooment rega.,ding the eha, act.erisliffi of lile foreca,tiug errom, ... hieh 

i"dicat.., the lack of com.oJidat.ed knowlerlge in thL, fIIIl-.t. 1 '",a",etric approaclle:i, hfIIIe<] on 1 ' DI>' .. , 

are rommonly ,~'led lo d ..... ,ihe (hc. • . e rron<. Normal dist ribution i. lhe "'OIIt ,e"",] optiou, allhough 

uniform a",1 beta distributio"s are al<;<> fr"'l,¡ent. A ... ide d;'-e",ity of parametri, ... ~io'L. ~JI.Jl he 

fo"ud in e""h rA ..... Nou-parametric 8p]ll"Ofl"IIe:i ha'led on e mpirical ad jusl>!, eJ~",mble fOre<'A.M o, 

mru:i",,,m e , ror oounds are OCCfIIIionally ,e.,.,.-j. Tlli.~ .. ariay of "' ..... nainty d"""ription" is encloe!ed 

nol only to l he MC; route,," but al", geneml appJicaUoru; of ILES Il"nernliou , a< rellecled in ""lar 

forecfllltiug [79], and ffipreially iu ... iud fOre<'Aqting ... .,;",.,.,,[82, 90]. Some "tudi.., llave .m"ly:<ed lhe 

... iml ,md ""lar (o,e""st error.< I>ointiug lo similar rooche~io"". Zh"ng el al. ma.de " tllomnglllllll\lys" 

of 1-II·ahead ,,00 d"y-"heI\<l ""lar fOrf'Cflllt ermrs con.qid .. .ring diffe renl ~I)I\tial "",,1 .... , fmm one l>o,',e, 

pl"nt ... ilh" l~MW capacil)' to Lhe ... hole Weltern Interrouureüon ineluding 1,007 ""lar plamJl 

... ith an agg ... gat.erl fo4,49r ... MW C"llI\<'.ity (Ifi]. T he observ",l error di.'triD"tiOTL~ dilfer dep .. uding 

on tlle "".a.Je (Iarg .. , ""'A~ i"vol"e 1"" ... erro",) "mi foreclL<ti"g IIori~.on.~ (~lIoner bo,iwTL~ iuvolve 

1""· .... erronl). Addltion"Uy, tll .. y ro,roho"'te that tlle sh"l"" of ti", d i.~trihntio, .. de"",OO ou ti", 



gi""n hour of the day fU,,1 monlh , ",,,ealing the complfo",ily in the struf'ture of oolar errom. Similar 

conclo~,iollll ahoul " 'ind .. nerlO' (,Al, be foun<l in [91] . 1 n thi.. stn<ly, the " 'in<l po,,· .. r error dl,trihlllio",~ 

ohe«>r"ed in slx dilrerent lSOs Wilh iI~,taUed wi,,,1 cApacity mnging from 1.10 MW 1.0 %,000 MW 

were compare<!. The .. tudy ~howed how the shape of lhe dislrihutioll.. ditre", depending "', lhe !!Cale, 

"p"tial dl~pe",ion, Sea"Ol1.", foror.asting hori~.o",~, 110m of the day and wind l>ower le""l , TO[>OllTaphy 

(92] and met.eorological si lnatio'lIl [93] ha"e al"" t ..... n relate<! t.o lhe oOOerved error di.'trihutio",~ in 

single ",il,,1 farn~,. Hooge r.I 111. perfect ly "nmmari,.ed of aU lI,e aoo"e mentioned pointa [94]. They 

conclt"led thM fo"""""t error dl,tritmLio"" depend on the area, lhe fO['f'('.flSling mel hodology, alld 

the ronsidered time ""ale alld, coIl.~llenlly, recormnended a preliminary fltUI.Iy"i., of e""h prohlem 

t.o properly define lhe di.'tribulion of errom a,,,1 1.0 oolect lI,e hest ",ay 1.0 model Lhem. However, 

in tnOfIL MC st,,,ti .... , the uncertainly de:ICription. are arbilrary o r ha.~ on oth .. r sllldi .... tllM nOl. 

