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Abstract

Accurate forecastinu of system Maximum Demand (MDl is vital ~o Esk011l.
Under-estimating the MD could re-ul: in a generation capacity shortage.
with devastating consequences for the economy. Similarly. a high MD
forecast would result in overcapacity. with expensive generating plant
standing idle The traditional method of MD forecasting in Eskorn has
become unreliable due to a changing relationship between forecast energy
sales and expected maximum demand. The reasons for the changing system
demand profile were isolated and analysed. Alternative MD forecasting
techniques are evaluated and end-use hourly aggregation modets were
;d'~ntifieJ as a method suitable for Eskorn, An experimental demand profile
forecasting moue! was developed, using data from a previous project. The
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countnc al,n d,l llllt depend 011 10\\ clcctricuv (111('1.:' 1111 .1 ),!h,b.t1 (OIIlPl'tltl\l'
ad\illlt.t~l', .I...d,ll''' South ,\Inca Till' author .d ..." IItltl· ... 111:11 111 Ihl' I'SA, IIlll' ,II the
undesirable ..'oll, ..'qlll'Ill'l·'" o! dl'll·),!IIJ.It.I)1l It.., lu,t ,t.lIted 10 lin III Then- ha\l' hccn
IW,l hluckout-, 111 the I'S III r..·n·llt 111"11111... alld \\ IIh 1111 Ilhll),!.ltll1ll '" "'1l(11'1~. It I ...

diuicul: to la~ the rc·...pllll'lhlll{~ III ,1~'l'II11llt.Jhtll(\ at tit ..' door of the llttllt~, TIlt' free
market makes no guarantee for the supply (If the commodity Th .., autluu "'U'I'I.·d,
'hat a purely market driven ESI may han- a ...111'1"1lite IJ1 place ... Ilk c' the t '~A when
I..'UstOIlKf-, are unul.ic to gct clcctru itv It I' Ilk ..'" that a market driven LSI III a) require
a different form of regulation to lunit PI'I..'c cvircmc ... and cnsur c· ,t1ppl~ Till, \\ ould
impl} all ongomg need for long rcrm plannIng ,lIl(! -umc Iorm lit IFP procc- Th..·
change may he that ttl ... the regulator rather than the utility that pcrlouu- thi-, [unction

i.a THE STRUCTURE OF THIS DISSERTA' ION

The rest of this di ...scrtuuon 1..'11\l'r, the development and tcxnng (ll 1111.'lvpcruucnral
demand profile Iorccasnng model (XDFM I,

Chaptcr Z is a review of Iorccoting techniques as used in Eskom. The cvoluti. 11
these technique- and their "1"nc,,lI1inl!' under current condition- provide the
background for this research.

Chapter 3 described the disaggrq!iltion project which provided the 1't1 st 01111." demand
profile data for the experimental model. It was \ uul to e ..tahltsh confidence in thi ... datil
set. as inaccurate cu ...tonier das ... demand profile Lim,l would raise serious doubt about
the XDFM t.11111el's test results.

The development 01 the XDFM model is covered ill Chapter ..l, followed hy till' lo:'tll1~
discuvsed III Chapter 5, The last chapter demon ...trat ..,s the U',I.· of the model In I :skOIll"
long term Iorccasti ng PIO(O:SS and Illustrates 11'.., pcrtormancc "lI1l'L IIJl)-I.

The sUl.'l..'CSS of the experimental 11111(kl led to -uppor: for the development (11 ,I IlI.1
scale Demand Pnuile Forecasting Model tI)PF~I) This development I.., currentlv
under \\ ay and the model is expected III be 11111SL' hy jl)IJX

,.\ 1>/'I1lt/11'/ 1'/,,/,11''''''1'/,11/''11.,' ,\1, "It! /"'/1/,,'/11 /"'1.," I 12
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• S~'~'Il.11111PI;1I11111l).!fllllll\\l'd h\ Lnd ["I.' h"I1""ll'1ll~ Ill(.ddltll,l! Inl I.lll'I).'\ S.d~'\
h'lt'l'<I',1 111!-, ,

• lind-I :'"~, A,c,cre,catilln ll11llkllll1,c' 01 'l'il'dt'd 'l'l'I1.1I1''- Ill' Dvm.md l'roulc
l-orccavting. Till, include ...~tall'tl~.d allal~'I' lit l'\(\~!en"lI' llllpal'h like weather

lhe cnt In: Pl'PI.'t''''''' me ludc-, explicit quantification o] uncertainty, \\ qh till' ,l!1l;iI III

producing a Iorcca ...t runge within \\ luch 'lcuvt regret plannmg dl'l'I' ,II' l ..1lI hI.' nude,
together v, ith connngcncy plar~, io c.ucr lor k" lIJ,.l'I~ hut po,,,,hk .1l1l'1I1.l11\ ~"

1.2.8 ThQ Futur$ of Long Term Fort, "'satlng In Utilities

World-wide, the electric utility indu-try I' currently undergoina I I....volution which
has implications for forccasn.-e TIl1', revolution I' cncap ...ulau..! III the concept ...
Privatization. Competltlou. and Deregulation Large. vcrticully mtcgratcd public
uulitie« arc being broken up rnto 1.'Il!l1pOIll'III', Till' (;~'l1L'ratioll, Tran ...IllI ....loll. <Illd

Distribution funclion, are separated. often with competition introduced al till'
Generation level and sometime- at the Distribution level There arc many .httercm
l1111dc1s of this rextructunng in different countries. hUI the general trend i ... toward-,
wholesale competition with retail competition a ... an ultim.ue goal. The Elect k'lI~
Supply Industry IESl) ha- been opcraung in this mode fur several year ... III ...orne
countries ...uch a' Norwu, \\ hile other countncs look set to continue operating largt.'
utiline« such as EdF in l-rancc and [:NEL In Italy. TIll' ESI 111 Great Britain wa-,

privati ...cd in 19l)f). and recent iL'gl..lation ill rhc I lSA 1Richardson Il)l) ..q IS '1.'1 10 allov,
competition 1'01'customer ... and open acccs to transmivvion ...y..,(I.'I11'" 101 Independent
Power Producer ...IIPP ...1.

This revolution has -crious implicauons Io: long term (orL'l'a<,tlng [Landgren 11)1)51, If
a utility has no l'UPIlVC cu ...IOllWI" base 01 '1.'1'\ icc tcrntory, and no obllgatloll (0 "urpl~
customer ..., il may han: no IWL'd for IOllg term I'Xn,II1"IOIl I'lalllllllg or Itlrl'l.';I,llng, II
'market Iorcc .... can effie II.ntly regulate the LSI. the Iypl' 01 long i"rm planning
traditionally done hy utilitiev for a ccutury could become lh,olell', A, capacuv liuut-,
are reached. I: i\ expected that elcctricitv pm'l" will ns ..' until the Utlltl~ or ,111 IP!>
finds it Iinuncially hcuc+iciul to build new plant - III t 111.'111'), The ('l'1)1101l1) of 'l'ak that
led 10 huge central power ,tahills \1 a' h""'l'd Ill.llnl~ Oil hiphcr dtill~'III.'Il'''' \It larger
unus, and new tcchnoiogical .1('\1.'10[11111.'11[, han' reduced Ih" alh anlagl' III !'l'l'l'lll

years. Modern ICdlll(lI"gy h.r- made II 110""lhl. III con-rmct vmnll hili ctficicn: PII\\t'l

plunt-, with relatively short lead I 1lK'''. A 31)() \lW Combined Cycle ]10\\(.'1 ,Iatltlll 1."1Il

be built in under lWI) yeur ... [laruqui .'\: \kknd~ 1'1l)~1 Th ..' ,k'lgn, III -inall f lOll
\lW or lc ...~) pebble bed nuclear plan", .11'1' ,1\;1I1ahk Ihklllli 11)1)(11

Tl.is concept h.i-, nroved w orkahlc til -omc ~dllntlll''' lUI ,I r~'''IIt\d~ <hort pcnod III
tune. a kw ~1',1I', II Ita... 111.'1.'1\ apl'!'n! II' olhn prl'\ 11l1l"'!~ !ldlloll,tll'l'd or reglll.tll'd

IIId us II'll", "'lIc..'h a, ll'k'l'IlI11ltllIIlK,IIIOIl' ..:Id 11<lIl"pllll II !la' "hll h;IPI'l'Jll'd III l'Jll'r),!~
'l'I'\In' imlu ...mc-. 1l01ilhl~ _l!,p, utihuc-, Till' ouniuc ... III which 11 .1)1pl'al' III \\Idk .111.'
1110'1.' where l·kl·tll~'11\ u-c ,11'1'1.'.11' III 11.1\1.' v, uur.ucd. 1l"U1tIIl),! III 10\\ ,l!1I1\\ III lhc-c

I'll ,'I I I
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value dlstrlhutinns .uul \lllntl' ('urlo ...imulation il.l\ t' hl'l''1 'l'l "'ifni I(kltt" ,\
K_llo~ 1')1) 'I

1.2.6 Scenario Planning and Uncertainty Evaluation

Incrcnsing unccrtumty about ccononuv uuluator-, and l'lI,tOIlII.'I hdla\ !IlUI. ,I' \H'1I a,
mcreasmp mtcrvcnuon 111 the market h~ unlitic ... \\ IIh DS!'.l 1111.',1...1111.'''' It'll II' a new
approach during the El~lltll'''' hln·la ...tcr ... ,hllkd their fill'll' 1111111 prcdunng ...1t1gll'
line Ioreca ...tv ,rccurarcly. III a rallg~' olltkl'ly \ uluc ...qllantlt~ 1Il~ the unccrt.unr, \\1111111
the range l(it'lhl1~'"11)1)1 I All EPRI -ponvorcd work ...hop Oil flll'l·C.l,tlnj,! models III
19XO IEPRI 19XO] identified the treatment 01 unccuamtv a, it prunarv concern and
fiN evaluated three illtcrnat I\ c appn I.Idll'''' to l'\ .iluaung unccrtumty. namely scenario
planning. probahlllty trees. and Monte Carlo slmulations. TI1I."1..' method- arc
discussed at length in an EPRI re ...I.'OIn:h report I [PI{ ( jI)'l() 1 Several COI"'l' ...tudic-, 01

l 'S utilitie applyltlg these methods were later dcvcribcd 1EPR I Il)l),:!j More ts
L'tilitics have since reported their cvpcncncc- III uncertainty cvaluauon at -cvcral
conferences [e.g. Irish 191)2h. Logun 11)IJ~ I,

Scenario Planning lDU\I'Ion 1(jlJO] attempted til define a ...mall -ct III p""ihk
economic scenario ...for the utility's 'cn Il'C area The sccnuno- \\1.'1\' broadly defined,
and each econometric parameter used III Ih,_, forecasting models W<I' given a value
consistent with cadi scenario. The forcca-nng model ... were run for each '1.'1 of
parameter- •. revulting in fllrl'l.'a"ls for cadi scenario. Planners could then develop
cxp.msion plan ... for the 'l1lost likely' scenario. and -onnngcncy plan, for the other
scenarios. Forecaster ...also \Iartl.·(\ uSlllg ...cverul techniques together. c.g. 111111.' 'l·nl'''',
econometric, and uggrcguuou. combining the c-ult-, by uvcrugmg or weighting
according to confidence in each method lGelling» Il)l) I. Adams 191)2. lrish 11)1)21
Comparing the outcome Iron a urnc 'l·rtl'''' Iorccust with .m cconomctnc or
aggregation model highlighted ..OIllC Ill" the ...hortcommgs 111 OIlC or the other method.
enabling the forecaster 10 improve 111l' final f'nl'l·I.'asl ICkllings 19911,

SC'lario planning hOI" been refined hy the adoption (If technique 10 evaluate 1he
1l11l'<:rlaiI1l}01 ,01111.'<1"lllnpIIOII'. anti 10 delnlJ1l11e the 'l'llsili\lly 01 the IOIl'l'a,t III

'. .iriations 111 Input panunctcr- ~1t'lhods U'L'1I 1Il1'111dc Probability Tree Allah'I'
[Gclling« 19911 and Monte Carlo Simulation [Belzer &. Kcllog 19l)31 TI1I.' uxc lIr
prohahili<,lk' rather than dl'lerll1l1mlll.' lIll'lhlld, III lor("I.:aslillt! 11iI' sprl'ad to the

expansion planning proccv- It,dl:\ cent paper de ...cribc-, three upprouche-, III

implementing probabili-tic expan-ron plan 11 1I1j.! , namclv .lctcrmini ...trc cquiv alent.
sccn.irm-. and ...1!ll'ha ...II~- "(1111111/01111111 It ;,nell,llllet al 1')Inl. One otthc Illollel, uved
hy Eskom tor e xpanvron plannlll)! and produciion co-ting. EClb\S, usc ...the ,1!ldIOl'tll

ol'tllm/oltllll1 approach.

1.2.7 Currant Lone Term Utility Forecasting Practise

TIl\' L'IIITl'llt ,talL'-,11 till' art III I('ll)! tcun {'lll'l·",tlll)' " .1 L'"nlhlll"!I"ll ,,1 the 11111\1\\ 1I\)!

icvhniquc-,

I',/t;" 1 II)



model I Jl:!.\! ).!'l1l1~'d \\ ldC'Plt';ld 'lIpl'oll III III,' I 'S, \\ IIIl .ihout ,"Ilu dill," lI'IJ1~11b\
19X(1111'1,h & ~1,1\\\l'11 1()X(11 A !:!nl\\lll~ I,lll~'l'1,1111-1.\1 .ll'phl.ltllll' hit, 'Ill,'t' been
reported IDpl"'~ 11))017, II1~h' II..: !\d.l1ll' 1l)')~1 Cllllt'lltl~ (I\,'{ 2()( ('S uuliuc ll'l'

lIU.\1.

Although b,~\oll1 \\.1, aware lit II ....c xivrcncc. till' lad, or cu-romcr 0: end-u-e ,klllalid
profile data in South A In ca and the adcquatr r'~'II'lI'lll;ltll'~·pi c 'till);! !l11l'~'.I'tln).!
techuiquc- dictated a).!.lllht uv ohuuning thi- model t ln 11»)01(1 I.vkom 1l1.1I1'Ij,:l·11ll·1l1,1111
kit Ihat 1111.'low j!row tl! '1IIt'l' II)X: \\ <l' tr;lIl'll'lll. .1Ild that high ).!n)\\ th 1',111:, \\ ould
return )

In 1l)9,~HELI'"I was rcwriucn a, a Window-, ha'l'd PC pa"kage. and bklll1l \\,1, hll"~
negotiating all affiliation ag rccmc 11I \\1111 P'RI TIll' author developed ,I spreadsheet-
bused di ..aggregmion model. u:..ing da" demand profile data trom a 1(1)() co-r-ot-
service di ..aggregation projcc: [Bluff 1t)')2a & hi 10 1l',1 till' t'llIlll'pl or hourly
aggregation models lor Evkom. TIll' model W.I' tc ..ted ag.tln,1 the ,\,11'1ll demand
pl·"nlt', of 191.)(}to 11)l)3 allL! ,h(l\\ll to be l',lpank' of discerning the change and their
causes. The adoption ,II' HELM I'm l.skom \\ a... proposed IBern ...lord 11)94.11 and
subsequently accepted.

1.2.5.3 Other End-Use Aggregatkm Forecasting Models

The hourly end-usc approach wu ... gaJl1J11):!ground JI1 other counincs at the same IJlIlI'
A di"';'lggl~'g"t 1, '11 model rill' medium term hl'VI.'1l years) hourl ~ demand proti It'
forecasting WLI' reported by the CHm [Allcrn ,.... Mcflowan 19X61 in the l 'K, The
model dealt with weather impacts hv using weather normalised end-use demand
profile ... and v. as run lor each 01 'L'\ .ul typical day ... with half -hour intcrv al-, More
recent examples include the DFJ.l\1l)[) aggregation mode: developed lil !-;l'\\ South
Wule .... All ...trulia [Bartels 1.'1ul 1l)')21,

1,2,5.4 Alternative Maximum Demand Forecasting Techniques

In rCCl'l11 year .. '1.'\1.'1';11 alternative- 10 end-u-e hourly 11111lkl... have been propu-cd
These han' ah been Oltll'l11pl" {o improve on I he ALF method without {Ill' 11Igll L'O'{, 01

end-usc hourly mo.lei . There arc two :1a'll. arpnla~lll.'''. namely,

• Improving {Ill.' ALl· aL'Cllr.tl.~ hy rornblnlng :~t'ightt'd lnad factorli for each
customer class, til cater lor rhan).!lng customer I1lIXl" and load m.mugcmcnt
impuct- TIll, appllIadl I'" 111',1 SCCIl JI1 11)72.1' applied hy the ('HiB I{':\IPEDL
)97.n It \\<1" 'reinvented' 111 Jl)l)() .md reponed .u till.' AFII' Load Rc-carch
~~mposium IAElC Il)l)OI,

• The ,lppltl'atioll of 'tatl~tll'al technique III the di-trtbuuou III ,lIll111,tI pcuk-, and
then rclauonslup III .uu.ual CIll'J!!II.". ;t\l'r.l~l' 'l'.tSlIIl,d l'l'.lk" (II other lo ..d
parameter» ~ nee \\l'.tII1l'1 I' ,I m.uor f;ldOlI "lkdlJt!-' dl'll1i1lld l"'d~', rlu-, II/tvll

t;lh', the lorm III \\,';tlbn 1I111'.t1l .111.11\'1' I :"L'lltl\ tcc luuquc U'IIl~ extreme

1"11'" I I)



('lit/lito I ,\1/ (), ,'1"/,'" "1/),'111,/11.1 I "~I,', ,1\(l1It:

I'artl & 1'.lItl 1 1'.II'tI ,v. Pall I JIJXOI \\a' lI'l'd 11:- ,,,\,',.d uuliuc ttl ,el'lll'l.ltl' 1l",llkntJ.lI
end 11'1: prllllk, 1111111 \\ IHlk htlll'l' ,klll.lIld 1" ,I, ',' f! ..\1.1<' 1')11( Ih, B.lItl'i, ct .d
11)l)21 TI1I'.. 'lall,tll'.t1 iccluuquc produced ~" "I' ,.,111 '111111.' l,"l', ~llll nor 111 other'
l(klliJ1!!' 11)1)1 J,

The Iliad research dal.1 .md end u-c I1hllkl, 111Ilk II pr;!Clll.tI 1',1 Il11pk'rJ1l·t!Iend-II'l'

hourly .I!!f!rt.'gat Ill.l model- Till' (1I(l.'l'pt 01 111.1\Ill1UIII dcm.m. Illll'l' .1,1 lll~
-imulnmcou-lv developed III cover more Ihal1111,t a 'In~k l',III1; 't.' 01 Iii' annual peak
Jl'l11<1nJ, Ii imphc rather a rall~l' 01 dl'lnhulloll of fllil\1I1111l1ld: nand prllb.lhllllll·',

and include- Iliad -hupc forl'l'a'lll1!! and load duration curve lorl'l'il'dll,l! '" \\\.·11,

1.2.5.1 The ECI.S Project and other early end-use models

One of IhL' fll''''' vcriou- utrcmpr-, al cml-u-,c aggret!alll1l1 l1l111k'lI111g wa, tilt' Electric
Load Curve Synthesis dJ.('SI project undertaken al PSF&G (Ill Calilortua r m I')X()
[Gelling- & Taylor I 9X II, ELCS tor':ca,1 about I (,() components of the 'y,II.·1ll load.
including weather sen ..itive end-usc and u-ing hourlv wc.uhcr data, The model
Iorccasts nou.ly demand for J() ycar-, hut ...ummanzc ... the annual demand profile 111111

two ...cason ...and three duy typl.'~ per sea ...on, This approach i., common to aggregation
models . simultuneou ..ly takmg advantage !II smuluriuc-, in daily ucmund proltlc ... and
reducing the ..ill' 01 data "'I.'t, C\1I1...idcrahly. Tlu- mudd \\,1, used very succe ......fully h~
PSE&G, and It\ \,I.'Nltllit~ 111 dealing with weather lI11pal'l"', DSM. and load
management program ...generated a lot 01 111terc-r.

Broehl rt xirtcd Ihe development of a Similar 11I0tkl [Broehl I·''{ II, Thi .. had two ..ub
model .... one of which v; us an end-u-e aggrcgution model lor the rcvidenual.
commercial and induvtrial sectors. The Elccmcuv CI1UI1l'iI 1I1 the {'K al"o -turtccl
using thi .. technique, initially modelling the end-u-e demand proflk, 01 rcvidential
customer ... iSkinner IlJX4J, l 'ntortunatclv a lack nl good end-u ..1.' load rc·'I.'.lrch ,hla
hampered thl' wide ...prcad lIW 01 the-e model- ai the lime,

1.2.5.2 The Development of HE!.\t

The Electric Power Research In-titntc (I;I)RII later developed an improved end-usc
hourly aggregalion model. initially termed the Loud Shape Forecasting Model In
191<4 (i.SF) [Dickson 191'41 and later call1'd the Hourly Electrlc Loud \lod("1
dIEL!'vl I IEPRl Il)X51 The l.Sl: had an hierarchical structure. With U ...or-defined end-
U ...c ...being aggrl'gatl.'d til Cia' ...Loads. \\ hich were then ag~~rl'gall'd 10 ),!l'l the S) ...11.'111
Load, End-u,I.·" could he weather 'l·l1slll\t· «rm-cnvruvc. and LSf.' I.'(luld torcc<l't l'la' ..
PI' 'y"ll'lll loud ,h.tjw, lor different \\ cathcr -ccnano .. IDickson 1')X41 A model to
develop weather 'IT',III\ Ily par.uucrcr troin demand and wc.uhc: data \\i\'- Illlt

inciudcd. .md Ihl' user h;td ttl l',t.lbll ...h Ihc"l' p,lralJll'll'" ntl'lllall)- I,Sf liluld aj.,ll

10!l·I:.t,1IlK' :I11P<1l'l' III load lllal1.1)!1'1Il1.'1l1alld l'l11l'L'I\atlllll pn'g!alll,

HLlSl \\;t, Il1ltl.J1h w nucn .I, .1 m.nnlr.m.c .tPI'IJl'.lllIlIl. and Iivc I'S utilmc
-ubnuncd ,'. -tcm dala ttl H'RI Itl tc-t the model during dn clopmcnt II-PRI illS:' I
lhc 11I11Lit'i \\.1'" all cnh.uuctuvut III thl' !SI' Illlludlllf! .1 w c.ithc: 'l'Il'I(1\ 11\ ,lib
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1.2.4 The Need for Improving MD Foreca8tin~

A major ,llllrll"llllll1~ III the A 1.1, method h till' l.uk III lklll,llld 1'1'11111" ,11"Pl'
information It provide- tOI' l"P,II1'IOI1 pia 11111.'I ... Although \111 Illll'l',,,,, mtorm
planner- III till' tuture l'apal'lt~ required. tlll.'~ till IHlt pro\ Ilk all~ intonuation 1111till'
opti.nal car;ll.'ily Illl\ required T~pll'all~ hl'ItIIX ,~,tC1ll demand profilc-, arc used .I,

iudicat 1\ l' of tut ure 'j stem demand pro: II" ,h"l'c\, Th I' \\ ,I' a rcu-onahlc ""lImpt ion
before loud management. tunc van allt tanf"', and DS\l program ... appeared ,til of
,\hld1 can change " .tcrn dcm.uul profile -hapc

Despite considerable detail and 1.'()l1lpk'lt) , cconometnc modc!-. could 1101 deal v. ith
change- in -y-tcm demand profile ,hapc" The-e data-intcnvivc monumcnt-, 10
computer modelling could not cope With till' Inl.'I'l'a ..lllgly unpredictuhle change In the
electricity indu ..try. T;II, applied pani-ularly 10 peak demand rcquircmcnt-. The kl'y
shortcoming V.iI" the inability III' 1.'1.'01)\11111.'11'11.'model- (0 carer for d1\l'I'"t[) and the
impacts III mcrca ...ing load management and con-crvauon [)SM program,

1.2.5 The Development of Aggregation (End-Use Hourly) Models

As 11 became dear that the more complex econometric models did not I1l'CI.'.,s.tlII)
produce more accurate forecasts. panicularly for sy ...tcm Il1<lXII11UIIl demands. sectoral
(or segmentation: hourly models were developed IBruehl 19H I. Irish & Max well
19H6, ·Jelllllgs 1')1)11, Initially till' lack of detailed data limited these to it Illp down
rdlsaggregatlon hourly: approach. hut in recent years cmpha ...i" hu- fallen on
developing bottom-up raggregatlon or end-use hourlyt models. These models
forecast daily uvcragc demands or hourly demand profiles for each end-u-e and sum
(uggrcgutc) the-e to simulate I Itt' ..y ...tern demand profile These were used 111

conjunction with cconomctnc energy sail' ... model- to forecast ...ystcm l11aXll11Um

demands and demand profilc-. The model .. uucmp: to develop lilt' uulny demand
profile a ... till' ...lllll of all Ihl' electric end u ...c COII'lIl11ptlon puucrns. The a"UJl1ptll'l1 I'
that the use for any grvcu end-usc appliance will he 1.'011'1...tent, and the apphance
penetration can he established by mean ...of sun cy-; The future energy requirement lor
each cnd-u ...c is then modelled uving cconornctnc techniques and scaled profile ...
summed In the aggregation model. This approach can capture the dlangltlg furtum', of
diflcrcn: end-uses and rarer 1'01'changing cuvromcr I11IX\.'S, Hourly end-u-e models 1.',111

more accunucly fn!'Cl'a,t muv II11UIll dcmand-, .md changc-, 10 the ...y ...tern demand
profile shape. LO,llb thar contain \~cathcr 't'lhlll\ t' component- can he st'pal arcd 11110

weather sensitive and weather-independent cnd-u ...cv, which tall he represented
"'l'paralel} I') the ag~rl'~,IIIOl1 model ISchick Il}XXI, TIll' l.conomctric approach and
aggr!.'gali., 11111del,can he described ,t" 'causal objective I) pI." IArmstrong 19X) I,

The al a"ahtlit~ or load !'l'''l'ardl dal,t rlllTl'a'\ed during the Lt!!llIll'" alld
sunultancous}, 'l'\l'ral 'ph~ sical' 01 engineer ing end-use models 1\ 1.'1C dt'\l·lllpl.'d
TItI.' most popular 'phyvic.rl' model" uu ludc tltml' dl'lll'lpt'd hI the ('S Dcp.utmcnt ot
Flll'r!!! and LOADSI\1 dl'\I.'IIIj'l·d hy LPRI IlYRI Il)lO, 11)){71, although \t'\I.'r,tI

othcr-. have hll'111k"l'Ilhcd l('.tlllll\.IY ,\ Hncc 11)X2, lh.ir.; ,\ "l'h\\l'ppt' 1'»)0;11 DUling
Ihe ";llltl' pCllod the ('Ilndiliunal Demand :\rutl~ ...h ICP;\) fcdllllljlll' dl'\l'lllpl'd hy

\ l tcntun., /",'111,' 1",',', t!111I/L; \1",/1'1,,,,1 ,L'lli I't! L;I' I 7
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a'.l result <'I rq:1I1'111l1~ rcqturruuntx jllhh 'X \1.1\\\','11 Jl)~(l. (i,'LIIl)1' 11)')11 The-e
program .... often \\1111 ,1I1l1l(l'III1!! (mild"" ,II 11Il' '~'Il'lll lil'lll;lI1d. dl ..ldtkd the
pn:\ iuu- ':, stable relationship 11,'I\\\.'l'11 l'tlcrll' ,all', and '~'I"111 mavunum dl'llldnd
lixkom Wil' 111)1"'IIl)U,l~ affected b\ Ih._. ~,d lTI'h. A' lvkom dIll:' 1101u-c llt! a' "

primary fuel lor elcctricuy gcncr :11011. Duruu; ihc ',lllll period lIlhct utiliuc III

Euroc ....uch a...1111.'CT(iB 111till' l 'K. were fal'lf1!:!unprcdrctcd d'<tll!,!l" In 1'k'1l""11~
u,agL' pattern- hy then CU,\! uncr '. III particular rcvidcnt ial cu-torncr« IArlll,(roll),:
IIJI<~I. as a result of 'ilturatlolh 1>1..0me ;,ppltiltll'", and the introduction III more
efficient technologies. The introduction of Iliad managcmcm progr,lIlh h) tl11I1I1l'"

further influenced growth III unexpected \,a~" Fkdll(ll~ demand growth pancrn-, 110

longer followed histone trends. patten» or cycle-

The ...e change ... resulted in the 11'~xl phase 111 Icrcca-ung technique development
Recogniving that electricity "ilk ...gnm til Vo ii' a tu 1C11011 of el.;nnOI11ICgrowth, ,llld

further (hal sales (0 different \l'l·top, w a ...related 10 ,l'OIlOIllIC adiv II) 111those '~'dop ...

torccastcrs developed economctnc models !EPR [ 19761 tu -upplcmcnt their time
series models, TIll' fir ...t econometric modcl-, looked at the ,y ...tern level Ilnl) (macro
econometric modelsr. bu: they '0011 developed 1111.. end-use vanants which 10rl'I.';I\t
energy need ... in each sector separately rend-use or sectoral econometric models I

!Peck & Weyant Il)~) I. Econometric models could accur.ucly characterize the
behaviour-il rclauonship-, that reprc-cnt -narkc: tkci ..ion ...bavcd on relative prices and
cost .... Thi ... includes csrimating the il11p.II:(, of DSM program ... [Irish & Max well
191<01.Although the ...c generally improved ...ales forecasts. peak cupucity requirements
derived from them did not improve.

