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ABSTRACT

< - :

) . '
.
1

& ' This Major Technical Report summarizes the results

of a literature search in 'the field of forecasting

'.methodologieé applied to the needs of planning and Bpérﬂ

ating a power utility. The puréoée of the.étudy is to
present 1) tﬁg "what is" and "how ?q? iﬁ 1oad'modelin§
and forecasting, and 2) aKSYnthesis'oﬁ the most common
techniques be%hg evaluated or implemented by d;fferent
.. specialists. i£ is proposed to aiscués load forecasting
,in’ terms of related sdbjécts and applicafions by Qeveloping X
a pfggiessive analyq}s‘of the power indﬁstry in térms oﬁ e
:growth; maﬁaéerial concepts and computer_uﬁilization.~ y) ‘
cgﬁvahééges and disadvantéges aré dfécuqsed logicélly and
objectively in oréer to assist an interested person in .
thé selection of an appropriate techniquelfof his.partiqular‘
' , )

-need. BAnalysis of 'various procedures results in recommend-

ations for subsequent studies.

P
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'The_purpoée.of the‘studﬁ is to present 1) the "what is" and

+

CHAPTEﬂBlIXi
e SCOPE ~ * e

..: mhis Major Technical Report summarizes the resuits
of d literature eearch in the’field of forecasting.methodologies
applied to the needs of planning and éperating a power utility.
, "how to'" in load modeling and forecasting, and’2) a synthesig
of the most common techniques belng evaluated or 1mp1emented o
by different spec1allsts. Advantages and disadvantages are
discuesed logicaliy and’objectively in_oxder to assist
an interested person in the'seiection of an appropriate
technique for’his,particu}ar need. ONew procedures are not
introduced. - | 1" : ' o | e

*

'.‘,

v

It is pf‘posed to dlscuss load forecastlng in terms of
related subjects and appllcations by'developlng a.progre351vea§
analy51s of the power 1ndustry in terms of growth managerial
concepténand computer utillzatlon. This format helps tp
empha81ze and to place 1n.proper perspect1ve§ the increasing

importance of| an effective forecasting methodology in the -

[ \ .
control and operation-of a poWer utility in our fast: growing
k]

.computer aée” Areas requiring additional research and .

"
[

ldeveiopment_became'evident during the study and these form

. ]

. the basis for recommendations. The author also believes .

, .
that the paper is perhaps the only one which reviews' by '

means of the progressivé analysis, described above, all

o

*-

of the typical' forecasting methodologies. The Reﬁerence

-

-and ibliography:refléct some of the most serious papers

and complement the presentations of various procedures.
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CHAPTER 2

c o INTRODUCTION

S, \
Load forecasting, in our. context, refexs to peak load

demand. The term is general and lt applies to peak consumer

demands, re51dent1al or business, to peak area 1nterchange
demands and to peak contractual demands.. An.accurate forecast
iS'essential for short and long term system planning since
it represents‘a barometric reading reflecting both generation '

.heeds that 1s, capital expenditures, and sales forecasts,

that is, annual revenues. Hourly, daily, weekly, monthly,

i and/or seasonal forecasts, are deSirable and effective for

different applications. Twenty-four hour forecasts‘gulde

an operator in'planning short term'generation:needs. Seasonal‘
requirements-wﬂll assist the planner in recommending new ’._
transm1331on lines, additional generating capacity and, ’
together with otherx 1ndicators,,such as economic trends,'

he can most e§f1c1ently and confidently quide the. developmentcu

-0f the 1ndustry to better use of available resources andf

to prov1de a continuing 1mproving service to consu@ers.

R

SGCtion 3 describes the power utility as one. of the \“'

’

largest and eVer'grow1ng 1ndustry in North.America and abroad.

.

With,results from surveys and predictions from well known

\ .

observers, the first phase in our progressive analysis is
¥ . . .

bresented. Section 4. introduces some fundaﬁental concepts
considered essential'in‘managing.Ehe‘technicai side of the
busihe;s. Area‘}egulation and ecqnomic disPath as automatic‘
control applications are discussed, as well as other,indicators.

.t . T .
, hd 3 . e . . - N
‘ S . - *
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~Demand .and’ eﬁergy forecasts begin to take shap\e as a tool to good
[y ', "q
management. Section 5. contains a brief exposé of the *

‘ evolution of computers in operatmg the util:;.fty.- Ap?le.Cations,

trends, real time system, centra.l—satellite ,concept and >

./ oo
economic impact are discussed. 7 . . .

“ / - . - .

Having de\ielopped' the nécessary con;:z’epts in the first .-
U . \ [}

sections, Sectmn 6. now conve‘rg‘es on 1oad ‘forecasting technique-s.

Methodology, types, cont:.ngenc:.es, applications and limitatﬁ.ons
are presented in detail and dlscussed from the point-—of-—view co T
of different authors in the field The impact of computers

and their growth in the power industry is emphas:.ze@

- -~

S,ection 7 concludes with a discussion of the present
- , .,,\ . '

state of the art, reaction to automating load forecasts, aeid
/ .. . - /

areas requirihg further research and development. . .
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a demographic evolution, increase in

”,

- ', ' CHAPTER 3 R

THE POWER UTILITY ~ A GROWING INDUSTRY. - .

- . -

3.1 The Power Industr¥ Today -

&

Describinﬁ one.o€° he largest industries ;naNortﬁ\ ¢
. s N T . . B R
America in a.manne t would do it justice reflects a v

task heyond the capabilities of the author and it is not

[

the intéqtion to do so here.. However what is important*as

aE;nundat}on to the proposed progressive analysls is to develop a

moderately good pitture of the 51ze of the industry in terms i

of economlc impact and growth performances._ . .

A considerable portion of‘the economic growth and
' ~
industrial strength of thq United States and Canada relates

h

to sthe growth, of?izz electric power indpstry. 'In recent
\

.decades the indu hae been growing at:é\gate of.about“
7% per year, more than doubling its generating,caﬁability e
every ten years. fhis.ipcreasing ra%i no doubt.resuits from

I pe-stanéard oqiliving

!

[ . v .
whiéh incites to more comfort and to a desire by more and

,more women to lessen.their household chores by going -
s - 7/ ° .

electrified. The social pressures of poilution‘hae accentuated
.t . ' ' a A
-the trend. Also more energy is and will be needed for

purposes such as: (Ref . 1)" g

1) to increase productivity, substituting more mecha;ical
equipment for human labour; - v

2) to conserve meterials; to change to less mateiial?
Intensive designs requiring more enetgy'gn their g .
fabrication; to recover ‘and reprocess used mﬁterlals

rather than contlnuously usihg new materlal, to




o '
. .8
M -~

develog’ synthetlc arrd subst:.tute mater::.als fqr

_ 1.
L |
’ scarce natural ones,

~ ' - .
LY 1 * : ’

. - I’ ..
3) so improve oommunications',..meetlng-increased desire to-

travel in_a world that becomes more and more integraded;
4) to provide greater recreational opportunities;

. 5)"to substitute for the decreasing ‘a\‘raila'bility of other

' energy demand ‘as the level of a country's population

" increages. , AR ) '

g Howe\rer the relation between energy use on a) per papita
basis and populatxon growth. is not necessarily dlrectly propor- ‘

N .

tlonal *Energy use is very much depend’ent on a &:ountry s.

“

M

"state of development'" and it is noteworthy to mention that

Canada has 'almost ‘the hJ.ghest energy use per caplta in the

world. oOmly the v.s.2. is ahead of Canada with the closest . .

'runners-up bemg NQrway], Sweden, Czechoslovakla, UnJ.ted °

’

Kingdom and East Lermany. Correspondlng w:x.th the high use =~ »

ef energy, the rate of growth of energy used per caplta in e

3

Canada is low-about 2% per annum. - Countries using only much
'less enerqgy per capita have growth rates several times as

high. Energy consumption can be cqnside‘red'.as an economic. -

4 ‘ 1 . o

indicator.

.

In the past twenty years, we >have‘witnessed a,'rise in line

voltages resulting fr’om‘ a rise in power loads. Transmissien lines
. > R - K
, of say 120, 69 and '46kV have been deqlassified and-are now

»
a

cor.sxdered subtransmlsslon llnes. HoweVer, distxribution

line networks aN of the 12, ;\S and 34kV classes. ~To

"satisfy the ever increasing demands is one of the great

-



A

challenges now facing power engineers.

One is tempted to conclude, and the statistics confirm

this, that the economic inpact on a society is that of a ~

Qillion dollar industry. As the demand and tﬁé fotecasts

continue to rise, the generating capacity,;the transmissidn
R ! L") .

and the.distribution linee must correspondingly be adjusted
fl\t‘. . . . ‘

to satisfy the need. Figure I provides an example of past

?

"and’future requirements in U.S. generatlng capac1ty. Not1ceg$

A

.
_ that in ‘the past ten yzzis the MW output has nearly’ doubled

and it is expected to reach a new requlrement of close to .

T

850 millions of kW (Ref 2) by 1930.

3. 2 Sofe® Future Expqugilons

- In order to develop a further appreciation of the growth

" of the industry, let us explofe(briefly some of the t;ansmiseion -

expectations for the 70's. By transmission, the author refers ~

td.lines with a voltage’capahility exceeding 115 kV.

For understanding the growth of transmission capabilitg,

and the actual level of this growth, the term "megawatt miles"

3

-has been developped (Re¥. 2). 'The use of this term .implies two

facts: -1) linhes of-eacn'yoltage,:e.g. 135,236 or 500 kV, can

be assigned ﬁegaqatt ratings, and 2) tran#ghission system

7 ”

capability is regated to the distance poﬁer is transferred.

The product of circuit’ 1oad1ng and ctﬁcult length prov{des the

1

megawatt—mllé capabxllty. ‘Flgure 2 Summarizes some transmission

capablllty by voltage class. (Ref. 2) The term is a-slmple

\

convenient measure of gross capablllty.
L +
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Transmission Caggpility by_Voltag;\Class Shows -

the,important‘Rdles of ERV in Moving Bulk Power ° - ;

in the U.§.A.




Total'growth of” transmission capabiliry in medawatf— |
mlles through 1978, for the U.S., 1s comparxed with generatlng
capablllty in Figire 3 (Ref 3). As the two curves plottgd
together show, generation and transmissien capability followed
‘almost the same pattern unril 1965. The curves rhen,diverged;
with transmiésion_gapabiliti increasing ﬁore raﬁidly. A ’
ratiOnal explanation fdr the excursidh and the transient — ' :

movement between 1965 and 1970 is the large growth in EHV

' (Extra High Voltage) and the move to pooling of systems. .

’

Since the Northeast Power Failare of 1965, the utility industry,
c \ : A :

3 . . P u L\
has placed‘ﬁﬁch greater)emphasis on transmisgion for

interconnecting-systems-and-poolstogether-as-a-mean of —

by the power 1ndustry for new generatlng statldns, transm1551on.&

" in the U.S. (Ref. 4.). The growth is expected to continue.k\Q-

' Cunsumers appear to develop an never satisfied thirst for

improving reiiability. It is behond the scope of this paper
to elaborate on reliability and 1et it suffice to say that

reliability is an‘expression of” avallabllity and "securiiy",
. M - W

and hence of performance. .

3

The grow¥h necessitates considerable capital 1nvestments

and distrlbutlon llnes, and assoc1ated hardware. The charts

<

in Figure 4 reflect the capltal spending from 1961 to 1970 N

]

the benefits derived from electriciry. However forecasts
and consequently budgets, are a fdnctlon of how well planners

can predict future demands. This is a blllé?n dollar market '

] - o .