''''''~ily perform similar eXI ... ,im .. ntl; regarding lU'ea, fO['f'('AIlting moo .. ls, horiwnl!, cte. 

6.7. Chllllcnfl"'s 

Simply .tatal, lhe main ",eath .. r forecasl cJtaJI .. nge in"oh· .... imp"""ing ti ... """"rRey t.o be,,,,fit l he 

MC oper .. tion. llegarding data from NWI', they are beyond the Relion of MEMS. In"tilnLí",,,, and 

comp .. niffi in charge o( eReh _alher foracasl """,ioo are resJIO""ihle for rontinuonsJy upgrnrling ti ... 

modehll.O imprm'e lhe resnJIll. In thi., ""'~"', increa..ing ti ... sp .. tial and t .. mpornJ resoJutiofl!l wouJd 

I ... nefit ti ... implenlf'fltation of NWI' data in M EMS. In lhe MC'" range of Retínn , the improven ... nL 

in "",ather fOrecMlll com .... from lhe .. nhanoom .. nt of local me",,,,remenL~ fU,,1 lhe oJ,timi'.fltínn of 

lhe procelt1ing tedmiq" .... For il1."IflllCf', sol .. r fo"""""ting for Me: .. ppHcatiol~' hM m";nJy fOCIL'!ed 

on day-..t...ad predictio",. ",ilh """,lutio"," m"ging from ten minute9 to cme hour. Th""" horiw"," 

.. "d periods are nOl. efficient in the dffiCril'lion of lhe potOIihle ""riatioll!l in sky CO\'<'mge, th .. re~ 

in"ol"i"g importanl d .. "iatio'L. hetween lhe forecaste<! and ",,,,,,,ured ""Ju ... in <'.flCh inter..,.] (_ 

[;.5] and [9,,] for t .. ", iUI~'lrMi"" exa"'pl .... ). Ho",ever, the reaJ romplexily of Ihe prohlem ;" re"""IOO 

... hen lhe MC is monit.ored aL high AAml, ling f""luency. Then, ~I ... <,,,,treme vari .. hility in ",,11U' po...-er 

resulUng from dOlld mOlion can he (,Jlptllred , sllo",ing ..,.natío"" of IIp to 80% in rew ~1"ls, ",hieh 

can 1",'It for ho"", Otl partiaJJy clondOO da}'/! [96 , 97] . O",ing 1.0 Ihi" Vlt.riahility, undesirA.ble llO,,;er 

tlo"," Cfltl be l>roduced [97] .. "d J 'V smoothing techniqllffi are required 1.0 malce the generation mo,e 

di"p"whahle [9.'1] . Th,,", lhere i.q an increa.qing imerest in ullra."hor!...term ""lar fO,.".,,,,,M including 

lhe s"I,.."ecoud range. The IL .... of new i,.~tru",entatíon "" alJ-riky came,,,,~ and , ... '" p~ing 



melhod" ,,'iJl he ,,,,,,.-ary 10 roce this t.ask [99)[100]. Similar prohle" .. &re a"ooda1.e<l Wi1h wind 

(o"""A~Unll (or M(:" (_ [;;2] ror .. " illnslrnti t.'e .. .xample). 1" 1hl~ e ... .,." 1he Ll DA II wollld repmlenl fU' 

i'IIlUllmem fUt.alogO'~" 10 aJl.sky ("Ame .... " , "" i1 prov idffi high fre<]'Jeney s"al",hots of the "urronnding 

wind lield~ [lOI] . H""",,,er, the """t o( the. ilL"trumentation _m.. to he displ"O]><>nionate with 

lhe reJated """nomíe heneA t in lhe contR.x1 o( ;"'lG~. A more reall~tie ol't ion lo oht&in similar 

inform .. tion líe! in lhe al'plkaüon of 'lOWcasünll ter.hniqu"" h ... ...,,¡ on information "haring IUnong 

