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OPERATIONS PLANNING OF HYDRO-QUEBEC GENERATION SYSTEM
USING CHRONOLOGICAL SIMULATION

M. P. Raymond

7. Faicon

HYDRG-QUEBEC

SUMMARY

This article deecribes a Honte Carlo chro-
nolegical simulation model used by Hydro-Quebac
in oparstions planning te perform the poak power
analysis of its gsparazion system.

After the presentation of the different
applications of the peak power analysis, it
outlinoo <ha resclution approach. The
ancertaintioc on load and supply are detailed
along with the charactecistice of the peak
DANAGOMENT  DEANE {peaking thermal planta,
importes and axporte, demand-side oanagement,
lope of load).

The syestam Lle intarconnected =o neigh=
bouring eystems of Canadian provineces and
Ansrican etated. Import and expar:s Cransace
ticne take place with neighbouring syatecn for
firm and interruptible powver and energy.

2. THE OPERATIONS PLANNING PROCESS

At Hydr>=Quebec, the operations plancning
procass involves difforon: time herizeons. The
long term herizon (1] looke inte the next 1S5
years, the oid term horizen (2) the next yoar
and the ehert term horizon, the next month.

In those horitone, the prccess may be
asen a8 twd intecrelated problama. Firot, a
pesk powor analysies ie made by taking into

Finally, a discussicn on the impl 11
tien ©f the model is provided along with a
sample of results.

Key-wordp @ Genaration adequacy, Tederve
requiremants, oparations plan-
ning, Monte Carlo eimulation,
hourly chronolegical model, peak
powar analysis.

1. HYDRO-QUEBEC GENERATION SYSTEM

Hydre—Quebec oparates a myastsm of getera=
ticn, eranemiseion and distribution of elessrci-
cley. Its main particularity ia the lacge
proportion of nhydroslectric genaration. Prom an
tnotalled capacity of ahout 26,000 MW at the end
of the 1990, 93% is hydroelectric. In 1990, $5%
of the energy generation of 115 TWh was from the
44 phydroslestole plante, anothar 2.5% Dbaing
suppliod by the Gentilly 2 nuclear plant.

t the hourly pattern of the companeate
of load and supply. Socotd, an optimizazion
modal will distridute the energy en diffecen:
periods and plants (Or even unite) in order to
mest the load and to optimize the uoo of water
in rpeservoirs. The approaszh ugod im such an
optimiration model may vary with each horizen.
[1.3.4].

This paper deale with the ficst problem.
the peak power analyels.

3., DESCRIPTION OF THE PROCBALEM

Table 1 shows a typical forecastod power
balsnee for the wintar peak hour of an upes=
ming lZ-monch peried. The demand side includus
internal and expert loade each conprising an
interruptible pottion. The suEply gide
accounsas for all poesible sourzes 32 pouer:
hydraulle and nuclear, peaking chaermal and
importe. The maximum capacity is reduced Ey
hydraulic rastrictions (zeservoir lavaln,
inflows to run-of=river plante, Licc caver



restricticns, water temperature,...), Planned
cutages of units and locked-in capacity caused
by transoiseion outages or limfraticna.

(M)

DEMAND
Internal damand 30000
= Muzcmatic psak shaving -~ 1000
= Interruptible = 1000
Exports 2700
= Interruptible = 2308
28400

SUPPLY
Haximum eapacity 27500
~ Bydraulic restrictions ~ 1200
= Planned outages - 300
~ Locked=in eapacity = 200
+ lmports * 6500
32300
AVAILABLE MARGIN 3300

Table 1 - Typlcal powar balance

Ihis powsr balance allows the planner to
assoes the forecasted avallable oargin fer the
hext peak period. However, asuch a pover
balance containe many uncertalnties as most of
ite cooponents do. The internal load dapends
on elimatic variations and sconomic
parameters, the hydraulic restrietions dapand
on inflows (and to a lesssr extent on anerqgy
demand) and unplanned vutages of gensration
and tranemission facilitias oay happen. All
these uncertainties dofine the stochaatic
nature of the problem.