. . ‘ . ¢ i Ao

'
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the.greatest the ppwer-lndustry has ever faced. .

and because of the high cost of money- today, managers cannot

3

.afford the luxury of 1naccurate load and generazlon forecasts.

We will discuss forecasting and‘confidencé,level in greater

detail in a subsequent section. ) ' - . T

sl

Durlng the. next 20 years, the. electric utlllty industry

~

-will face a challenglng era of tremendous electrlcal Yoad

e v

A
-

growth, By 1990 some experts predict summer'peak demands to

exceed 1000GW and installed capaclty to be/in excess.of'l3OOGWu

(Ref.27). To make these additions in a way that is. both

r

LY

economical and compatible with the env1ronment is the challenge,

-
'

» s
\

Let—us—now-give-someconsideration to the’planning and

opeérating of a power utility.

<
.

~ . 3 .
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Co _ : - CHAPTER 4,
. 'MANAGING A PO;'TEB uTILITY &~ - ,-

This secﬁfbp is not in%endéd to describe in any great
detailé the many areas that mana&ers‘or operator mﬁst:
consider in the control and operation,of a poﬁér system.

For one, the author does not claim to have such egpertigé.
Howe#er, the discussion is importént to assi;t‘th '#eader, or
user, in the progressive analysis beiﬂé'dgveloﬁ . It |

- - introduces some control terminology. It explains managing

[y
objectives and philosophies. The need for computer utilization{_

L

will become apparent. . : .

rd

L

-

~

4,1 Objectives . . \

-
2

y

The piimary'objective of the electric bo&ér industry is
service to its éus;omers. Service or secdriﬁy dispatch; |
otherwise called ogerational intégri%y, heads the hierarchy of‘
constraints in the control of the power industry, Security .
dispatch means the safe delivery of energy whéreJit is |
" i£ needs become acute, over ecological considerations as well.
Engineers must monitér the pulse of circuits in.qrdér to

control vdltagé regulation and kilowatt lOSSQS which are

-

{
electric networks must always be based on providing adequate
‘ 7
service to the customer. Continuity of service is a me9ﬁﬁre of
13
o the network reliabilip&. In order to achieve this goal,

. network planning'must generally consider the following

- . s . s
\
/ /
.

. points:

! P .
" demanded and it takes procedence over economy of dispatch, and

criteria for reliability, ile.,.security, The planning of )

i
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(1) éufficieht.availability of generating'capacitQ;

. t«i’

(ii) Satisfactdry transmission and distribution networksﬁ 2

(1ii) Reliable equipment, .

‘(iv) Flexible’ plah of operation, particularly at the
" distribution level, with sufficient transformer banks
and circuit breakers,to maintain the appropriate

protection for continuity of service. fwsi;j

- 4 . )
, Power companies in many countries have, in fact, met these
objectives with such a high degree 'of success that the ‘service
" is now almost taken for granted with the everyday social,
industrial and commercial existence very dependent upon it.

.e_ohJectiye_has_agtually been turned 1nto a responsihility- .

b
_continuity of high quality electric service to the.consumer.

 r’ A secondarg objective is economy in the production and.
operation of tﬁeaelectric poer systems. This factor has been
the subject of increased attention by power system enéineers‘
.'qnd managers-over.the past two decades. For example;‘today's
modern'generating stations are equipped with a variety of -
instruments automatic controls, and computers, aimed at
simplifying operator decisions and minimizing tge power
production cost. More developments in automatic techniques

can, be expected that will further improve each individual-

unit and station performance. ' ‘ .

For completion, let us mention that ecological corsideration

“
is a third objective, or constraint, ln the- planning and
e r’
control of a power utility. . Minimum em1531on dispatch is a

term gaininé acceptability in view of the growing concerns
a .
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towards "keep-it clean" ﬁubligi#y'campaigns. .
* 4.2 Operating Challenges . o .

i

[y
t -

. ’ . ' -
The previously mentioned rapid growth and expansion of
electric power systems-whether they are large or small in

total installed capacity and whether this capacity is, K composed

/

of thermal, hydro,.or nuclear g eration-has ?lso caused a

.

substantial multiplication of operdting challenges. These

can be summarized as follows:

.
L

i --Maintéining a balante between the generated output and

. ,
the ever Qs;ying customer lead;
" - obtaining

e required generation at a minimum.cost

)

‘(or'in the most efficient manner of uti}ization of -

-

. . -natural resources, i.e. water, etc.);
o ' ) .

-‘Establishing the present and future worth of eneiéy o
o exchange with neighboring powef systems (for

W ' dnterconnected utilities); i ' ]

4 .
~ Establishing the optimum number of units on line and
. the best timing to commit units to the line to maintain

the appropriate spinning- capacity for system stability,

-

»

. - security, etc., yhile-still paintaining economic R
. operation;
P N ; . .
- Monitoring appropriate tie lines, feeder loads, trans-
. former loads and temperatures, plus station and sub-
l oo ‘ . :
R - station breaker and disconnect switch” operation for )

. 14
Stability, ‘economic and security reasons.
. é

. 1
- . ¢

»




4.3 Inter@onnected Systems o : . ) S

B e _“. . LA
» | Utilities can operate within predetermined géographical
boundaries. However, over the past four’ d:acades, adjacent
power companies have ii;teicofmeéted with one another for
parallel operation. . ﬁy this‘ineans, Igeﬁeratiﬂbn and Pr‘ese-rves“
can be shared.. Advantage /is taken of 1oad' diversity and.
of ty:!i.me-zone differences to traf;sfer generation ovér inter-

coy;.lécting tie lines from an area of low demand to one of high

A ¢ s . b
_demand. Larger, more efficient units.can be purchased

and their outputs shared, and rotating reserves iLn a given

~
.

area reduced. Overall operating economies are correspondingly
i . . g .

acdhieved. %

One of the largest interconnection in North America
includes thg}‘idwest, the Gulf of Mexico Coast, the Eastern

/

Seaboard and Eastern Capadd. Constituent groups are the

Maryland pool (PJM) and the Canadian - Eastern United States
A group (CANUSE). The more than 150 utilities of this
'intercénnection, having a total peak load greater than 130

million kW, operate con‘tinuo,us'ly in parallel and cooperatively.

- ' { N
4.4 The Control Problem . . .

; . _ Coordina"ced control‘ is essential to effectively meet and
_resolve the ‘chal ﬁges, ',and'to’ successful parallel opera}:ion.
. i, The control req reménts, for isolated or interconnected * ,

‘companies, are’ basically twofold; (Ref:s ‘)‘. —
(i) Area Regulatién, . .

(1i) Economic Dispatch. . g ™

Int?arconnecteé Systeme Group (ISG), the Pennsylvania - New Jersey < |

P
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4.4.1 Area Regulation

Total generation, w1t§1n an operatlng area must be

adjusted to follow the moment%to-moment lpad changes within that

( ‘”._j:;”’ N

area, in sultable coordlnatlon ‘'with generXation and load

changes in all other operatlng areas, so that scheduled

©

tie-line interchanges, system frequency and system synchronous

-

"timé are all properly maintained. This function is referred

\ 3

to as -"area regulation", and it is iﬁblemented by a Load
Frequency Controller. Note that the woré "area" can be a
part of a company, a whole company, or a group of adjacant

companies. ) .

i

The—heart-of—this—contrelfunction-is known-as area
control error. It is fundamentall§ an error siénai-calculated

by either analog or digital means-which represents. the number pf

- megawatts a. power system must increase~or decrease in .order

to fulfill its respon81b111ty to its .customers and 1f

¢

1nterconnected, to the 1nterconnectlon of whlch it is a part. .

On an isolated sxstem, the control error is derited'by
comblnlng the actual system frequency, the desired sxstem

frequency and the system regulatlng characterlstlc. However,

'when a utility becomes interconnected, . then this signal must

not only look at the frequency and frequency set point,'but also

at the instantaneous sum of the power flow on all of the tie -

lines interconnecting the individual system with its hijghbors
. - . !

/

as well as the net interchange schedule and the system

‘regulating characteristic. This is accomphished via- the-use-

of "load-flow analysis programs." ' o )

Ay e vt ¢ gt el -
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In either cage-isolated or interconnected system -

*

the area control error originated the basic contﬁfl action
which is forwarded to the generating units, thus maintaining

the balance between z?; power system generated output and the
1

ever-varying customer -load. - ,

4.4.2 Economic Dispétcd/ . o '

Optimal assignmen:\of the total generation required i
at any moment from an area must be made among the many plants
and units within that area to achieve optlmum economy

consistent with 'safe operation. This objective is identified as

i

"economic dispatch". ‘Substantial economies can be, achieved -

ach—othet~—~Economtc—————-—

l *)'4 loading“ﬂumropthmﬂjy*wit

* There is no doubt that energy forecasts play a leading, if not

. production and ;ransmission. Load forecasting techniques

dispatch is achleved when generatlng sources w1th1n taf

area are loaded to equal 1ncremental costs of dellvered power\"

‘4.5 Deﬁaﬁd and Energy Forecasts ;e

7

For'management to judiciously consider all cornistraints in

the hierarchy of controls’under a coordinated pian it must be

'

provided with accurate demand and energy'foreCasts. ﬂemand,

‘or load, forecasts are essential for short term and long

' term planning and for daily operations of the company. Energyf.

forecasts reflect expected sales and provide a measu;e of the

dollars available to eupnort the projected expénditures.

decisive role in the decisiodns concerning new méans of - -,

1
©

will be considered in detail in a subsequeht section,

«

<
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Co ) Managing a power company, a pool or a large inter-
connection requires the formation of a doordinated control . .

.

bhilosophy whose elements have been introduced in the

above paragraphs. We have ;eviewed'genera;ion, transmission

I i
- and regulation. The following secticdn will describe the
, evolution and the role of computers as a ‘tool in managing
. \
. a power utility. , L - . o
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. ~ logging of approxdimately 1005key variables, alarm scanning, "1 .

A major engineering applications were developed forslarqge

; * “CHAPYER 5 ' .
¢ . : s b

EVOLUTION OF -COMPU'I"E% ILIZATION IN THE POWER INDUSTRY ~
. b Al

5.1 General ° ! - - ¢

The electric utility industry h:% traditionally o “/7
embraced, and has a 1ong history of utilizing automatic° °
control techniques for. its generating plants and transmission
systems. The climate for 1nnovation 1s good and the industry
was among the first to,realize the potential benefits,
performance and economio;\derived frdm computer apélicationsf#

In the utility inddstry, applications héye bee; developed
in threendistinct areas. In.the mid 1950's, companies

quickly recognized the potential of applying digital computers

to customer billing. At about the %ame tlme, the flrst -

scale scientific oomputers. There included load flow,
transient stability and short circuit studies, all of which
were previously carried out on network analyzers, orx. analog
computers. In ‘1958, the first control computer “QS installed in’

~a power geéneration steam plant. (Ref.5 ) 1Its functions were

performance calculations; and close-look direct control of
. .

two'anxiliary temperatutes. In the early 1960's the first

pontrﬁg computers were installed for the real-timewdetsrmination,
'.3{?‘

of economic loadinz of generating units i.e. economic dispatch.

Since that time; the applications in the areas of' accounting,
engineering and system operatipn have been extended to cover

]) ' . .
various related. applications. More recently qfforts have been

- a

¢ -
V




turned to the development of real-time, or on-line, computer -

S

7 'appiications. 1p'engin6ering; the new applications span B
the entire engiqgering activity, including system planning,
design, construction and operation. With the significant

technical advances in the design of computer system that

characterized the 1960's, there appeared a-trend in a shift
from specific applications to more generaijinformation‘systems
“ & -

, : -
operating in real-time. This trend in computer application is
[ N .

expected dominate the 1970's.