Some utilities ...tuned experimenting with econometric models III the laic Sixtic-,
Econometric model x introduced a 'promising IIl'W methodology' according 10 the FPC
!FPr I'l6lJ I, The t fNIPEDE manual IPNIPEDE 19721 described 'conditional models'
which were macro econometric rcgrc ......ion models, It i....ipparcnt (hal both Ital) and
Great Britain were thing simple econometric models at the lime,

Inaccurate Inrccasts. usually high m the l 'S [Gelling» I()IJ II, resulted III 11Igh
del.'tril'it) rates a, utilities built more gcncruung plant than they could lise OIlCL'

construct 1011 was complete. The rorl'l'a.'t~'rs' CCOIHlIIIL'lrll' models hccan: l' I1II)rL'

sophi ...ticatcd in an attempt to (Opt' with Ihl'se -tructurnl change ... !Ci!.'lIl1lg'" I(lIJII A
major dn clopment Vo as rcvidcn: iul anti commercial end-usc modcl-, based on
comhinauon- of cconornctnc and engineering tphyslcal) models to !t)rl'Ca.,t cnd-u ...e
energy prove ......c ......cparatcly and collate them III )let ...~<rem tolal cncrgv rcqurrcmcnt
rnll'cas". Popular example» III th,'"'' model ...include the Rcvidentiu! LIlli l ' ...e LnCl)l)
f'lannlllg Sysll'!Jl lREEPS). Clll1llllt'rL'lal Rc-idcnual End-I'", LIlI:r!!) Planning S~ ...rem
,(,O~vIMI'::-';D 1 and lndu-trial I.nd-I ....c Planning \kthlldllillgy tINDf:PTH) all
dewloped h\ EPRI ICklllll,\!S IINII This vet nl model ... «prc-cnt-, the apex 01
development otcnd-usc t'l't)1l{l1'1l'111L' llllHkb lor 111"11) Iorc. "'tlng. They arc still in
u-c and I:PRI ,ttll run ...trall1l11~'l'lllll',', ou thcm

l'uv« 1 (,
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"ak" Iorccu ...t" with acceptable rc-ult-, Thl'''l' tunc xcnc modcl-, have been d.I"'11Il'd

a" 'nalve objective' technique h~ :\(,(Il"tn11l)! l:\lI11,tlUll)! I')X:'i1

Time 'L'rtl" model-, ila\ c the inherent ad\ antarL" ,,1 rclutivc 'lI11plll'lt\ and hnutcd
data rcqui rcnicnt- , 'IIl\:L' the (1111) input required I, ai,,, the output. r.c monthlv III
annual ckctlXlI) 'ak'" Technique used include IBlcloch Il)I)2, Armvtrong jt)X:'i I

• Extrapolation r lincar, evponcnualt
• Curve Fitting
• Smoothing
.. Moving A \ eruge
• Auto Rcgres-ion
• Autorcgrcs ...ivc Integrated Moving Average (ARI;"1A) or Box-Jenkin ...models

Often combinations of the above techniques are U"'l'J. Time scnes Iorccusting 'oft ....arc
packages usually include several tee hn tquc .... which allow till.' user to cxplOlt the
advantugcs of each. A good example of ...uch a package is Forcca ...t Master [EPRI
19911. This program includes a range of time series and econometric modelling t(lul,

1.2.2 Early Maximum Demand Forecasting

Prior to the 1973 (III crisi ..., annual maxunuin demand (MD) forcl'a.,h were derived h)
simply applying an As ...umed annual Load Factor (AI.F technique) to the energy ...ulcs
forecasts, ThIS approach. while ver; ',II11pk, proved adequate for many years. The
primary underlying assumption (If a stable energy I demand relationship, \\',IS

con ...i...tent until the oil crisis.

Approximately half of the responding utilities in the FPC report [FPC 1%9] derived
MD forecast ... from the energy Iorecast. u-mg the ALF technique. The remainder
forecast MDs separately, extrapolating historic \ alucs ....ith vornc udju ...1111entv. It is
apparent from the t lNIPEDE manual ]l'NIPEDE 1972] Ih.,t. for many European
countric ...at the time, the primary l'ilpacrty l'I)IJ ...tr.un: wa-, 110t nWXII1l111J1 demand hUI
energy. Ensuring enough generation capucuy tor forecast energy requirements thus
always en-ured MD requirements. The manual details all enhanced ALF technique
used by the CEGB (t 1){) to dc-ivc their annual \1D Iorccast. tThe CECm had
introduced on-peak tariff ... several year- previously and wa ...nile or the fir ...t uiilitic ... III
experience luad shape dUllge ... ,IS a rc-ult.t Till' (TCiB had a effective Load Rc ...carch
facility. and had noticed change ... III the annual loud tador'" of different LI<",\." III
customer. due III the off-peak (ann .... Thl') therefore torcca-t the load factors 01 (Ill'
coincidcn: demand for each l'ia", derived a comcidcnt peak for each cla ...s liS")!! the
forecast sales and LF. and summed thl''''t' III obtain a lureca ...t of the "y"lem peak
til-manti.

1.2.3 The Advent of Econometric Models

III Ihe wake Ill' the 1l)7~ Ilrll'II'I". JIl.IIl\ 1I1r1)tll'S III the l'S" introduced l'lIt'rl!\

c.m-crvunon and 1"".1 1I1,1I1.1~t'lIll'lltI'lllglaIll' Ilkm,md Side \l,magl'llll'll( III I)S\11.

:\ /),'lI/dlld /'/'0/11,' ""11', (III/lit: .\1",/,., "" l sl.cnu



The-e t\\11 t"l't-. l'lllllnll1l'd 1I1<l~C11I1lt! term tllll'l·.I'tlllt! ,III 1I1l"l.tl'.thk lll'll'\\lt\

IIl"PIIL' the con-idcrublc Iht ticulr, 111 pICdll'llIlt! l'\ cnr-, 1(111),:lIltll the luturc

1.2 A HISTORICAL PERSPECTIVE ~N LONG TERM LOAD
FORECASTING IN ELECTRIC UTILjTIES

Although the Iocu-, Ill' thl" disvcrtuuon h demand profile fll,l·l'.h('., the \t!'lll1g hnk
between demand torccast-, and cnerg~ !tlrl'l'a,,, require- -omc lI1...ight into the
hi-torical cvolution of l'b:tnl'I1~ ...ale, torl'l',I,tl!1g, The method .. di-cuvscd wlil 1101 hI-'
dealt with in any great detail,

1.2.1 In ths 8Qglnnlng ...

Energy ...ale .... Ioreca ..ting techniques III utilitic evolved 'rum -uhjccuvc, 'gllt·kl'l'
csumates a century ago. when till' Iirvt power "'''lllnns were con ..trucicd. These ruther
subjective technique .. then developed through -unple ex.r.rpolauons 10 timc-vcric ...
techniques in the Sixties [Stanton cr al 1l)('JI), Irish &. Maxwell Il)H~, (idling ... IlJl)1,
Blcloch 11)921, These methods wen,' no longer subjective, ',ut the Illodd, assumed that
the future could he predicted adcquatcfy hy rrl'le..:tltlt: hisronc p.uterns into the future.

A study of electric utility load forecasting techniques [FPC' 1l)691, produced tor the
liS Federal Power Commission (I"PC, in 1<)69. reports that one third of thirty
responding utilities used judgemental Iorccusting and another third used simple
extrapolation based on linear or exponential trends. Four of the thirty report cd till' U"L'

of correlation or rudimentary econometric models, The report dc-crihc-, earl~ attempt ...
to svparate till' weather sensitive load component from the total load, cre.uing a
probahi listie peak demand model.

A I 'NJPEDE IIIanuu I on electricity forecasting methods III 11172 mcntion-, all

observation that IS '\0 general that it I'" sometime ... taken as having a torce of law: this
IS Ihl.' fal111IU-' I(J year doubling I"",' !I :NJPLDE 19721 Apparclltly It w as gL'[lL'rall~
accented that electricity demand doubled l'\('I) ten years, The authors or thi ... report
were from Germany. Italy, Spain. Belgium, h,IIK'l' and England· this 11l1l...t have hect:
a wulclv applicable law I The manual de-cube ... 'autonomous' forecasting method,
wlu, h include linear and exponential cxtrupolation. and introduce ... the idea of market
saturuuon with a logi-uc rnrcL'asting 1Il11111'1.Although the manual indicate ... that ...ales
growth wa ... sull cxponcntial. It anticipated xaturauon 111 the future

For decades electricity demand !,!JI~':,th in iudu-tnalizcd countnes grew strongly,
consivtcntly, and prcdictuhly: and time -cne ... technique. performed adequately, ~ll

tllought \\ <I' given ttl dynamic markc: tPll'C' Ill' l'.lu"al fadll)'> th.u allcct Ihl' demand
tor electricity Iln"h & Maxwell 11):-(61 rllrL'c,(sh (Ill the high 'Ilk \\L'rC cunvidcrcd
ucccptublc. a, 11\\<1' belie \ cd that dcm.uul \\ll(tld 1I11'\1l<l"I~ gnl\\ til ntcct al1~ l'Xl'l'S'
I.·apaul,\' ,\Il1k' 10\\ InlCl';I'" \\l'll' l'tll1'ldl'ICd vcrrou- pwhklJ1'o 11I1"Ih II.: \la\\\l'11
1()H(l1 Throughout tlu-, pcnod 1ll,1\1111111l1 dcm.uul 10)'L'l·"'[.., were dcrtvcd 1'Pl11l'I1l'ln
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u-c 1...,dwdullll),! III j.!l'l1l'ratl(lll plant til produce till' required l'nl."t!~ ", dll'apl~ " ..
pov-ihlc.

• :\It'dium Term - Weekly ~l, II. 1I1l1~cncrgic .md \tn ..1111a pl.'rtlld 01 one Itl II\L'
) cars ahead. The-e dal •. arc needed Itir planning and budgeting (1\L'! the bU'lllL'"

planning horizon. and Ior planning the pnmarv rc-nurcc- a utility need, - coal Ild
water.

• Long Term - Am.uul cncrgic and \1D ...Ior 10 to .~() ycur ....ihcad, TI1L' con ..trucuon
01 Ill'\!. power ,talions lake, from X tIl I ~ year'. tron plunmng to cumnuv-tomng
Future clcctricttv demand therefore: need .. to hl' klHm n and planned lor Ion!,! in
advance. Long term Iorecu ..." arc usual!) updated on all 'Il1nu.1I haviv.

This dis ...ertution is concerned pnmarily with long term forecasting, and lO\ l'l" tlte
following aspects:

• A survey of demand fllfela,tlng method ... used h) over ...cas utilities. and their
applicability to Eskom.

• An review of the technique, of energy ..ale .. and annual MD Iorccasung technique ..
a' u:..ed in Eskom.

• The development and testing of a prototype model using the disaggrcgution
approach, using the limited data available in the orguni ...ation at the time.

An important assumption underlying thi-, research is that Eskom will rcnuun
e ...sentially a vertically intcgnucd public utility for xeveral ycur .... Tl.; value: and need
for a Long Term Demand Profile Forecasting Model could he perceived to he
significantly diminished in a privatised and compctiuve electricity supply industry.
This i ...discussed in 1110re detuil later.

1.1.3 The Applications of Long Term Forecasting

Large public electricity utilities have two fundamental reasons for requmng long te:111I
forecasting. WIth horizons ucn to thirty year ...) that appear ridiculous lor 1110st
busine ...se .... These are the following:

• Long Construction Lead Times - The benefits of e:C0l1n111Ie... of scale appl)
strongly where a utility has a~'.·l.'S"tll large quantities of cheap coal. tis In the case oj
[ ..k0111. The large 'SIX Pack' power station" that arc 11I0"t economical for ha ...c load
gcncrauon in South Africa tukc O\CI tell year ... to complete once the: dCC1"I()n tll
proceed ha ... been made TIm Ilnpill" Ihat hkolll 11Il1...t he confident of the l'1ll'rgy

and demand rcquircuu-nts a decudc before the) materialize.

• ()hli~Htilln to Suppl) Publ«, uulitie-, ll'llally have a 11lnnnj101y 111their urea oj
-upply. In return 1'01 rhi-. l'aptl\l' and secure market. thc) arc ,11", obliged to supply
;111the electrical cnl'!'!!\ ll'qUIIl'IllCllh III Ihclr 'trdlldml'd .trCd 01 supply 1· kOIJl
currently 1'.IITll." thi-. ohligution
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a;HI predict !Ill' load .,hlltln~ h~ 1:,.,k0I11', qhllltt'Cr, III Il"plln,I.' III Turitt-, I' and I
\11.'1.'1.'11(1) rcn.uucd ;\;it!llh,IW and \kg:I1Il'\ "I \11111(1['\ I

1.1.1 Forecasting, Uncertainty, and this Project

It has been said that the only ccrtauuy about fnrec,l',t'> l' II,at thl'~ WIll he wrong,
Some, however. w ill he more accurate than other-, h'n.'l.'astlttg I .. a ...mucl: ,1Il art a\ a
science. with the ....cicnce component gradually increasing a., 111m,' I" understood of till'
rea ....ons for changes in the Iorcca ...t quanturcx. Mark T\\ am I., icportcd IHarding ll)!) II
as having ...aid the Ioltowing regarding forel·""tlllg :

"In the space of 17(1 veal'S, the lower \![,,,,,,,,-.sipp, ha ... shortened
itself 241 mile", That i....an aWra!!l' III a trine OWl' one mile and a
third pCI' year.

Therefore. any calm per-on who I" not hlind or idiotic. can "1.'1.'

that in the Old Oolotic Silurian Period. JU,t a million year ....ago
next November. the lower Mis-issipp! River wu....upward of I
30(} OOD miles long,

By the same token. any person can see that 741 years from now.
the lower Missixsipp] will he only a mile and three-quarters long,

There is something fuscinating about forecasting, One gets ....uch
wholesome returns Oil conjecture out of such trifling inve ...unern ....
of fact -.:

This author. like Mark Twain. IS not a forecaster. and had a rather cvnicul \ iew of
forecasters and their tools. While studying change'> In the Eskom -ystcm demand
profile the author became aware of the simplistic approach Eskom lorccnstcr haJ
used for annuul maximum demand forecasting. and proposed a better method
IBerrisford Il)l)~b], The proposal was accepted and led to the development IBerrisford
1l)l)4a lor a model that is better able to cope with the current change ...occurring 111 the
Eskorn ....ystern demand profile, This di ...scrtunon dcscnbc« that project

1.1.2 Requirements for Forecasting in Utilities

l.lcctric utilities have a range III different requrrcmcut- lor Ioreca-ting. These Include
operational demand torccusting. l'lIerg} "ale ....m.ivrmuu: demand I\1D). and revenue
Iorcca ...ring. There arc three cla ......es of cncrgy and demand Iorcca ...ting, Each has It's
OWIl tune horizon. accuracy requirement. and update rate. The-e can he l(lo",l'I~
grouped into the following l'<ltl'gonl's:

• Short Term - l lourlv demand \ alucs IIII' a da) 124 hour ...) to a week al1l.';111.
normally updated dail~ These IOrl.'l.'.I'(s .uc required IIII' IIpl'Iatmg till' :.!l'lll'lallllli
and tr.nt-uuvston ')'II'Ilt. lI'l'd h\ till' S, ...II.·lIhOpcr.uion-, Dcp.ntnvcnt TIll' 1111111.11'

,\ l n-nuuul l'roti!« I",,', ,/ III/Il' ,\1,,"'" /'" 11/" '111



Chapter 1 - An Overview of Demand Forecasting

1.1. INTRODUCTION

"Prediction ISa difficult art. cspcciullv when it involves the future" . ~l'I'" Bohr

The traditional method of "y"t~1Il annual Maximum Demand (~1l)) Iorcca-ting uulixcd
by Exkorn has -crvcd well for many ycur-. hut has proved unable III ':1)111.' \\ ith
dynamic structural changes (,:urr~nlly OCL'tlITlI1gwithin 11ll'Eskorn ...ystcm Energy ...ale ...
furccu ...ts, usually hased on some form of econometric modelling, arc used with an
assumed future system load factor III derive it forecast MD, This tecluuqu. .... known a ...
the Assumed Load Factor ._ALF) method. depends \111 a long term I'Ollsls(cnl
relationship between a utility', annual .,all', and MD, Thi- relation ...hip l';,n he
disturbed by changes il' the customer base of a utility or the introduction nr I
Side Management mea- urcs by the utility. Within the past decade both or these I.' pc,
of disturbance have taken place in ESI'>OIll. and long term MD forecasting l ....ing the
ALF technique is ..uspcct Unusuallj "'e\ ere winter weather in 1994 resulted III it

system peak demand of 24 HOO l\1W (mort' than I OO() MW higher than the foreca ...t
MD), as well as an unexpected increase in energy sales or nbout :Vi. Tlu ha-
increased the urgency to improve Eskoru'« Iorccu-ung proces ....

Accurate forecasting of system MD is of vital importance to Eskom It takes from ten
to fifteen years to construct it new power station (from planning to commix ....ioning i.

l 'ndcr-cvtinuuing the MD could result in an generation capacity shortage. \\ ith
devastating consequences for the economy. Similarly. it high MD forecast would
result in it situation 01 ovcrcupucity, with expensive generating plant standing idle.
resulting in unnecessarily high tariffs. DUI'il'~ 1993 the author used data Irom a
system disaggregation done by Load Research in 199 I to illustrate MD fOll.'l'w,ting
r .ing a disaggregation based model [Berrisford 1993hl. In 1994 he improved and
expanded the disaggregation model to produ« MD and load duration curve forecasts
for Evkom'x Integrated Electricity Planning Committee [Bcrri-Iord 1l)l)4b [. These
f(lrt'cash han' been included in E ...kom' ... Corporate Planning Directives, and led to
...upp(I rt lor the full ...calc implcmcutntion of iI demand prolile forecasting model over
the uc xt two ycar« [Bcrrtsford ll)l)4a J.

This project covers the development ot the demand profile forecasting model. It IS

based 011 a disaggregation or the system demand profile incorporating end-u-e
<lggre),!atilln. weather unpact. and tariff impact ..ub-modcl ... a ... well. ThiS appro ad 1
I'OlllhlllCS the sunplicity and rclatl\L'l~ low co-t lit' the t!1~a~).!r~gallllll approach with
the detail and ill'curan of end U"t' al!~rl',!!alllln till' customer I.'la'~l'~ experiencing rapid
<'rllwth, weather selhrll\ It~, III shiftl!1!:! load III response to !<lrltf lllL'.,.,agc" Till"
rc-carch cover» the (it-WIOPIllL'l1t lit rhc dl'''ggregatilln f1'odel rn )!Cfll'ral. \\ tth
particular cmpha-i-, nn the dnclll]111\l'llt llf ;\ -ubmodc! that ell\ .ucur.uclv Illl'iI"lIfL'

fI,ii.',' 1



lipurc 2 ~ tllu-u.u,: the iccluuquc 1l'"1t! .I 1.1,1,1 Lldlll III 74', til dl'lI\l' an ,""ll1;tt,'d

\111 III 27.7 (iW Irotu .iu <t111111,d 'all', "'I,'l',I,t III 17l) TWh III Ihe \1.'.11 2()()()

2.2. STRUCTURAL CHANGES IN ESKOMIS DEMAND PROFILE

2.2.1 The Sales Growth Discontinuity of 1982

The decline III ',Ill', growth 111till: l'arl~ bghile, heralded ..tructurul change til thl'
Evkom ..y...rem demand prnflk which \\ ould have far reaching l'ikll.... \\ ith
con-cqucnccs similar 10 those lIf the I')B oil \.'1'1-.1' for L'S utiliucv. (inm th averaged
about w·; Iwr annum froll1 )l>.'i() ttll Il)H I. ilnd then dropped vuddcnly 10 about -+' ( JWI
annum. This ...ale .. growth di ...connnuuy 1'. clcarlv illu-inucd III Figure .2 .2 and .2 ,
The tundumcnrui n:a,ol1" lor 1111"change were :

• TIll' reduction in growth of 1,1Igl',,'ll,'rg: intensive induvtnal projcct-, that meant an
I'nJ 10 the regular large mcrcaxe ... Il1 have Iliad E ...kom had l'\PI'I'II'IK'l'd il\ 1.'1' the
previous 1\\11 decade ...

• The change 111 global economic gro\\ th trend ... after the IlJD and 1979 oil en ...c ....
Thi .. impact wu ... dclaycu 'n E ...kom , 'all' ....growth rate, mainly due 10 E ...kom ....
dependence on coal ruihc, .,,,111 oil. and the continuing construction of large l'nl'rg~
intcuvive indusn ics after 1(17.1

TIll' decline had mauc electricity ...ale ... fOI\'L'a ..ring almost impo .....ihlc 1I..1Il)! macro
cconornetnc fOrel'il,tl!1),! methods. It resulted III l'X~'e" gcncr.uing ~..tral"lt! \\ hich lila!
la ..1 ull carly in the next ccnrury. T: ..kom ha .. been CIIII~'lSl'd [or thi-, -uuauon [Col:
19H..l, Pouris 19Xol and i..aUI'mptlll!! to unprovc 11\ tlll'cL'a"cI'lg aiuluy. III the "Iturl' .l

far better undcrxtauding of each customer sector will be neve .....ar~ 111 order 1(1

accurately Iorccust the ..ystcm grow th.

2.2.2 Declining Annual Load Factor

Figure .2,6 t llu-tratc F,knlll'''' annual 10.1.1 t.ldtll 1rpm Il)~) t(1 1'1') ~ A gl'ill'lal trend
0" improvmg IlIad faL'!or .. I .. l'\ idcnr 110111 1'1<;<;'" about IIIXO. Till, Iv. II " "lI'lK'ctl'd.
due '11 lI11!'rp\ ,,~;.. load man.tzcmcnt h~ the \1l11l11)! and lndu-triul ...ector ... during thl'

pl"!lId TIll' trend h" v, however. c vluhitcd ,1,'lln"'I~I~'nt dcchnc -mcc 1(IX.2.
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The prototype dl'a),!),!rq.!atIl1n I11lldl'l \\a, Illll'lll\l'd III hl-'l'om,' Ihl' 1:\PClIllll'fltal
Demand l-orcca-ung Model iXl rl-M: Ilklll,tllld I'l()~bl and h.l\ been 1I,,:d '1111.'1.'

IlJl)~ 10 forcc.ivt lUll),! tertu annual \llh and load fal.'lllr, lor hi....lm\ IFP pl.mniug
rrol.'I.'", The XDH\.1 dcmonsrr.uvd the ad\illlla),!I." of demand profile 11Irl.'l.'a\1In)1,lhr-
lead tll management support Ior a lull -calc demand profile torcca-ung model
(DPFiV!1 to be based lin Ill,' HEL\1 package d,'\l'Illped h~ EPRJ IEPRI 191'51

2,1.14 Assumed Load Factor MD Forecasting

The annual loud Iactor for l:,kol1' ha ... varied berwcc , 7Y:' and 7W; 0\1.'1' the la,t tour
decade .. (Figure 1,(,)). and can change b) lip til Y i Irom year to year. Prior III Il)IH, a
,ing]e average long term annual LF (I.'.g, 7~'; I was '1.....umcd, .1Ill! the annual 1\ID
derived from the Iorcca ...1 "1iL' ...With the following relationship:

Annual MD'lw = Annual Salc""Wh *( I +Lov hll.:torl/( X7('){)*ALFl

Annual MOMW IS the forecast Annual MD tor the 1'01'1.'1.'.1'..1year. III M\\

Annual Sale''' ....h
Loss Factor

ALF

I, the Ioreca ...t Annual Sale ...for the Ioreca ...t year. in MWh
i...ihe fraction of generated electricity lost in the tran ..mis ...ion and
distribution system .... typically 6/;( or n.D6 for Eskom
i· rh,' Assumed Load Factor. for example 7·Vf or D.11

Assumed Load Factor
M 0 Forecasting

Assumed AnnUli LOlld Factor of 74%

1990 1992 1994 1996 , '98 2000

Fi~lm..2.5. t\'i· umed Load Factor \11> Foreca ..t
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1- -Sal~-~ lvl;~-Demal~d;--~~r~~:~ting
in Eskom (by 1992)

Slctoral Modal ..............