Horeover, such a powsr balance Tepeata
continuously and thus the problem also hag a
chrcnological nature.

A portion of the power balance that
takes more and more inportance in Hydro-
Quobec's operations planning process is whac
we define as m. such an
thermal peaking plants, capacity Limportse,
interrupeion of axports, denand-gide
fanagement aither automatic {customers
owitching to a back-up angrgy sources when
outside temperaturs ls below a predetormined
threshold} or eontrollable by the aystem
operator (interruptible loade). In 1991, the
sum of those maans will =otsl approximately
20% of the annual peak load. Raduction of
olnisum operating reserve and of flrm load,
slthough unwanted, may alsc bs sean as poak
Ganagement moans in the simulacion process for
the evaluation of eysten adequacy.

The use of these means ls restricted by
physical and contractusl constraints  (e.g.
oinimum notice, bounds on number of hours per
ues, oinimum number of hours betwesn uses,
annual use limications, priority order) and by
economic coneiderations.

Puring the normal course of the opera=
tlons planning and decision-making procees,
many epacific questions &nd preccsupazicns
have to be angwgred such as:

- The generation adequacy. i.e&. the capacizy
of the generation eystem to satisfy the load
demand taking inte asccount operaticnal
conecrainte, the measure of whilch may taka
different forme euch as  lose of load
sxpectation (LOLE), loee of load probability
(LOLP} ane expected uneerved enargy {EUE).

= The reserve required to satisfy a
predetermined adequacy eriterien for each
time horizon, the value of which may imply
bullding new plante (long term), purchasing
capacity powor for the upcoming winter
ooncths (mid term) or committing means having
& nop-geco lead time (short term).

- Trade-off between cteliabilicy gaine and
additionnal cost of iucreasing the reearve.

- Expacted use of interruptions allowad in
internal and export contracts.

Pricing of incesruptible contracty according
%2 their utilization constraince.

=~ Expacted fuel needs.

- Expacted uss of capacity impert contracts;
erpacted capacity available for oxports.

~- Optimal ordering ¢f the many peak management
means depending on annual use limitaticns,
priority constrainte and cost.

= Malntanance schedullng and cost ovaluation
of an outage.

- Economic value of tmproving load forecast,
of reducing the forced cutage ratd,...

= Input to the energy optimization model
{impact of peak on energy euch as minimum
thermal energy generation per period).

All of the ebove applications are eypi-
¢al motivations that lad te the develomment of
the model deecribed in thios paper.

4. RESOLUTION APPROACH

To solve the problem addressed here, it
is nseded to model tho system in cany decails.

The hydraulic restricticne, the duratien
of generating units outages and the
constralnts of use of the peak management
@moans all have a chronological dependenzy and,
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ad polnted out in (5], teanot easlly be model=-
led with tha probabilistic approach using load
duration curves. Conseguently, it was chosen
here to use an hourly Honte Carle dimulation
approach to covar both the chronological and
szochastic nature of the preblem and to allow
flexibllity in cthe reprasentation of the
system, especially from an operations planning
point of view where quemtionm are very
spaclitic.

Pigure 1 shows the cverall layout of the
medel. It ie basizally composad of & certain
number of eub-models each depicting a
parcicular uncertalncy, and of the main part
of che wmodgl that sizulates the use of the
peak management means.
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Figure 1 = Géneral diagram of the model

For R simulations, sach sub-podal gane-
rates N candom hourly vectors that reproduce N
poseible representations of a particular
uncorcainty for the study period (up te B760
houre). One simulation consists of uslng one
vector from each sub-model and building a
“surplue® voctor lndicating for each hour the
difference between supply and demand (befors
counting on the peak mapagement means). Thise
heurly wesurplus vector LIs then used for
stacking the peak oaAnAgamont means accozding
%0 their charactaclatics.

tn fact, each slmulation faces a glven
scenario describing, for the studled pericd, a
poetible segquence of events.

S HODELLING OF UNCERTAINTIES

Each eub-model is unique as it describes
a pacticular phonomenon. The Hydro-Quabac
oyoten le presontly defined using 7 diffarent

sub-modale.