" 5.2‘§égliéatiohs ~ Description

The author doés not propose to review in detail what is
already weil docuﬁénted. .Mrs. Cohn and Ross; among others,
ne ‘have written numerous papers in the use 65 control theofy,

and the applicatién—of on-line comput?:s'to operating a power
uhilit&. Fi;stlzgééond and third generation computers and

their evolution-~as dispatch computers in interconnected

: ~ .
systems are well described. (Ref. 6 ) - Computers have indeed
. 1

found applicaéions in all areas of the elegtfic power industry.

Power system applications can be divided into planning,
operating and monengineering functions. Let us reﬁiew
. ! .

briefly computer uses in these various functions.!(Ref.7 Y.

A

5.2.1. System Planning and Design .

System analysis is taking on an ever increasing role.

z

This resul¥é'from the growing size and complexity of the

. N o .
systems, and a greater awareness of economjc control and

{
security requiééméhts. At the generation level, computers

assist in studies such as stability under transient, dynamic

)
- . —

i S

N ' ! [
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)’n ) (] ) ’ L3 ° L] .
and steady-state conditions in simulation exercises. Thdy:

-further assist in unit selection, production cost evaluation

1

and economic dispatch.

In transmission planning, computers are used in load °
13 # e .

" flow studies, transmission line and cable design, conductor
C .
. selection, radio interference calculations and right-of-way "/ '

width §etermination. ' ' . “

In the distribution network deéign, éppliqations are also
numerous. Among the most important ones are: radial and
loop system planning; seéondqry nétwork analysis; capacity
- or applications; protective deviée coordination; neutral | i
-

grounding; distribution transformer and secondary optimization; and

new load and energy supply evaluation.

None of the above planning and design could confidently
be performed without effective load forecasts. "In this - ‘ o

, category, tﬁe fqrecasts'are classified by types~industrial .
’ g

, or residential. The analysis cover’peak load, daily and seaspnal ,

s

and expected ‘deviations. Forecasts are done on daily, weekly,
monthly and seasonal bases. In section 6. various fore-
casting techniques and algdrithms are described in greater

details. v

5.2.2vNon-E1ectrical Considerations

Included in this category are applications involving
such items as mechaniéar and nuclear system analysis and

heat balances; equipment cqpsiderations, and various specté
‘ h

s 2

of fuel management. Civil and structural items cover items such
. # , . :

[
-
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q

as mechanical design. Construction design uses include equipment -

iocatiqn for the plant,*éubstations,lline location and tower

spotting. Other ,uses are for corporate modeling; PERT, 9PM$, .

schedhliné,_inspection and others._f B

5.2.3. Operational Scheduling * .

| . -

" The field of data acquisition and control is probably the
one hav{ng received the most attention in the pest decade.

The‘technological adv‘ncement in computer%systems,‘eleétronics

: ¢
*\\\.and rellable and high speed communlcatlons channels is.

\responSLble for the small lead tlme between the flrst and . .
thlrd generat;on computers applled in the power .industry. In this
application are systems security, includiné load and tie-line
frequency control; monitoring, logging and alarms; 1line

trlppln and load sheadlng\ fault information nature;
-]

correctiv strategy functiohs, restoration and postdisturbance

4

) . p : B
Equipment usage includes generator start-up and shut-down,
, A
turbine control, automatic switching, transmission system

status and meter calibration checks.

4

On the operation side, economic dispatch, area regulation'

. and unit commiment are other problems where the computer has

made vital contributions to the solution.

The introduction of'impioved analytical software such as

operator oriented load flow proérams and the trend towards

3

increased man-machine interface device applications has breught

securi%y dispatch and monitoring into real time operations.

. T '

-~
v
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-5.3 Application - Examples - .

. to assist in their protection coordination plans.

5.2.4. Non-Bngineering Functions

-

- . - -

Most companies use their computers for customer and

company billing, payroll, records, surveys of appliance
usage, job .estimates, rate éalculations, and many other

’,

non-technical administrative functions.: A .

a A

Lo

é%cording to the saying, ."the proof of the pudding is
in the eating"; let us explore some current applications of
cqmpﬁter contred technology in the power induétry. 'More

detailed references can be found in the Bibliographyt(//i '

5.3.1. _The possibilities of using' computers for power
I3 - o . %

system control are being reviewed by Britain's Central

Electricity Research Laboratory‘(CERL) (Ref.8 ).

.

}oad prediction and automatic load scheduling programs are
being actively inéestigated; Thé rapidly increasing .data

handing éndfinformatigh displéy g;obiems:confronting )

T

'operétors have been partially overcomed by the installation

'of a large scale compWter at the National Control Centre in

s

London. British power engineers are now turning to computers

In Britain computers have gained most ground in the
coQtrol of power generating stations. This includes start-up and
shutdown procedures, appiication of load, effibiehcy calculationsi
-~ . v

I3

planning of maintenance schedules aﬁd other managerial

operations. _ o , T

P -~k

5.3.2 ‘ThejCentral Power and Light.Co.} Texas, U.S.A. (Ref9 ) ,



o

is suscessfully operat;ng an IBM 1800 system for economic
dispatch control The&Nxstem was -designed to-satisfy’ the
; : obJectives of expandability, ease of operation, and av01danee of

start—up problems. Because of the expandabllltf crlterlum, the
d1gita1 control computer was 1mpkemented in modules.
System now handles, (1) economlc dispatch of 22 generating

. unlts, (2) dispatcher s console, (3) ‘system log s, (4) geak-
load forecasts, and (5) englneerlng case studieg (eg., 1oad-

flow program.

o

I 5.3.3 fhe'applications of the Public Service Electric and
Gas Company, Newark, N.J., load dispatcher's computer'ihcludeﬂ
among others, a number of uses related to service quallty
. . .l or securlty. (RefJi)) Through its spec1al "Bulk System '’
Securlty and "Scheduling of Outages programs, the system*ls
# _f one of the flrst to perform in a real-time environment |
. ' the follow1ng functions: A - ' ,
(i)vﬁecommendations for s&stem changes to improve'’
Hsecurity;

LY

(ii)‘Security-oriehted calculations concerning the

present condition of the system; ) : Qs_
(iii) A secur;ty ana1y51s of the effect of poss1ble

future cont1ngenc1es,
‘(iv) A security analysis of proposed switching operations . 7

required for maintenance; . '
? - ‘ . L]
(v) Recommendations of steps required to improve system

v

" ‘
* voltage conditions.
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5.3.4. The -Bonnevillle Power Administration (BPA) is

. opening this year its new William A. Dittmer System Control

t

Center, and its center of operation will be a system known
as Real~Time Operations, Dispatch and Scheduling (RODS)
(Ref. 11) iAmong the many features, it is noteworthy to

mentdon some of the most’important ones:

r

(i) An on-line optimal power;flow analysis .will

prévide a voltage profile on a system-wide basis;

\

(ii) Routines will dompute and provide stream-flow
‘analysis, load forecasts, and operations planningpx

(iii), System security monitors will output present and

\
expeGited power system status.

[l ¢

The BPA" believes that the computer-8irected hydro-load sche-

2

duling.and.management can add over 500MW capacity that is

r

/\‘unatﬁainable with current manual and semiautomatic methods.

5.3:5 Another interesEing application of combuter control

has been experiendédiby'two utilities in Oklahoma, U.S.A. -

(Ref: 12) . . - ‘ ‘1 ’
-~ A dynamic programming algorithm has been developed and

is successfully applied to the optimization of power

n‘;génerafion schedules for the utilities participating in a

coordinated agreement. Thge control dispatches power from
several alternative sources, ;nclﬁding cdnvenéional hydro
éianté, thermal -generation p}antg, pu@ped—storaqe units, and
inter;hange contracts. .The objective is to schedule |
hour}y ggneration of:tﬁeSe sources such @hat‘generation

costs are minimized over the. entire year.

v

. L AN P : .
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° 5.4 Trends (Future Development)

Analysis of surveys (Ref?,13) performed among the la;gést
_North Ameiican power companies. indicates a strong frend
towaras preference for large scale, direct digital control
(DDC) , computer utilization; There is some divergence of .
opinion of the use of mini—cgmputeré for the central-satellite
Eontrol-type of operatio;. Mini-computers, combine with high
speed datﬁ acquisition networké can be effectively inteqrated

]

in an overall -computer-control.power system.

In the operdgzah\?f.interconéectéé:;;Ltems, tbebuse of
DDC.will expend, and hierarchical computer érrays:will
regulate generation and power flow relationsﬁips between pools,
éreas and stations. Centralized computers will play an

increasingly important. role in monitoring and achieving system

o

security.

Computer functions are manyfold and functions implehented

are related to company siié, prioritigs and progressiveness.
Figure 5 (Ref. 7) repfesenés the most common utiiizatioh of
computer use in the power industry, and it indicgtes present

and future uses. The trends apﬁeai ta single out ioad

fréquency control and economié dispatch aéfprimary functions.
nVéry signifiéant is‘£he pradicted increase in computtrnu§é~fqrw~ﬁ

Joad forecasting. -
o . L

An ibtéresting conclusion reached as a result of .
anothér’survéy in 1971 (Ref.13) is that computers'aie not
being applied fast enough to energy management,‘from planning N

through normal ogeration and emeigency situations, to \ L ,
. . . ¢ 3 ‘
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FUNCTION .

Area control erfor
Automatic switching
Billing
Control

Cost calsulations

~—Economic dispatch
Economy interchange

Energy pricang -

Fuel contract administration

fFas distribution forecast
Hydro-thermal coordination
Interchange scheduling

Line tripping
Load forecasting

Load frequency control

Load schedding
Logging

Maintenance scheduling

Monitoring

0.C.B. logging
Off-1ine load flow
On-line load flow

Penalty factors or transmission
. loss calculation .

Postdisturbance review

Production costs

Relay setting check

-

(short-circuit program)

Reserve monitoring
Security and alarm
Spinning reserve
System analysis
System status
Tie-line flow

-

Tie-1line frequency control

Unit commitment
Unit scheduling

.Voltage- control

—

Water resources management

- Present.(197‘0)
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. PRESENT AND FUTURE COMPUTER FUNCTIONS

FIGURE 5

4

Functions extracted from results of.a survey (1970)
of 118 companies (Ref. 7) of the_present and
planned use of computers for mom.toring and
controlling pover systems .
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prediction of long-range demand;. There is sti}latoo much

> .
+ .

’
-

human intervention. The questlon, "Can computers do it under

¢

criticai‘sitﬁation"ils the common criterlon among compagnies,
in~the/déciéion making when considering expansion of their u.
‘}exlstlng partially computer control operatlons. Howéver

the trend to maximum computerization is irreversible and one
-great challenge facing control ongineers.in.the 1970's is

the "proving in" of load forecasting aléoritﬂms so that

they can be confldently applied to.an optimum management

of a power utility via computer-control.

Load forecastlng algorithms w1ll now be dlscussed

« > f\ /

in greater detail.




work has been carried out on problems concerned with load-

CHAPTER 6

LOAD FORECASTING
6.1 General - .. - i ~ )
LT N /

In the previous section, we have demonstrated how computers

- from analog to direct4digita1 control, have ascended to

‘a podium of critical importand® as tools to effective

managémenp of a po&er utiiity. Concurrent w;th the develop-
ment\gf computer control systems, control engineers haQe /
been and are still giving much attentibn—fé applying and
improving control theories. The objective is to mé;imize .
realjtime computer-control of-their network, both at the,
generation and transmission-distribution levels. Cdnside;gple
flow analysis, economic generation scheduling and system-
security checking intpowerlsystems; An aspect of the |
overali pfbblem which has not received enough attention is:

P

that of forecasting electrical load demand.
\

6.2 Load Foretasts

>An egsential coﬁponenﬁ of a com?rehensive, real-time
controlAcentér for power systemé'is a methoa for the
calculation of load forecasts—éhort, méaium or long-teih<
forecasts. The method mukt ée accurate with optimurt
confidence level, have dperationai simplicity and based
on a model whicﬁ'reflects the real system. Power system
load forecasteis are congerhed with ideptifyi;g future
needs for both energy and peak powei. Ehe;gf forecasts
provide a basis for Estimating fufure reVenue, a most

e, -
important factor in corporate financial planning. Forecasts of

< PR
5 A

~
’
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anticipated peak power demand basically determine company

investment in additional generating and transmission

9

facilities in order to assure an adequate supply of electrical

-

energy.