RAU I!nargy Model -.... IInergy lal ..
Forecasting

I!conometrlc Modal ~

Ol.trlbutor SalGi ~ '-- __ -.,. ---'

l
_.... Monthly I Annu.1 15.111

Assumed LF _,,--..... M·~:~~a~t~~and ..... Annual Max Demand

Figure 2.4 Eskom's Long Term Forecasting Process in 1992

A final energy ~ales forecast was derived from the output of several model ... and utter
consultation with experts both inside and outside the organization, (Typically, It was
found that Eskom Regional Sales staff would under-forecast and Generation ...tall
would over-estimate future sale ...,) The annual MD ...were then dcriv cd from annual
sales forecasts using an assumed load factor,

2.1.13 Berrisford 1993

The author, while studying the system demand profile 10 determine the impuct« or
Tariff E and the electrification program. became aware of the continued u-c or the
Assumed Load Factor mcth. ul of MD Iorcca-ting III Eskum He idcnulicd "l'\ cral
reason" for this mctho« being inappropnatc for bkol1l in the future. including'

• The changing compoxition of [:,klll11', customer IllIX,

• r\ dear change ill the trend of the syvtem annual load factor.
• The introduction 01 DS:'-.ll1lea,ur(.'\ hy Lskom
• The impact of the national clcctritic.mun program initiated III !()l)(),

Till' author hndh described 'l.'\ erul hl'lIl'1 'lll'thtltb of .mnuu] .\ID fOI'(.'ca'tlllg. and
"ugge,ted that an hourly dl".lggr(.'gaIIlHl approach with end-u-e aggrcgunon modcl-, for
'Pl.'l'lftl' customer da"(.', he adopted I I,: then dc-cril-cd " vprcndvhcct-havccl
dl"aggrq!atllll1 model [Berrisford 1(1),'\hl. ha'l'd 011 l",I" demand profile, trom a
pre\ lIlli' til'.!. ~·n.'~allon prowl'! [Bluff jlJl)2,I, hi. and illu-tr.uc« the ahl1ti~ lit the
11111dd ro idcntu '1I"1'l'l.'lnll'h,1I1)!1.· ... 111{he ,,~,rl'1I1 dcrn.md I'IPllit.·

/',1'.;' 'III



( h,II'/'''''' I I,,/le/llt! I, " ,'I ,11/1111; Iii I lA, 11/1

2.1.11 Davllon 1990

By th~' l.ue 'XO... 11 \\<1'" clc.n til 1'...1..(1111tllll'~'.I lIl1~ ,t,ltt that "'1I1).!k IL1~' tlll~'~',l'h bavcd
1111Iprcv 1lI11'!~) ...table: cconounc rclauon h I1'''' were 110 !(1I1~l'l' .uicqu.uc. .tnd
IITL''''PL'L:II\L'01 I1L',\ te:L'llIllqIIL", ,,1I11t' 1l1L\III' III IIldudm~ .tlhl dL'.III1l,!! w nh 1I1l'11',l'l'd

uuccnauuy w.. ...cv-cnnal The: I11l''''''I~l' 111the ('IlIPl1l' ......IOI1' IL'p"r! ,IIIIc/"IIT(IIIt1 clob«!
('(""0""' drivrrvv \\a ... not It"l 11111:...1..11111.a ... a pal'l.'l Ill' II1L'u-c III -ccnano plannuu:
lor Iorcc 'I...t mg IDuvivon Jl)l)O 1111u...tratcd. Till' '(l'I1,II'1l1 dL'\ clopmcnt wa'" preceded hy
,\11 evaluation of the: PWL'C:" iI...used by other utilltll'''' .• 111analy'" olthe SPilth "\1'1'1,:.111
econonuc xituation. and it detailed a,laly," ,)1' Evkom cu ...tomcr 1.'1,1"" aunhutcv. Til, ...
Wit ... follow cd h) a look at environmental Iacior-, utfccung the: South African electricity
market. including issue like urhanivanon and the future prospect ... 01 South African
gold III all 11ILTe:a..ingly competitive Illtl;rnal'()IWI market hnally, tour 'L'h III'

congruent a ...-umpuon- were III .d,'i 'l'd a ... pO"lhk clcctricuy .alc ... -ccnanr-. w h IL'lI
were trun-Iatcd into quuntiticd electricity sale Iurccu ..h Annual !\,!D were derived
from these using till' Al.1-' technique. Thi- project, 1..'.IITlt'd lIl,1 h\ [)iI\I ...un und
Prinsloo, wa ... tl c moxt comprehcn ..IH' markel research C\L'!' t!OIW for fort'l"I'IIII~'

purpose: .... and added vuh-rantially III E ...kom's under-tanding "I' the: dwnging elccuicity
sale" environment.

2.1.12 Prlnsloo 1992

During I l)l) I and Il)l)2 Prill ..loo dcvclor cd a sectoral cconomcrnc model, Iorcca ...ring
uvcr 60 sectors of electrical load ...cpuratcly [Prinsloo 19<)21· SOIllC of these sCI:tm,
were individual large customers, while other .. were group ...of smaller customers. Sale:,
til each ...ector was forecast using a technique appropriate to that -cctor. Sale ... for
traction. for example. were forecast using ron-km figures ohtuined from Spournct.
Thi- model ha ... "'1111..'e: been improved and refined, currently L"lIN'tlll~ of over l)()

sectors grouped by Standard Industrial Clu ......iticution (SIC) code TIlt ... all()\\ .. the
-cctoral energy sale, forccuxt figure to he ' ....cd dm'L'lly in IhL' XDFM dcr rand profile
forl'~',I'ting model t ~l'l'below ),

By 1l)l),2 b.kl'llI .... long term Illrl'I..'i1"llIlg procc ..." L'Oll;d he: 11I1I...trat--d a... III Figure ,2 of
The scenario planning .... nil! included, hut rormcd an Input III terms "I' ':""Ulllptlll[I'
used ill the model .... A long rcrm cconomctnc clll'rgy model (l'll\ cnng electricity. coal.
and liquid Iucl .. ) developed by A. Gildcnhui- In bkom\ Marketing DI\I ...inn. wa ...
used III 'quantify' the xccnaru» Gildcnhuix also developed a medium term L'leL'lrtnt:--
'ak, I'll recnvt model. The tinal l'ner)!:-- lorc~·."1 \\ "I, then checked «gam,t nat 1I11lai
eC1l'rg~ rnodcl«. such <I' IIl.lt h~ Kot/c at lhc: Rall!)\l' A:nka;tll I.' 1'nivcrvircit IKnilL' &.
COllpL'r I 'lX', I
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111,'.11111)(11\\.1' un.ihlc \I, 1111.1 ,hldlllPlI,d ,'\I,klOn' ,.1 11111'1"\ I,d I<'ll"·.,,tlll.L! Illl'tlh.d, III
lvkom .1, .1 (Ol1":qU,'l1l'l' ,.1 till' r :••1 11'1'"11 It dill" ''1'1','.11 th.lt hl".ld,·1 '·"l'UI1.IIII'"

\\Itll ,'\11'111.11 ,'1','111\1111(' "'1'1'11-. .llId ,'U,IIII11,'I, \\,1, .ldIl1'\'·"

Til 1·(.:n.1(11lIld Illl' IIlrl'I'a,ll'I' problcm-. thl' annual gll)\\lh 11111»'\4 \\.1, X.X';. up 11'1"'1

2,-1' i In l'Il\'~ and 2.:' i III I')X \ Till, vccmcd 1(1 'UI'Pllrl the 'urman \ I~\\ th.u lit,'
recent 111\\ ~r'\\\th \\il' IU,I a -l.ort tcrm ccononuc IIIl1lu.lIIl1l1. "'\l'lIil\.'ll.'''. 111l' Ipng
term f(lr~lil'" trom (lJX, 10 IlJXX 1'.II.:h ,h(\\\l'd '1I1'1'~"1\1' rcductiouv III 10llgterm
gll'\\ t!l rate I h).!lIll' 2 'l. and h\ I')XX the IlIIl'l'a,1 had .1"11111,'.1 the new rate 01 about
~.f (

'\ Poun-, [Poun-, l'iXfll rl'\ I~\\l'd lorl'I.:.I'III1~ technique III (-,,,(1111 III -omc
:,. '\1111 convidcrablc 1'1I111'I,m He conclude-

Thc , ·1.'I·a,llIlg 111'.'1 .lll .rc (Ill the demand lor ~kl"IXII) 111 South
Afncu 1:(1"'1,1, 01 , ,1'''1'010111011'. /111/1'(' r~gr~"lon, .• lIld 'II IIK'
.' ':1111''' 10 U'~ mput-output 1l10IkJ..... Till' rn icwcd vtudtc-, 011'1'

.riticised Oil the ha'l, 01 the 11)pOlhl"I' on which their 1'01'1.'1:.1'"

011',' .lcvclopcd. It I, "llgg~'I,'d that the studie suffer trom
vpunou- correlation .... inadequate "tilll,1Kill tnvcsngut Ion III the
data and mainly restncnvc -pccificuuon of the model.i.It i,
'lIggl,!'<tl'd Ihal rc-carch I' needed 111 developing n odel-. III
invc-tigutc pncc cttcct-, ~11l'rg)/non-l'nl'rgy substitution. interlucl
suh ...titution and l'nl'rg~ rnCl'-111al'l'0-1'1'01l0I11Y feedbacks."

TIll' author find ... thi ...criticism rarh« . biased hy the incredible gift of lundsighr. Sirnilur
criticism in 19XI would have been ndiculcd, as the ...imple models used by bklllll had
performed rcmarkuhly well until Ihat tunc - despite Ih~11 theorcucal impcrfccuons.
The failure III' I[1L'Iorccas: in Il)X2 was due to " lack of undersrund-c of the IOL'al and
inrcrnauonal driver, of l'C0I101II1L'gr-rwth. and their consequence ... for l'Il'Clrtl'lty ,ale,
growth This wa-, illustrated hy till' De VIIIII'" ('1I1111111"lOn, which 111 i')X4 concluded
thai a structural change III energy L'I'(I1101ll1l" had re ...ulted III a pcrmuncnr I.·hang\.' III

world l'C0I101l1Il'S lolh)\\ Ill)! the 197 ~ oil Cll"'., Y. hich had finally caught up with South
Africa in IlJX2, Thi ... they wrote. implied a IOllg 11.'1'111growth for future Eskom sak's.
of about 'i"; and not 7'; '" was then "'\1'1'\: a" by Evkorn. Their forecast wus made
without illU mode]. and \\a, ha,ed (Jill} on a thorough under-tanding 01 glohal
1'1.'011011111' event- It wa- also more accurate Ih,1I1 the E ...kom Iorcca ..l. Althnuj.h the
('Ollllltr'SIOIl did Ihell' ,Iud! after thL' ,ale .. dlOp ot I !)X2. II I' clear Ihat IIIl' dala Ih,'~
uxcd ' ould have hccn 1I,l'd hy l.skom to I'I'1'dll..'I the drop. It i-, al'lI dear. from internal
111C1I101'lI1d.l, that 1..'(.'1'1,1111 people w IIhili h"tlill. IIlt'iudll1t! Sloflhl'rg, "u'pl'l'Ic:d thl'
drop III vale \I til 1//'/11 1111',,1 aiu! pcrmunvnt h~ 1';)'\\ hut W(.·!C unable 1(1 ~'IIIl\ mcc
L,"Olll 1Il.llIilgcIIIl'IlI or (Ill,. It mu-: hl' hllrne 111nund tIl'll 1:'''"1l1 had lill'l'd ..II?l1e
nIlIL'all'apa"lty ,hortd!!l" dunllg the \\1Il1t'1' in the late '7(1, '1 il)'. had led 10 ,I "l'\l'l

a~,1111 ' alllludc h! llIall.l~l'llll·lIt 110 the p""lhllll~ 01 \·.tp.llll~ '''"rtilg\.'' I, II hldl

resulted II~"l'll'krell,'\' I,' en (\1) the hl~h 'Idl..'

.'\ Drnunul l'rotr!« /1111' //11111(.' \1,),11'1/.,/ 1,/,,)111
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Figure 2..' Eskom Annual Sales and Forecasts

An Eskom public informauon brochure dated April 19X6 [Eskorn 19X61 describes
E"k\)111\ forecasting pro~'l''''''' <t" ha ...ed on four 'independent methodologic .... the ...c
being:

• Customer Opinion Survey, which involves interviews with r:...kom'v largl·,1 <tilt!

potentially !.lrgt'sl customers to obtain updates of their projected consumption.

• Time Series Modelling, This method usc ... lin clcctricuy ...ales model developed h~
an independent ccononuc fl1n:castlllg company, which analy-c ... cyclic factor ... and
underly ing el'\11l0l11iL' trend-

• Sectoral Model. which U...l·, P;h[ ...la[j'llc\ of clt'dlXII) consumpuon and lorl'l'a't-.
the future demand in live different sector ... of [he economy, these being \1111I11g.
Industry, Traction. Bulk Inr Municipahuc ...l, and DOl11l1iL' & Street Lighting. The
model look into account ('IW. III flation, exchange rate v, industrial product ion, and
relative pricc-, or oIifktl'nl cllngy Ionnv.

• Energ) / (alP Model. Thi ...wa-, till' ~tllflhl'rgl;'\;llrlllal1 model, which relied Oil the
rt'iatllllhhlP between (IPP growth and l'lll'rg~ gnmth III the country.

The brochure then mcnnon- that till' ab\l\l' nuxlcl-, all' run tor -cvcr.rl dillcrcnt
economic -ccnuno ... r.c (II W !!I'll\\ til 1;\1,'" (It ~.'i';, ~.'i(;. and ..LS'; In )lJXh.

!'Ill\·l'a ..r-, were then modifn-d III include iilL' L'\Pl'l'kd Illlpalh III demand ,Ilk
1Il,1Il.l!!l·f1)l'll[ prngram' It l·Plldudt' ... h~ ,tallli!! Ih.1l ',~(llli I" ((111..1.11111\l'\dlllllllll)!
method- pI l111PI'll\ Ill)! input- (\' It, !I'.ld tllil'l.l,tlll)! Plll\.'l'"

,\ /)"1111111" /',,,,,/,' 1(1/1, '''"IIt; ,\1",I..! /(1' I \~(I'I/
'I '"



J~ IOc; billion b\ the vc.u ~()()" The ('llI111111"1I'11 m.ulc Ihl' hlll'l\' 111~

rccouuucudatiou-, rq!ani:I1)' Illll~ term Inll'l ,1'111l~

• "The rt,k, implied h) load (llJ"l'l',I,h lor l'kl'lrll'1l) con-auupuon whuh Illa~ PJ"l''''1l1

l·...umutc ... 01 growth wluch could he tllO hrgh III Illll 11m, ,hlluld he reduced III a
Illlnll1lUI1l ,

• Clo'l' co-operation should be elicited from consumer ... \\ hen l"tahlt,hlll).! iuturc
electricity con-umpuon rcqutrcmcnt-

• A power stuuon construcuon progranune should he developed \\ hich I, bused on
the ...imultuncous constructron of more than one power -rauon. bUI which )1o,c""(."
sufficient flcxihilitv in respect of follow up ...e,", 10 allow the a" ...imiluuon ol
change, in growth fall' which rcqutrc constant monitoring. without supplying an
exec-s of gcneratmg l'apal'lly,"

The ...e recommendations arc Ioliuwcd hv Ihi...-ratcmcnt:

'Since 197 ,~, the econometric mel hod of torecu ...ting electricity con-umpuon ha,
become unreliable. a!'l a result of a di-contiuuity ill the world'« economic growth
pattern. "

2.1.10 Joubert G 1985

One consequence of the De Villicr-, Cornmi ...sion of Enquiry In Il)X4 ICoL 1')X41 \\,1'

the stull) curried out by Joubert [Joubert I'm'i] to evaluate the use of BO\-JcI't._Ill'
(ARIMA) Iime 'l'ncS mode" as ,,11allCll1at i\ e to the sectoral Iorecasr. .Iouhcrt fOrl'l'i!,1
the years 1970, Il)X(), using monthly sales data for four ...ector", and adding a year III

the model data for each successive forecast year, The study indicated that nil
improvement 011 the sectoral approach could he achieved with uni-variate ARIMA
models. A hi-v.uiatc model that used con-tuner expectations' as the independent
variable was also tested, and indicated that under certain cucum-runccs an
1l11Pl'l)WllK'1lIcould be expected It appl'.trs that till', approach was 'UhsCl(UcIlII~
,thandnncd, Joubert <lbll alll'l1lptl'd Itl dCJ"l\L' pl'H'I' clusticity intonnntion from ,aIL'S
and tariff data, which yielded "'I')- low and 'Ol11l'\~hal uncertain clu-iicuic ...avsociutcd
WIth long time lags, Till' author IS nor convinced that dtangl's in demand during thaI
period were actuall, due 10change III l'Il'l'1I'lL'II~ pncc, a...-uspccicd bv Joubert

,\ 1),011/1'1/(/ "",11/, " I,', 1/111'/L; \/",/,/1,,/ I \~,,'"
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camp- within the Ol~.llll~<llllln It -ccm-, th.u Slllnhl'l~ rch th.u thcrc \\CI\' \\&nlnr' III
it rO ....ihlc permanent stn« III/til l'hall,!!l' in Ihl' 11l..tornal rl'l<llllllhhip between Ilw
l'leL'lnnl~ growtn rate .md the {lDP gn)\\lh rate, and he .IJlpc,.'.Ir~ III have supported ,I

rL'\ i-cd IOIl~ term growth rail' III about ,"i.(1';. Norman. OIl the ..arne 111l1l', kit Ihal the
2..+'; pu ~rowlh III \l)X2 \\ih due 10 medium tcnn ccononuc cyctc ...mauon-, <lnd not a
structural change III till' gn l\\ th rail' Ill' Ihcrctorc ~UPI'IlIIl'd a long term gwwlll "I
uhout 7'; pa.

An Exkum internal memorandum III Apn I 1')X4 IExkom IIJX4 I f probably 111 re"I'0n~e
to queue ... hy the De Villicrv ('0I1111l1"'lon 01 Enquiry: describe ... 1\\0 flllwa~llll~
approaches used. The 'econometric' method IS that developed hy Stoltbcrg and later
used by Norman. Abo described for the fIN time I.. the 'sectoral' forecast. which I... all
econometric model based on independent forecast ... for five industrial 'sector-.'. ThL'
memo explains I mer sale ... uhan expected) as .1 consequence lIf u change in the
structure: of the economy. 111m ing awa) from energy mien ...ivc primary indlhll'~ 10
more labour intensive manufacturing indu ...try. and concludes :

"It IS clear that Eskom should give: continued attention to IIll'
development of it's forecasting techniques. It would be wrong,
however, to pretend tluu \. hutcvcr th\.' ...ophistication of IIll'
methods, Iorcca ...ling Is ever likely to be a ce rt illII

business ..... This underlines the need 10 accept changes 111

medium and long term forecasts and the importance of flexibility
in the expansion plan-, based on the ...e forecasts ..

2.1.9 Recommendations of the De Villiers r cmmlselon of Enquiry,
October 1984

The: large: increase 111 IlK' pncc of clcctricrty 1Il Il)X() followed hy another III Il)X4
focused public attention Oil Lskom, who needed till' increased revenue 10 finance their
expansion plan. This plan wa ... hascd on the e:UlIlOI11l'tIK forecasts which had ...crvcd
F ...kom well until Il)X l. when the: constant grl1\\ III of about Xlii per annum 'uddenI)
declined. The: De Vi llier ... Commission of Enquiry ICoE 19X·~I evaluated Lskom-,
past performance. with respect to bkom\ objective and policy of management. and
against the: performance of major clcctricny -upplicrx in other countries. The: CoJ:
found it uccc-suty 10 consider two pcriod-, of 111ll\.· independently. namcty 1l))(J [0

1974 and 1974 {l1 Il)X2 TIl\.' Col: Iclt that the 1I11 (1'1 1... lIf 1'173 had produced a
disconttnuit; 1Il II1\.' world economy. which had repcrcus ions tor the gillhall'lel:lrt\.'lt:
supply industry. This had changed the Pll'\IOU ...ly vtuhle rclutinnxhip-, between (,DP,
energy, and elcctricitv ...ale .... disrupting IhL' trends ventral [(1 cconomctnc Iorccasnng
models. South Africa wa ...able to -tavc nil the impact or thi ... divruprion Ior -cveral
year till Il)X I, hccau ...L' of an abundance of 1I11:al l"o,d and large l'llergy intcnvivc
indu tne .... The COl11l11lsSIOn allal)sl'd intcrnanonal growth trend- and South Atricun
~Iall tll·'" atlc:! 11171 III delall. .1Ild 1.'(llIl'luded .h.t! hkoll1\ ~.dl·' !!J'(l\\ rh \\<1' Itkl'l~ 10

hl' about 'i'i pn ,111111111r. Till' \\;I~ sllhsl.lllll.dl! lower than the ul l iciul l: ...kom Iorccavt
prcdll.'ll!l!! ah(l[1l 7'; The (osl 1I11plll'''II(ln~ "I 1111... dJllcrl'lI(e were reporled to he

:\ Druunu! l'rott!« FII/",(,'Ilill"; \/,,"" "'1 I \~"III



lI~lIlg (;1>1' dal.t lor till' pl'lJod 1'J..I(l III IQ7"i Till' \\.1' l'''l'l1ll,dl~ ,I '1lllpk macro
econometric rm.del. \;lll"lllall then a"lIllll'd a -.uur.ruon III 7)'; lor till' l'Il'l'tn(lt~
COlllptl11C111 "I energy required III till' l'IlUlllry, and developed loglstlc and modlfled
Gompertz models to predict Ckl'lrlnt~ gn)\\ th 1lc kit tilal till' (iompertl model \\ ,1',

Il11Jrl' accurate and used that lor hi-, cnl'rg) Iorccavt: :\orll1an then calculated annual
MD ...u\ing u...-umcd load fill'IIlI"" of 77'; I'll! l.skom and -lOt; tor Munuipuluic-, With
Eskom \upplying l)()t; of the encrgv, thi- implie an l)\ crall ,),ICIl1 LF or 7()t; .

Norman's second torcc.i-t III (1)1'\2 was vunilur 10 the flP,i, hUI updated l'l1l'l"gy "dl''''
and GDP datu ( I l}50 III ILJXO)guvc ...lIghtly different coctficicnt- tor the modcl-. and
he opted for the logistic form of the s.uuratton curve ruther than the Gompcu/ model.
He again used the ALF method of Iorccasuug annual ;-"111,uvmg a national average 1.1.
of 7·Vi,

2.1.8 The SDJes Growth Discontinuity of 1982

Il)X I wa~ the lust year that proved a consistent exponential clcctricuy sale ... growth
pattern Isec Figure 1.2)' After decade ... of repeatable growth or about w; per annum,
the sail's growth 111 !9H2 dropp, d suddenly 10 2A";. TIll', wa ....initially considered III
be a short term aberration. bUIIIK' growth 111 !9XJ Was even lower. at 2,2",(.

EskOlTI Annual Sales 1955-1993
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Figure 2.2 Eskorn Annual SHll'S J 955 to J 99.'

By late Il)X.~ dnuhh were hl'lI1!! r.n-cd ;I" III IlK' <In'llr.ln lit L,,~nlll\ long term

tnrCl'a"tlllg procc-c-, leading tn \.111(111' 1l1l~'rn,d documcut« ljll,'I\lllg and 11I"tlt~1Il,l! till'
flll'L'l'.h" .lnd l'\pl.llfllll~ the ~rll\\lIlp dll1L'I'l'lll'l" bcrwccn 111l' 1(11'l','a'" and actual
"dl',ll,1!llt'l" l.ctrcr-, bcrwccu 111.111.lt-'l'h III 1·,"-"111 trom I')S' .11111I'1S'4 indu..uc t,,"
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• The flll~'~'a'i Ior tot.il South Atnc,1I1 "Ill'" \\,1" h.t,,~'d (111 an intcgruuou lit the
Iorcca ..t-, 1111each III ~'I)!ht l'mkrtal'.l:l)!, .uul uve Municip.ilitic-; The best flt
functions lor 1,'.11:11 l'l1dcrtaklll)! \\ ell' combined in three different ways. to
produce three (inal a):!grl')!atl'd anlll1all'r1l'I)!~ ..all' .. fnrl'l·" ..r.. ,

II! Joubert dnl not toreca ...t maxunum dcmand-. Ill' did, however. u-c a computer
model developed by GEe to Illl'l'ca,t hourly demand p rn flies till each
Undertaking and the total -um. Thi ...model represented the unnuul dcmand profile
a .. thre- daily profile .. for each month. The-e were average Weekday. Saturda». and
Sunday profiles, Forecu ..t hourly profile ... for Il)X!l. ha ...cd on 1l)7() profilc-. \\ ere
tabulated, Although Joubert rccogni cd some of the advantage- of demand profile
forecasting as opposed to MD Iorcca ting. he did not !'l'rsllc this approach further,

2.1.6 Stoffberg 1975

Stoflbcrg in 197:'i suggc ...ted th"t a stable linear relation ..hip eXI...ted between South
Africa's econormc growth (a!-.measured by tl1l.'OD!') and the total energy c.m ...umcd in
the country [Pouri: 19X(lI, Similurly. there cxi ..ted a linear relationship between the
total energy and the electrical energy ClllhUI11CU III the country. He expressed the-e
relationships as follows:

Z =: ax -:-hy

where Z is the GDP. x rcpre ..cnt« the electricity component of total energy. and )
represents the non-electrical energy contribution. The coefficients a and h he round h)
filling the model to energy and G[)P figures for South Africa. the l'SA and the l :K.
for the years 19·[7 to 1972, The relation ..hip indicated a continued exponential gl'l'\\th
in clcctruitv ..ale ... The electricity proportion of energy use III South Africa was
increasing ..teudrly. and Stoffhcrg assumed a ...aturution level of 71Yi by the ycur
.:W()() ,

2.1.7 Norman 1977 & 1982

Norman produced two forcca ...I .... 11lL'fllst 111 I (177 INorman 1'1771 and the second in
J 9X2 [Norman I 9X2 J. In 1(177 Norman ...tatted \\ uh the Stoffbcrg energy/economy
rclat ionshi p:

Z = a\ + h)

:\ /)('II/I/I/t! /',.",111' lilli" 1/\/lIll' \'I,d'" /,'1 I \LIIII
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r-
I Sent-Out Forecasts by

Milton (1947) and Troost (1956)

Year

Figure 2.1 Forecasts h~ Milton and Troost

2.1.4 Straszacker 1966

The long term forecast hy Struszacker IStrusznckcr ILJ(16J, Was 'vised Oil the technique
used by Felix n II)(,..L Felix suggested Ihat the major determinants of demand were
the population III it country and estimates of electricity consumption per Capll,(
Straszackcr assumed u population growth for South Africa resulting in ,~7 million hy
the year 200n, He used a development growth III kWh per capita derived from till'
median of the 1:,\,~countries ...tudicd h) Felix, hUI adapted to South Afrkilll l'ontiitH'tls
with South African ....tatistil's lor population .md electricity cousumpnon ....punninc
1917 to 19(,-1·, Thi» resulted til a ,IVl'ragl' Illng term electricity growth rare III

7,:,\(; per annum. Although Ihi ... proved Inirly nccunuc. Slras/add:r's ;"',<lllIl'lll

decreasing future load factor resulted in a poor forecast Ilr l\IPilcHy .cquiretucn: ".