S.1 Export and import _oarkete

Firm apnd interruptible contracts were
chosen to be expressad as A deterministic
demand. The hourly wvariation its modelled by
dividing each week in time zones. For example,
instead of providing 168 different valuee for
a market for a week, ©ne may choowo t& Supply
only 6 valuen, the firs: tied to predetermined
peak hours and the last to low=-lcad houre.
Both exporte and importe may be reprecenced,
the latter being sedn as a nogative demand.

ir some cases, this flexible Iradework
te useful to wmodel other deterministic
characteristice esuch as average forced outage
er loss of hydraulic capabllity during off-
peak hours.

§.2 Climatic uncertainty

The internal lsad ie highly eenolitive te
weacthar cenditions such as temperatuze, wind
and sunlight. Yor Linstance, a decrease of 1°C
during winter may lead to a load increase of
about 350 MW mainly duye to electrical haating.

The <¢limasic uncerzailnty is medelled by
“roliving® each hour of thea last 26 years of
historical climatic data in the new context of
tha forecastad load conditicne o2 the study
poricd. Horsover, esch year of historic data
is ahifted plus and oinue J days to gain
information on ex:ireme conditlone that occur=~
zed dusing a woeksnd for example. Such an
axarcise constitutes a set of 182 differenc
demand scenarice for a oid term horizon. Each
time the mid term forocast changes, these 182
vecters are updated.

Por the shor: term horizon {lese than a
wesk), the weather forecasts and their distri-
bution of error are used to generate any given
number of hourly variatione.

5.3 Load forecasc model uncercalnzy

Evan perfectly knowing the weathes
conditions, the load forecast <carries a
“gtructural® uncertalnty caused wmalnly by
demographic and economie paramaters that
affect the to:al enargy in the study period.
Such an upcertainty on total enargy may be
sesn as having e normal distribution and
affecting each hour of a ecenario in the sane
direction, with greater magnitude the further
wa get f{rom time zero.



Once the structural scenario is wsat, ite
discribution on an hourly scale still leads to
uncertainsies whizh are modolled by normally
distributed hourly erzors.

5.4 Unite forced aytages

In addition to a maintenance scheduls of
the generating unitse, the systea will encoun-
ter forced outages. During the study paerlod,
each unit will go through a succeseion of
available states and unavallable wtates (in
additien to salntenance perieds}. To simulate
the behaviour of woach unit, the duratzione of
available and unavailabie paricds must be
scudied. One approach is to it theee with
their statiscical digtribution {usually
exponentisl) and draw random eccurrences fros
it.

cur approach le rather to randemly draw
dirvectly from the  historical data of
avallabllity and unavailability duraciene of
the last 10 yeare.

Many refinements may be adopted to
impreve the representazien of che forced
outage uncertainty. Sooe factors oay Lnfluence
the availability of unitce, e.4. tho time of
yuar, the type, #ize and ags of unite, and the
axtenslcn of & planned outage. Any such
sefinemant may be easily takea into account
with our appreach.

5.5 Hydraulic_uncertainty

At Zirst, hydraullc restrictions of
plants are computed from the forscasted
avalution of ressrvelrs storage and {flows

cthrough run-of-river plants. HAowaver, the
uncertainty of infiowe hau an impact on those
reatrictions.

A weekly hydraulic energy aealsulation
model, taking lnto account the varlabilicy of
inflows, i3 uesed in the operations planning
procass to meniter the risks of epllling, of
draining or of viclating certain hydraulic
constraintd. Some results of that modsel are
used as inputs hers to axpress the variations
of the paramecors that influence the hydraulic
rostrictiona.

spacial attention mugst be pald to the
interrelaticne between this sub-model and the
forcad outages in ordar to always maintain an
accurate coupting of available capacity (fer
exanple, by not assassing an hydraullc
geatriction ©o a unit that is already on
forced sutagej.