,..".,.I,y MGs. This oohaiotl is al"", in IbJe wiU, recetlt pro]>OAAl" of hill data al'pli("AtiOtlS for Me: 

e nergy mlUlI'gemen1 [102]. Va"ll d aJ. indÍ<"Jt.t.erl tha1 the deveJoI'",ellt of ""lar ""IL""r net work.. will 

he fnnd ..... emalin futu ... al.plieatio .... of !lOlar fore<"-""Ung [AA]. In the ("-""" of ",ind, a high de"sity 

of "oeru;urenJent l'oints ("Atl prod,,,,,, regional d"",riI'1ion" oomparahle 10 NW l ' data, bm inereasing 

the upda1inll freq'Je'lCY ul' 10 minuteft [1D.1]. Muller d al. al"" poimed 1he J><>t.entiaJ of ",ultiple 

""'L""r "et" .... rlu! to monitor the local _ .. th..,. in urhan environmelllS, ... hieh i" U", main niehe of 

MG" [1M]. TJ", IlgIlregation of information from dilferent l\IGs to decrea. .... ti", foreca.~Ung e rrom 

Wlt..~ s111died in [1M], hut foc'L~ing on traditlg energy in the markm, not repmletltinll an improvemen1 

in 1be indi .. iduaJ erro", a'lOOCiated Wi1h each MG. 

7 . l lecommendatiom; 

Tire p"'Vio'L< literatu ... revi"ion fU"J di.'lC'L ... ion allo ... the delinition of ""me gnideli,_ (or an 

emd em 1100 of ,,'eather fot"eClt.lllS for M(; a]'pli("Jt.tiotlS. Addl"ffil<inll the oomment.erl 1 .... .1< of unifor­

mily in this .... J""'t , lhe foJlowing reco,mnendatio,,,, <"An al"" rel'mlent a ]>reliminary att.etrlpt of 

slandardimtion 1ha1 wilJ he ,teCffiNfIJ"y in fmure MG de,.,-,Iop",,,nl.., It..~ HllUffited in [10ti]: 

• U .... of ",Al for","-""IS: 1Iea.1 fO",,"A~tIl provide tI", real oonIR..<t in whieh 1\·1(; sLmt.e¡l;íe! and 

remlM should he validated. Synthmie forecaslS generate<l by introducing ""me sl.ochlt..<tíeity 

in h¡'¡lorÍ<"AI .... rÍffl lead 10 a "impli6ed and more prediCl.ahle prohlem, sinoo the simlllated 

forec""Ung error.< are ...... 'un"'l to ohey a oort&in rule 1hat i8 ~itllJ>l .. aJld arhitr",y in mOtlt 

("JIflffi. The m";n l,robJem in the 'L"" of .. .xternal for""""t.:I L~ lh .. COtlt of a forer1t..~t ""rvice which 

may IlOt he j'L~tilied in 1h .. ("A'le of M(;s. Tire ",";n prohlenL~ in the U.'le of IorAl fo",,"1t..<'" &re 

",lated 10 the a,"';lability of repre<en1.ativ" metoorologlcal dMa, and lh" implememation of a 

foreca.<ting m<>del 10 Ilenerate 1"" dictiOlL •. However, the;e drnwhadlS ("An be <'A<ily """roo"", 

in mOtlt. ("JIflffi sinoo forecast.:l from G~'S are freely a, ... ilable all Mer lhe ... orl<l a.nd data from 



nearby meworologkal su.tion" are generally ,..",...,.ible in moot arell.~. As mentioood aboye, in 

the lalter CfL'!e, applying a "imple fOre<'Ast ing modellO obtai" real p,."dktioll.~ _,,~~ a more 

realistic aud easier-to.impl~Jt ... ul option tI ... n """u",ing a hehaviour of the foremslÍng errom 

",hieh, aI""",l certainly, do no!. retlect the real working ""nditio,," of tt ... 1\-1(;. 

• Long lffit perio,k A lffit J ... riod of one year ¡,¡ (] ... irable. Since thi.~ condition can involve 

""riOtL~ oomputalional inron"en"'n"... , ooquellCffi of at lea.t lhree or four conoocutive da)"! 