2.1.5 Joubert J T 1971

Joubert. in hi ... MBA di ......crtunon [Joubert 1'1711, rl'll\ idcd a thorough IC\ 11..-w 01

prcviou- Illl'l.'l'il"ts, and then mtroduccd ,ch'ral 11':\\ il-'PCl'h III hi ... Iorccu-, The-e
include :

• Joubert rl'C'I~lli"'l..'d that a '1Ilgk' trcud cvtr.ipolauon IlIlll'IIOIl mav !\11[ capture all tile
1J~l'l~ (uturc .11..'\ clopmcnt-; Ill' applied dl'\l'1l l'\llap"lalllln function- til ...,Ill·...d.ua
'Ill each I:'~llill ('lldntal-.l1lg, the h~1l111 tllt,tl .uid IlK' South AI'K;:11 tot,1i TIlL',e
iunction- included polynomials. exponentials, saturation curv eli, and averaging
techniques The IUlldl(lll' \\CIL' Ie'ted 101 III In the 11I...1I1I1l'al d.lt.l and the hl',t
lundl'lll'" lor l'avh ('I](krt,I~111~; \\('IL' '('il'l'll't! fill tilL ll\('lall tllll'(';t,t

\ /1,'11('1/1'/ /',"f,I,' /-0/1" <11/111'>: .\1",/"; f"/ 111..11/1/
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Chapter 2 - Demand Forecasting In Eskom

2.1 LONG TERM FORECASTING TECHNIQUES USED IN
ESKOM

A look al the 1.'\ ulution 01 long term Iprc~'astlng in 1:",)..01,1 will gl\ I.' "'''tnL' 1Il"'lfht IIlIIl

the reasons [or .,'.1(:\:1.' ..." l)r the relatively vimple techniques used h~ 111 the pa ...t. as well
as the reuson ... for their Iailure in rl.'I:I.'111)L·;Uv. The reader Is referred to the rl'lL'rCIKL'
documents if 1110rl.'details art' required.

2.1.1 Milton 1947

The earlie-r record of a Iorccust in E")..OIll that the author could trace \\ a ... that h~
Milton in (947 [Milton Il)..j.71, The Il.'d1l11QUL'he employed W,I'" sitllpk exponential
extrapolation of hi-torica) annual electricity .,ab, ligures. Milton applied an
exponential electricity growth rate of about II'{, modified ...ltghtly to account fI'l
issues like the 'recovery' from the cfkt'l of the war year- , Ill' furccust annual MD h:-
assuming ,t system annual loud tuctor, which he expected 10 mcrca-c "lowly al tilt' tall'
of D,I q per year.

2.1.2 Trooet 1956

A forecast by Troost in 1l)~(1 [Troost 19:ci61 as ...umcd an cxponcnual growth rare ot
8r;f, :ll1d stated that "only a carastrophc L'an prevent a continua] growth 111 demand tor
till' next 20 years". Troost also used the AI.F method. and a......urncd an improvement III

annual J.F from (17(; in 1952 tll 7OC; h~ jlJ7()

The Ivlil'lll1 and Troll" forl'l'a~h arc illuvtr.ncd in Figure 2.1. along with uctual sent-
out figure", Both Iorecusts were high

2.1.3 Fenwick and Torr 1961

A forl'l'ast 11:. hot!' ,'k and Torr In j9(l1 Ih'l1wlch &. Torr 1l)(111 mention- the
influence of L·\IL'I'n.l1 f,ll'lllI~ 1t)..L' J1l1J1UIaI1l11l and labour on 111l'forecust. a~ well ,i' the
tmportancc 01 l'Ol'l'l';t,h of IIKal demand 111 order III corrccrly .,1tL' IlL'W gL'llL'ralin!!
plant. Althouun tlu Iorccu-t .iid not include \11) .... II \\a' the tu ...t til rccogtu/c lil,ll

f'\L'IIlP, other than IIt tortL'al _;!('O\\ til nlldd IIII!uClk'C lulurc gro\\lll,

,\ Iinnand 1',,,,1/,. F,'I'I'I<I'/II/,' \1",/t'!"'1 1-,/""111



3.3.3 Dllta Available for the Dk'l'lggre~atlon Project

\lolllhly hJllln!! IIPll,", IIldudllll-! blll.lhk CIl~'I~\ (111"11111,'" .Ill.! 1ll.1\1I1Il1i1l,kll, ""

were a\ 'lll.,f)k tor .111111"1 .tli the l.u ~l' (l"(OIlICI" Sill ,'I' fhl' ;'1'1111.11\ ~(l.i1 \\ .1' 111

dCI,'m1Il1C the cla- coincident peak dcuuuul-. \\ hldl IIlC\tI.lhly lll'l.lIlH'd .uu 1Il~ .1

winter wcckdav, 'llll) the "\l'r,,!!,' \\ rntcr \\cckd.t\ 11.1' m,llklkd

100 Prlnlomltlr custem .... _ 40·'0of Sal..

No Demand Profll ••

:>40000

Small CUllomer.

No Demand Profll ..

Figure .U The Eskom Customer Pyramid in ll}l)f)

Till' hilling records 1111' Jur.c. July and AlIgu,1 tor all largc cu ...tomcr- Ihl'Il'tPIT

provided the cu-tomcr popul.uion dal.t, j)"'lJal1d profile dura were available lor IX7
l't1,IIlIl1Cr\, A ... (all be '\.'\.'11 I'nlll Figure ~..~, the ...c IX7 customer ... rcpl'l.''1:ltll'd "lillo,1
-Ill'; 01 E ...kolll\ ,.tie ..., ,'\,'11 Illl ~!J 1I1l') l"llllpn'l'd ,lilly Y; 01 the number 01

l'll ...1oIII l'1", ,

3.4 CUSTOMER CLASSIFICATION

nit' ~larkc11l1g Cla, ...IIK'alhll1 mcnuoncd \.'.I1IIl·r, 111\\ Illdl large I.'U'(OIllCI' Iorm lour
.-I.I......l·' (\lI1Jlltf!, lndu-uic Bulk .tlld Tr.icuom and 'Illall cu-tomcr .. 101111 three
da"c' ([)01l1,'11l'. CI)Il1!1JlIl'l.d, and Rur,tl/l'.lIrtllll)!I, \\.t, nor l'ntllt'l~ slIlIlhll' lor (tll'

Pfllll'l'I Tlw Ll!!!l' l'lIS(llllll'l ,1.1"l·' \\ ere IIlI) l'Il.lr'l', and no demand profile dat.1 \\ .. ,
.1\.lliahle j.lr 0111\1If rltl' <rnall cu-,« llll"'"



,"1\11.111111." III d.Ii" dl'lll.llld :'I,'llk, III 1,'du,I.' tit" qU.II1II1\ "I ,1,11.1.tlld ttltcl "ll!

I.llldlllli \.11 1.11I< lf1\

Til,' h'~ prohlcm \\a, th.u II would 11,'1he 1'1""hk III Ik'I~IlI"I'rl.·"'HI.HI\" ,.tlllP!t.', "t
each ,'It,IIIIl1l'lll.t ..... \\'1.' \11.'11' rcqunvd tu 1'.II1~ «ut the 1'11111.'1.1II 11111.'\I'IIIl~ dcltl.lIld
protrtc dala. Till' II <1' lunucd (I) dcm.uul pIll' II," 1",',1 '"l hdlltl~ I'lIlI""I" :\
de'I.'III'II(l1I or the t.llllf, .tnd 1ll,'Il'llIl)! 1"1 htlllll~ 1'1I1'1'"'''' I' n,"I.'''.II\ 1" ,1(1P'l'" Ill'
the demand protile data '1.'1 ,1\;IIL1hk

3.3.1 Tha Elactrlcal Load Structure

L'~I)Ill\ ,'U,llllll,'r, arc dl\tdt.:d 11110 1\\11 nuun group" large' alld 'vmall' cu-tomcr-,
Large customer .. arc those II IIh nouticd dcmand-, 1111.'\1,:1.''''' III ~5~V:\, :\prTl)\IJllalt.:l~
bOOt) large cu-romcr-, consumed '111l1l' 1)6'; or Illtal I.'IH,:rg),ak, III I\)\J!) and \\,'1'1.'

supplied under a two-part cncrgv and demand tartll, and rl.·I.·I.'I1II)al,,) olf-pcak and
Tuuc-ut-l 'vc .T()! 'j lanfl, Some ~-HJ (J(J(J <mull 1'11',101111.'(", were on " \"I'Il'I~ "I
1.·l1ergy,ol1lytanH,. Large cuvuuucr- compri-cd tour da ...,I.", l1anwl~ \1lfllllg. lmluvtrv.
Iracuon. and Bulk. Bulk I~ ad",., 01 ,'\I',t0111,'P, th.u rcdt ...tribute pOWI.'r til mil" III till'
residential and commercial cu ...touter ... and manulucturing II1du...' Y III the 1'(llll1tr~

Tl.cve include municipalitic-, and other 11ll'.d aut 11on Iic .... TIll' Mil1l1lg and Industrial
cla."I.''' histuricully provided a dependable and ~'lln"'I"'(L'nlha...L· load Illat compnvcd
...01111.' 1\\1) ihird» of the ",\'(L'1l1 loud. The 4'; I" ...ale ... to '<mall' cu ...tomcr went III
direct revidcntial ...upplic .... -mal! hU"lIle"I." (comtucrcial ! a, well a ... rural and fal'llIlllg
L·U'Itln1l'r... rigure 3.4 ...1111\\, till' ...ale ... rt.:r clu ......tor I.',:~'h II! tl1':"'l' '1.'\1.'11 cia",'" III

1l)l)O.

2.3.2 Tariff Structures and Metering

The ...taudard tan ff for large cu ...tomcr .. r Turi n t\) for many year ...!la...hL'I.·1la 1\\ II I'drt
energy <inti demand t llopkinson I lanff, whrch encouraged ,·U ...tomcr- 1\\ unprov I.' thcu
loud tuctors and limit their mavunum dcmand-. The mine ... and indu ...me- revpondcd
well to thi .. 1~1C"""!!I.',tvpically adlil.'\ing dady load f,ldllr, in nt.'l"'" of 9:"'; \ktl.'nll)!
Ior the two- part t.uitf wa ... sunple and III !l11l,1 L.. I...c ... con ...I...red or an cnergv meter II ith
a thermal or hind uuerv al (Ml.'r/) 111a ximum dcmund indicator The hourly t ur hall
hourlv) demand ugure ... lrom .rlxuu 1110 multiple pornt III ,upply cu ...tomcr-, were
ll1aJlu.t1I~ captured 111 each r~'glllH1'\l.'ly 1ll01l!!!. The dala WL'l1.' tran ..Ierrcd 10 a Head
Office computer where the Sirnultancou-, (Ill drvcrvificdt \1a\IIllUIll Demand (SMD)
rill' each cu ...tonier v.a...calculated for hilling plIl"r<I',I.'''' Thi-, \\ calth Ill' demand profile
data \\<1' then th"'~'<lrdl.'d hdllr~' the I1l'\I hdllll!! elate A lurlltel I()!) large I'U..tomcr
with "t1l!!k 1'1)111('.01 'upply were I.'qlllpl'nl v.nlt pruuomctcr- Inl "'111I1/! purpll'l'\ A,
it rcvulr, Pllly about 2()() III the (1 (lOU 1.Il!!L·vu-tomvr .. had JIll'k'lIn!! {h,ll h I.:apahlc 01
pn1\ldlll~ dcm.uul profile III' \llItahk 1III more I,PllIP"'\ lanl! .. 111 IIJlm (F1gurL' .~.~)
rl1l.·\t' pnnnnuctcr tar,," !tlr .thout 200 customer- (11(\\ Ilbl till' hul], til I:ll' hl)U1I~
demand 1I,lla .1\ .ulablc III F""l'tll al the III'''' All the '111.1111,'[1\101111.'1' 1I'l' 1)1l1~ 'lllgk
rl'gl'll'" ~\\'11 l·lIt''').!\ 11II.'II.'rll1,1!,,II", 1I1l'1I11ahk 1.1{ 1'{lltlplt·\ • 'lilt .. or load rc..c.rrch
('11l'PI "t'"
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Chapter 3 - The System Disaggregation Project

.:3.1INTRODUCTION

:\ltlHlll~h the DI"'''!!!!I\'!!<lIIO!l Prowl'! I' IIO( P;III 01 (hi' r,_',c;lIl'h pnlll'l'l. II pl'll\ idcd till'
data '~h u...cd It1 the XDF\1 model A... 'Ul h the pwn'", <ample dL"I~11,.llllpk

validauon, and model Il"(lI1g have a direct hL'ann)l 1111the \DF\1 development Till,

chapter de-cube ... the DI',oI!!)!rq!Oltltlll Project IBluff ")«(2;1 &. h, Bern-ford Il)l),~alt'l
provide ...upport for the de\ clopmcnt of the customer da" dcmund pr\ll Ill· ... uvcd later
tn the XDFM model, It mu- he noted that a !lltl1l till' work in tht-, project \\a' carried
oUI by M ...I': Bluff under the dirccuon offill' .11IthOl,

Early III ll)lJ I LI';,d Research \\ a, requested 10 c-tabli-h till' contribution III \ ,mill!'
customer da" to the xy ...Il'1l1 mavunum dcmund Till' wa-, (0 form part of a l',l,( 01
...crvice ...rudy iniu.ucd by the Finance Department.

3.2 PROJECT OBJECTIVES

The purpo ...c of thi« project wa ... (0 determine the Cumcidcn: Peak (Cp, contnhution-,
10 the 'y,lel1l demand of each of the major customer cla ......c ... 111the 'large customer'
group, This intorm.nion i, used III till' dctcrminnuon of tariff structure ...thut reflect the
l'o"I" of supplying different da,,"'I!'" of customer The.' ha"'Il' pWc,:c.'" I' ,110\\ n In Figure
.~,I, The large cu ...tomcr group contributes 9(1(; or hkl'm\ revenue. A -ccond
objective wa .. to determine the impact of Tariff E nil the sy ...tern demand profile II
possible, A preci ...ion of !or; at the l)()'; c.infidcnce level wa ... dctcnuincd a ... it
desirable target for each clas ...CP contribution.

3.3 PROJECT OVERVIEW

It IS impractical 10 ohtuin demand profile ... for every large customer. The u-uul
approach 10 determining cu-tomcr ria, contribuuons would be 10 design a -tratiticd
random ...ample for each clas-, ll'l!I!! tandard ...ample dcvign technique ..., Dc.",:and
profile ... Iorcvch cu ...touter In c.uh sample \\ ould hl' collccrcd fur till pcnod of I'OlK'c."'11

. JI1 Ihl'" ea"'t', il vcar. The iI\ l·I.I)1l· proriic Ill! each cla ...' \\ ould then be .Ictcnuiucd
l1'lllg mcun-pcrumt C\Pill1"'1l1!: 01 rallo cxpan-ron. alld the cia"l" then ;1)!!!rq!iI(I_'d III

model the '~"!l'l11 demand prohle T!1l' vtructurc (It the mode! I' illu ...rr.ucd 111hgUIl'

,2,,2 TIll' modelled 'y ...Ic.'111 lkl' and pr(llik \\ ould then be tl',led agall1'l the uctuul
,y,t'~111 de.nand prllhk, availuhlc a ... the,' 11L'II output 01 all I:...koll1\ pl'\\l'r -.(,111111", JI
IIlL' correlation between the modelled and actual "'y'll'm proulc I' )lo(ld enough, rill' ('I'
~'(lllrllhllti(lll~ can then he derived Irom ihc d,l" protilc l',tll11atlllll'

/',1,1' , I
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2.3.3 The GOllllaof thla Project

Thi-, rc-c.uvh j, aimed .11 I'nl\ Idlll~ l"'~,ml \\ 1111all altcrn.uivc 10 \L!' 111.1vuuun I

demand torcca-ung. hu-ed on the pnnciplc-, \11 the hl',1 cu rrcn I pradl'I.' h~ k.ldm~
uuhuc-. TIll.' alternauv I.' 1', intended In addl"" the ddl~'ll'nlll" 111Ihl.' l'lIITI.'III lI11'lllIld
vubicct 10 the cunvtramtv \11 E'~IlIll' part 1011,11' ctrcum-t.mcc lltl' con-tr.unt- include
data av.uluhility and qualJl;', hnunviul 1111111" cornpuung rc-ourcc-, and ,I;dl
a\,lIlahiJIt;. The-e goal ...all.' illusrratcd h~'J(I\\

Sales & Demand Profile Forecasting

Sectoral Model ...............

PIAUI!n.rgy Mod.1 I!nergy SIIIII
Forecasting _.... Monthly I Annuli Sal.s

I!conom.trlc Mod.1 ......

Distributor Salll ~ '-- __ --::-__ ---1

l
C,...tomlr Prafll ••
Demographic Data
Weather Data
Tariff Impaats
OSM Impaot.
lind-Us. proftle.

., Annu.1 Mu Demand
I'Weekly LOC'" Pflkt

............T.rIff R.'f)On ..
I'DSM R•• pon ..
,IW .. tMr Impact
I' Jnnu ..' LF'.

Oamand Profile
Foracasting

Flgure 2.I 04Proposed Long Term Forecasting Process



• ('I'm 1"1011 01 \\t't'kl~ I.I)C, ll'l'd 111111m,!.! Il'llll t"p.IIl"IIIlI'I.11l1l1I1,l!

• S~ '1l.'111rl'''pOI1't' Itl Tunff and nS\111ll'a'llll"
• Tho: 111111;1(1 of weather vanauon-
• Till' ,mral'l pi ..tructural change II) the "~'tl'lll lo,ul mukcup

Sales & Demand Profile Forecasting
(in the Past)

aactoral Model ""-....

PIAU linlrgy Model

!Econometric Modal ........

Distributor lalu ~ '- __ -.,..__ _,...J

l
!Energy S.' ••
Forec.. Ung _..,. Monthly IAnnual Sa'.'

., Annua' Max o.m.nd

.)(We4ridyLOC'" .,..k,
_,... ItTIIII1ft Ae'POn ..

ICCSMPI.aponu
ItW.. th9r Im"_ut
.)(Annu'" LF',

Demand Proflll
ForecaatlngA•• u,"ad LF

Figure 2.}3· Limits of assumed Load Factor Forecasting

Lastly, since all assumed U; I u-ed In the forecasting procc .......the luture -y-tcm 1.1·
cannot he determined WIth l:li apprnadl

2.3.2 Conclusions

The above all indicate ... that there arc: ...l'r10U......Illl"" lIng ... ·, ::,l' a ......umcd load factor
method 01 forecasting annual maximum dcm.u«. ': II, ,,' CII1 hl' vununanxcd III the
tollowmg two ,lall'Jllell" ,

• The :\LF 1lk'1) od 1...no IOIl)!l'r rch.u ,llId .tl'l'lll'ilil', due III <uuctural dlilll)!l" III the
,!,ll'll1 demand profilr

• The ALF method cannot plm Ilk til the information l1l'l'l'~Sar~ to plan tuturc
l'apa'lt~ in the mo-t covt-cffcctivc .nanncr.

/'<11.;. '1'1
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2.2.4.4 Tlme-of-I "'l' ITot )Turirrs Prnpnsed unci Implemented

lntcre ...t 1I\ T< ll' tanll' and the rclatccl ,,,Ul' 01 marprual \.",,1 ha"'~'d t·lL'l'ln\.'tl~ pIKIIl~
grt'\\, culnunaung III a report h) the Pncinu POlK') Development I kpart I1Il'III III

January I'lKIJ ICalIlI l')lNI, Till' report ~~'l'lIllum'lldedlilt' rntroducuon 01TOl' lallll,
lor large cu ...tomer-. U"'1I1l!lll<lrj!IIl.t1 ~'lI,tJllj! a' the ha\I' tor 1111.'tantf vtructure TOl'
lann'", Ior large \.'u,II lI1WI"' \H'I'C introduced III jl)l)() a ... opuon ..., and 101"111,111)

prornulgutcd a' vtarulard 1;11111, III !'1l)5

Sales by Tariff Breakdown
Includ .. Customised Pricing Agreement Sslll

180 1
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~
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Hlsa 1967 196B 1989 1990 1991 1992 1il93 1994

Figure 2.12 ~ Iigrutinn of Electricity SaIl'S Between Tariff ....

Eskom I...also presently cvaluuting rcvnlcnrial Tot: turill .... for high I:On\1l11lpt11l11all-
electric household ..., Figure 1,12 iltu-tratc« the migration of customer ...(and 'aIL'" from
the stundrrd two-part Hopkinvon tantT til the oll-pt·.tk and TOT I iariffs By IlK' end 01
I<N4, nearly ·H"f of bkom .... 'al~·...wu-, hilled on time-differentiated turiff-, 1hc,(
(u,111l11l'r'" rc...pond 10 the taritt-, 10 \ arylll!o! dt'gl'l'l", altering the relation-hip between
demand and t'lwrj!y con-nmpuon

2.3, THE GOALS OF THIS RESEARCH PROJECT

2.3.1 The evaluation of the present prcceas

!"" l(lll~ term \11) Inrt'l'.l-.tlll!,! prlln'~~ ll~l'd Jt1 ","11111 wa-, rllu-tr.ucd a' ligurc .2 ,l
I'll ..' .,ilnrtl'Olllll1)C~1.( 1111' apl'lnadl h.r.c been dl,,'u"l'd and an' ,1111\\11 III '·I)CUll'.2 I ~
I hc,l' lI;du(k the IlIi'hlllt~ nl Ihe AI.I' 111,'tl1n<lIn drill \\ Ilillhl' '011,,\\ IJI~

,\ /)1'11I,lIId 1':1'/11,' /"'It"t/I/IIIL: ,\/."/d '0,11/.,,111, /'I{,<" , IS



1.'\1.'11111)!pcak-; and alter dlh'r'lt~ l\lad lal.'tnt' ,III.' III till.' order lit \(111 (I'l""

cu-tomcr .. ha\ c made .1nlfltnhull()Jl 1(1the )!nll\ In)! c\ Cnlll)! Pl',I" 11'1)!11I"l' ~.K I

2.2.4,3 Tariff I<. • The Ilrst step Into nS\t

By the mid-Eighuc I: wu .. apparent to E'''0111 that '01111.' form 01 i)SM ,ltatt')!) had III
he followed by the utility. In Il)Kh the rtr,t hcsirant -rcp 111 thi-, direction was taken b)
introducing Tariff E, Thi- wa-, identical to the -tundard Tantf A hut till' cu ...tomcr's
maxuuum demand wu-, measured lor hllllllg purpo,"" (lilly during on-peak tunc
((17h()(J to .2_~h()Il, Monday to Fwhl) , excluding Public Holiday ...I, Thi- v. a, hcvitant III

that a ....utety net' wa .. built into the tanff to limit the po,'lble revenue It",..tll the
utility. Thi .. limited the ..aving ... a cu ...iomcr could make to a I1H1XIlllum of 71; of hi'
Tariff A hill. Some 20D large customer .. 11,1\(.' opted for thi ... tariff. Small pron','
indu ..tnc- haw been able 10 benefit mo ..t from Tariff 1:, Some of these cu ...tomcr have
re-scheduled their plant operation ... to rake full udv anragc of oil-peak periods. hnth at
night and during the weekend .., Figure 2 II ...how ... the estimated <1\ eragc \\ inter
weekday demand profile of all industrial and mmmg customer .. in 19l)O, The average
demand I'm the ..e customers during peak hour ...w" .. about -+ 4()() MW and during nil-
peak hour" was about 4 700 MW, The reduction in average demand during peak hour-,
i" dearly evident. indicating load shifting of approximately 300 MW by .. Iritl E
customers in the-e sectors,

Tariff E Load Shifting
Base & Other Industries

4700 MW5000 .,.------i-------·------------·+-
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Figure 2.11 Loud Shifting by Tariff E Customers
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Eskom Changing Cust0111Cr
Composition 1955-1993

Vur

Figure 2.9. Eskom's Changing Customer Compusltlon 1955 . 199,~
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Figure 2.10 The Elertrlflcation Program

\l'\\.'I1Ill'k~" the dcm.md !,l"till'" "I ll'n'lltl~ clccmticd cu-romcr .uc WI~ Pl'''~~
IlklTl,r'lI,I,\: Bluff 1')(I1Illll'lI f1:.!~" arc ,'(1,m,:lde!l! \\1111 L,~(l111\ Ill(lllllllt! .mt!

,\ Dcnun«! /'1' "lit' /"11' ,/1111/1: ,\/"d'" "'I rl~""/



Evening Peak Growth
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Figure 2.MEvening Peak Growth

2.2.4 Factors Affecting the Structure of the Eskom Demand Profile

2.2.4.1 Changing Customer Composition

A\ can be seen in Figure 2.4, the Mining .1Il.] lndu ...trial sector contrilunion-, to the
utility sale ...h,IVC declined from -wcr 7(l'; III 11)(1(1 ',. under ~()C'i in recent year", while
the Bulk -upplie-, load has increased from 2()'; to O\l'l ,W';, This' significant. a ...
the load -hapc of the Bulk sector i ...pl'ak) while that of Mining and Industrial load ... IS
flat. .1I1d has contributed to the dcchnc III the aunual system load factor (SCL' Figure
2.61. This change accelerated from I')X~ to It)I)(), so thaI Bulk supplies now collslilutl'

about 4~'; of F ...kum valc-.