5.6 Transamlseion forced sutages

In Hydro-Quebes transmissicn eyetesm,
sutages of caertain strategic components may
significantly limit the total generation of a
subset of plants. These limicactions must ba

taken into acceunt (again tying this calcula-
tion te outages of unite and hydsaulic
reotrictiona alroady deducted)}. Horeover
ferced outages of the componente of <he
transmission eystam that have a known effact
on goncration may be oimulatod.

$.7 An axample of other uncertainties

Hith the Honte carlo sizulation
approach, about any <characteristic of the
oystem say be modealled by adding a module eo
tha diageam ehown in figure 1. An exarple of
ouch a particular uncertainty ie found in the
Hydro~Quebec system.

The Besuharneis hydraulic plant hae a
significant capacity reduction during ice
cover formation (up to 800 MW unavailable
during a wesk) and thereafter. The time period
of such restriction is variable and dependent
on temperature. This uncertainty is modelled
by applying the historical weather conditiona
to today’'s lce formation p . But b
of the ature depandency, this
uncertainty is highly correlated to the
incernal load (ees §.2). Therefore, ona
simulation must use the same year‘s historical
data for both.

6. MODELLING OF PEAK MANAGEMENT HEANS

Chooeing a elmulation approach was
strongly guided by the aver increasing number
and variety of peak management meana in the
Hydro—Quebec systam. The paramnters of the
modsl for each paak CanageDent Ceans &ce:
= avallable capacity for sach peried;
= priecity order;
= ainimun and maximum hours of continueud usa;
= oinimus hours botwean usos;
= lncreamental MW use (to raflect means that
are used by block):

= minimum accaptable level of surplue te avoid
the vee of this means (means with leng lead
cimes will be given a higher level);

- cost per MWh.

Those different parameters allow all the
flaxibility needed to model the "peak mana=-
gement means. A means may also be identified
408 the roduction of an export market already
mencionned in S5.1.

1. MONIE CARLO SIMOLATION PROCESS

once all the differont sub-models have
generated different scenarics, thase are
marged o obtaln different wsurplue vectors
cach represanting a plausible outcome of
evente. Thess vectors are iloput into tha main
simulation prosees along with the characteris-
tics of the peak managemant means that neaed to
ba etudied. Pigure 2 illustrates the process
for one seanario of 48 hours.
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The algorithm oust examins all the
hourly surpluses and ascasn the nesd for each
peak management moans taking inte account its
constraints. This process may be time-consu=
ming and affect the success of the Monte Carlo
appreoach. Thus, throughout the implesmentation,
epacial attencion amuet be pald te such an
algorithn. For example, by keeping track of
results from preceding peak management maans,
improvements can be achieved. By the sane
token, flexibilicy and modularity are
imporzant aspecte of the model. An impartant
Zeature is the conservation of results of sub-
modals and the possibility of not re-running
sooe of them. For erxample, the wmid term load
forecast is changed 3 or 4 times & ysar; so
the sub-models relatsd to load need only te be
exucutad a few times a year, thup saving much
computer time. It is alsoc a way to keep all
uncertaintied constant and run many ecenarios
by only varying whe peak management means
charactarietics, or to achieve saensitivicy
analyeas. Another fwature is the poselbility
9 salect which uncertalnties and reports are
astive for a certalin study.

8. EXAMPLE QF RESULTS

The model prosantly implemsnted allows
Hydto-gQuebec to fulfil cany needs in the use
of the peak managamont means by providing, fer
any perlcd, the frequency, the number of
hours, the total anergy, the cost and
different atatiecical diecributions. An
example for such results, for a i2-month
peciod Las shown in cable 2.

LE3

Peak Expectod e wewsd,

Management proban,

nesna wanzn

freq. lhours |energy| enargy
o ! (Cvh) | {Guh)

Therval 1 100 | 700 350 700
lmpore 1 90 100 5 10
Interruptible Exports W0 ke ] 150
Import 2 2 |15 &0 n
Thersal 2 68 | &% 1§ 3
Intecrprible ntermal losd 1| 57 | B 2 &
leport 3 56 30 19 20
ntarrcorinte tnrerrt losa 2| 48 | 20 | 20 £
Therual 3 &5 H 2 3
Redstion, Tire exports | 2 1 i
Reduction, firm internal lead] & | .3 o 1

Table 2 - Bxample of reesults

Seneitivity studies have shown cthat
although all modelled upcertainties hava an
influsnce on the adequacy of the oydtem, the
elimatic, load {forecast and units forsed
cutages uncertaintias waze the Dost
signifleant.