",ith diff~.N'nt meteorologi<".aJ sit"atiotl.. 

oot.~idered. 

induding the """,t nnra"mtrable m .... shmtld be 

• SoUJ"Cel: N \V I' data from wealher fo,"""""t ""rvice; ""L~l be applierl in hori,,,,,.~ kmger lhan six 

hou,.,. , a",1 prediction." from Jor.aJ data in shoM.er hori,.ot.~. To etL~Ure ",¡udmum utili'Ation of 

each ""urce, lhe implementation of botlt external fUtd I"".al forecll.~ta i.~ desirnble i" typic.al 24-

h-ahead ""beduling applicatiott" , Jn thi.. Het ..... , the rotling horizon suat.egy rfUt be fUt ~.xceJlent 

option, "" il di.~tinguish ... bel"'"",,II ti ... schoouJjng ar,,1 execution horiwlm ",hiel> generaJJy are 

above and 1",10", tbe Jimit , resJ>ectively. 

• U ncertaittty: The uncertainty should be st'KJjed in .. ""h c ....... "" ti ... error distribution depen,l, 

on ti ... I"".al oondi t iotl.', fo",,"-,,"ting modeJ , for""A~ting hori,.on , "",teorologi<".aJ situaliot.~, or 

tJ ... rotl.~idered peri"'" (""II."lOn, ",onth, or !tour of the day). The t"", of el~ .... ",ble foremsU! 

of NWI' ,,>O<:IeL. i., a sllitable choice lO obtain real fo,""""","" a",1 uncertainly ... timali"'L' 

si m u I tanoo'L<1 y. 

• U .. port: Tbe tL'" of .... eatJ ... r forecatlta for MGs shoukl be ,I"""ribed by d""rly indkaling 

tJ ... data """r"... (local data, ",,,,,ther foreca."l ""rvice<, bistoriml He,i ... ), titl ... information 

(horizon .• , ffi'tOlntion), and if appli<".Jt.ble, p""""",ing I.eChniqt .... (fo",,"A"Il.ing ",odeL., local a<l-

inslS, adaptation lo MEMS), the utt""nainly attalysi.~ (n>O<:leL<. par .... >etri,.Jt.tion.., error de--

pende,ICffi), fU .. J obtlerverl fo"""-",,ting e rro", ( if real information í." a .... ilable). htclt .. Jing olle 

parngraph or sltlall "uhAAction ",ith tití., information collJd hel l' in ti ... oon\.extualization of l he 

problem ",,,J lhe interpretation of lhe ""ulta. Note thal dffiCriptio,~" of NW I' data "hOllld 

incltKle lhe delay llRIOCiaterl ",ilh t J ... fOre<'A"ting J"·OOiNI. 

• ~:rror MeuÍffl: Tite formul"" that define tt ... error ... timat ... should be provide<l lO clearly 

defi, ... ti ... ealc"Jalion ..... """iated ",itlt each ""rony"'. S"bscript.." CA" be ,,00<1 lo o"eroo",,, l he 



allOV<! commenl.edru"higuily úf acronym". Th,e~, the invoh'<l<i fÚre<'Ali t ing húri"""s can he iodi­

eAte<I, pmviding a disti"ct.io" het """,,, ..,üm"te< a""'>eÍ&te<1 wilh" specific fÚre<' ... ~ting húri~.o" 

¡',IAE'h , II1 AI'E""h, IL\ISE, nm,,, and ... ti"'a ........ -.ciated wilh a r""Ke úf rÚre<'Alit ing 

húri""n.~ MAE'h_l<h, MAI'E ,h_ ..... , II.MSE,nn.;n_ ' h ' 1" the CA .... úf núrmalizoo ",ÜIlllII.eI 

e.g. n MAE úr nllM SE , the ~J(p"",io" per unit (p.u. ) could he le..oo 1.0 di .. cero wheth"r a 

nú,mali>Aliou i.~ conduetoo hy dividinK lhe púwer erm ... Wilh lhe n".ximu", i,e.lJIJloo power 

úr with lhe m""n oC the 'llf'A.llremenl:< . 