2.2.4.2 TIll' National Electrlflcatlon Program

In IlIYO Ii-kom embarked on a country-« ide plogral1l til provide I'kdflL'l!y In the
homes III' all :'itlllih African". Thi- progr.nn, launched under the banner of "l.lcctricuy
tor ;\11", aimed at dl'l'Irit\ll1g O\l'r 3 nulhon hOIlll's hy the turn of the ccnturv 'J he
plan will more than double till' number nl homes thai \WI'L' electrified III ~''''1I111AII'Il'a
111 II/I)(} (hplll' 2.ICl) Initial l'~!lfllarl'~ pt II',' 1Jl1(1;,~'r til IIIi' pnl)!I,HlI "11 LS~Plll'~

,\,ll'llI dl'IlI,1I1l1 profile [Bcrri-Iord '" Bluff It)t) I I h;t\l' pn1\l'd r.uhci 11Ir:h, a~ the
..:\..I~clcctrrticd l'U"I\IIlll'I" (PIl'UIllL' k~~ l'kl'1l1l'l1~ uuulct 100 ~WII pl'l' month: than
l'\l'l'(tL'd I<lWI' ':"() kWit Pl'l Jl11l1l11t1

:\ /),11/,,11,//)1<./;1,' /,1/" "'lilll' .\f, •.!", 1,,/ 1"""111
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Figure 2.7 The Relationship between Morning Peak and Annual Sales

The relationship between the morning peak and the evening peak -iarrcd changing
after IYl)O.with the evening peak increasing in relative magnitude. The rising cvcnmg
peak finally cxceer'ed the morning peuk in IlJ92 (sec Figure 2,X I. and "II1CC then the
annual peak has occurred on a winter weekday evening at IlJhOO. The good
relationship between "ales and the morning peak b no longer of any -ignificuncc. and
the evening peak does not have (he same relationship. The avsumcd load lad(lI'
method can therefore no longer he accurately applied hy Eskorn,
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Esko111Annual Load Factor
1955-1993
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Figure 2.6. Eskom Annual Loud Factor 1955 • 199J

The load facto!' I' expected 10 deteriorate even further a,~ a national crcctrific.uion
program takes shape IBerrisford 8, Bluff llJl) I], Since 19HO the manufacturing and
commercial load has also grown in magnitude, placing further pressure on the
declining load factor. These customer- arc nut supplied directly by Eskom, hut
indirectly via Bulk IMunicipal) rcdi-tributors.

2.2.3 Th@Evening Peak Growth

Hi ...roricaily l:skol1l\ annual peak demand occurred on a win« r weekday 1ll0rlllll)!. at
(ll)h()(l, The peak ill winter is due to increased hearing demand in the colder weather.
mainly in the all-clcctnc rcsidcnual sector and the commercial sector. The annual
morning MD and annuul ..ales arc plotted below in Figure 2,7. for the period II)HH to
I L)9.1.The cxccllcn: L', 'relation between ~ak, and mornmg peak ...how ... the inherent
accuracy of the !\i.i' ,,,....hod llt' annual ;-"ID forl'Llsting during thi-, period,
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Gold \lInt'S ,.to (),1).l~6 1.1(,

Table .".7" \tBSS Preclslon .. of Dbalolarl'llatinn Samples

The MBSS ..ample for Trucuon included all IlK' ~'ll'lonwr" and flO ~'lT"l 1,111,1\\<1'

calculated. The relative PICl'I"1111l trgur .... lin a"IlIl11' Ihal an opillnall~ ,11 ,{tlll'd \1BSS
..ample i,., uSl'll. .1I1d an cvamiuation of rhc jrcdcrcrnuncd and MHSS ',lI11l'k, revealed
Ihal a: losl all the predetermined <ample customer V,Wl' 111 the :\!HSS ,,"npk', The
'lESS -amplcs also included several -mallcr cu-tomcr-, The«. 'ample I'rCl'l,1l11l' .In'
tar more rl'alt.,lll'. If weighted h) da" cunmnunon proportton-. Ihl') correlate well
with the -vsteu. level acvuracv obtained w lilt 1111.'nuulcl. ,I' dl·...cnhed l.ucr

3.7 THE DISAGGREGATiOn MODEL IMPLEMENTATION

The demand cstlmatlon modcl Ior the ,\,110'111compn-mg <even da ......c, I' .I three ,ll'P

uvcraging «nd summation procc-«. The lir'l ,ICp h II' dctcrnunc the ;t\Io'I"!!I' \\ 1111"1
weekday ,AW\\ i dcrnand profile tor each cu ...torncr III each d."" ',llIlPk' 1'111' \\01'
l arncd 0111 for each (lJ the I ,~2 l'lI,loIllC!",

,\,,!/ )
1 ,IL./)" (1).t ; I

I ~ ,11

The '1.'(lInd xtep I11v (ll\ t:d lTl'allll~ the AWW profile 1'01'each '<Imrie h~ 'Illllllllll!! llll'

individual customer profllc, In c.ich ',11111'1 .: TIll' ;l\l'lagt: w intcr \H'l.'kda~ profile 1m
l'adl dOl" \\ a., then prodlll'l'd h~ l'\p;jndlll~ the <ample awra~l' \\ uucr \\l'rkd.t~
pro{ Ik, ~hl 11,' <implc {alro I' \ 1'.111'ion The kWh l'lll'r~\ 1,'1'lhlllllpllon I I IIll' 1111l'"

winter m"11Ih, 11'1' both ',llllpk, and popul.uron-, v.crc u-cd ," II'l' rauo cxp. ll'ltlll

\;I!ldhll'" /\1 1111' Illlll' Ih' 'i ~ 1 f .h-tribunou ,\,ll'lll h'''l'' were Pl'tlPtllllllll,tIh

,tIl"l'.tll'd Itl c.uh l'I,I"

f: I' I , ,

I "/1'1 I I"



:\~ call hl' ,,'\.'11, B~all1:'i \~.,~ better wuh 1\."1,,'1.1 II' th,: (( ,,'l1lllh\lIIl>11 111<111:,,1"1', ,11\.1
B~alll~ w.: more .ucur.uc "1111 !l"PI.'l'I 10 IIll' \\"I~:hll.'d 10.Id 1.11.'1"1 TIll.' 1.'l1,lpIIll.'l

l.'olllnhllrl!l1l pl'I'n'lllilg," \h'!l ' ';"!~! 'll'PI.'l'I, ." " l'1l'\OIlI,'1 ("Il'lIkl,'d 10 Ill' ,I

hu:..inc- III one l11l1ll11.'lpallf! couid Ill' lI)p"dl'lcd an IIHIII,ln III .IIIIIlh"1 II,:' \\'11
indicator wu-, 11111'O:Plblden:d mon: I npon.l11l .Il1d Ih,lll1~ \\.1' dlO'CIi .1' the J111'"

rcprc-cnt.nrvc 'ilmpk 1'01 Illl' 'B1l1~ ,.....Other I.II,f.III1I.'1 d.I"

A '1!l1l1.1I ,lIlal),', olthc 'Dl'\eiOl'lIlg ('''ll1n\lll\lI~ ,al11pk rcvc.ilcd Ih.1I 1111 dl.IIl!!,"
were neccvs ar)

3.6.5 Taltlng of the Modelltd System Demand Profile

Since doubts about a number ot II1\.'sample l..'\I,Il..',1. If \\ ,I~ decided III 1",1 the lPl.lI
modelled 'y,ll'!l1 demand profile "ga III ,I the "dual,) ,11.'111 prof! lc lor the ,1\ crugc
winter weekday r,dllrl' final .In'l.'rr.1Ill'L' 01 the predetermined ,a1l\pk~ :\, \\ til h,'
"cell. this (1.' .. ( indrcatcd it high dq:rcL' Ill' pr,'l'I'I(1l\ III rill' "llllpk"

3.6.6 S21mplaValidation with DPFM Sampl. Design Error Ratios

Although nil further sample \ alidunon wa .. Pl1V,lhlc at llle: nmc I1f rht,' project. till'
sample de ...ign curricd ou: ill (9'14 fill' the DPF!'.l Pl'\1.1l·1.l prl1\(lkd ...orne ...tall,tlcal dal.t
that could he used to Iurther validate the samplc-. u-ed (11Ih( ... project.

The DPFM ...ample» were de ...igned using MBSS J1Il'thl'U\'Il)~!~ [Wright (l)X~, I'N:!I A
KI.'Y('OmpOllcnr in MHSS sample devign i, the enol' ratio derived for l',K I cia" IWl1l
population consumpuon figure and the ",lESS model The relative prcci-ion 1111'a
given ...ample 'I/e is given hy (Ill' folloWl!l1,! equannn:

R
, I:C/ 'V II I ~ .~I

\\ IIh

P (~ lilt' relative preCI"'I(111
I 1... 1.(14~ foral}!)I; confidence level
C I' (he \1BSS error rano [or the cu-touu-r .1.1"
Il I' the number 01 UI ...lnIllCf'" III IIIl' ~allll'k

TIlt' DI'F:\I prl1ll'lI ,,'cd .1 rol,I1ly Ill'\~ (11'11111 d"''''llll'alloll, h.lwd Oil SIC l'l1l!1Il,l!

TIllS cla ...,ll'll'a(1I111 was dl'''l'lll'd 11\ -uch .t \~.t,\ lha( till' 17 DPL!\1 cla"c, could he
aggregated In the seven IJI'ilggrep{lnll Project da ..."'· ... Till' :'I.1BSS error ratIo, lor
cuch nl rhc 17 c1,I,"'e \~I'P: \\l'lghtt'd h~ .mnual v,dl" aml comhmcd {ol !!I\C l'ITOI 101(11\\

lor till' ""'\l'l1 l'b 'l" III 11\1... 1""ll'l.'I ('.Iklll.lkd rcl.uivv 1'1\'l""III1' rill I Ill'
prcdcrcrnunc.l ,.11111''''' .u c 1;111\110111.'.1I1l'II1"



""l'" till' Il'''.lh''Jt~III tlll"l' til" ,.llIll'k,. .uid II 1'''''lhk. til t,lll"1 them 111PIl'

ill'l'ur"ll'l~ 1(1the pllplilallllih Illl'\ Il'l'll"l'lltl'd ,\\l'I.I"l' mouthlv 1".1.1 1.1(\,11 III Hulk
CU,lllllll'I" aplwared 10 Iw rl'i.ltol Ip thl' '111.111 ~l'nl'rh" I ,,,till' ,hapl' '<lI·l.ltllllh The
dl,lnnUIH1ll III cuvromcr l!lad f.ll'tlll" \\.1, .1I,p much more uortn.il than that pI then
l'(ln'UlIlrllllll fI~lln". Till' dcv iauon pi 111.11\idual cu-romcr -hapc I, dl',crrbl'll 1.\
dt.'\iaIIOI1' of their ,1\l'lil)!I.' load f.II:llll" The loc«! ":tT,,I' III the Bulk l'U'1111l1l'L

weighted hy kWh con-umpnou. " thu-, a more vuitahlc '<lilahit' (III \ alrLlatlll)! till'

shape of IIll' 'Bulk' 'ill11pk The annual l'P,l'Ul11plllll1 hrl.'akdll\\ 11 till cuch Bulk
customer trllll dllll1l."IIl'. connncrcta). nnluvinal and Iltl1l'1 cotuponcut- \\ a' .t1"1
iI\illlahk'lbklll11 jl)l)()I, Till' Ul11'lllllPIIPIl lOll1;llllll'l1t' pi both populanon and -.m I'll'
were J!.',t.'fI11111t.'d.It \\a' decided to r.ulor the 'Bulk' ,"1I1pk 10 represent the popul.uion
a, (.'I(I,,:ly ux rll"lhk' with n spcct 10 \ll'I~·hh.'d lund Iuctor iWl.F: and con-umpuon
component rauo ... These fl)!llrl.'" were used il" indic all' r.. III dctcrnunc sample \ ahdll) .
Thi» pron'" 1\ a, carried out ii' 1'0110\\ ..

a) The WLF and ,; ctH':nbullon., lor both population IBpop, and original sample
(B"II11) were determined. TI1l"l' are 11..ll'd III Table .'.11. A, ':,111 11l' -cc 11, the ',II11pk
had a slglllfll:alllly hl)!hl'f Wl.I' thall 1111.'population. due til the higher IlILiu,trl.d
component.

b) The larg",1 'Bulk' I'U,IOIlll'r (DlII'hall Corporanom \lil" in the sample. Tlus cu ...tonier
consumed Ii, 7 ,; of the cla ......u,agl', and hud an unusually high load Iactor. WIll'11
weighted by annual conxumpuon. the cnntrihution of tlw, customer III the d,I"
weighted di: ..trihution W,)' \t'l') higb and biased the mean of the weighted distribution
It wa ...rl'I11O\ ed Irorn the s.nnplc

c) Four of the ...urnI'lc customers t Johanuesburg. Pori Elizabeth. Cape Town and
Blocuuontein: have Ilwir own gcncr.uion capacity and one of them ICupe Tow III al"l
hit, a pumped ...rorage 'l'l1t'I11I.', This own-gcnernrion capacity I' somctunc-, used tor
rt.'ilk-lopPlllg their -upply from the unliiv. which divrort-, their demand profiles The-e
four were iliso rcnu» cd from the -amplc. nil' rcm.uning vamplc (B.,a1ll21 1\ a., a "It

more like the population, hut could ,tIll hl' 1I1lj1IIJ\l'd.

d I Customers were ,ul'cC"I\c1y removed frplll till' ..ample and the indic.itor-,
rcculculatcd FOl l'iK'h ill'rallon each 01 tilt' Il.'llla'Illng cu ...tomcr-, \\ a ... 1.'\ aluatcd. Till'
1,:lI ...touter haVing tl)l' 110\1 ad\I.'r'l' Impact (111 IItt' indic.nor ...wa .. 11l,'1l removed Thi ...
pn)(.'~'~' I~ illuxtratcd 111 Tuhlc .l6,

Sample \Velghted I.F q. Res rtCom cHnd q'Oth
Bpop_ 6~,<)9' ; - .~5 .:'ill' i 10.44'; ,~4,9()1; I),Oi';----_.
Bsam (11) .()(l' ; ~ 1.2:'i' ; I(:'i ~(i :'i 1.7~1; x.~~

f-'
BSIlm2 (17.1lJ'i ~ ',()5' i X,X7' ; ,_f(),4X'i X,:'iW;-
Bsam.~ (1(l,X2' i .q,(I()' ; 7,(11)1; -l!U,_fI; 1),\7';

Bsarn-l (l(l,()X' ; ~5,tl2' ; X,I ')' ; ·n,ov; (),7(I' ;
1------'-'-'-- _-

Bsam~ (15.4:'i' ; 'h,(){)' i S, ~S', -l5,Q'; Hl.W;

Table J.ll: Bulk Sample Adju ..trnent



• Other Industries : Till' " 111,' 1.11).:,'" ,'1.1" III 11'1111' ,,' numl..» ,,' dl,t"I111'" lhc
v.unplc ,... the 1'11(11'",1 hllih III Il'1I11' .,' numhcr-, .IIl.! 1','ln"II.I).:l' ", ,'1.1" ,.Ik,
Although redeemed ", "'1',: extent h:, ).:""d IIl-JIl;lIl.! 1l1"Il.I~I,'nl\:111b\ thl' I'U,IIlllll'",

and h) <mall '1,''''''11011 \ ~1I'J:IIIlIIl', II \\ ,I' I,"'lhhkl,·.! Plll1'

• Traction: Thl' ,.II11pk l'OIl'I"l'd 01 X~ (; ot 11ll' l'l1,llIILI,'!"' .md over xo r; "I the:
ann.ral consumpnnn m the d.I""', Tlu-, ',II11pk \\01' cou-idcrcd gnnd

• Bulk and Other: Til" and D"\l'h1111ng Conununitic-; rwhich " "l'Iuall~ a vuhvct
of 'Bulk') are the «nly twu dd"l" unable to rc-poud wc]] to tarrtf Illl""'I)!," Thc «
an: therefore 11111,1 imponanr when l'(lll'lliL'nng 1'1I11trrhu11l111' III the '~'Il'm pl'ak,

Several of the largest cuvton ic 1", III the <.uuplc were kl1oWI1 to he at~ picul 01 the
.:las" Due to t;,i" the 1000: I consumpuon range, and logurithuu« ,10.1.''' 111 Ill,'
con ...umption divtnbuiion 111the poPUI'III(\I1. the -.uuplc could not he con-rdcrcd
acceptable.

• Developing Communltles : A.. with Bulk. there wu-, a large \ anal 1011 111 .umual
consumption figures and severe ...kcw Our 'ample" iI'" totally urban 111 nature. .1I1d
we knew wry little about rural village dl~lJal·tl'n"'lh:" II \\a' felt Ih,,' thi-, <ample
required a dose!" look before II could he convidcrcd acceptable.

3.6.4 Further Validation of the 'Bulk & Other' and 'Deweloping
Community' Classes

Due III the importance (lf these classc» 10 peak contributions. il wa.., nccc-vary 10 Iind a
I11C<lns of validating these two samples despite the hlas ....kcw and range problems. Till'
standard ...ample design and ...ample validation technique- a... used above. "en:
developed largely around the need ... of rl·~idential survey" at houschohl level
-rhough sud! populauon-, can have convumption ranges of up 10 30' I and aiso

exhibit skewed di ...tributiou 11Ie:...e arc not a, -crtou ... ~,... 111l1,e encountered In thi-,
p"Pll'el The I(lP 1l'1IBulk cu tomer ...consumed 0\ cr -lW; orda', annual ...ale v, and the
lurgc-t \~ as 1I\ er I ()O() timcv the "Ill' or the smalle-r. t\ ...\\ ith the other d~l's, the
<ample consisted ofthe Iwgl"( cuvromcrv. The "Illlpk' sill' .md 111I.:lr largl' customer
bia ... could 1101 he improved. hut 11l0rL' suitable <ample l'\ ulu It lOll I~"I" could he
investigated. The-e had 10 take 1111<1account the dhlnhull<lI', III the populuuons and
had II) he hu-ed on \ .lIIahll·~ Ihal bette 1'\!HL' ......"d the contribution 01 a customer III the
da," profile. Wh.u w ," rcallv dl',llI,'d w a-, "lll',1 111l'rcprc-cnt.urvcnc ......Ilf the uvcragc

wl'l'kda: demand .lh,I{,I' III IIll' ample III (hat 01 the p"pulatllllL \; anallll!l\ III allllual
l,'IlIlSulllptloll \\ ere not the real 1 111,"\ an<tllllll' III demand profile Ih<lf'1'I were Bulk
cuvtomcr- have .1 I,'PllIIIlIllI ir ~l'nl'nl' .klllalld proulc ...hapc Thiv ...hapc '" 1I11,1I1l'cll:d
h~ the cuvtorucrs 'Ill' . \\hcthcr I \IW or W()() \IW All haw mornmg and cvcmng
pcuk- coincident with 1I1L' l.vkom -v-tctn ],l'.lh, The rcl.utvc magnitudc-, lit IIlI' 1\\(1

peu], ... and 1\\ II .. alky, an' a Iunction III IItI' Il"ldl'llll;d/l'llnHlll'l'~ I~tlllndllqll;': load 1111x
\\1111111 till' I'l'dl',tl'lhlll,ll \lpIl' 11ldll'lr~ mc.in-, mon- Il!!-['I'.I" Illad \l"IL'll'\IIIl'IlII.d

Ip;ld 111,',111 vh.upcr I'l·a}.., TilL' 1.""I.L'pl "I ,I .;,'111'11, lo,id ,1t.ll'l· .lpI'III." 1" "111\ 1\\(1

1.1.1"1." Hulk ,\: {)IIIl'I' .md Ik\l'I"1'"1!-, {"ll1l1lllll1llll", .1Il.! t" ,I It:-'I.'I 1.'\1'.'111 III

l.'l·,t.1I11 \IHIII1~' 'lib ,1.1'\\." Ill,' .Il1illl11 ,1."1.1,'.1 ii' 11',1,'II", l'I(lp,'Il\ to, III 'Il .1'lllJ.llL'I\

J 'il l..',' , I ,



-umplc thai n'l'll"l'l1h till' mean .llld \.111.1("'1'1<1( dl\l'I"(\ I <II (he \.III.lhk Ollll(l'fl"(

in the (1"PUi.I(IPIl Till' I' till' apl'l(I.llil 1(1hl' lI'l'd tll'\I'.lII''''" (II the ,.II11l'k dCIll.lIld
profilc i-, III he done u""Il)! \1P[' ('\I'.III'I(lll Ihe 1'1l'< 1'"111 (11.1 \11'[' e'{Il11.111' dl'pend,
Oil the vananon of ll,'l1land III {11l''alllpil' 1(11 '(I.I(UI~\ f<ll ,11.1(!lIl'd ,.tlIlpk'" \\',tl1l.lll<I
expansion. however, the mean or .l\l.'LI)!I.' customer I, <If Ih' tl'll.'\.tnl'l' \\ilahlll'\CI Till'
<ample I, required ll) reprc-cnt 0111\ the t(l{.tI da" ucm.uul When {It I.' population I'

...cverely ,kc", a' I' the case with l'lel'lnl'lt~ con-umpnon. {Ill' me.m ([I'{(lrner dcmand
has even le ......'lgnil'tl'aIK'c. Till' I'll.'l·I'1I11l (It a rauo c ...(111I.1I1:,!cpl'lId, Oil {Ill' '<mann: (II
the rc-ulual 1.'011\1'01\en I 01 {k maml Ill' the dtlll.'!l'I1I.'I.' hl'(\H'1.'11 l'ach nl,rllllll'l'

demand '1111.1lh': demand that would be predicted ba-ed Oil till' I.'U'(OIllI.'I\ con ...umpnon
- which i...the ratio c-nm.nc i [Wright JlJlJ21

3.6.3 Subjective Sample Vmlldatlon

Additional information that could he deduced IWIll the hllllll)! figure mcludcd load
Iactor: •. In,1l1 factor \ ariatum-, veu ..onal \ 011'10111011, and non-sea ..onul \ unauon-. a, \\1.'11
as consumption and load factor di-trihuuon ... TIll'. permitted a ,em', ul subjective
sample validation tests. When considered. the-e implied greater confidence III vomc 01
the sample ... than the initial ...tutixtical test indicated. Thi ...applied in particular 10 IIIl'
'Bulk' and 'Developing Community' clu ......c The e ..ubjectivc 11."1-.. by their nature. arc
vaguely defined and unscientific, hUI ncverthelc indicated rh.u a careful anal~.,i., 01

the 1.:la" and sample attribute ...~'IIUld prove them 111(\1'1.'reprc ...entauvc than the above
stuustirul validation implied.

AI tlB point the Load Re ...curch team had the following unpre .....ion-.. about each 01 the
d"" ample ...:

• Gold Mines: Demand profile data lor 41l of the 93 gold 1111ne'. rcprc-cnung 70 'i
of the ~'h ......con ...umption. wu-, available. The I1lIlK·...all u ...cd some Iorm lit dcm.md
management 111 response 10 till' high demand charge III Tariff A. icvulung III

excellent load factor The larger uunc-, were better at thi v, wuh dall:- loall laclor,
con ....i,I~·nll: III execs 11195 ';. Till' ..euvonal v.u iation 111conxumpnon wa ...under 5
,; Irom ...urnmci In winter l-ive cu: ..touter- had opted Ior Tarin 1:. Thew were all III

the sample. and 110 intentional re-pon-e 101hi, nil-peak tariff 1,1,(1 ... di-ccrniblc. This
-amplc \v" ...con ...idercd good

• Other Mines : TIll' ,alllpk \\.1\ \l'!~ 'Ill.dl. although It represented -10 ,; 01
convumpuon A ... \\ IIh gnld f1111l~'''', load l,ll'till'" were very good .ind 'l'a,olla!
L'nl1Wll1pllOll \ .l1'l,I(HIIl.' were under ."i '; Sl'\ cral "I these nune-, were nil Tariff L
and had ...luftcd ]nad III 1111!wak umcv, 1)111 111l': compu ...L·d all m-ignificunt
prllpol(loll (l1111l' l'ia" Till, '<IIIII'll' 1\ a ...~'(lIl"'llkll'd "'III,lal'tol~.

• Base Industrles : The 11l1~....li:'pk 01 ~ l'ti,tol1ll'r'" \\<1' too small. The-e II\t' \\CJ'l'
the ha'l" indu ...tl'll'''' (III Luitl F. alld 1l1lIonlll1.lrl'l~ IHI Tanll A 1'1I ...tonier ... I\TII.'
included. lh~'~rcprc-cntcd ;lhOlil ~"i ,; (II rhc d.,.., l'OIl'.lllllpIIOIl "I" 1\ ell .,. -I~ '; "I
rlt,· ~Lt" T.IIIII I, ,.til" Srncc (III' I' the ,1.1" \\ ItIt rhc l.u~l' ...1 1.11111 I·. load. thl"
\\ a' unportant '\' II Ilh Ihe ,,(her h;t'l' '(I.ld ll.l"l". fl1",t 01 Ihe llhrOl1ll'I' h.ld ,l!0nd

IOdd ladpl' 'llu-, ,.I111pk \\.1' 1'1(\\ "1,'11.11" .llll'j>ll'd '" .tdeljll.lll·

I '<lVt l I2



Customer Class Population Silt' Sample Silt· Precision
ICustomers I ICustomers I (SRS

SQmph.·)
Developlna Communities 1 (l(l II ' :,0(;
Bulk &. Other 5(17 ~5 .'5,(1' ,-
Traction 32 n HA',
Other Industries ~-I-I~ 15 .**.

Base Industries ~2 , "i .........
(Jthel' Mines -I')l) (j 6-1.')' ;
Gold Mines l).~ -Ill I-I,ll' ;

Table ,'\.5• Predetermined Sample Precisions

The implication of the above vuhdarion I~ that the ...ample ... arc 1101 rcpre ...cmauvc 01
their population- at the 'lO'; confidence inter, aI-. Iwith the exception of Tracuom.