6.2.1 Long Term Forecasts

)
-

Specifically, five to seveé\zear forecests of'seasohal
peak’demand are required for planning future s&stem capacity,
i.e. to assess: =, ’ - 4//

(i) increase in generating capacity required year

by year to meet the growtﬁ'in demand anq theL

. fbest_geographical location for new plant;

{ii) provision of main transmission links between \\
generating plant and suppl point;

(iii) mnecessity for eépablishi | new supply point;
:r~ Jkivi extension and reinfofceme‘ffof the distribotion

syqfem connecting the supply poinfs to consumers.

6.2.2 Medium-tefm Forecasts

-

The one to'threeZYea; forecasts of weekly and seasonal

peak demands are required'to: .

o (1) prepare malntenance schedules, ) a .
(ii) develop power pooling agreements, ‘ ' _ 1

-(iii) select peaklng capacity;

e

(iv) provide data requlred by ‘certain rellabilzty

.coordlnatlng centers.

__~842.3 Short-term Forecasts .
Shorter-term peak demand forecasts are necessary'for:

/

o e A o e nsrn mmnnte e P L
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*. in forecastigg with ﬁho dqnger'of duplication, ' redundant

C

-32-
€, (1 ri-line solution of. scheduling pro lems, égch os°
unit .commitment and economic dispach; |

(ii) securify analyszs, such as on-lihp load flow -

¢ , solutionms. - o 2
e

' Last but not least, it must be stated that there are

‘potential economies to be gained from a well organiied

foreoasfing methodology. Demand forecasts are up-dated
quarterly or annually by electric utility companies and
this could result in' several man-months of efforts. The

inadequacy of the foreeast)for a partlcular application

may cause several departments ¥ a company to become involved

data files,-and conséqueht’loss of efficiency in meeting the
total forecastlng needs of the company. Furthermore forecasts,
can lead to sav1ngs or to unnécessary expenditures in the
caplta} inygstment programs, dependlng on the accuracy of the

technique used. - : o .

Flexlbllity in the methodology permlts\geveral &epartments,
’
‘e.g. long term ,planning and operation, to.use the same baslc
R’
algorrthms with variations ea51ly lmplemented'through different

sub-routine packages. The final procedure must reflect, as

‘stated aboye, the needs of the user(s). The-financial dgpartments

2 . < o
require revenue forecasts to guide short-an long-term capital

° ' x) ’
expenditure requirements. The operation .group, .i.e. schedules,
security, and network supervision, insist on short term peak

- : ! .

demands as gmides to formulation of schedules and s?ppprt

data in ne;xork supervision to insuie secugity of power. g
. , g . 1




Having. identified the growth pattern of this primary )
,industry, established the p rspectjiire vof computer evolution
~and utilization, a\nd having defined the .reasons for load

forecast requirements, we can now appreciate that a sound

» . forecasting methodology is a critical requirement in the ° J

N

effectlve operation of the utJ.lJ.ty. The evolut:.on of d1g1ta1
computers, developments in confLol and probabllity theorles,
adirancement in application of 'electronlc technology and 1n

\ high~speed, reliable telecommunication data acquisition

v
B

systems, are some of the catalists responsible for the

v e

- N :

greater awareness amdng system engineers to develop reliable ~
; < ' .

load forecast techniques.

» . . - . -

The following sections will review the methodology, t’)[pés,

S e . : v . ; . : .
contingencies and applications of load forecasting:algorithms.

’ . . - - 7

| ' 6.3 Load Behavior and Patterns- S} . ' N

A priori, the behavior of the load would appear to be
| ] a comp’l phenomenon with no apparent patternI The load’
| A being the useful or real part of that’ which is “generated and
dlstrlbuted, its behav:.or reflects the vmims of the
" consumers, Consumers are by far non—homogeneous w:.th h
K’ : resp_ect to the needs. Commercial, residential and. rural
users have dlfferent requirements and also exhiblt vary:.ng

cycles of consumption. - ( :

b

° .

- However,. contrary to the uninitiated ah'd to the .
| , ' ' good f\)rtune of plannlng engineers, load patterns are not

- completely random. That is, load behavior is highly
R ’
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correlated with historical patterns, with kngwn ‘events

and with other ?easurable processes.such a temperature, °

.wind, etc. There is also an uncertainty associated with

this behavior resulting from unknown events,’and the
incompleteness of mathematically representing these
processes. ItK&s these uncertainties that motivate

? . . . . o - .
different system or control engineers in developing either
» - e . l&. . . 9 « . '
deterministic or- probabilistic models»?or load forecasting
. ——— . K’
algorithms.

-

—~ M .
_An accurate definition of a desired load behavior could

-

v

be obtained by continuously monitoring-a bus, a node or some
. P . ] o1

other'conyenient'10cation'in a power grid and by relaying
* . c. ¥ N . ’
the measured information to a control<centre for visual
\ ey .
presentatlon' Thls/method requlres an exten51ve

*

4

data-acqulsltlon (DAC) system, and 1t does not provide the

.

manager or operator w1th a fOrecast of what to expect

“~ -

%
tomorrow, next week, or nhext year. ‘DAC systems are employed
i “
to monitor the pulse of a network in order to maintain
K o L k)

reliable and efficient service. “Becausé of needs, such as
N £ . K ‘ ‘ ’ L
information required for load flow analysié, tontingency studies

Y °

and economlq dlspatch,uthe ‘data acqulred grom DAC system

can also be usefﬁk to plannlng englneprs 1n 1oad forecastlng.
As described in a subsequent section' this data base becomes
often the key to successéﬁh 3evelop1ng a valld model for

forecasting purposes. . ‘

® .M . .
Before reviewing some,trengs_and evolutions. in the -

’ ~ . -
o . - . [}

N
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development of realizable forecasting procedures,‘a Thysical‘

explanatlon of load behavioﬂ is in orxder.

With the exclusion of the loads that are due to known

" events, e.g. Christmas season, sport events, there are . /

basically two ‘interrelated processes which cause the load

to have its special characteristics: (Ref.14)
: ‘ ;

1. the process that describes thqdaggregate'customer
requirements; = ‘
2. the weather process{which influences the level of

. these requirements.
. Y >

6.3.1 Aggregate Customer Requirements

The characterlstlcs of the\aggregate customer \\\~.._
requlrements are directly reflected 1n.the load and are '
the main reason for being able to identify existing patterns.’
The-French Power Administration, aﬁong others, have‘observed
1nterest1ng correlatlonS‘between yearly power consumptlon i
’and generation within defined serving area and they are
us;ng‘the pattern in some study of load forecasting. (Ref.15,16)
Broadly speaklng an annual electricity demand can be |
considered as a tlme series, whose’ p01nts represent daily

'
demands, with peaks and valleys corresponding tolseasonal

3demands. Erratic fluctuations are superimposed on this base

&

line and represent varlatlons of daily and weekly demands and

P4

' weather constralnts.




'frequency and high- frequency componentg.

. » s
ﬁgfects is gufficiently representative.

-36-
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.

- The load pattern can be con51der as composed of low
i:r The low frequency
components reflect the aggregate customer requirements in
terms of weekly, seasonal and'growth components. The highx
frequency components represent -the random and more

%
probabilistic events affecting load behavior and they reflect

weather processes and unpredlctable events.

» ‘
The long term pattern is basically an annual pattern

superimposed on a rising trend line whose slope reflects

the rate of power demand an% generation ‘increase.

. Let us explore in more details these patterns and
observe ‘some' plausible causes. It should be noted that in a
our content as well as in most of the literature covered,
a’load pattern reflects a weighted or average behavior of !
all‘types of customer demands. That is, one recogni 8
that commercial, residentialfand rural requirements :deuce
different patterns. However, when coneidering load behavior-
with the objective of developing forecasting procedures to
assist in load generation,,scheduliné and other managerial

-~

functions, it _is accepted that a weighted pattern of all

e

I .
First, there is a daily pattern. This behavior reflects

the difference in activity leveliduring a given day of the

~ ‘ .
week. These requirements start to increase in the morning

to reach a morning peak. After decreasing in the afternoon,

they reach a peak agaln durlng the Q1nner hour’ after;wh;ch they

—a

gradually decreaQo to reach a low value durlng the nlght.

, . . v

. . © - - ‘ ,.
- . “ N - . - 3 !
s < . e .. . . N . . .
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- A mdst interestiné characteristic is that this pattern is

nearly beriodic’over»a 24 hour period. Figure 6 depicts a !

typical daily load éurve (Ref. 17).

' Some- authors(E.g. Ref. 18,19,20) boné%def short term.
paéterns and foreéasté by expanding'aaily variations inté
hdﬁ} or minute behaviors; These variationé caﬁ'be erratié
since tit causes are often attributed to tfansientvphenomena

originatfing in the syitem or by customers. Examples tcould

- be temporary line faults and machine start-up,,respe&tively.

Second, there is the weekly pattern. This reflects a
changing business activity level throughout the week. On

weekends the requirements are, on the average, lower than

‘on week days. Withiﬁ the week there is a gradual change

!

with requirements starting to rise on Monda§ and to lower
again‘on Friday; The daily pattérns, however, remain the
same.” An exception‘to the two-part weekly cycle is pbgerved
when a holiday occurs. The level of this pattern depends
on the nature of the holiéay. Figufew7‘depicts.a'typicai"

weekly load curve (Ref. 21).

Third, there is a seasonal pattern. As descrived
previously'an annuallload pattern is characterized by valleys
and peaks reflecting summer and winter requirements,

respectively. The transitions correspond to Spring and Fall.

Winter bghayior represents heating requirements while Summer -

1oads basically represénﬁ air conditioned usage. . Superimposed
on this érend,line are £he high fréquency'componentsfwhich

bortiay daily and weekly changes together with erratic
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. weather behaviors./ Figure 8 is a typical load curve "

3

. /
_ for one year. (Ref.17)
. ‘ B

S - . T :
¥ « Fourth, there is a growth pattern. This pattern

becomes useful for long ‘term planning stu@iés. e

owth factor should be-included in an algorithm that
forecasts with a lead time of se%?ral years. The
results from a basic aggreggte requirement,

an increasing demand for e ectricity, and it

upward and exponential.

“
1

(Re£.19)

©

- 6.3.2 Weather Process
/

~ v 3

“Ehe second‘process'whigh infiuences the levels of the
above mentioned load curves is‘the,wéather'process. The
wgather process is one'thegvariableshﬁhichlaffects the load
démand,curve in.an irregular manne? (Ref.22) That is, thg
resulting variations can be explained after the fact in terms
of causes and may be of either short or long duration. 'Waim
or cool spells wi%l résult‘ip inc&eased pdwer demand. §peci§l

=)

teIevision'events result in a short term above average’

>

-t
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' One reason is that industrial 1oads}have been growing some-

demand. Over the past four decades we have withessed

a growing sensitivity of peak demands to weather with a. ;

corresponding'growing immunity to economic conditions.