• Load fÚre<'AliM: MGs " 'ilh signifkAIIl I",...,nce of heating, venlilatiún , and rooliug Ioatls "húuld 

introduce, &t ]~Alit , úll!.<loor t.emperalll'" fÚre<'A.W lo impmve d emand predictiú"s, Hllmidily 

ffitimaUons can al"" he .,.,.Inahle in thi.. CA.,., . 

• Vari"bl..,: Wind po", .... fúrecasl:< "húuld consider wind directiún ... ~ il h .... been demon,;lral.ed 

1.0 he relevlUlt in ",ind predictiún. Wind "]>eed heighl extrapolation.~ are _nlial i" flCCurst.e 

,,";nd Jlower oo;,,,atiún,,, "" WT huI", a"d fÚre<'A"It h";ght.ll are generaUy dilrerenl , a"d thi.. ca" 

impJy impúrt.a.m ,leviatiú,,". 

S. Summary aud Conclus ion 

The p.-nl sllldy revie,,'oo the use oC " .. ather fOre<'.MM rúr microgrid energy management re­

lated 1.0 """,nt Jlllhlic-'lUOnll in lhe discipline. The U"" of rene,,'shle energy """""'" in all ""ami"ed 

microgrids w,," veri fioo. Il lo"" al"", I_n confirmed tl ... l d"-'lling Wilh IlOffiible d.wialion." from plan.. 

"",ulling from fú"""",,üng .... m ... i.~ a mllÍn úbject i,'e úf lhe pm)""",,1 energy m""agemenl ~trat.egi .... 

T herefore, n>et.eomlogicaJ informatiún "húuld he a primary inpul fúr microgrid ""heclllli"g pmhlenL •. 

J)e¡pit.e lhis faet, fill<l .... a fimt "","lt of lhe literalu", revie,,', il i.. úoo..rved U ... l the lI>etromlúgic.al 

cnmponent pJay" a AACOlldary role in a signiftc"nt parl úf lhe sllIdies, with the met.eomJogical infúr­

maUún providoo in th....., P"P"'" heing ""arce, dc.pe"",,1 and ON"A.ionaJly incoherent 00' not finoo lo 

met.eorolúgk-'ll standard". Tlue., fúr" pm!",," ""aly"i.. of lhe e!emcn"" a"d mct.húdúlogies invúl ved in 

tI,e ,e"" úf .. '""tI,er rÚre<'AliL. in jl,l(; pmhl"nL., " "",trict iv" ""leclion of sludi.., w ... ~ cond llct.ed . Tlle 

,;elected " 'OI"kN providoo a romplete char""teri>'.fllion úf lhe rÚre<'A~l frnmework, including ""Ul"Cffi, 

mel hodúlogiffi, hori>n,,,,, ohjectiVffi, u"" .. rtainly IUld "",,,Il:<. 11 ... _1 0011 tltese elemenM, a delailed 

sll,vey "'''" rondllcted for ",ind, solar a"d load forecAlil appliCfltiOlL~ rúr microgrids, evi'>eing and 

úutlining lile divemily úf eJement«, Cfl.'<el a",1 apP'OII<"l,.., in.'Olvoo in th ..... prohlenL~. Addilionally, 



this information w"" rolllextnalized in relMion lO otller literatnre on w"ather fUl<l re .. e",ahle ell­

ergy fo.....,,,,,tt. , oi"",~""ing t beir simil .... iti ... ano ,HITere,.."., on dilTerent a~pects relatOO to t be ti"" 

of ti", information, treAtment of errom a"d ullcertainty, a",1 main dlallenge; in ti", lOpic. Finally, 

!he following recommendatiotlS for future researeh aoo real appliC1l.liollS are '"ggffit.ed, s .. dt as ll.., 

of real fo.....,,,,,,,,, long t~t periods, appropriate 'L .... of data 00"'00II and met ries, or stattdardi,..,.1 

d"""riplions. 
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