The SRS ...ample de ...ign and vulidanon procedures w eft' deatl~ not Ilf much a"l"t.tlln.·
JI1 e ...tublishing confidence 111the predetermined samples. The IlltUIlIW tcchngs of till'
project tl·.III1. 110\1 \ cr. were thai IIll' sampk' were more reliable than the Il'-'ts

indicated. The aut. ')' feel ... that there arc several rea ...ons that the-e -ample design
principle .. and validation te ..ls 010not apply In tim project The ..umple-, do 1101rel1'lhl)
represent (he a\emge en-tot: ; . each l·I;" ....Of capture the diversity III demand 111
each population. The real i"'~L .crhcr of these. hUI "Docs the divcrvitied demand
profile of the ...ample repro-cur IlK' demand profile of till' clu ...,)"

3.6.2.1 The 'Random' Aspect

Sratisuciun ... appear to have an ,,11111,,1rcligiou-, reverence for the concept ql randomly
...elected S,lIl1ple....Till ... I" In order 10 remove an) hlas a re...earcher Illlghl IllllOdul'l' b)
selecting " 'irnple by ..Ol11e other means Conventional ..amp I\.' lb,ign Ihl'llr~ I... huilt
around the ( entral Linut Theorem ICl.Tr, which ...Ial,· ... that the means 01 a lar,!!e
number Ill' rand.nn sample .. for a popul.uion WIll rend 10 have a normal di ...tllhUlinfl
with a mean \.','ual III the mean of the popul.uior, [Cochran 1977. hank 8<. A1111I1l'n
19(141. When II I... not po',lhk' to check the \ altdll) of a -amplc. the researcher I...

lolally dependant on the properties of the CI.T. This would occur when, Ill!' example .
...alllpllllg the population 10 Iitul till' aver Ij.!l· weight of adult, In the ,'nunlr) In 1111....1
load rc ...c.irch appltt·allllll ...... tatl"IK·,t1 fllca...urc Inr Ihe ,.Ilnpit' ,ckcll'd can be Il·...red
agaln ...1 those III the p"I'Ula11l111. III ,'011111111 111.11 tilt' <.nuplc doc ... indeed rcprc-cnt tltl'

popul.uion A \all1pk Ihal provc-. (0 Ill' non-rcprc-cntauvc can he dixcardcd .1IId
another drawn - lk'PIIC tital fact that the orl,l.!lJlal \dlllPk I... 'II"II'III:all) \ altd Till'
randomnc ..... I, not <I ... crucial in Ill.td Il"C,lIl'h a ... 111the "onal Wlt'Ill'l"

,t6.2.2 Th \ Il'L FIIl'lIS IIf Standard Sample \ alldatlun Tests

The SRS PhI"dUll' •III" \,dld.tllllll Ic',l, \\CI,' dCIl\cd IIOIIl ...I,lIltl,lId n"l'dlll! 'dllll'lll1,l!

I,·,'hlllliul" 1('''llll.111 1')771. "",'11' Iill' 1'11111011\ ,'11.11 "I llll' "',lllll'k dl"'::11 I...[" ,.h[;J111 ,I



~lll'lllall~, "lin' .1 ,..!IIII'll' h.I' been dl"I!!lll'd ,111.1,l'il'dl'd, II II ill he \ .lIld,llnl hI
n imparmg 'I \ cr.rl ch.u "dl'II'1 ,(' "t 1111.',.lIlll'''" '" Ih"'l' pI II\l' l'''I'IIi.II'' '11, ,UI h .1' Ihl'
lll~'all' and ,Iand.lld Ik\ 1.IIH'n, III IIll' \ an.lhk 1,1 mtcrvvt

3.6.1 T&stlng Validity II Simple Random Se!"lpl .. for MPU Expansion

The I11l'al1'and vtundurd dl.'\ lalllllh 1'1.mnuul cncrgy ,.til." Pl'l cu-tomc Ill' each l:b"
population and <ample \H'I't.' dctcmuncd About ~'; 1'1 the Bulk' .md 'lkwl"l'l!l)!
('omnlUI11I)' cuvromcr- \\1.'1'1.'cvciudcd from their popul.uron-, due til unrchablc hilhng
intorrnation. A, expected t I-igurc ,~4). till' ',lI11plt: 1ll1.'.1Il' \\ ere greater than IIll'
population 11l1.',m..., reflecting the lact that only the larger customer were pn"'l"'1 III the:
...ample ....The high -tundurd dcv lallllll' III the population. indicate thl' 'I.'\I.'I'\.' ,h'\\

Customer Class Mt'a" \lean Std. 0('", Std. Del.
WoP.) (Sample) (Pop) (Sample

Developing Communities -llX C;C;l) 2(1lJ (j~
--

Hulk &. Other 2N4 yq.l) 2~X.' 4~~ .-
Traction 12-l 12X ~.' ~()

Other Iudustrtes **** .*** **** .*••
Base Industries .... * ..-.** .t:*** ** ...
Other Mines 271 32(1 .i20 26-1
Gold Mines <J7H I()X~ ~·17 ·1·10

Table .'-4 • Population and Sample Characterlstlcs

If till' predetermined samples had been SRS varnplc-. the expected ri':~'I'I\lIl' III each
for it lm't L'onhknCl' intcrvul, ure tabulated 111Table 2S The-e culcul.uion-, were
made u'lIlg the fol!owmg cqu.inon:

R
r -

(j I "II
I ~21

/.1

R I' till' rclauvc PICI'I'"lll

k I' I.().f) lor it ljO'; confidence level
(j I, till' population ...tandard 111.'\1.l111l1I

n I' till' number otcu-iomcr« III the -umple
P I' the popnl.uiou mcnr

r,«. , III



Although tlu-, 'I't cdctvrtnincd S.lItlpk I k,tt:" \\ ,I' 1111.1" q',.lhk t 1Pill ,I S J{S Pi unt (It
\11.'\\. tl \\<1' ItIltH,'" 11\ the 1111h ,'l"hllltl'l ,klll.md I'IIltik ,1.11.1.l\.tll.lhk.lt !h,' !"Ill'

SRS k.llb III ,'\(,,,1\,' <I"I'll' ,tI,·, where II'l' ,,1l!,UI.IIIl'1I dl,llIhullIlIl .11'\1.11,',

'lglllft,'al1l1\ trom 'I'lm.t! t or (;,111"1.111) Slall'IIl'.t! 1,',(\ uuluatc Ih.11 all 11ll' d.I"
populauon-, t w ith the ,'\l','1'11I111 III TI.ll"Illl11I .irc ",'\l'r,'" skewed 10 the lI).!ltl Ilu-
reflects the fa,'1 that there <11\' 1ll.1l1~ cu-totucr-, \\ It It r,'lat" cI~ hm •III111I.d
con-umpuon. \\ uh tcwcr h.1\ III).! hl~'hl'r I:nl1'lIlllpIIOlh, Tit" ,1...'\\11,'" I' charactcnxu,
III U1IIlIll'\ world-wide. and heGIU'l' ottlu SRS t, lllll often u'l'd h) loud r'·""II\h
pracuuoncrs [Wright 11)1).,].

Customer ('Iass Population SIze Sample Sill' Sample Size
(( 'ustomer ..) (( 'ustorners) (SHS Sample)

Developing Cor.anunlties lOh J I ~~
Bulk & Other ~(O7 25 20,
Traction .'2 27 12
Other Industries 2442 l~ .. -t;: *

Base Industries 22.' 5 ***.
Other Mlnes

,_
41)9 9 216

Gold Mines 93 -Ill 44

Table .'.J . Population and SRS Sample Size

In practise. stratified random sampling [AEIC 14l)()a. Hint'S IllY)] or Model Bused
Statistical Sampling (MBSS 1 ] AEIC I991la. Wright 19431 \.\ould he used. which
would reduce the sa, .ple si/e~ indicated with SRS considerably. Str.urtied sampllllg "
used where the population i..known 10 1.'l)11..1'1 of two Ill' more dl,llIll'l group-, or
where the population distribution is known In be ..even ..·ly ...kcwcd. SRS and siralll'l'd

sampling can he u ...ed with [loth mean-per-unit I MPl! 1 expansion or rat:o cxp.m ...inn
MBSS. which USl'S a model 10 make explicit lIW PI' IlK' ..cverc ..kcw Iypll'ally found III
loud research populations. can only he USl·1..!With ratto cxpansron

Thi-, cxerct ..c demonstrated only that 11ll' predetermined ...ample-, could npl be
considered as rcprc ...cnuui , c If a SRS approach had been 101111\\ed. Siguificunt ....I111pk
"'Ile reduction ...could he aclueved bv ...11 "IIII,'d <ampling. hUI 11m \\ ould have 111\ oh ed
a 101 01 effort and Illl' picdctcrmincd ....uuplc-, \\ ould haw von ...tiuucd only IIll' uppl'r
..trata. Stratified ..ample de ...i!!11 \\ a .. 111)1 attempted

3.6 SAMPLE VALIDATION

SlIl,'C dC'I)!lllll).! or dl00'11l,!! lite salllpk ...11l1e.Il'iII.I.I" \\.1" 11111I'""ihk, II \\" .. crucial
th,u cuch ',II11pk \\a, evaluated !II .lctcruunc 11(1\\ rcprc.cnt.uivc It wu-, III It', dOl"".
The htlllll)! 1'\','01.1 ... pl'll\ Ilk.! l11"lltltl~ Clll'r)!\ .111.1ru.rvuuum "1'1ll.1lI.! 11~'mt.:' 101 each
customer Ll1cI,!!: 'all" I' the 111(1,1 ,'0:1111111111\ ll ...cd 1'"1\\ \.Jrt,lhk till '''Illl'k dl"I~11
and \"ltd.IIHIIIIIlII,.td 11"C.llll!



Customer L'lass Population Sill' Sample Sill' Sample Suit'S
« 'ustornersj (( 'ustomers: ( 'ontrlbutlon

Developing Communities 1()(1 11 of()l,-'------ --
Bull, & Other "'67 2:" _'0' ;

27
-

Traction 32 K()' ,

Other Industries 2.+.+2 1:-; J ()' i

Base Industries 223 5 25' ;
Other Mines .+lll) II ..,f.()' ;

Gold Mines In 4() 7{)' ;

Table 3.2 Population and Sump!", Sizes

II i~clear Ih,11 even IllllUgh the numbers oj <ample customer ... arc ...mall rclauvc tll the
populuuon ...ill''', iheve -amples contribute a con ...idcrablc portion or till: Illlal 'all: .... In
order to get a 'lee!' for uppropn.nc sample 'Ill''', II '" a ... decided 10dl'''lgn sample .. and
compare the predctcrnuncd and dcvigncd ,alllpk,

3.5.1 A Sample Design Exercise

As an exercise. sample size using a simple random sampling (SRS) approach \~ 1.'1'1.'

determined [Berrisford 1993al. The SRS ...ample si/l.'s (!l,,) were reduced hy upplymg a
Finite Population Sill.' (FPS) correction, as the actual populntinnx were considerably
smaller than the theoretical 'infinite population' a ......umed. mcornpletc hilling data for
the: population prevented this cxcrci ...c for the tw II indu ...trial ChMC'" The equal ion ...
used [AEIC IlJ7'+.19l)()uj were:

s.: /)', : and
1 + II" N

(.~II

where :

I.. I...1,6,+5 for l)(l'; confidence k\t'l
11.. "the 1I1111al v.nnplc '"I:
II I' the Iinul <ample "'11l' alter FI'S
D 1\ ().I lor till' 10'; vamplc pre:\,I'>lllll rl"llIIIl'.!
\ I ...the mcun weighted .uuural con-umption 01 the population
:-.; I' the: populuuon "'I/l

(j " the -tandard til" muon 01 the \\l'll.dlll'd .umual con-umpnon of the: population

,\ ...elll he -rcn III Llllk .~.~, ," olrhc '('\L'11 -umplc ...arc ...muller than rule 111 thumb
nununum ","l' 01 .H). ()Ill' 01 IIll' I'll'lktCJlllllll'd ,dJlll'lt· ... Ilr<ll'll(llli I' l<ll,l!l'r th.in IIll'

rcqu II l'll """I('k rdndpJIl ',1I1l1'1l' 'Ill' SlIllt' Ihl' ',II11I,k, l·"1lIj111'l' 11ll' I.U,l!(·'l

l'l1"'lllll1l'l' III c.uh ,1.1". 11l1" ,Idtlal" 1l'1'1\''I'll I I.,;.'e p10I'"n''''h olll1e dd" "til".



(.'ustomer (.'lass 199(1Sale .. (;\\'h 19f.)()Salt''; rr of Total
'---

HuU<: -
••• Munlclpalltles :":'i 12X ../() 'if; --
••• Developing Communities .~ 9-17 2 l)( (

1\lIl1ln2 :
••• Gold 24 ().~.~ 1761;
••• Other I) .no h.l)f.;

Industries:
••• Base 19 -1-11 12Wi
••• Other IX (193 12.1' ;

Traction : .~ l):'iK 2.ll' ;

Other:
••• Domestic I Street Lightlna; 1 ox 1 !l.W;
••• Commercial .~40 0.2' ;
••• Rural I Farming ) (141 2.7',;

~q-l -••• Own llsage 04Q
--
TOTAL SALES 140 I~() 100 (It;

~vstem Losses (7 1l)9) ('i.Yi)

Table 3.1 : Sales to Customer Class in 1990

3.5 THE SAMPLES

The ;1\ ailahlc demand pmllk data for till' 1x7 cu-tomcr-, } Il']JJ:d good data lor the
three winter month-, for onlv 132 cu-tomcr- The-e 132 ru~tl)ll1l'r,l'ofhllllll'd ~6f; III
E~"om\ ...ale ... From hllllll),! record- each of the 6 non lldt! large cu ..romcr-, \\ a,
allocated 10 o Ill' of the ,CH'n Il'\ iscd da'.... Approximaicl, 2 (lO!) of the-e were
relatively small commercial and Iarnung cusromcr- 1Il the 2:'i "VA tn IO() "VA range
billed on Tariff A, and tIJl·"'l· wcr,; included III the 'Other .:la' ..., About 1'i() cu ...torucr ...
were supplied under Tnril! I:. ,lilt! !l1l'~l' \\111 be di-cu .....ed ,,>l'palatl'!) Table ~ 2 II..",
the populauon and ...ample 111111\hl'h lor 1.' •• ,'11 (II the seven cla ...vc-. :-':Iltl' lltat !I](.' ~ ()()fJ

...mall Tuntt A cu ..tomcr-, and till' ~·H) (lOll ['alllt B, C, and l> cu ..torner-. have not been
included 1ll111l' Bulk & ()llll'\ popul.mon ..i/c counr



• :\11 I ill' ,111.111 (11,1111111.'1' (dm'l."( Il"llknll.d ,upph'" ,'Plllllll'lll.tI, "IIl,tI .111.1 1.11111

,upplll'" an: pllu(ll.'d 1"~l'Ihl'l .I, ()llll'l ! ;W\ l.'IIlllnhllll' k" than " " III III,'
1.'111.'1!!~ ,all'" SIIll'1.' Illl"l' cu-tomcr-, \\I.'ll' l'\I"l'Il'U II) hI.' '111',,1,11 III the rcvrdcnu.il
.md commcrcml cu-tontcr« ,uppllul h~ the rc.h-tuhutor-. all,! 1\11dcm.rnd profile
Ior them were av.uluhlc. Ihl'~ \\1.'1'1.' lumped \ll~l'lhl'r wuh the rl'Ill.III1II1~Bulk
customer» In IIII'm a 111.'\\ l'la"" 'Hulk and Other Till' 0,-1' i tor the ulilll\ \1\\11

usage \\ ii' added III the Hulk &. Other ...la-«. S~ '1l'11l lll"l" were proport 101l.l11~
allocated to each 1.:1.1" Il',g, ~,l)'; (II till' ,),II'Jl1 1(1",1.'... were "ddl'l! 1(1 till' total kWit
III the Truction da." I during the cia" rallo 1.',11I1Ia11011 (l1'tlL'l'" Table \ I ...hl)\\" the
annual ,all''' for the-e da,' III Il)l)(), and hglll'l' ,i:'i IIllI'trall'" till' l'liI"lflt'<lIIOI1

UI.'\dopI.'J from the onglllal ~1arkc{l11g L'ia",l1 11,.'.111011

LARG!! CUSTOMERS
f5 000 98°;' of SALlES

SMALL CUSTOMERS
240 000 4·;. of SAL!!S

Tracllon

Traction

MIn..

Gold
Mines

2,9%' 17.6% 12.8% 12.3% 2.9% 44,2°",

Customer Classification Revision

Figure J.5 Revised Customer Classlflcatlon

\ n.'mdllll/J,,'llf. ",,"'( 1/111111..' \1",1"; I," I '~"'/I "" ,',' , (,



Marketing'. Customer Classification 1990

2.9% 24.15% 215.1·10

Small CUltomera

240 000 4% of SALES

Large CUltom"rl

6 000 seat. Of SALES

43.4%

BBBB Dlreot
Tractlo'1 Mlnel . Industry 19u1k &lldentlal .......__ ......
Tarltfs
A,I!,F

Tariff.
A,I!,F

TarIN.
A,I!,F

TarIN.
A,E.F Tariff c TariN El TarIN 0

• Large customer Cia.... too CC'Ir.e (Ia Min... Indultry. Be !!Iulk)
• N..;data wara avallabla for any Small CUltomer Clu ...
• Thera II no tariff differentiation In the Large Customer Clus ..

Figure J.4 Marketing Customer Classlflcatlon

Unfortunately a radical departure from thi ... clussiricauon would have rendered ,in)

analysis useless 10 the Marketing Department. The cli.l~sincalion was therefore
modified hy splirting and regrouping the original claxxc ... JIlIn new da."'L· ... TIlt'
following change" were made:

• Ba ...e Industries rpnmury metal oft.' proccx-ing and ...ml'i(inf) made up hallof lilt'
rndus(rial sale .... DuL' (0 the difkrl'nt nature of ha'L' industric ... III sL'L'ollllar) 01'

munutucruring industne-. Ba.w lnduslric» were considered In he it ...cpurntc cia .......

• Gold mill!.''' cOll,llIutl' over 70'; of 11lL'Mllllllg ..,ak....and arc collectively 'Uh,CL.'! (0

independent load \ anatlOn, due 10 cxrhungc rail.' and gold pnce ch.mgc-. \111IL"
were therefore divided into Gold MIl1L'~ and Other Mines .

• Till' Bulk da..,~ includc-, MUlIIl'IpaIJlIL'''' and Developing Conuuunitic-, as well a ...
~lIppIIL'''' to ncighhounng coutunc-. [)nL'iopll':,! Communities are residential
L'0l11111UlJitil'Sth.u have traditionullv llwd ultcrn.nivc dome-tic fucl-, (wood. coal.
paraffin etc. L l'hc-c comnuuuue have rcccntlv hceu electrified and arc nov,
developing the usc 01 clcctricuy as ,I rcvidcnti.u tucl They are char.n-tcrizcd hy ,I

Wly luph rc-idcmial L'011lPOIIL'11It »~()';) \\ ith ,I l(l\\ Iliad Iactor l,\()', -"iO';
Weekly l.li. !)C\l'IlIpllIg Communitic-, .uv the 111,"'1 1mport ant growth -cctor due III

the national L'l"l'Infll'all(ll1 program currently undcrw ay. BCl'"U"'L' III the lugh
gl'll\\ III pou-nual and 111\\ load ladlll (II IIIL·...L' cll"hlllle'·s. ',:11.') were convnlcrcd ," a
-cp.uutc da....,.



Chapter 4 - 1'I't' Expcrinwntul Demand Fort'(,(Ht/IIL: ModI'! (.\'[)F,tfllJt'I'l'lof'IIIf'1I1

In older to t.:st thi, concept. the author developed an aggregation model. This wax
based on the limited demand profile data used In successfully disaggregatc the system
winter weekday of 19YO. The model could he tested by forecu!'itin:.! 1991 and 1992
demand profiles and testing the forecast against the actual demand profiles for these
years. The goal was to determine if a demand profile model could discern the impacts
of the above influences or not.

4.1.6 A Note on Confu.lng r.rmlnology

The usc of the terms uggregation and disaggregation may be very confusing. The
difference between the two is Sf.htle. hut important. It has more 10 do with the
objective than the structure of the model itself. Disaggregation refers to the process of
brellkinbJ the system profile into it's constituent components. using the system profile
QS the reference. Aggregation is the process of constructing the system demand profile
(rom it's constituent components. In this case [he end-use profiles are the references.
This may seem like splitting hairs. but it becomes relevant here. The disaggregation
carried out for 1990 provided a set of class demand profile shapes that represented the
system. These demand prof Ie snapes can be weighted by expected future class sales
figures and aggregated to produce a forecast system demand profile. Thus similar datu
sets and model structures can be both aggregation end disaggregation models,
distinguished primarily be the approach and application of the model,

4.2 REPRiSeNTlNG THe: IU1KOMSYSTeM DEMAND PROFILE

Models of utility demand profiles usually use a summarised version of the annual
demand profile [Gellings & Taylor 1981. Dickson 1984. EPRlI9B3u. Gellings 19911.
as it is impractical to model all 8 760 hours per year. The annual demand profile is
represented as a number of shorter 'typical' periods. Where the profiles of weekdays
and weekends differ. an average weekday and an average weekend day profile may be
used. Where ...easonal variations are significant, these may he duplicited for each
season. The selection of the appropriate representation is a function of the utility
profile and a compromise between complexity and inaccuracy in the model.

4.2.1 The Flepre$&ntatlon of System Demand ProWe for the
Disaggregation Modal

For the 1990 disaggregation project. the system Average Winter Weekday (A WW)
had been modelled. There were several reasons for this. including:

• Eskorn is a winter peaking utility. The system demand during winter j.; iherefo I..' of
most importance. The disaggregation team chose the hilling rnonth- of Ji..ie. July
and August to he winter. as billed sales for these months were higher than in the
other months or 1(.)90(Figure: .f. I I.

A Demand Protile Forecasting .\fodelltlr /:'.1/..:"/11 Page .f ..f



CIIIll'ft,I'.J . Tlw Experimental Demand Forl'((l,flllg Mockl (X/)FM 1/)1'\'1'1(/1'1111'111

Two techniques for end-use forecasting have emerged. The first is .1 theoretical
engineering approach called thermal lood modelling, in which detailed data on
weather. thermal characreristics of buildings. and appliance loads are modelled on a
theoretical basis. A simple form of this type of end-use model has been developed hy
Eskorn's Pricing Policy Department [Probert 1992J to study residential DSM options.

The second IS a statistical approach. where end-use demand profiles arc estimated
from actual observed data. This can be derived from samples of metered end-use
profiles or statistical analysis of customer level profiles and end-use application
information using a technique known as Condltlonal Demand Analyslll (COA) [Parti
&. Parti 1980). Load Research had developed a CDA analysis of several hundred
household level profiles from Naledi in Soweto in 1993 [Nyikos et al 1994). and the
technique appears to work We'll.

A third approach. which combines the above two techniques. was developed by EPRl
in \ 985 [EPRI 19851. This method. known as the Statistically Adjusted Englneelillg
(SAE) approach to end-use modelling. combines the advantages of theoretical analysis
of load behavior with the practical benefits of observed end-use load characteristics.
Most of the overseas work on end-use modelling has centered around residential
electricity use and a little on commercial end-use analysis. The wide range or
electricity end-uses in industrial applications has precluded these classes from much
end-use load research.

4.1.4 The Contribution to Load Pao-tor(CLP) Method

This technique. based on a combination of the assumed load factor method and the
disaggregation method. was first noted in a UNIPEDE manual us used by the CEGE
[UNIPEOF 1972) and recently reported again at the ABlC annual Load Research
Workshop in 1990 [AElC I990c). The contribution of each disaggregated customer
class to the system loud factor is calculated and used to predict demands using energy
sales forecast I.gures. It depends on the historical relationships between class sales
and demands. The impacts of external influences such as weather lire then used to
modify [he model. eLF demand forecasting can cater (to a certain dcgree i for
structural changes in the system composition. However. the impact of markc
intervention or DSM programs cannot he easily included. CLF should be seen as an
intermediate stage forecasting technique. between ALF forecasting and disaggregation
or end-use aggregation forecasting. The information required 11) this technique usually
exists within u utility's Load Research Department.

4.1.5 Thli MOlt Suitable Method for lilkom

The eLF technique could be implemented immediately, hut the benefit" of eLF over
ALP were expected to be marginal due to the difficulties of including external
influences. The ideal of a complete end-usc aggregation model would be a costly
exercise requiring several years to develop. A disaggregation model with end-use
aggregation sub-models for specific critical customer classes. such as Electrification.
was considered the most practica] ar'proach.

A Demand Protilc Forecastini; Modt'lfol' Eskrnn I'll.!! I' 4, ~



4.1.1 moonometrlo "salk Oemand Mod.l.

Econometric demand forecasting model .. are ba ..ed on hi ..torical relationship» between
system peak demand and several economic variables, These may include class sales.
economic growth. population growth. and appliance saturation levels. These models
tend to be based on overall economic indicators v. ith lillie detailed information on
customer class characteristics. The main advantage of this approach is that the
historical relationships between the econometric variables and peak demands can I'll'
determined and explained. A major disadventege is that these models assume that past
relationships between econometric variables and peak demand will continue into the
future. For Eskom. this assumption can no longer be regarded as acceptable. as the
system demand profile is currently undergoing some serious structural changes.

If the system demand profile for previous years has been disaggregated into profiles
for each of the mujor customer classes. sales forecast figures can he applied (0 the
c1asl\ shapes. The shape" are then adjusted. if necessary, to cater for external
Influences, and recombined to produce an estimated demand profile shape. Estimates
for the impact of DSM program!'>. and emerging new customer classes. such tLS

recently electrified communities. can be included in the recombination process, The
degree of disaggregation VUl ies from utility to utility. and can range from a.s few as
three to over one hundred customer classes. The advantages of this technique are that
relatively quick (one to three years) changes in the system makeup predicted by energy
Slt!.-ll forecasting can be included in the model. and that the models are relatively
cheap and can be easily developed. Disadvantages are that the accuracy of the
disaggreguted category profiles is critical. and tiM the sales forecast customer claxse ..
may not coincide with the disaggregation classes. Although changes between classes
are catered for, changes within classes are beyond the scope of this approach. DSM
impacts can be included in forecasts as separate estimated cla...ses, Since these models
are often bused on average weeks or days. the impacts of external influences such as
weather are difficult to cope with.

4.1.3 lind"UsQ Hourly (Aggregation) Modsls

This is a 'bottom-up' approach. where demand profiles and characteristics for each of
the electrical end-uses are combined or aggregated to produce a system demand
profile. There may be. for example. fifteen residential end-uses. ten commercial. and
several industnal end-use classes. As with th.: disaggregation approach. demand
profile modifiers for DSM measures or external influences may be included. In this
case these can be applied to each end-usc or class profile. These models incorporate a
101 of detail and are consequently very expensive. This is probably the most accurate
technique in rapidly changing utility circumstances. Due to the associated high cost ....
very little end-lise load research has been done in South Africa. and only in the
dome ...tic and commercial areas,

A [J1'/11t1I1d Protile Forecasting fllnt/I'lf"!, 1:01/.:(/11/



Chapter 4 : ThQ 15xptlrlmental O$tn8lnd Fortlo8lstlng
Model (XDFM) O$velopment

4.1 ALTERNATlvms TO THE ALP:MeTHOD

The ALF method relies on a stable relationship between energy sales and annual
maximum demand. Several structural changes taking place in the electricity supply
industry were actively altering this. These were discussed in Chapter 3 and include the
following:

• The changing customer mlx. The proportion of manufacturing industry.
commercial. and residential loud was increasing rapidly. The prospects for more
large energy-intensive base load plants looked bleak. This implied that the high
proportion of base load to which Eskorn was accustomed would not be maintained.