.what less rapidly than other sectors of_demand, and

'consequently this cyclically sensitive demand 1is becoming

.2 smallex portion of the_total. Mpch of the more recent - -

growth in the demand for electric energy has come from
heating and cooling applications, and this is reflected in

substantially increased sensitivity of the system to

[

¢ - A\’

temperature.. .

The most important meteorological factors_found to

affect the demand may be summarié%d as follows: (Ref.1l4;17)

L

(1) temperature - ‘ po
.(i1) cloudiness . | o : }' S
(iii) wind velocity |
(i) visibility . .

v) preélpitation |

~.
]

The characteristics of each of these processes are

- !

reflected.in the‘load reqnirements although some mare than

.others. The yearly variation in the temperature causes the

'requirements to follow a seasonal pattern. In general, high -

“requirements correspond to low temperatures in the winter

.and lower requirements to higher temperatures in,spring and

L

" -summer. The influence of the daily variation in temperature

as ‘well as the inflnence of other weather variables

L4

»
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are reflected in the daily load .curve by changee in the level

of the average daily load and in the relative shape of the

curve? This daily influence of the weather causes variations

in the load which can be viewed as variations around an

'average pattern corresbonding to a normal seasonal temper-

ature. For example, a Monday in the winter will normally
have high loads, but if the‘temgerature‘for a particular
Monday is much lower than the normal for the seaqon, the

loads will also be higher.

6. 4 Methodologles of Load Forecasting .

rd

Methodology refers to the act, or art, of defining
load forecastlng procedures. A predlction algorithm, i.e.
the tool to obtain a forecast, is first based on modellng
or estimating the system in mathematical terms ;s accurately
as possible so that its behavior can be followed from the
mode;. The accuracy of any forecast will very defxnitely

depend on the accuracy of the load models used. Recalling

‘that load forecasts can be grouped into threiJsections,

namely, long—term,'medium¥term, and short-te forecasts,
it is reasonable to expect-a priori that for a-desired
accuracy, each forecasting period ™ or lead time, would

require a different modelinglforecasting procedure.

The modeling of a load'forecast should therefore be

done by considering the following items: (Ref. ’19)

\




(i) Forecasting period ' = -
(ii) Object 6f‘f6recasting
. ' o | (iii) Avaiiabie infofmation
(iv) Requiréd accuracy - .
(v)'forecast Stability
: The,"?oreéaéting period"'réferé to the lead time of
the forecast. Do wé“wanf a‘éen minute‘or hourly forecast
for a 24 hour leaé time, orrdaily.peak load forecasts for

T a ‘'lead time of one week, or monthly forecast$ for a lead

time of.one year, etc.

This requirement is'a function of the "object' of the

forecast". Long-term construction and capital reqqireménts

call for yearly forecasts with lead times ranging from 3 to
15 years. Qpera;iqnaf,requi;emgnts t6 maintain';ystem.
security and to perform load flow analysis and contingeﬁgy
“studies\wilL call for ver&-short (10 minute or ﬁourly)

to medium-term forecasts with lead. times varying according -

~

-, to the immediate ﬂeedn

-

The'"availéble information" determinés the.comélekity,

"of the modeling procedure. What qugnfity »t load
méasurémenté is available, over wbat period, can the data
éupply be maintained, is it available off-line or on—iiné,
how much weather iﬁfo;mation is availaﬁle, ALl these
qﬁestions‘affect in some sense the type of model chosen

.or developed. Moreover the availability and ihe quality

. _,of the information are very much requnsip}e‘fog the

accuracy of the forecast.'

\
e L}




r

* - N N - ) -45_ . \\ , '

' ) ~\§rrespectiye of the oomplexity of the modeling ’
forecast, the‘"accuraCY" of the results is muoh deoendent
on the accuracy of the available information. Measurement
. . errors.are a common source of forecast errors especially for
on-line applicatiohs. Accuracy can be improved by eimulatipg
as many system varlables in the model as p0351b1e. Different
modellng schemes exhlblt partlcular errors which serve as useful

1nd1cators, together w1th mean and variance, to evaluate the

- - accuracy of a technique.

.The distribution of the forecast error at one particular
point in time is important. . It is of equal importance to
v consider the path of this error with time because this has an

important bearing upon the financial'and physical risks
‘ .

'

associated with forecast error. Of concern is, the convergence
- .
or divergence of the error with time. Knowle&ge of the .expected

path of the error within certain limits becomes ‘more importaﬂt )

- -~
. I

as the'plannind period ingreases. Ba51ca11y, the objective .

o is to malntaln the forecast error essentially the same for all

"y

/’/—ﬁ\’tlmes durlng the lead period of the forecast
Thé user most weigh ‘the "object" of the Torecast before
requestlng a specxflc accuracy: More often than not a 95%
ﬁconfldenceDIevel is con81dered satlsfactory as a performance
criterlon and anythlng to- lmprove it,. or to re the mean
square error, can be an expen51ve exercisge ih ower computer/
space and computation time. The trend toward automat1 load
~ ' scheduling, automatic:}eneratlon control and the growing emphaeis

on security, "will no doubt result in higher accuracy requirements

v
e
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properly balanced with the costs §hcurred:

.If a forecast islto be useful for planﬂing purpos
it must be rq}atively'"stable".: This is inferpreteﬁ a
indicaéing that, if a spec1f1c forecast for a given yea
is to be' changeZ
reduc1ng the rlsk that™the dlrectlon of change be reve sed

in the followxng year. For short term utlllzatlon as n

' consé/prable effort should be devotet

a
indlcator to a network éugerVLSor or as input to an \ ¢
automatic g?Leration control scheme, stabillty is doubl&

\
important to ensuyre efficient and economic performance qf
a“§ N -

¢ . “ i

éhe network. N ’ \ Lo .
. - ) . \ )
One of the areas of disctssion is the.question of
whether or not weather information should be iﬁqluded'inv\
the modéignq structure. Some authors; such as Matthewnan\
'and Farmer, maintain‘that weather data is ﬁgt évailable
with any degree of éccu;acy and %herefore would not yield
signifiééhﬁ iﬁérovement(in the forecasting algorithm. Or : ,
it ié'reasonéd_that, foFﬂvegy sh9r£ forecastiqg ihterv?ls, he "
weather fluctbates very little about some:aver;ge value and
can.therefore be vigéed-ag a constant parameter in an.
algorithm, . '_' ' ' . -
~ Authors, such as Dayieé, Lijeséﬁ and'Saaé}s, reason tHat .
Qeather considerations are essential to #nsure a high degree
of aqcu:acy'and’confidence in the forecasts. ' They maintair
that there exists a véry high ‘correlation (Reﬁ;23) bétween‘l /

load and weather data, and consequently ﬁeglecting.weather'.

processes canpot yield confident values.

!
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There is 1ndeed a growing sen51t1v1ty of peak load

demand to weather variations.-(Ref 11) As stated lbove
the weather process is partly responsible for that irregular
behavior. This process ig more:oftensthan not reflected in

the high fregueﬁcy or residual component of load patterd.

"Over a loné term,‘weather fluctuations are random and . )

“hence ﬁnpredictable. The duration of these fluctuatlone is

short. Hence it is reasonable to consx%ii;;;Z effects of

weather on load in forecast@ng from differ! causai phenomépa:
(.) r (;\ ] N
\ T— . -

(i) Short term forecasts - Weather processes, sPecificallly

r . -
- -~

— - -
' temperature and illumination, can be predicted and
considered“in the'algorithm.‘»

-(1ii) Medium, Long term forecasts - Fluctuations become

[{]

more random and unpredictéble. It becomes relatively "
.- ‘9 . easy, from past data, to define expected or normal

b+ .t . °  weather conditions and tp formulate correction
LA g . , ) . . . 'K"\
factors, based on this weather conditions, to .
* adjust the forecasting algorithm accordingly.
\ . o - . \ ! .

Irrespective,of whether or not one makes use of weathex-

’load correlation factors in forecasting, it would seem‘desirabie e

a

"i to 1nclude weather sensitive varlables 1n developing ‘a
0 'forecastlng model from paq@ hlstory. Under thlS constralnt
both peak load and weather information are available. and_fan

generally be correlated over’ the period being studied in
formulatlng the load mo&el. To incorporate thls weather

}

analysis could reduce the ‘error in estlmatlng past trends - @

in the load pattern andnhence improve pxedlctlons under’

- ~

, . H
’ - -~




' condltlons of irregul‘ar or avegrage weather. : ' —

-
. 1

. In the development of mathematical model, the total
y o . 'load can. be separated. into  two basic parts: '} ‘/

- d [3 ’ . . ] ' . N . E .
_ . 1. ¢ the nominal load ‘ o
.’rn H .t. ‘ h o rf"ﬂ 1 ‘ . P . . .

S S T the residual load _ : .

\i\* ® & The nom:.nal load,, also refe'rred to ‘as base load,. is e
) v ke ¥ '
A N defoned as ‘the load due to ‘the aggregdte custon\er requirements
) v,

\ c and is influenced by ‘the ulonger term, or—low fréquency

e variatlons such as {he . yearly secular trend and the. per:n.od:.c
. » 9, r‘}

- patterns wh:.ch repeat themseIVes subg&t to slow changes.

. - A %xample of the latter is the seasonal variatlons withi,n A
S a year. ‘ ' * ’ : ':

“ ey C ‘ The resz,dual load corresponds to the dlfference between
F 7 «‘ ’ A -« { [N ..

" S ‘ actual and nomlnal loads an}i/fﬁ\a l ge part includes the

}/' &, irregula'% and randoﬁl varlatlons of the weather, and other
N A .

oy . - unpredlctable events, around the- nom1na1 .ag the conditions
N - . . 9‘ (;«: R . R * (‘, ' "-D;.
: -~ are changlng. ¢ . ‘ '

o . ’ ’ ’ v >

R

g : ‘ \f . The methodolqu for load forecastlng does not unlquely
| - ‘ >ident1fy a fore‘castlng procedure. \The '}atter depends on ~n |"
s'»\' A - . ) the-type of 'ma»thematical Todels used, the manner in which the’
| ' «hlstorlcal data is analyzed and the type, of 1nformat10n
| \““ ' . a%alla\;é at the time that . the .farecast is prepared Itl‘i:stl
?&' ._ ) ‘ apparent from the defj ition of the' nomlnal 1oad that it .
o : /can be }wdeled and (i'n;;ded in- the forecast:.ng procedure in

€ e Y. ‘ ' ¢ %
L « 'a number- of dlfferent ways th.le there is o flex1b1°11ty
o7 . N . )

in ‘(he man?er ‘of forecast:mg the residual ,load Therefore,

—~

v »
NI the choice o§ the best fore,,castlng procedure m‘st be bgeed  *
o' ¢ ) . X T . i ' - \ - \ - | ‘ - “ i ,' )
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on some criterion of performance. i

s , . } '
. . -

6.5 Forecasting Procedures

The.forecasting problem is that of obtaining an approxrmation

to the, future time history of.the load behavior from given

»
.

¢ observations,” As described-above these observations are

pl

generally composed of peak load measurements and some weathér

- L - information. . The observations can be viewed as noisy
Je /""\\ . ¥ A
- . measurements in the sence that they consist of nominal and
“"Q ‘ residual components, the latter contalnlng random, unictable

components. We can therefore state that power load patterns
represent stochastic proce?fes in the true sense, that is,

‘the load behavior is a process whi¢h developes in time in a
&
manner controlled by R\obablllstlc laws. (%?f24 )

Swme uthors propose procedures that account, to various

i
'

degreges, for the probabilistic nature of loads. Others
prefer to adopt a more simplistic view and develop models %y

. in a deterministic'sense.myThé need, availability of data
’ . ;:and”conputing facilitiee ¢an serre as strong argumente for
‘ " chosing any one methodology and it would be difficult to
:&' JE arbltrarlly accept one and reject the others. This?should'
. ) ‘ P ! .