• The Intreduetlor, of DSM Interventions In the market by Eskonl. These
included Tariff E in 1986. followed by Tariff Tin 1990. These tariffll have since
been renamed to Nightsave and a range of TOU tariffs Megaflex, Miniflex, and
Ruraflex, These tariffs have the effect of limiting peak demand growth relative to
energy sales growth .

.. The national eledrlrtcntiol1 program Inltinted II: 1990. The impact of
electrifying an additional 3 million homes b)' 2000. effectively more than doubling
the number of residential customers ir he country. wall bound to have serious
implications for Eskorn's peak demands, Residential load is naturally peaky.
resulting in disproportionate growth of the morning and evening peaks.

The above impacts were bound to affect the peak demand forecasts using ALP. The
forecasting dilemma lha! Eskorn faced was experienced by many North American und
European utilities during the Seventies as a rc-ul: of the oil crisis of 197.l Many or
these utilities hud been successfully using the assumed loud factor method of
maximum demand forecasting, The sudden change in the energy • demand
relationship due to the introduction of conservation and DSM measures in the lute
Seventies highlighted the inability of this h.....nnique to accurately track these changes,
This led to the development of more sophisticated energy and demand forecasting
techniques by many utilities and other orgunizations. Most of the demand forecasting
methods depend on the energy sales forecasts. merely using different methods of
deriving expected miximum demands from expected energy sales figures. All of the
more sophisticated methods make WiC of Iliad research datu to model the components
that make up the system loud, Four of these techniques" . I be discussed briefly.

A Demand Proiil» Forecustins; ModI" till' l:skolll Pa~I' -1.1
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1.1) Objective Deflnltlon : The primary objective was clearly defined and well
understood. The secondary ,lim. determining the demand impact of Tariff E. was not,
A dear definition of 'demand impact' was not provided. This aspect was rated 1.11 gW~.

b) Data Ad:equacy : The sample data available for the system disaggregation was
poor in terms of quantity. but of good quality. The samples for each class were
predetermined and generally not representative when measured by the usual
techniques. Access to confidential customer hilling data by Load Research staff was
restricted in 1991. and this hampered the sample design and validation process, This
problem no longer exists. The good results had more to do with Tariff A (1'01' base
load customers), good weather. and luck. than quality of class samples. This aspect of
the project was poorest, rated at 40%. and is n-e area that dertanded the most attention
for future attempts at disaggregation.

c) Ana.lysls Methods: As the first such analysis done by Load Research. it was a
success. Computing facilities and software used was adequate. The team was well
able to make the best use of limited data. and techniques new to the team were used
succeasfuliy. This aspect was rated 75%.

d) Reporting: As well as the usual internal report. this project resulted in u paper
published at a SAlEE conference [Bluff 1992] and presentations to several audiences
in Eskorn, as well I.Ul at the AEle Load Research Workshop it, the USA [Berrisford
1993aJ. Apart from the actual value of the result" to Eskorn management. considerable
publicity and support for Load Research Was achieved by the project. This aspect rates
80%.

3.10. CONCLUSION

Although the average winter weekday model was very close to the actual system
demand profile. there were several aspects of the project that warranted a lot of
attention. The most serious of these was sample design and selection. An innovative
technique of sample validation was successfully used to overcome the limitations or
more usual method". when samples are small ano predetermined. This technique
needs to be tested more rigorously before being COl sidered for general use. und is
probably unsuitable for applications such us rate case hearings. us presently done in
the USA. The system model results were more accurate than the underlying sample
confidence and reliability might indicate. Overall the p raj ec I was regarded as
successful.

A Drnuuu! Prolile I:oren/stin.'! At"clt'l f(If' 1:'.1'1.:(//11 Pag» J14
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research nature. An attempt was made to evaluate the project loosely along the lines
suggested in the AEle' Load Research Manual ( 1990Edition) [AF.IC 1990uj.
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Figure 3.12 Tariff E Load Shifting
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customers in 1990. only 4~ incurred off-peak maximum demands, Of these. several
appeared to have off-peak MDs by chance rather than design. and only) or 4 times
per year. It seems that two thirds or the Tariff E customers could no! or would not
make use of the tariff. In fact several municipalities that would never incur off-peak
MDs are billed on Tariff E. It was also noted that nne Tariff E customer in the

Coincident Peak Contributions
Demand to $al&s Ratio.

1e0r-------~====~------------~
140-I------{
120-l- J.!~~L __

% 100+------------------------!
so
eo
40
20
o

GMin.. 0 Min.. !!lInd 0 Ind rrlcl aulk D.ycom

Figure 3.11 • Proportional Peak Contributions of Customer Classes

sump Ie made use of the weekends to increase demand. but did not consider this worth
while during the 8 hour off-peak periods between Mondays and Saturdays.

As can be seen from the disaggregated system demand profile. the base load (Figure
3.12) dropped slightly after 06hOO and picked up again at 23hOO. The average on-peak
demand for the base load class was 320 MW lower than the averuge off-peak demand.
This is an indication. within the accuracy ccnstramts of the model. of the load shifting
which had occurred due to Tariff E. It was assumed lhat all customers that shifted load
on Tariff E would have had average daily load factors above 95% had they been on
Tariff A. Assuming that energy sales to Tunff E customers would have been the same
under Tariff A. this implies an average decrease of 107 MW during the J 6 peak hour"
and an increase of 213 MW during the R orr-peak hours. The impact of Tariff E CUl.

thus be estimated as 107 MW. 213 MW. or 520 MW. depending on one's definition.

3.9. PROJ!CT eVAL.UATION

During 1989 and 1990 the efforts of the Lead Research team were centered around
gathering customer demand profiles I'm evaluation of the proposed TOU tariff for
I..··ge customers This system disaggregation was the fir,! project or a truly load

A Demand prom!' F, -rrcastins; Mod«! t(lr l:"k(/TI/ Pug, 5.22
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Cuatomer Class Annual Saleli Mort 'nl Peak gvenlng
Contribution (091-100) Penk

(19HOO)
Developing Communities 2.9'K 3Jif 4.,Vk
Bulk &. Other 44.2'1r ~2.0'lr 49,llit
Traction 2.9% 2.S'lr 2.6':f
Othel'lndustrie-s 12Jl!f 10.V;f 11.0q
Bnae Industries 12.8ck 10.5'11- 11. \ (k
Other Mlnes 6.9% 6.lrk 6.Yk
Gold Mines 17.6% 15,2c;( 15.51k

Table 3.8: Coincident Peak Contributions

Th, smallest class (Developing Communities') had the largest proportional impact on
the morning and evening system peaks. This was also the class with the most potential
for significant growth. as a direct result of the national electrification program
[Berrisford & Bluff 1991 J. This class and the 'Bulk' class together contribute 47.1 t;f.

to the total cr.nsurnptlon, but 55.3% and 535 % to the morning and evening peaks
respectively, The other classes actually contribute less to the peaks than to the average
consumption. depicting their base load nature.

3.8.3 Annual and $ummer Models

A system disaggregation for the Average Summer Weekday and the Average Annual
Weekday for 191,>Jwere done as well. These models were not as accurate as the winter
model. due to the longer periods and greater weather and economic variations in the
system demand paneins. They were nevertheless considered acceptable. The key
statistical indicators for the summer and annual models are tabled below.

Avel'age Winter Weeltday 1.00"'+ 0.98
MAPE Rank Correlation

AVetaie Sunll'ner Weel~day 1.29'if 0.92
Average Annup) Weekd:;;,;a;o.llly--' 1._2~_C,f __t 0.;,...9_7 ....J

Table 3.? • Key Statlstlcal lndlcators

3.8.4 The Demand Impact of Tariff I!

A small number of customers are hilled on Tariff E. a two-part tariff in which
customers are hilled for maximum demand occurring only during on-peak tir.ies
(07hOO to 23hOO weekdays). Since it's introduction in 1986 Eskorn had not been able
to monitor the impact of this off-peak tariff on the system demand profile. The author
was requested ((I do this if possible. Since Tariff E is identical to Tariff A. except that
off-peak MD is not measured for hilling purposes. a customer cannot lose by opting
for Tariff E. If his MD occurs during off-peak limes. he will gain. If not. he will pay
the slime a.~hI.. w .uld on Tariff A. This resulted in a number of customers converting
to Tariff E hut not actively responding to the off-peak message. or the 1~6 Tariff E

A Demand Profile Forecasting Model tor Eskom Pug» .l21
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Figure 3.10· Comparison of Actual and Modelled System Demand PI'Ofile

The correlation between the mo.le] and the actual average winter weekday was a lot
better than had been expected. considering the poor samples. particularly in the
'Industrial' cla!'!s.

These good results were attributed to the following factors:

• The high demand charge of Tariff A. which resulted in good demand management
by the 'Mining' and 'Industrial' classes,

• Regular weather patterns during the winter ('r 1990,
• The consistent generic shapes of both 'Bulk' and 'Developing Community' !.:las"

3.1.2 Colnoidlint Peak Contributions

The base load is made up ,f the 'Mining'. 'Industrial' and 'Traction' classes. all or
whicb clearly exhibit excellent load tucto.s. The response to Tariff E is evident in the
Industrial classes. as i.I reduction in demand after 07hOO followed by a corresponding
increase at ...",1100.The urban commuter peaks in the morning and evening are visible
in the Tracnon profile, These traction peaks are curlier than the system peaks, The
'Bulk' and 'Developing Communities' class make the major contributions to the
morning and evening system peaks, The demand contributions of each class arc listed
in Table 3,8. with proportional contributions to morning and evening peaks illustrated
in Figure .' 11,

A Demand Profite Forecasting Modelfor Eskorn Puge J2()
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System Disaggregation
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Average Winter Wukday 1990__________________ J

The system model built up from these seven class is shown in Figure 3.9. From
bottom to top the classes are Gold Mining. Other Mining. Base Industries. Other
industries, Traction. Bulk & Other. and developing Communities.

Figure 3.9 • System Dtsaggregatlon of the Average Winter WeeJ<day 1990

3.7.1 Validation of the Model

The actual average winter weekday system demand profile was compared to the
modelled profile. Both are shown in Figure 3.10.

The mean absolute percentage error (MAPEl and Spearman rank correlations were
calculated. The MAPE was I,Oq., and the rank correlation was 0.98. The model
slightly overestimated the morning peak and underestimated the evening peak by
about I%. It is suspected that the Bulk & Other sample did not capture the peakinex-
of many smaller municiprt customers adequately. Nevertheless. this model was as
good or better than similar models hy other utilities. such as that of the CEGB in 191'16
[AHern & McGowan 1986 J

A Demand Profile Forrcasting Motfeljrlr Eskom Page -'. 1 (j
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The total system demand for each hour of the average winter weekday was then
determined by summing the hourly demand, for all the classes,

where:

Stl(t)
at
d
Oml(t)
KItt)
k
PI
QJ
srn
m

III

8(1) = LK,(I)
1,·1

is the average winter weekday demand of customer i of the sample for class j
hourt

is the number of winter weekdays
is the demand of customer Iof class J on winter weekday n at hour t
is the AWW demand of class j at hour t
is the number of customers in the sample for class j
is the winter consumption of the population of class j
is the winter consumption of the sample of class j
is the AWW system demand at hour t
is the number of classes making up the system.

Average winter weekday profiles for each of the seven class are shown below (Figures
3.6 t 0 3.8).
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Figure 3.6 • 1990 Average \tV Inter \tV eekday Profiles of Balle Customer Classes
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The model then ..umrned the the clu ..,c., til provide" system 'Tot,11 Sale ..,' AWWk
profile This was then increa ..cd hy 53' 'r to include ..y ..tern Ill'sc' 10 provide" 'Nett
Sent Out' AWWk profile, (Thi« has the ..arne effect as adding proportional 10,"',', to
each class, but involves less arithmctic.)

The Forecast System Demand Profile tablc: consisted of the Total Sale .. and Nell Sent
Out columns for I (Jo)(). 1991. and 1992,

The actual AWWk profile" for 1Q91 and 1992 were then derived and included 10

allow testing of the model output.

Average Winter Week 1990

The stacked average winter week profile is shown in Figure 4.12. The week start .. 011
Monday. and the reduced weekend demand is clearly visible. as is the typical weekday
shape. with Mondays and Fridays being slightly different to midweek days.
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FlgUl"e 4.12 • The Prototype Average Winter Week for 1990
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catered for three years (1990. 1991. 19(2). The spread ..heet con ..i..ted of input data
tables. aggregation model calculation tables. and output tuhle« (Figure 4.11). The
Seasonal Correction Factors were included in the aggregation model tables, to ailow
the flexibility of using different fa;·tors for each year.

Quattro Implementation of XDFM
19'!l)

C1a~~ A"rtllaltlln
Demand Mlldel
Pmfilc
ShilflC'

Fnr" ,'I
1991 SV\(CI.I

AlltlrClallon
Ivhxk'1

Clan
Annual
Sllle~

Foree a5l. I'JII2
A"rt~lIl1lon

Mouel

("'lure 4,1~ • The Qunttro Implementation of XDFM

The Closs Demand Profile Shapes were the shapes of the Average Winter Week
profiles of the class samples (in 1990), normalised to a weekly energy content of
unity. (This made it easy to generate class AWWk profiles from annual class sales and
the SCF.)

The Class Annual S..les Forecasts consisted or a table of class sales us reported in the
Statistical Yearbook [Eskorn 19(0) and summated to produce annual sales figures for
the five classes for which demand profiles were avuilahle.

The model tables calculated the AWWk hourly demand of each class us follows:

with:

(.3.4)

niH) i~the forecast demand of <.'lassj at hour t
S,lll is the normalised demand of cia" .. J at hour t. from the class profile shape
G, is the annual sales of class J for the forecast year
H, is the Seasonal Correction Factor for class j

A Demand Protile Forc'('tl.ltillg Modclfor 1:'.1/.:(//11 Pag« 4.1 ~
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the Management Information Decision Support (MIlJS) system in Eskorn. MIDS 's a
mainframe l' .rabase which lists key hilling data for each (large) customer.

Since long term energy forecasts arc based Oil an-iual sales and not monthly 'ale'. a
seasonal correction factor had to be estiruarcd for each class. The actual ratios of
wmrer sales to annual sales for 1990 (Figure 4.1 ) were initially used. It was later noted
that these ratios varied slightly from year to year (Figure 4.101. and averages of the
ratios for the period 1989 to 19n were used.

Seasonal Sales Variations

J M M J S N J M M J $ N J M M J S N J M M J $ N
1989 1991 19921990

---_._-----_ .... -- .._'

4.4.3 The $ystem Demand Proms

Figure 4.10 • Seasonal Sales Variations

The actual hourly Nett Sent QuI (NSO) figures for the integrated Eskorn system were
obtained from the National Control Center at Sirnrnerpan. where the System
Operations Department recorded the output of each power station from a country-wide
SCADA system. These datil were required [0 test the aggregation model. The NSO
figures represented the sum of all customer s, :s plus transmission and distribution
losses. estimated at about 5Y',f or total sales for 1990.

4.15IMPL.iMI!NTINQ THE MODl!L

4.6.1 Th& first (prototypl) d&m81nd profll. for&osltlng modal

The XDFM was initwlly implemented as a Quattro spreadsheet. ·.vhrch was later
moved to Excel and implemented as a work hook The iniua] Quattro spreadsheet

A Demand Protile Forecasting Modl'l for Eskam PlIJ(I' 4. I ~
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each customer class. and a modification to the aggregation model 10 implement the
target year ratio expansion and SeF.

Any changes in the system demand profile ..hape that are due to differeru class ~rowlh
rates will be captured by the model. However. any change .. due to external influences
unknown to the model would he evident as a difference between the forecast prolile
and the actual profile,

4.4 DATA FOR THE XOFM MODEL.

There were three datu sets required for the prototype XDPM model. These were the
class demand profiles for the winter of 1990. the cia', energy sales figures for 1990 to
1992. and the system Nett Sent Out (NSO) demand profiles for 1990 to 1992.

4.4.1 Class Demand Profile Shapes

The class demand profiles were derived from the 1990 disaggregation project.
Although the samples were predei -rmmed. the accuracy of the final disaggregation
model indicated a high degree of confidence in the class demand profiles, The hourly
or half-hourly demand profiles for all 132 sample customers for the three winter
months were used us raw data. These demand profiles were processed to derive
Average Winter Wed profiles for each customer (Equation 4. I), II was then
discovered that a few customers in two of the samples had experienced abnormal
loads for portions of the winter period. which were evident in the AWWk profiles
(ulthough not apparent in their AWW profilc-) These customers were in the Other
Mining and Other Industries classes. These 'bud' customers were removed from the
samples, This degraded the representative quality of the samples for these two classes.
After some expertmenrarion, it was decided to combine the remaining Other Mining
sample customers with Gold Mining. and Other Industries with Base Industries. This
resulted in only five customer classes, namely:

• All Mines (Gold Mining with Other Mrning)
• All Industries (Base Indi.stries with Other Industries)
• Traction
• Bulk & Other
• Townships

Although this is far from ideal II was felt that five classes would be sufficient to
illustrate the principles of the model, and hopefullv, to isolate the impacts of the
external influences,

4.4.2 Clmss linttrgy Sslel Figurall

Annual energy sales figures Weft' obtained from .he Eskorn Statistical Yearbook Ior
199~ and monthly sales figures for sample customer .. (Inc' .lasses were extracted from

A D('lIIel/lt! Protile Forecasnng Model tor Eskon: Pag« ..1. I.,
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The demand profile forecasting model is similar to that of the previous disaggregation
model. consisting of averaging and sumnuuion pro~'I''''''C'', The first step is 10
derennine the average winter week (AWWk) demand N,ll':, for each customer 111
each dalls ...ample. In this case [he averaging takes pla~.; ",,', U weeks rather than M
weekdays. as with the disaggregation project.

I ,1
S" (I) ::::- L, D"" ( fl

d ,,~I

(4. I

The second step involved creating the AWWk profile for each sample by summing the
individual customer profiles in each sample. The average winter week profile fOT each
class was then produced by expanding the sample average winter week profiles using
simple ratio expansion. The ratio for forecasting is the target year annual class sales to
the base year sample sales. This differs from the aggregation model which uses base
year sales for hath sample and class, For an Average Winter Week model using
annual class sales figures. a Seasonal Correction Factor (SCF) is required for each
class. Thi» is 10 allocate the correct proportion of annual sales to the winter season for
each class. At lltis lime the ~.3 c;;, distribution system losses were proportionally
allocated to each class.

(4.2)

The total system demand for each hour of u.e average winter week wa .. determined by
summing the hourly demands for all the classes.

where:

DnJ1(t)

hourt
d
S,,(t)
KI(t)

k
01

QI
F(t)

m
HI

'"F(t) = L,K,(t)
"I

(4 ..1)

is the demand of customer i of the sample for ::lass j for winter week n at

is the number of winter weeks ( IJ)
is the AWWk dernund of customer i of class j at hour t
is the AWWk demand of cluss j UI hour t

is the number of customers in the sample for class j
is the target year annual consumption of LIC population of doss j
is the base year annu 11 consumption of the sample of class j
is the Average Wint. r Week system demand at hour t
is the number of classes making up the system.
is the Seasonal Correction Factor (SCF) for class j

Figure 4.lJ shows the components of this torecusung ruodcl. The only additions to the
disaggregation model arc target year annual (or seasonal) energy ...ales forecasts for

A Demand Protile Forecusting Model/ol' /:'sk"l11 Page 4.12
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Figure 4.7 Ccmponents ora DI~a.ggregatlollModel

4.3.2 Demand Profile Forecasting ~truoturQ

"I

The disaggregatlon project provided the author with fairly accurate estimated class
demand profiles for the winter of 1990. Using the annual sales figures to each class
for 1991 and 1992, it was possible to 'forecast' the system d-rnand profile from 1990
class demand profiles by using the rauo expansion process again, us shown in Figure
4.8. The hourly demand for each class is increased (or decreased) by the ratio of the
target year sales to the base year sales for the class .
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The experimental demand profile forecasting model was based on this representation.
and initially only the winter season wa.. considered. The XDFM was therefore
designed to forecast the average winter week (AWWk I using annual ..ales forecasts
for each claxx.

4.3 THI! AGQRI!GATION MODEL PROCESS AND STRUCTURm

4.3.1 The Aggregation Model Process

The aggregation process is illustrated in Figure 4.6. The total system demand profile
consists of the sum of the profiles of each customer class. In order to estimate the
profile shape of each class. demand profiles of it sample of customers that represent
the dass are collected. These data are then aggregated and expanded ratiometrically to
produce the estimates of the class demand profiles. The class demand profiles are then
aggregated to produce an estimate of the system demand profile.

Figure 4.7 shows the components that make up such a model. The primary
components are the raw demand profile data sets for the sample customers, the c:Il.lSS

demand profile shape generation model, and the aggregation model itself.

The accuracy of the model can be determined by comparing the actual system demand
profile to the modeled profile. This process is described in Chapter S.

Customer Clasass
Claall Samples

Class
Demand
Pr9f11,

0ystem
Demand
Proflle

CIIII.II
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'ample
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Plath,
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DflFMDOCl

Figure 4.6 • The A2areantion Model
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• A Winter seuson consisting Ilf weeks 2.1 to .15. This 1J week period '"
(..oincidentally within a few days of the calendar month .. June to August.

• A Postwlnter period with the remaining weeks bar the last two of the year

• Holiday Weel(Fl. The first week. the Easter we .k, and the last two weeks of'
every year do not fall into one of the above .ategories, Although till' first
and lust weeks of the year are fixed. the Easter week moves from year to
year.

The K-Means clustering for 1991 with four clusters is illustrated in Figure 4 ..5. As can
be seen. there are a few Prewinter weeks in the Postwinter period and vice versa. This
wall a common occurrence in the analysis. The four Holiday weeks are also dearly
discernible.

4.2.4 The Representation for XDFM

Based on this analysis it was decided to ignore the four holiday weeks and represent
the system demand profile with three seasons. These were defined as follows:

• Prewlnter. weeks I to 22. 22 weeks long.
• Winter. weeks 23 [03.5. 11 weeks long.
• Postwlnter. weeks 36 to 52. 17 weeks long.

Clustering of Weekly tOes
1991 K-Means. Four Clusters

Wetika of the Vaar

Flgure 4.~ Clustering of Weekly tOCs

A Demand Profile Forecasting Modelfor Eskon: Page 4.1'1
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4.2.3 Analysis of the Systel11Demand 6elll80nal Components

The author carried out a cluster anl.lly:.i!'l01 .he weekly LeCs for I (}<)O. 1991. and
1992. This was done in ST ATISTICA. and the following options were explored:

• Three clustering techniques were used, These were Euclidean Tree. Two Wuy
Branching. and K Means Clustering,

• Each technique was tried with the number of clusters varying from two [0 six.
• Each combination Wlot.'1 evaluated for actual weekly LDCs (to include both shape

and magnitude variations) and normalized weekly LDCs (to cluster only shape
variations).

The outcome of this exercise was a set of observations that provided 11 defensible basis
for defining lit load shape representation. The K Means method of clustering gave the
most consistent results. which were as follows:

• Normalizing the weekly LDCs to remove tl1c effect of magnitude from the
evaluation resulted in inconsistent results.

Weekly Maxi111U111Demands
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Figure 4.4· Eskom Weekly Peeks for 1992 to 1994

• The optimum number of clusters was four. This resulted in consistent and distinct
sets of weekly LDCs with the following characteristics:

• A Prewlnter season comprising weeks 2 to 22. with the exception or the
week including Easter Friday.
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Figure 4.2· Average Winter Week Demand Profile for 1990
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Figure 4.3· Average Winter Week Load Duration Curve for 1990

The author felt thai a multi-se I..onal approach would he essential to capture the
seasonal variation evident in the system profile - see Figure 4.4, However, a more
scientific method of defining the number of seasons and their duration was requited,

A Dell/and Prollh: Forecasting Mot/I'llo/' E.I/W/II P(I~I' .1. (,
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Monthly Class Sales 1990
12000

• The system peak invariably occurred during u weekday. Weekend demand is lower
than weekday demand. The average winter week demand profile for 1990 is
illustrated in Figure 4.2

f 10000

18000

IBOOO

[ 4000

2000

a

• Averaging the approximately 65 weekdays during winter increased the reliability of
the model, as the averaging process filters out the effects of random external
influences, such as weather variations, public holidays or serious outages.
Statistically this results in 63 observations of the AWW hourly demand for each
sample customer.

Figure 4.1· Monthly Class Sales In 1990

4.2.2 The Requirements of the Users of the Model

Discussions with the Generation Expansion Planning stuff (OEP) indicated that a
forecast of the average winter weekday wou!J he of liule value to them, Their
planning tools used forecast weekly Loud Duration Curves (LDC. see Figure 4,3) to
represent system demand. OEP represented the system demand profile with an
average annual LDC or at times us three average seasonal LDCs. dividing the year
into three seasons with approximately equal lengths of 17 or 18 weeks each.

A Demand Profile Farrcusti. ,~Modeljo: Eskom Pugr ~,5
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was derived from the feeders supplying (WO urban intormal communuie .. electrified
by Eskom in 19<X). These were Ivory Park and Orange Farm. both in Gauteng

II E~Jwnl Own Usage. This small class, representing the loud supplied to operate thl'
transmission and distributiou network. was previously included in the los'e', Since
thiN load is continuous ( lorJl;Y Load Facton. it's consumption wa .. extracted from
the losses atd included a!'!a separate class

6.1.2 Impro'flng tht SCP Pactora

The SCF factors used in the prototype were based on the monthly hilled sales to each
class in 1990 (see Chapter J). The SCF was calculated as:

H, (fl. 1 )

where:

HI is the Seasonal Correction Factor for class j
a,m ill the billed energy sales to cluss j for month m
m is the billing month I [0 12 ,orrespontl.ng to January to December

Billing months do not correspond to calendar months, as monthly meter readings are
staggered through the las! week of each month, and In some cases occur in the middle
of each month. The February hill for a customer may. for example. represent the
customer's consumption from the 29th of January to the 25th of February. A second
customer's bill may be for the period I~th of January to 14th of February. Seasonal
Correction Factors derived from b.lling figures were therefore suspect. and another
method of deriving them was desirable to check or improve them.

Y&>ar Traotlon !Bulk Mining IndUistry
191119 1.054448 1.118033 1.030646 1.013992
1990 1.024317 1.127475 1.021375 1.0129152
1'91 1.053016 1.133077 1.025461 --

1.027~~
1992 1.039259 1.118337 1.034332 1.019693

Table 6.1 • Sea~onnl Correctlon Factors

The factors also vary s, ghily trorn year to year, The SCF figures for 1989lo 1992 arc
tabulated above. An it rtial improvement ',\-'01\ made by averaging the calculated SCF
figures for 1990. 1991. and 1992.

A second set of fal.'lols was derived by con~idering the model a~ a set of ...irnultaneous
equations. The AWWk model I, .ictually a sci of loX models. one for each hour of the
week. Each model can he repre ..cured a, the WIll of the dcmand« Ior each cla .....oItthat

A /)1'1I11111t1 Profile FOreC'lI,ltillr.: Mocld I",. Llk(llll
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Chapter (3 - Forsoeatln; with ths XDFM

The experimental model hed to he expanded and modified before it could he used in
practise. This chapter outlines the changes made and describes the application of the
XDFM in Eskorn's long term forecasting process for the 1996 Integrated ~:Iec[rkil)
Plun ([EP~).

6.1 eXPANOING THI! MOOEL FOA FO~I!CA8TING

The prototype XDFM was expanded in an Excel workbook to include all years from
1990 to 2015. This entailed a complete redesrgn of [he model. and several
improvements were added, including better SCF factors and tariff impact sub-models
for Tariff» E and T.

Excel Implementation of XDFM

Cta~~
Demand
Prllm,'
Sh 1(lf IIJ'X) J

11,)1,)1 I
I Y<J2 I

Ave Wm Wk
A~IlI\'Il"tl"n

MudelC1as~
Annual

Fore(;!,t
System
Demand
Pru"'.'

-~

Te,(
1'1'11/11JII2

& Flllh,\\1nlt
Year'

}-{-_
-

2013

Figure 6.1 • Excel Implementation of XDFM

6.1.1 Addltlonsl '-olld CISS8&1

For long term forecasting purposes a number of additior "I customer c1,tsses were
added to the model. These included:

• Electrlficatlon. The national elcctrificution program. initiated in 11.)\)0. WU!'l

expected to consume u sigl'ifk,:·,t portion of bkof11 vales oy the [urn oj" the
CCnIUf}. even though the nnpuc: \\ as small during the carl~ year» The profile shape

A Df'I111t/1I1 Proti!« FOrI'CtI,\(lIIg Model for Eskinu PI/Itt' fl, I
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model to isolate the type IIf svstcrn demand pronte change cun, 1111, b"IIl!! experienced
by Eskorn.

Load Shifting XDFM Error

____ .__ ..._A_v._r._IlI._w_f~: L~_d~htft_ad_. _.___________ .J
Figure 6.1C. - Total Load Shifting

A Demand Profile Farccasting Mile/dIll/, /:'.11\0/11
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5.3.3 r"lensurina the Load Shlftlnli! In 1991

Figure 5.8 shows the error demand profile fur 1992. Although the daily pattern I~ not
as consistent as for 1991. a similar load shifting error is apparent, The procedure to
extract the additional load shifting was applied. resvlting in the corrected error profile
shown in Figure 5.9. The correlation coefficient between 'he original error profile and
the load shift profile was -0.7~20. and after the extraction process it was !l.11~~. The
estimate for additional load shifting (since 1490) was about :'40 MW.

This is lower than the estimate For 1991. which appeared unusual. Inspection (,I' the
1992 annual sales for the loud shifting customer classes (Mining. Industry. and
Traction) [Eskorn 1993] revealed II corresponding sales reduction. The reduction in
load shifting was Ilot incorrect

5.3.4 The EJllctrlftcation Impact In 1992

The total number of homes electrified by Eskorn was about 300000 by the winter of
1992. This implied an additional demand of about 180 MW during the evening. peak.
Sales LO electrification customers in 1992 tt taled about 84 aWh. This translates to an
expected evening peak contribution of about 30 MW. As in 1991. this peak demand
contribution was too small to be isolated by the XDFM model.

5.4 ..CONCLUfSlON

The main descriptive statistics of the error profile before and after the load shifting are
listed in fable 5.1. Both the Kurtosis and Skewness tests indicate thut the error profile
has a much more Normal distribution after the IO'Ie! shifting has been extracted.

.1991 1991 (t.d ',hft) 1992 1992 lLd 8hft!
Standard Deviation 212MW 9~ M\V 225MW 150MW
KUl'tosis ·1.4 -0.188 -n.S7 0.6152
Skewness 0.0517 0.1472 O.~498 O.2MI
Correlation Coef. ·08897 0.O26~ -0.7.520 0.1158

Table S.l •Descriptive Stnttsttc~ of Error Pro·flles

The correlation roefficients between the error profiles before and after load shifting
extruction are also included. Tl.ese confirm the existence of the additional load
shifting. and the high degree of success in removing it from the error profile. The
model could clearly isolate the additional load shifting that had occurred.

The impact of the electrification program was. however, (00 small to be clearl;
discerned.

Changes in the system demand profile structure due to the impact of Tunlf E load
shifting were clearly identified 111 Ihi .. manner. These tests indicated the ability or the

A Demund PmiileForccasting Mod«! for Eskotu PO!!I' ~.9
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Ave Winter Week Error 1992
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smaller than the 9~ MW standard deviation of the error profile after load shifting
extraction. A visual inspection of the error profile (Figure ~.~) did not revcal this
additional evening peak demand. A correlation analysis between the error profile and
the community profile Idone in STATISTIC A) confirmed !ha~ 'he electrification load
was hidden in the noise. It appeared that the random error content in the model was
too high to allow the resolution of the additio.ial electrification load.

Weekly Demand Profile
Recently Electrified COlTI1TIUnity

Men Wid Thu Prl tat tun

"_---"---------------------"-------""-"-
Figure 5.7 • Demand Proflle of Recently Electrffted Community

A Demand Profile Forecasting Model lor Eskum
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Error Distributions for 1991
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This implies an increase in Tariff E load shifting from 1990 to 1991 of about 370
MW.

4QOMW o ·100 MW -400 !VIW ·1)00MW

If the model accounts for all loads, the error profile is expected to vary randomly.
with a normal distribution and a mean value of zero. The 'quality' of the error profile
can therefore be determined by a measure of the 'norrnalness' of the error profile, The
Kurtosis of the uncorrected error proile was -1.4 while that or the corrected profile
had improved to -0,188. Similarly. Improving the error profile should result in Ii

decreased standard deviation from the mean value. The uncorrected standard deviation
was 212 MW, which was reduced to 95 MW after the load shifting correction, A plot
of the error distribution (Figure ,5,6) show .. the bimodal shape before load shift
correction. and the more normal shape after correction.

lOOMW
Itt -I'. .;q ..1'.,

Figure 5.6 • Error DIstributions for the 1991 Forecast

5.3.2 Measuring the Impact of Electrlltcatton In 1991

The weekly demand profile of a community electrified during 199 J is shown in Figure
5.7. This profile is typical for such communities and is characterised by the high and
narrow evening peaks, The After Diversity Maximum Demand (ADMD) for thi!\
cornrrunity was about 0.6 kW. which was also typical. Approximately Ion UOOhomes
were electrified by Eskorn between thc winter of 1990 and that of 1991. The impact 01
the electrification program Wit, thus expected to be identified us an unexplained
additional evening peak demand of about 60 MW. and about 25 MW on the morning
peak, Actual sales recorded to Eskorn electrification customers 111 1991 of about 15
GWh implied an evening peak impact of only about 5 MW, Thi .. was considerably

A Demand "rom" torn astinv .\foli, I/oI' f:'skol1l
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The additional load shifting evident had to he 'extracted' from the error profile. The
average energy error wa ...approximately zero (- DI.'I.9 MWh. or -O.(}()~C;;I. due to the
model correction factor applied earlier. The Tariff E peak period error Wil" positive hy
15 ~4.1MWh. or about o.~r;r. and the off-peak period error was negative 0)' I~ ~90
MWh.

A procedure was applied to the error profile. reducing the average peak period energy
and increasing average off-peak energy by the same amount. 10 simulate the additional
load shifting, This was done with a gaul of minimising the average peak and off-peak
erron •. Reducing peak demand by 194.6 MW while increasing off-peak demand by
176.9 MW resulted in a minimum difference between the errors. This correction
profile (Fijure .5.4) was applied to the model error profile. resulting in the profile in
Figure 5.5.

The correlation coefficient between the error profile of Figure 5.3 and the load ,hin
profile of Figure 5.4 was -0.8897. This confirmed the large load shill component in
the error profile. The correlation ccefficient between the load shift profile and the
error profile after the extraction procedure was applied (Figure !Ul. is 0.026$. which
illustrates that the load shifting component has been successfully removed from the
error profile.

Ave Winter Week Error 1991
Vc:nkal AXI.' in MW
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Ftgure 5.5 • Ave. Winter Weel<Error after Tariff E Correction
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ThIS indicates thut additional load shifting by customers has occurred between the
winter of 1990 t model base year) and 19'}l unodel forecast yean,

Ave Winter Week Error 1991

I

I

--,_j
Figure 5,3· Average Winter Week Error Profile for 1991

Ave Winter Week Error 1991
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Figure 5.4 - The Tariff E Load Shlftlna Correction Proflle
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System Demand
211000

Ave Winter Week Error 1990
"nIh Vcrul'allnc, 10 MW Error

18000

L----- J
Figure S.l- Averllje Winter Weel, Profile Error for 1990

The prototype XDFM overestimated the evening peak and underestimates the morning
peak.

The maximum hourly errors were about 120 MW, and there is clearly a cyclic
component with a period of one day present. The highest en-or of 120 MW
represented about 0,5%. which was considered acceptable. The clear cyclic nature of
the error profile suggested that the random component was very small indeed -
certainly below 30 MW, or 0.25%. This implied that structural changes in the profile
in the order of 50 MW to too MW should be discernible in the t 99 I and t 992
forecasts.

Removing the 'bad' customers in the Other Mining and Other Industry classes. and
consolidating the Mining and Industrial classes also appears to have improved the
model accuracy. as it is considerably better than the original model described in
Chapter 3.

5.3 TESTING THe FORI!CAST YEARS 1001 AND 1002

5.3.1 Measuring Additional Load Shlrtil1(:1;In 1991

The AWWk error profile for 1991 i~ shown in Figure ~U. The model clearly over-
estimated Tariff E peak periods and under-estimated off-peak periods. (Tariff E has
defined peak periods us 07hno to 2.~h()Oon weekdays, excluding public holidays.)

A /)!'I1I(11tcl Profile' Forecasting ModrljorEskotn Page' 5,,~
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XDFM EITor Analysis
The Difference oonatata of :
• The arror Inherent In the model
• Any load the modal Is unaware of

Figure S.l • The XDFM Error Analysis Process

0.2 TIISTING THE! !BASe YI!AA .. 1990

The actual AWWk Nett Sent Out profile was developed ano compared to the
modelled profile. The model was found to have slightly overestimated the energy
content of the AWWk. and a fuctor of 0.9578 was applied to each hourly value to
correct the modelled AWWk energy. The reason Ior this overestimation was not
known at the time. The effect was (0 reduce the mean error of the AWWk model to
almost zero. but permit evaluation or errors in the profile shape. The Mean Absolute
Percentage Error (MAPEl was 0.26%. or 45MW • which is negligible, The ..tandard
deviation of the error was about 65 MW, The error profile i' illustrated in Figure ~

A Demand Profile Forecasting Mode/lor Eskom Pag« ~. .2
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Chapter 5 ..Testing ths Prototype XDFM Modsl

6.1 THa OBJECT AND MeTHOD OF THe TeSTING PRocess

The most important requirement was to determine whether the model could detect
changes in the system demand profile shape. There were two load components that the
modelled 1991 and 1992 forecasts were unaware (,f. These were increased load
shifting by Tariff E customers. and the impact of the national electrification program.
It was hoped to identify and quantify these components.

Testing the model consisted of two phases. The first was to test the base year
modelled system demand profile against the actual AWWk profile for 191}O. If the
model was accurate enough. the forecast years 1991 and 1992 were to be tested.

5.1.1 The Test Method

The test method is shown below (Figure S.l). The actual average winter week profile
was subtracted from the modelled AWWk profile on an hour-by-hour basio; to produce
an 'error profile'. This can he expressed ax follows:

E'(t) = FU) - AU) (S.I)
where :

e(tl is the error at time t
F(t) is [l1e modelled AWWk demand at lime t
A(t) is the actual AWWk demand at time t

It was expected that this error profile would contain two components:

III A small random variation. representing the random error inherent the model

III Regular patterns or cyclical components. representing any loud the model i~
representing incorrectly.

A Demone! Protil« Forecustins; Model tor Eskm« Page 5. I



ChapTer fJ • Forecustine witl: thr XlJFAf

6.3 LONG T!FtM FOReCASTING WITH XOF=M

Long term forecasting with XDFM implied a sct of wrnter week models for each year
of the planning horizon. The GEP !'Ilaff usc a 25 year horizon. and implementing thi,
in a single spreadsheet would have been impractical. The model was ported (0

Microsoft Excel a.~a workbook. with a separate worksheet for each winter model
(Figure 6. I). The Excel XDFM model has been used for E..kom'x long term
forecasting process since 1994. The remainder of this chapter is essentially an extract
from the Eskorn Integrated Etectriciry Plan for 1Q96. Volume 2 [Berrisford 1996J. It
describes the use of the model in generating demand profile forecasts. seasonal LDC'
fO!"eCiUlIS. and annual MD and LF forecasts.

6,3.1 Oammnd ProfHI I orlostt

The XDFM was used to forecast average weekly demand profiles for each season in
the long term forecasting horizon (1996 to 2015). The model estimates the Eskorn
Integrated System Demand Profile including the impacts of tariff induced load
shifting. The primary output is in the form of a modelled Average Winter Week
profile and derived profiles for the other seasons. for each year until 20 J 5. XDFM is a
disaggregarlcn based model ideally suited to long term demand profile forecasting
(five to thirty years), The model uses as primary inputs the forecast annual energy
sales per customer class [Prinsloo 1996] and weekly Ii -mand profiles for each
customer class. Figures for Own Usage and Losses' the Transmission and
Distribution networks are also incorporated.

FCAST96L Annual Sales Forecast
1990 .. 2015

al30000 +-----r=====~=====~"'------".".c::

~ 2OOClOO ~==-.===='~
j11SOOOO
1100000

BOOUO

o
I I I I I ~, , ~i ! S !
,.. ... ,.. ,.. ,.. ~ ~ ~ ~ 1iij N ~ ~

Forc,'(j,_1 Y car

Flgurl a.s . 81ctorsll!n(lfrgy 8al&1 bsald on Mod&ratl For.cast
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6.2.1 Th. Tariff Impact tub"mod.la In XOFM

Two tariff response sub-models were developed for the new XDFM. for Tarin E
(Nijht!\Qvel and Tariff T (Whateverflex). These models both assumed pure load
lIhiCting in response t 1 the tariffs This implies that a customer's total energy
consumption remained constant. although the demand increased during off-peak hours
and decreased during peak periods.

Demand profiles from several Tariff E customers indicated that a responding customer
would increase off-peak demand by approximately 10q·. which implied a peak
demand decrease of II %. This is because there are 80 peak hours and 88 off-peak
hours per week. This resulted in an effective shifting of 5.2% of consumption from
peak to off-peak periods.

The shifted hourly demand for each class LI(t) was defined as:

L,(t) = K,(t)· 1.1·1:,
for off-peak hours. and ax;

L,(t) = K,(f) ·0,89·1::, (6.6)

for peak hours. with EI being the estimated proportion of class sales that would shift
load. The sub-model was implemented as an additional customer class demand profile
shape which added demand during off-peak hours and reduced it during peak hours.
This was implemented for both the Mining and the Industry classes separately.

A similar approach was adopted to model the Time-of-Use tariffs. and this was
implemented for each of the Mining. Industrial. Traction. and Bulk&Other classes.
The Tariff T profile shape is illustrated in Figure 6.4. The levels are relative to u
100% load factor shape, which would allocate 0.0059.52 kWh per week to each hour.

6.2.2 Testing the Load Shifting Sub"Mod.ls

These Rub-models were then used to estimate the load shifting thal had occurred in
1993 and 1994. using the same approach used to validate the prototype model. The
error profile for the average winter week of 1993 is shown in Figure 6.5. The shape of
the error profile indicates a large component of Tariff E load shifting. Introducing 500
MW of Tariff E loud shifting with the sub-model results in the error profile of Figure
6.6. Note the improvement in the key statistics describing the error.

The resulting error profile still contains pattern that indicates loud shifting out of
Tariff T peak limes (weekdays 07hOO to 10hOO and 18hOO 10 2[)lOO). Applying 200
MW of Tariff T load shifting removed this pattern and further improved the key
statistics (Figure 6.7). The MAPE wus now 0.57c"r. the standard deviati .. IS D3 MW.
The kurtosis is 0.229 which indicates a rai~Iy normal distribution of the I (JR individual
hourly errors.

A Demand Pro/ill' Forecasting Mot/el/or Eskom
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ImprovQd O$mlllnd ForQoutlng Proo•••
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Forecast Annual MDs and LFs
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The foreca.st figures are within 2!10 MW for four of the six years. with 0\ worst case or
467 MW over-estimate in 1991 followed by a 371 MW under-estimate in 1994. which
was mainly due to the extreme winter weather in that year.

The annua] MDs thus derived 1Tl11 .. the XDFM model for the' Moderate forecast were
then scaled to provide annual MD figures for (he Low and HilZh growth forecasts.
These are shown in Figure 6.13.

s.as Probtl1blllty Olltrlbutlon of tha XDP'MAnnual PHk D&mand

The XDFM does not forecast annual MD directly. as this is affected by external
influences such all weather. The annual MDs are therefore estimated by applying a
factor In the AWW MD obtained from the model. The factor i~ derived from an
analysis of the historical relationship between AWW MD and annual MD. This
analysi'! indicated that the annual MD bas a mean value of about 4% above the A WW
MD. with a standard deviation of about 3% of the AWW MD. The actual distribution
is not normal and obviously the annual MD cannot be lower than the AWW MD. The
use of historical relationships is also suspect due to the annual MD changing from a
morning peak to an evening peak in J 9Q2, Since the system evening peak is more
temperature sensitive than the morning peak. it i, possible that the annual MD .. will be
"lightly higher than those estimated in this forecast. The XDFM estimate Ior the 19%
annual MD was one of the inputs to the EDD 199b annuul MD forecast. de ..cribcd in a
related report [van Harrnelin 1996J.
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Forecast Annual MDs and LFs

fllgufe 6.11 • Modttrate <:arowthPo'reo4lat Annual MOa and Load Paotors

XDFM Annual MD Tracking
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The accuracy of the XDFM model. with respect (0 forecast annual MD, is illustrated
in Figure 6.12. llsing actual ,ale.~ figures for 1990 to 199~, the model was use I to
forecast the annual MDs for those year ...
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5.3.4 XOFM Annuli Maximum O'lmlnd For.cllt

Annual Maximum Demand (MD) is derived from the AWW profile The MD '"
II 'gel, a function of the winter weather impuct on the AWW profile. Since the XDFM
( lleS not include a weather irnpect model, the rclutionship between the AWW and thl.·
mnual MD is based on historical figures since 1979. These indicate an annual MD
that is an average of about 4C',thigher than the AWW MD. with <I standard deviation
of about .,% of the AWW MD. The annual Maximum Demands and Loud Factors for
the Moderate Growth forecast are tabulated below, The table includes the annual MD,
and load factors produced hy the XDPM for tbe NLS scenario in Iqq~ for comparative
purposes.

XDFM Moderate Ftn'l"~&~tAnnual Maximum Demandsand Load Factors
\'~r MD (Base) LF (B·ase) MD (95NL..'i) LF MD

('5NLS) (Actus.!)
l- ooI--.:.:.M~W.:....._+--%.:.::;--+_~lV~lW:..:..,_-l_-%;,:;.. !\:(",",'
~19~9~04-__ ~22~O~2~3__ ~ __ ~7~4.~4__ 4-~2~2~O~37~~ __ ~7~4.4 21M63
1991 22809 74.6 22809 74.6 22342
1992 22875 7403 22600 75.2 22640
1993 23409 74.7 23395 74.7 23 169
H)"94 24437 74.7 24435 74.7 2am!
1995 24947 74.6 lS 112 74.6 25 133
1996 26436 74.S 26611 74.8
1997 27172 '74.7 27469 74.8
1998 2.8060 74.6 183'01 74.6

~I9_99;;_+- __ A,;,..9.;;;.,;17.::;,3_-1----:7...;.4.;.;;,5_-1-......;;;2,;,...1);;,;28;.;..7_+-......;".74.:..;,;.5:;..._+-__ ---1

2:000 30 140 74.3 30160 74.3
2001 31 197 73.9 31 234 73.9
2002 32240 73.6 32 178 73.6
2003 33163 73.2 331S8 73.a
2004 34198 n.9 34181 12..9
200S 3S 396 72.6 35 171 72.6
lOIO 40 911 71.7 39 986 71.4
201S 46.337 71.1

T.bh~ 6.2 Annual Maximum Oam&l.nda find L.Q&l.dFsotc:ms for thl Mo,dti'rlllt$
Foraosat

These figures arc plotted below in Figure 6. [ l , along with the actual annual MD for
1990 through 199~. Note the long term decline expected for annual load factor. and
the 1996 boost prey ided by completion of Ihe Alu ..af Hillside plant.

A Dcnunu! Profi!« FOl'('('(/,ll;11.1< Mode! [or EI~OII/
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Statistical analysis of the system demand profile revealed three distinct 'seasons"
within the year. These are weeks I to 22 (Prewinterl. weeks 23 to 3~ (Winter). and
weeks ;\f) to .!i2 (Postwinter). Prewinter and Postwinter have similar shape» hut
different magnitudes. while Winter hus a distinct shape us well us magnitude. The
XDFM model forecasts the Average Winter Week (AWW) profile for each year. from
which the average weekly demand profiles for the other ~I,l ....ons are derived. Figure
6.9 depicts the forecast AWW profiles for the Base Case scenario. for every fifth year
from 1990 to 20 I~. The major impacts evident are a continuing growth of the evening
peak relative to the morning peak. as well as an large increase in the daily demand
swing. both responsible for the long term decline in annual load factor.

The average winter week demand profile» were then sorted to produce average winter
·....cck Load Duration Curves (LDo.n. These were then ratiometrically scaled 10
pj"l(Juce average weekly LDCs for the other two seasons, as illustrated in Figure 6.10
for the: year 2000. These are bused on the historical average ratios between II:e average
..easonal week LDCs for several years. resulting in two sets of 168 ratios. These
profile)! and LDCs are available in spreadsheet file F96LNLSO.xLS for the scenario
described above.

Forecast Average Seasonal Week
LDCs for the Year 2000

aDOOO
a8000

---_._-------_ .._._-----------_ .._

Hours of Week ordered Highest Demand to Lowest
._----_ ..._ ..__ .._------_._----- ----_._-_ ... _ ..

Flgurll 6.10 ..Avers·gll WErskLOCs tor lIaoh $eason for 2000

A Demand Profile Forecasting M"dl'l torEskon:

.t

Pal?l' 6.10
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The sectoral energy sale)' forecast was done for the Moderate Growth forecast, and
class sales figures for this forecast were used for the XDFM model. These figures.
aggregated into the six classes used by XDFM. arc illu ..tratcd In Figure 6.N.

The XDFM was used 10 forecast one loud shifting scenario, called the Base Case. This
scenario assumes that no proportional t~1CrtCtSI1 in load shifting by customers will
take place. An analysis of the system demand profile: and customer hilling figures
indicates that the expected additional tariff induced load shifting did not occur during
1993 and 1994. In fact, the impact of load shifting on the system demand profile
actually decreased. This is a result of lost load !lhifting in the Ferrochrome industry
and suspected reduction in load shifting in the gold mining sector, together with little
additlona! response to Tariffs E (Nightsave) and T (Megaflex). The Base Case
scenario a!lsumes some further loud shifting during 1996. with a gradual increase to
the 1992 level (over u period of five yeurs) and no proportional loud shifting increa ..e
thereafter.

The Tariffs E (Nightsave) and T (Mcgunex) models are incorporated into the XDFM
model Ili demand profiles that increase hourly off-peak demands and increase peak
demands by predefined ratios and to predetermined proportions of each class profile.
The ratioK are currently chosen such that the total c:1a'ls weekly energy remain ..
constant and approximately 5.2% of the clu.'1!1eneriY (for the ChlSII proportion) is
shifted from peak and standard times to off-peak periods, The figure of 5.::Q wus
obtained from a study of available customer demand profiles ..md literature from
overseas utilities.

FCAST96L Average Winter Weeks

480'00

40000

I S15000

1 ~lOOOO

t'OOC

i 20000
J;II ..- 1&000

10000 """"",,~,",'fiifi''',,i;il4i''''lii'Hi''i1,:;ili''ji'',ilfil''flji
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FIRUI't'6.9 • Forecast Averaae Wfnter Week ()~mantl Profiles
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XDFM Model Error 1993
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hour (Equation 6 ..2). The actual AWWk demand I" the sum Ill' the modelled du-.,
demand and the model's error. This 1:00nhi: expressed ;1' .

'"
Au)= l.K,(I)+f(/)

" \

Since the model j" 'limply the "urn of the class demand ... the model error i, ilCtlli.1l1)
the sum of the class errors.

m
A(l) = L(Kj(T)+f,(T))

,~I

Each clas» demand is the product of an estimate from the class shapes and a SCF
(ignoring the loss correction factor). If the SC'F factors arc not applied to calculate
Kr(t) then the error component er(t) includes the SC'F factors for each class.

In

A(I) = r t K]; I) .0' j (t)) + s I(I)
) .\

(6.4)

If one assumes that the SCF is unknown but consistent for all hours and the sum of the
class demands equals the known actual AWWk demand. then the 168 models
represent III set of slmulraneous equations. Any five can be solved to obtain the SCF
Iactors for the five classes. Several sets of fiw hours were solved and the resulting
SCF factors averaged.

These additional estimates for the SCF figures proved more accurate than those used
in the prototype model.

6.2 MODl!LlINQ TARIFF IMPACTS

To he useful. the forecasting model must he able to incorporate the impacts of the
external influences. Since these may affect the classes differently. these impacts must
be estimated for each class independently. An improved disaggregation based demand
profile forecasting pn+ess is depicted in Figure 6.2.

The 1993 model was enhanced to incorporate several new features. including Tariff E
and T impact estimators. for the IEP Committee in I99·L Thi .. Improved model can he
shown diugramaticully as Figure 6J. The component, within (he rectangle were
implemented as a number of spreadsheets.

A Demand Protilc Forvcastiu; fndd/(lrl:\kolll
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