- - becone evident at the end of this section‘when\eeveralvﬁ

’ ' . (Efocedureshave be?n introduced and sunmarized.

One of e underlying arguments.for the sustai
interest in. d veloplnganew, more efficient forecasting algorithms -

- ‘ -is. the current obgectlve, among péher control ergineers, to

implement on-line automatic generation and schedullng control
v ' s

: dystems. Now, thé control problem is that of determining
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inputs to a procesé in%order to achieve desited goa;s‘in T
spite of tandom distprbaﬁbesﬂwhich could be present. "It is
interesting to .observe how closely reiated are the two '
processes, that is, the forecastino, or estimation, and

" the cu}rent control systems. The forecasting is usually a
necessary step ;h implementing a oontrol input; it is’
necessary tolinter a process's behavior before effeotiver

) Y
control can be applied.

\ A review of some of the literature on load forecasting
.procedurea and applications - identifies certain intefestihg

observations: - ) ,
1} . . \

1. It is an accepted fact that a load pattern should be -
deqompoeed into its two basic components, 1)«nomina1 ¢
load, ‘and 2) residual load. ’These include the

| yearly trend line, the seasonal variations, and othei
ﬁariations such as daily cycles within a week and.
othe; variations resulting from weather processes

" and. économic condltlons. These components are

o ‘presented in Figures 6 to 9. _ ., \

2; The weather process is a variable ‘that is at the root
,.of many wrltten words and the parameter on whlch ‘

unanlmlty concerning its real effect on load is far

from being achleved among .the 1nterested Qarties.

Pl
¥

:.  The question is not whether or not it influences

the load pattern. It’definitely has an effect. Foé,

humldlty, 1um1n031ty, rain or snow stormg are known
Y .




-51-
L} : ' e, _ ,
' to resglé in abﬁormai'power demande. "The differences
‘in opinion lie in .the relative worth, in terms of
foreoast error, ok including the weather as a variable
in the algorithm. "  Views raage from total exclusion,
inclusion only in modeling the load pr0ceSs‘from
historical data, to inolusion as a parameter in both the
‘ modeling and the forecastiné-procedures.' ‘
. Views also differ on the weather as a dependent
:variabie for different,t&peé of modeling structures,
that is, long~, medium-, or short éérm forecasts.
The common objection is: How can we predict the
weather accurateiy. The favorite argument in defence
of its considerafion is: The high correlatlon, 0.9

o or: better, (Ref 23 between load and weather dlctates

that this parameter must be 1ncluaed in the procedure. ;2

v

3. There is unanimity that the load behavior is .a time

series characterized by certain regularities and

irregu;arities. . Thete are, however, different
"approaches to modeling and'predicting'load deman

There:range from fhe app%ication.of.complex stocﬁastic

methdds to basic least squares technigues. 1In

mathematlcal .terms, all procegures can be cla551£ied into

essentlally two group, '

(i) .Probabilistic models
S (i) Deterministic models J
.with or withopt weather process considera;ions.

4. Surveys indicate that power utilities are more
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iﬁhlined to mechanize.their load forecasting ‘
prog%dures in order to benefit from computatlonall
advantages offered by computers and to field
trial,on-line automatic genération control systems.
There has developed inf the"past 5 years a growing
"awareness for the need to‘study and to'implement
riore efficient and computerized forecastingmprocedures.
""The table in Figure 5 indlcates that load forecasting,
4 \ arua computer functlon, ranks sixth in terms of
| expected growth among ‘computer users in the power )

V3

industry.

o~
The purpose of thls sectlon is then to review some of the .
. procedures developed and tested. The objective of the present~

ation is threefold: ’ . ‘ »

1. To synthesize seleral approaches to lohd forecasting

¢ .under one cover as a- t.le._:g_nndersJ;anding_the. P

different techniques for various applications. 1

!

o !

Reférences provide greater details.

1

2, To facilitat a co paﬁgtive analysis of the advantages

and disadvantages between -procedures when investigatin§
- » s 4 q‘

which technique to adopt gigsn a set of criteria, such
',aé available data, periodsof forecast, expected error,

computational facilities’, etc.
L]
3.  To assist in determining future areas of research and

development in the art of load modeling and forecasting.

I

-
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i

v

Since the Wweather process appeérs to provide a decision
point in the methodoloéy of forecasting, £he techniques to be
described @ill therefore be segregateé into weather. sensitive

" and non-weather sensitive models. Eéch‘téchniqﬁe is reviewed
according to-autﬁor, procedure, perfofhancg and application,

to 'the extent that documentation is available. \ f ‘ l

6.5.1 Weather Sensipive Forecasting Procedures

6.5.1.1. Lijesen and‘Rosing (Ref. 14) developed relétionsh@pi~
'expkﬁniﬁé the load behévior and derived a'procEdure to‘férgcaét
*hourly loads with(a lead time of ;3 hours based onrﬁhe most
recent measﬁrements of fhe‘load as well as on a sbort-term
_ - weather forecast.

‘R

'\ The load is decomposed into a ngminal term reflecting the
-aggregate customer requirements for nomMinal weather conditions,

and a residual term reflecting‘the'deVia ions due to daily
jweathér fluctuations. ~fhe nominal load ik adaptively
forecasted based on iéentifyfhg/a growth teém (i.e. a trend
iine), and a seasonal and wegkly'patterq.' The residual
load is forecasted based on the d;ily weéther forecast and
"the tise of characteristic functiogg. ‘The two components

being separately forecasted, the sum provides the forecast

1 ¢
*

. of the total load. "
The model of  the load is expfessed as .follows:

x(k,h) = £(k,h) + g(k,h); k = 1,2--,365 and

h =1,2,--,24 where x(k,h) is the load on day
k and hour h; £(k,h) is the nominal load; and g(k,h) is

a
\\ ¢ v
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the residuallibad; .

The nominal component is further decdmposea:'

£(k;h) = £ (1,h) + £4a,h) ; I = 1,2...52

and d = 1,2...7 '
where f£1(1,h) is the seasonal componet for week 1, and o

fzda,h) is the weekly component for day d.

&

‘The total load forecast, x (k,h), is therefore based on¢

‘forecasting each component, fi, fé and g, and then summing

the terms. The éomponents f, and f, are calculated ‘using

curve fitting, javeraging, extrapolation and/or exponential

O
smoothing methods.” The component "g", the residual load, is

N ‘ - .
the weather sensitive load. Lijesen et al consider "g" as

“a stochastic process and adopt Farmer's (Ref.2q) method of

v

‘spectral decomposition for the mode}ing and prédictiop,
with differences being in the use of the characteristic
functions. This stoéhastic,g;oéess is decomposed into a linear
O‘combinafidﬁﬁof known fﬁnctions with coefficients that are ,

random variables. The optimal approximation, in the.mean .

square sensé,*is obtained by expanding "g" ‘in terms of

characteristic modes, or eigen functions.

\ The authors advocate simulation of different forecasting
# !
\\Rfocedures and to'choose the one that provides the minimum

mean square ‘forecast error. In essence this means estimates

based on recenégdata vs. estimates based on a large ount

of historical data.

‘s



It 1s interesting to note that both nominal and residual
load contain weather 1nformatlon. The nominal load captures
the long term dynamics, while the residual load describes the
shorter term dyﬁamics. ‘As stated by Christiaanée (Ref.14)

a useful feature of the method is thét it provides a reasonable
means for allocating the effects of daily weather variables,

such as the average temperature over 24 hours, on -_hourly \\\\\\

loads.

o

N

The methods of forecasting the‘components have been
‘tested on the system load of the Bonneville Power'Adﬂ}nistration.
Various methods were programmed and the results in terms of
root-mean-squafe error indicate minimum and ma;imum i.m.g.
errors of 1.6 and 2.8% with an aéerage r.m.s error/day of 2fl%
The average forecast error of thé procedure is’essentially
_constant féf all hours during the lead-time. This ig'a highly

desirable feature of a forecasting algorithm.

C - .
This procedure appears to be well suited for on-line

.

‘computer .control applications where short-term hourly forecasts

are required. .Various methods of forecasting f;,, £, and g can be
run simultaneously for estimates based on recent data vs i '
historicalldata and some optimum solution chosep'based on

-’

a minimum error criterion.

6.5.1.2. Toyoda et al (Ref.lg) applied the theory of state

space ahalysis to-develop short-term forecasting algorithms
" to be used épecifically for on-line real-time control of

v

power systems.




) estimation type modelings of load forecasting.

.H_'
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The use of state equations and application of state

estimation for tracking *the state of a power system has been

- I ‘
discussed by severa1>authors (Ref. 25). Toyoda et al suggest

the use of the state/concept: and introduce several state
For very short
forecasts, 10 minutes to 1 hour, the authors do not cons1der ’

varlatlons due §o weather processes. Fluctuatlons in load

e’

‘are accounted for by a noise component in the state equations

3

or by another state variable to represent incremental- changes.

-

In hourly or daily forecasting, -the effects of temperature

and humidity are included in the state and measurement equations.

O

The structure of the estimation algorithm is as follows: _

3 el N

Xna1| {2 % [ *n + 0 0 1T "n co

= ok . ) ‘
Am-l 0 n An) Bn Yn Hn ?121 ) .o
. r . / . ‘

and Y+l .‘T[Sni-l l]‘ Ko+l *)‘\n'-l—l'
B Ah-rl : ;

~

wher:e.xn is a pseudodaily lo'ad,An is the load \fluctuation

and hum:LdJ. ty

because of weather conditions-temperature T,
n Sn‘ +1 is the coeff:}.cxent of daily standard load pattern,

' 2
Ak ﬂn' and \/n-are weight factors and?n, ?n’

v I4 ’ » i .
system' and measurement noises, respectively.

-

a.dF\n
The optimal .

forecasting values (*) of states using the new observed value

" are, sequentialdly given by:

* * 1

xn+l =,xn + Kn+19

(Y 1+ (5, ungA +/$nrn+ Y B ))

r

)

by



’

v . . J
a

»

* : ‘ :
A -A 1 Kn+1 (¥ gt (S, x +a(5€l + /3};1Tn+ Y E )

where Sn-t"l‘ S + S(Y /x - S ), T 24 hours

o <8<

Q Corfecting gains K1 and K2 are determined for}{the system '

covarlance matr:.ces, and 54 ﬁ and Yn according to

Ref 18 Part (11). \

—
-,

The forecasting load is then given as:
-~ ~ *‘ Y. N )

n+T n+T xn-!-l + AmT .

., where A,k-i-l :o(kAk + 'Ak"rk-!- Xjknk |
n + l'r —==, N +.T—l -

N

n+l ;

~
{}

D

"and values. of T, and H. can be obtained from a weather

M
~ ‘L . - '

forecast. ’ . A Y

[y ., M s

The state estimfation approach to forecasting ipv'olvqs
the dual process of identificatipn and forecasting. The
identification process requirej‘s the"definitibn .of the system

noise and error covariance matrices, i.e., the Q,R, and P

. matrices, and 2) the evaluation of the optimal estimates.

‘l

The authors propose identification algorithms based on a

£

serie of observed measurements. A dynamic or adaptive

algorithm is shown to give good accuracy to tﬁe'forecastirig

I3 f
model. The forecasting process involves the computation

of the foi‘ecasting lqaid- 3Yn- . i ’ .l 07\
~ " ’ . . Y ﬁ - .

“ g . . . ._ e

i -
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This technique incorporates, or at least is sufficiently "’
flexible to reflect all‘the’critlcal components affecting load.
The parameters oL,/3 Y and Scan be adjuséd to reflect seasonal,
-weekly and dally'Varlatlons, as well as fluctuations due to
| ' weather‘prccesses.' Tﬁ; accuracy, i:e. the least mean square
error, is improved fof'noth state and dynamic changes in the. Lo
Q and R matrices by incorporating an'adaptire feature to the .
1dentif1cation algorithms. If computer hardwire, budget and
company objectives permlt, the forecast values can be used
for on-line real-time control of operations. For better
efficiency the identification- and optimal estimates can be

. ‘computed, stored and updated’in a large central computer; while |
"the forecasting can be performed more economically on‘a'sma}lerh

possibly\gecentraliied computer.a

2

6.5.1.3. Galiana (Ref. 26) -explorxred concepts similar to Toyoda

’- ,
et al but possibly stressed to a greater extend the use of
N . i
agaptive identification techniques to estimate the parameters.

Furthermore Galiana demonstrates the validity of the state
N - . egtimation procedures with real data experimentation. Galiana's

paper in essence relnforces the approach that authors, such as
Qo
Debs, Larson, Schweppe and Wlldes, a d then Toyoda, have been

recommendlng and it coincides w1th the capabilities of third

, . )
generation computing sf%tems being used in the power industry.

4
r
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6.5.1X.4. Stanton - (Ref27) developed statistical procedures -

4

with ledd times up to seven years. The validity of the model

" is tested with results from different companies:

. The technique involves.the development of weather-load
models as shown in Figure lO from historical pea}rc daily loads

and co:an:Ldent dry-bjtlb temperature readlngs. The slopes are

-

" calculated. elther manually from scatter diagrams or by the.
use of 1inear regression analysis. The weather load models}
are used to derive the hon-weather demand, or ngminal load.

o ;I‘he seasonal components which remain in the non-weather demand
) - . , ’ )
-are removed by methods recommended by Sh&skin (Ref.27, ref. 1)
oo Exponentia;.blweithted regressiox{ can be used to forecast

the non-weather demand and, assuming a Giussian distribution

the mean and variance are calculated

The weather—sens-utlve demand represented by the- weather—l
of
. load model is forecasted from the estimates, or growth . :
o N . »
patterns, developed for the’ weather-load model coefflcients

»

Kw and Ks. The modeln.ng further assumes that,the weather

- varlable correspondlng to the,,gveekly peak demand for a
' partlcular week has a Gauss:.an distribution. The mean' \

and variance are derived from historical data files.

) " The total, weekly peak demand is t\her'e/fore ‘the sum of

the forecasted nor;—weathe'r and weataer-.-induced demands..‘ The
expected value and variance are derived from the sum of the

A respective values. The required confidence level 6‘f the S

forecast is eas:.ly calculated from the cumulative probabillty

\\\ 177N, . .

= ' for the prepar'ation of weekly and seasonal peak demand forecasts -

v
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d:lstributibn'. A further refinement in the algorlthm which

could J.mprove the accuracy would be to assign probab:.lity

values to the model coefficients. : , 5

ki

THe above procedure ',c_anﬂ easily- be programmed- to derive

weekly and seasonal péak demand‘ forecasts. Seasonal peaksl/can
be derived from weekly peak demands by means of a ‘'procedure
de@ ibed in (Ref28 ) The model was tested us:n.ng data from

‘ four different companies and is shown' to track the actuai

~peak demands within the 99.5% confidence level

~

Some of the, limitations to be aware of in-using this . (\

approach are:

-

1. The iarc;cedure does /not account for daily variations, -

" nor does it compen/sate for holidays or sudden change _

[ , )
in -demand; i T :

2. The model assumes congstant temperature distributions

in the forecast; - . e

s 3. '.l'he forecasts of the model Qoefficients, Kw ‘and Ks, are

deternu.m.stn.c and hence are: assumed Lnde!endent of
%

.

weather fluctuat:.ons .

" 4, The . model'is l:um.ted to .temperature as a weather

’ . ¢ B .
] . .1,

variable. e .. o ‘

’° L -

However these limit‘ations can be softened by 1) assigning’

probablllty values to the KS, 2) by subdividing the weather~

models into more than one, e.q. temperature-load and hum:.d:l,ty-—

A>3

load models, and.3) by adjustlng the- factors i he expcnent'lally .

weighted regression used in ,ﬁcdeling and"forecasting of the
non-weather demand. The robabilistic approach of assigning

distributions to the resylts provides flexibility to the

9
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9 _ planning englneen, Also weekly afif*seasonal peaks can be T
. o N . . “ 4. G e

derlved from the same computer run., o cea

-:.

*'i;-a T 6 5. l‘? bavey and Saacks of the Loulsiena Power and Light Co. &

~

’ o
N Qﬂif, Zg)lare using weather-load correlaklon models, similar

»

: -to, the one proposed by Stanton, to meet théir need for accurate =«
n ‘. ‘ Q — r
; - _ ' foredagts'of generatlon purchases, flVe to ten Yeafs. The flow

* L & 3 - b “ 1

chart procedure is shan in Flgure 11 In essence the procedure

~

A

-

uses multlple regreéslon analysrsuto develop weather-load T
R . &éodels for each .area within the system)from h?storlcdl peak
s - \' dally 1oads temperature, wl&d’speed and humldlty The forecastinq
*%*’ ‘ * procedureﬁ}savfsed on extrapolatlon of the most,l ely peak load

. . - ‘ .0 o :
-and’ the standard dev:.atlon of. the load variation in tlme.

SN -

The modei\dlffers from other. weather-load modellng

procedures, eag Stanton s,,ln .that the authors do- not explliﬁtly

separate non—weather and weather sen51t1ve components. The

multlple regre551on analysls results in a modellng formula, for

«Z "

> each season,~wh1ch contalns 'constant component and other . e
G

s

R N - weather sen51t1ve terms The algorlthm for each Season, de

from 1ts QESpectlve hlstorlcal data, w111 clntaln dlfferent

o ?. N termS\ However the procedu;e ‘also: accounts forrlong term trends,

| | :\\~ seaéonal vardations and shorter term variatjons. It further ?

; T difters from’Stanton's in that each algorithm includes weather/yw
,ﬁ o (term'refleqting up to threespreéious days"fluctuations. The?

é. 3 y, : total system peak 10 ds obtained as the sum of the area peaks. A
d} A,s a. plannlng tool,; he procedure provrdes most llkely B .
| . ‘ ) peak loads and dev1ations as functlons oftime, probabllltles .
| . R K . o | ; ¢ ‘ .

\ . . K i -
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of peak loads for a specific season in the future, and .
'distributions of daily peakxloads for an entire season .or

. for any month in _the séason.

(

The forecasting procedure exhibits an error which -tends
¢

to indidate growth or a_parabolic trend.

-

The growing .
. variancé of the error could be improved by 1nc1uding -a random
'term 1n the algorithm, character;zed by some mean and

variance, and designed to compensateﬁpto some degree, the

- €

fluctuations’ that are not necessarilx—Weather dependant.

. U
. 6.5:1.6. falbiac et al of the French Power AdministratiOn

/ .
(Ref.15), have documented an. irnteresting forecasting algorithm .
to assist in medium to long term planning. The object of the
'procedure is to express, in a mathematical form, hourly demands

\
1n terms of an annual energy value and so called modulation

factors". - The forecasting ‘period can ‘be extended in time as

>

desired, as long'as the_extrapolation technique is suffigiently.

accurate, , _
The proce;;;e mod;h

. the load behav1or.

1

ali importarit factors affecting
These modulation factors account for
seasonal coeffiCients, 'k; for annual trendszﬁweekly weithting
factors to.account for weekdays and weekehds, p;’ daily coeffi-

cients W ; and temperature gradients, g, to account for other
-~ L’ h_ T

anomalities. : s 7 |

|




¢

where Phji «+ is expected load on. hour hg\during day j

for week J'i" in a given year.

)
[ |

g ‘W is the»expeoted annual gnergy,ih kwh 'ﬂﬁ is a daily weight

factor.

Each modulation . .factor is analysed from 20 years of

géstorical data and, using-regression analysis, a model is

t

' .- C developed for each one. Forecasts are obtained by extrapolatlon,

of each. factor and multiplicatlon accordlng to the above
algorithm : ' : . Co o o

o Ihis'methog is ljmited to five year. forecasts because it

"
wn

does not consider the reasons for. the relationships between

PR ~

thevfactOrs and time. This limitation is'e§idenced in all

methods rev1ewed in preparatlon for this Dlssertatlon and

@ [ . EE

no doubt acc unts for errors inherent‘in various procedures:

L

Calbiac et al ropose'to,Separate and to°apply the modulation

factor pr1n01ple -to" each consumer sector, e.g. bus;ness,‘
- o ’Nre31dent1a1. Daily. demand patterns and forecasts are separately
-, ' . ) calcﬁiated and the total system demand is, the sum of thea i

L

, D aggregates. _ . J ©
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/and/probablllty dlstr;butlons. .

ﬁeV1§w Dryar s attempt t00descr1be the effect which varlous .

.load, ngglns (Ref. 22) presents a technlque, based upo

‘prOJectlng the POurly pattern of demand..

] - . o
‘up to one week. . . : .

» -
[ . "66"‘ ‘ A . , ‘
' ] v N +
R

o« ¢

’

If avallable 1nformatlon permlts a detalled analysis of

each sector, there is then theoretlcally no limit to the
/

forecast 1ead time.

The authors do not comment on'the error performance of
the procedure. The propesed concept appears unique and it
accounts'fbr all practical factors affecting load. The
novelty is the modeling stfuctu;e: the authors have developed
a technique .which is.applicable to any forecastiﬂg period; up '

to five'years. It is however very complex in terms, of the

Onumber of different analysis required. As a plannlng tool,'

the.forecast should be stated in terms of expected values

6.5.;.7; Other authors have described techniques incorporating

weather information. Matthewman and Nicholson (Ref. 17)f ‘

LY

weather condltlons might haverrpon the load. Dav1es has

" been actlve defendlng the cor elatlon between weather and

[

an exten31on Qf seasoﬁq} adgustment, for ana1y91ng an

6.5.2 Non-Weather Sen51tive Forecastlng Procedures . L

Ay 4 v
- J

6. 5 2 l Cﬁrlstlaanse publlshed a very complete and

‘comprehen51ve paper on the appllcatlon of exponentlal

smoothing (Ref 23) to derlve anaadaptlve procedure with . the

o

capablllty of hburly calculatlon of forecasta w1th lead times

K

3




are dérived from exponential smoothing analysis and Fourier -

to the éradual seasopal changés in the weekly. load cycle since

) method should prove'useful for on—-line, real time fbrecastingf &

1. , o e
The general-model of the load is represented. as a

o ~

) i ‘ ) ’ [ .
linear combination ,of functions of time and a noise component, .

4 7
’

' X{t) = a.f(t) + e(t)
‘ : A
This method 1mp11es 1) an appropriate set of’ fitting functlons

f(t), and 2) a means for estimating the coefficients, a, from

observed values of load. “The coefficiénts and fitting functxons”

serie application.  The forecast model'automatically adapts

o

the ‘coefficients arée revised each hour based on immediate past
da‘.ta. , ’ ' B ‘ ' * . -‘ i - ' ‘Y

The modeling proceduree;?guires no weather information.

The authoxr reasons that sin eather does not tend to "lead“

Fd

® :
load in time, observed weather data may be redundant, therefore,

v

as they have already been reflected in the load data Hence o

. ﬂorecasts may not be 1mproved because no new information about

\“fuﬁrre load, has been.lntroduced.v 3 . . ,‘P“
' ' : r -‘ — . IJ A'

Weather information is considered useful by the author when

—\it’contrdls an adaptive“prOgram in order to account for abrupt
.'ohanges in the weather. The procedure is shown to provige

.satisfactorf;hourly forecasts for lead times up to one week.

The error is observed to follow a normal cumulative distribution

for the.perzéd\tested. Because of the ‘adaptive feature, the
: . N . , :

¥

i

Errors ,can be reduced by improving the adaptlve sub—routlne ] K

and byvadjustlng the smoothing coeff1c1ents of the fitting .

s

¢ . ’ , L, . ' N
J . o . . . v .
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6.5.2.2. Farmer anngotton have described and field evaln-

ated the use of. spectral decompdsition techniques (Ref.20)

for very short term forecasts. The technique is develaéed

.to satisfy‘the reqnirements of an automatdc load-scheduling
control system, i.e. a prediction scheme whicn‘protides‘, '
. detailed estimatesoof 1oadbup‘to two hours ahead. Weather
information is not included in’ the model, that is, weather-

load correlations are not developed. The mathematical
relatlonshlp however accounts for long term trends, weekly
'varlatlons and other erratic varlatlons.‘~1t differs from’
Lijesen et al's approach ln'that the latter specificallyf

assign a'residual component to aéconnt for weather variations;
'The appllcatlon of spectral decomposition also differs in

the use of the chaxacterlstlc ;unctlons and 1n the forecast ’
Lof certain coeff1c1ents. . “G o : ‘ “ ‘

On-line implementation of Farmer's method proved less

'efflcxent than off-line tests. Measurement n01se appears

as- the primary source of error. Weather data consideration
could reduce forecast errors aego?eétved by the relatively . . K

good success obtained by Lijes However note that his

tects‘were,performed off-lipe. ' The sensitivity of the

algorithm to eystem noise needs further fnvestigations, o

H
i

/.According to Matthewman and Nicholson (Ref.1l7) the
chief advantage of.the spectral expansion method is the

fact that no meteorological data are required for prediction,
and consequently the need for expensive instrumentation or use
4 - . t : r3 ‘
of inaccurate weather forecasts is saved.
4 ‘ . .

r & ”
-,
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For very short term forecasts, the economies may be

justified- - for longer term ones, consideration of some .
- A3

weather sensitive adaptive program -may be warranted.

6. 5 2.3. Gupta introduces a stochastic procedure, for

" preducing probaoilistic forecasts of monthly peak s§steng

demands for up to three years ahead. ,The procedure is

,I

based on concept3~of predlctlon theory of stationary

stochastic time series, whichJare developed to predlct ‘e

those types of nonstationary stochastic process,; such a

' linear transformation is derived. The procedu;ETklelds

i s
a technique for forecasting the evolving, nonstationary ™

and seasonal peak power demands. Gupta postulates.the .

-. following stochastic model for monthly peak‘denand series:

A

(Ref. 24) SR
X(B) = T(E) #78{t) + I(t)

where. '
T(t)-steadily growing component of peak demand, hav1ng
.a random slope over short periods of tlme._‘

J'S(t)-Seaso?al component consistlng“of more or 1ess

)

- regular perlodlc Vaﬂlatlons whose applitude 1s

growing with tlme in a random fashlon.

é

I(t)—NOlse component assnmed to be a statlonary,

Gaussian process w1th zero meanﬂand variances .

2 . . ' .
G‘w. s , . ’
X(t)-Estimate of'monthly peak'demandC - -

S

k , i ' . e

.



A ; " By considering probability modele for each companent of

~

X(t), the.following%etochastic'ﬁo&el is developed:

- ' ’X(Z _aft) o+ (A-PPlhv(t) + wit)
a-p? . (1-L412)2
ZJ where—e(t); v(t) and w(t) are zero mean, independent

Gaussian random processes with wvariances 6'2 ’

. - ou
l (‘ 2 and 6" ; . .
v v

b ,
e ) . - Qb and fD are parameters whose values vary between

-{* ‘ o o and 1, “ ' ’

- LJ,is backward shift operator.

. " -The method is then twofold- ldentlflcaxion of model parameters
J

7

Qf e 2 /43 . and d) and forecastlng X(t).

In essence the Ldentlflcatlon is performed by matching the

5

stetlstlcs for the output of the postulated model. .

rg

The forecast is obtalned by usxng either the-forecast -

B

'equatlon - derlvatlon (derlved by Gupta) method or the, Monte-' {
--Carlo technique. The former one lg‘computatlonally very
(/«* -tedious whi le the latter is much simpler. ~The two methods

give_comparable reshlfﬁ'and in both ceges the error is .seen to

increase with lead time. - | | .
. .
f/) . : The appllcatlon of pure stochastlc models is still in
© N .- the 1nfancy .stage.. Computatlonal cOmplexltles in the

P ' ’1dent1f1catlon and forecasting. procedures must be resolved
| ' . s

before the method can receive acceptance as a’ manager1a1

4 .
. . -

| .
L o . ‘ [
o . —

)

tool in the power 1ndustry. ) R . :

>

.
_— . . -
+ : - . .
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6. 5 2.4. Toyoda et al haVe wrltten several papers on the fise

of state space analyq;s ﬁgg short—term load forecastlng

(Ref 18,19) Although weather variables are not 1ncluded in-
the very-short term’model, the s%re comments as dlscussed
in Section 6.5.1.2 apply’here.- The‘state'estlmatlon an§

pfediction technique appear$ to be a well suited procedure

- for_ on-line real-time load scheduling control systems. With

‘e

.- needs.’ (Ref.3p)

a built—in adaptive pregram, the method should track the e

L

" system within acceptable’EOnfidence limits. The off-line

o ‘

evaluations performed by Galiana, using a similar epproach,

2

confirm the potentia1~of,this technique.. © .

6.5.2.5.“ Intefésted primarily in-estimates of annual peak

" demands, Datta of the West Bengal State Electricity Board,

¢

* experimented with the method of least squares and found. that

’ . . — . : -y )
this simple methodology provided a suitable forecast fior their

6.6 Discussion C T - - ‘

,-‘

. The brlef rev1ew of current technlques in load forecastlng
undoubtetly does. not relfect all spec1a118ts 1nvolved in
this fleld The -author bellevee,‘however, that the dlscu551ons
presented is representatlve of the basic methodologles .
:followed by 'engineers, scientists and ecopemists ‘active in
deVelopidg load forecasting pgoeedures, i.e.rthe modeiing and
, ettimatioe, In one eense or another, ‘the load is divided ihtoi

»

%}mponents. These are-generally modeled according to some

1 .
» 7

.
» < e
» - N * o . 4 i - }
.t 1 . R
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historical data, spmetimgs including the ihﬁediatg past,
aq@:indirectl§ or dirgét;y‘the wéatﬁer plays some role in
the process. ‘The thodel ié_theh‘ﬁseé to predict the future:
behavior of- the .1load Baséd-on its performance-ih the paét.

~Mathematical techniques to identiﬁf aﬁd forecas® are probably as

0

varied as the number of -people involved in this ar}. 'No one
N

' procedure can, a priori, be arbitrarily chosen for a given .’
system. A technique must bée chosen only after reviewing

elements such as, availability of historical data (Weéther.and.
* ‘ »

load), period of forecast, data'aCQHisiﬁion systeh,‘reapdn for

‘ ‘ - A} . \
forecast, computational facility, to name but a few criteria.

.

N . - - . e
! ‘ » .
. 4 -

‘™
B
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concws:ccm i - '

In the past ‘5 to 10 years, corncxdent w1th the

-

e olutlon of second and third generation computers, the
art -of load modeling and. forecasting .appears to have '
progressed in a rather hesitant manner. 1In a mathematlcal

o sense, Or bread-board manner, we witnessed an evolution
‘3
reflectipg”the~progressiveness of engineers and scientists

. of the '60's and “70's. The trend is cbservable from
- &~ ) ’ N " - T .
the number of papers written consistently and from the

apﬁlication of the theories of probability and stochastic .

Proceps. ’ : ¢ ’ ' oo
The hesitant. mannerlsm is réflected in the restrained

applicatlon of forecastlng procedures to on—line real-time'

4

cdrtrol systems. Ithas shown in an earller gection that’

power utilitlesgrepresent one of tge largest industry in
"'r~ ) North America. The'business requires constant superv1sion“
c L and-eﬂpertise-planning. ;t’ﬁtfliZes the largest comptters°

for planning and operating. Yet many managers are, still

- -

* hesitang to base decisions upon information pro&ided by

/ computers. Some"engineers and economists belleve thls to ¢

-3

be ane reason for the restralned apﬁilcatlon of real—tlme

load.ﬁorecastlng. Divergence of opinions and the-resulting
P . a V . " ‘ ¥

. - proliferation of techniques does not help either to convince

} . 2 ‘ ST ’ . . ! B . ¢ -
: . a manager. that technique X rather than Y should be implemented.
- . . . . ¢ - 8 . .. . : o
‘a‘ . :. ) - * - ) £ M o' é ’ . - : / '
o, \ . R .. ’ .. ' . -
» “ . ‘ . N ‘. - ) ' ' . e
. . 1 . - " ' % A s,
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il
. . - ' ' . 4 - -
The close relationship between the control and

prediction theories is believed to ‘be the catglyst'that ,‘

L ow1ll stlmulate the industry to venture in the fleld-trlal
< R Al Q
and 1mplementatlon of automatic load forecasting. !

“ .
2,
- . -
g 03 ’ . . . Q

In keepigg.w1th the objectives stated in the Scope, the
\1 importance of an efficient load forebasting methodology in
controlllng and operating of a pbwer’ utlllty has been

emphasmzed r\\¢he llght of ‘this multi-million dollar 1ndustry'

o 1

* evolving in a thlrd generatlon.%omputer age. The nature of

the dynamic 1oad,demand,has been explored thoroughly andthé o

~

essential factors and implications which must be considered

_.in developing an effective and realizable forecastin

algorithm have been described. Some of the-most impgrtant "23-

to well knoWn‘authorsﬂ g . S ' .
n . . o t

'/ ' In conclusion, the llterature survey reflected 1n~th

paper leads me to 1dent1f¥ some areas that regulre furthe

™Y
.
v .
.
‘

- Real worth, in terms of performance, of lncluding

- ¢ ¢

1nvestlgat10n. - °

’
. [

”.uugrlthm;' . - e L -

A,

'with lead time; - - .  °

~—

- SensxtLVLty of measurement noise to forecast accufacy, ,

\, ‘ ,'~ ] " this 1tem(ls critical when lmplehentln? oéillne real- ‘ )
. ’ I .o ¥
Bl .
‘ o \ tlme automatlc generatlonxcontrol syste:L 1 :

.

- State~space analysis for- application as an on-liheatodl;f
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>3- Hdaptlveuor compensatlon technlques in’ fo
‘ - , algorlthm to make the 1at r mox
Y -
: », . change; ;
. E ’ 3 N LT . . ._- ¢
. L\?/ﬂ - Use of’mini—la;ge,or,%ecentralized—centralized computer .
b' ’ ' ' systems to optimize automatic fordcasting and to, take .
- - " advantage of some of the more complex techniques s_ . °
? ’ . B ¢ N i : . ‘ L
’ . proposed by. authors such as Gupta or Lijesen.
. . . - x M
p .t s L, . Ny o 7 ‘ )
o - . %ast but not least, the author sees the need for--a .
. - T - ¢ / 2
selectxon gulde to assist power utlllties in selecting . C
;/,f’ ’ a sultable‘forecastlng procedure4accordrhg to a series of ‘
. Lt a-".
* crlterla. Section’ 6<oﬁ~thls~paper- S pro posed as @ startlng ¢
L ’ ] -
L C ’ p01nt for the development of such a %g; ion Guide Handbook. T
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