The model was wused to detesalne a
probabilistic mid term required reserve policy
that depends on desired risk. For the shore
term problem (the naxt days), studies will be
made to use the model for the assessmant of
riask aesociated zo decisions. One <oncera of
thie hocizen is to maintain an acceptable risk
without unduly using costly or limited means
having a wmignificant 1lead time. The nmaln
upcertainty of that horlzon Lo the climatlc
one which decreasss elgnificantly as It
approches time zoro. It will be fast to
simulate thousands of peegnarice of 48 house to
wonitor the riek and obtaln frequent gains In
the decision-making proceas.

Puture ipprovemants of the model that
are of lntoreet include a better representa=
tion of ocutages and of hydroelectric unite
with short term limited generatieon capability.
The computer time can be reduced by the imple-
mantation of faster algorithme in the cruelal
parts of the model and parallel processing
(6,7) may be a good rcecarch avenue.
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SOMMAIRE

Kk Bydro-Québec, le processus de planifl-
cation de la production paut-Stre pargu comne
deux probldoes inter-rallés, quel que soit
l'herizen d*étude {leong, moyen ou courc
terme}. Premidremont, une analyss de puissance
doit 8cre effectuée pour s'assurer qu'd tout
iLnetant, et particulidrement asux pelntes,
L’entreprise peut wsatlefalre la demande avec
088 équipements disponibles et sn  tenant
comptes des moyans de gestion aexistance.
Deuxidmemont, uné répartition temporslle et
spatiale de 1l'énargie hydrodlectrique (qul
constitue 954 de 1la preduction) doit dtre
Téalisds, en optimisant l'utllisacion de l'eau
des rdmervoirs.

Cet article se concentre eur le premier
probléme, sole 1‘analyse ds  pulssance.
Plusieurs applications dotvent vy dcre
traitdes, notammont:
= la fiabilit4 du syetdae;
= la vésarve roquise en pui pour ch

dao horizons de planlfication;
= l'utilisation espérée daoe divers moyens de
gestion de pointe:
- production des centrales thermiques (et
besoine de combustible);
interruption da charges lntecnes et
extarnad {(ventea asux céssaux canadiens et
américains interconnectés} en verty do
consTate;
. achat auprds des réseaux voisins intercon-
nectés;
~ l'ordonnancement optimal des moyens de
gestion de pointe;
= l'évaluation d'un nouveau moyen de gestlen
en fonccicn du eervice rendy, coneidéran:
toutes ses contralntes d’utilieation;
= la planificaticn do la maintenance.

Dans toutes ces applications, la
stochasticité des &léments de L'offre et de la
damande doit Gtre prise en compte.

L‘approche classique utilisant dos
¢ourbes de puissances classées n‘a pas &cd
jugée wsatisfai pour cépond sux précé-
dentes préoc=upations. En effet, las
contraintes d'utilisation des omoyens de
gestion de polnte (minimum et caxisum d'heures
consécutives, minimum d'heures encre deux
utilleatlone, ...}, la durde des pannas
d*équipement ou encere les rastrictions
hydrauliques ont toutes une nature chronolo=-
glque et l'omission de cazte caractéristigque a
basucoup d‘impact aur 1‘évaluazion de la
fiabilité du eystdma.

Noua avons donc développé un medéle dao
pulgsance horalre et chronolegique basé eur
des simulations Monte Carle. Celul-ci repreo=
duit d'abord les aléas qui esucviennant en
exploitation, par exespla:

= log aléas météorologiquas st 4dconcmiquee
syant une forte Lnfluence sur la demande;

= les pannes dao groupes et d°dléments de
transport;

= 1*aléa hydraulique qui affecte la production
de pointe de certalines cencrales.

Cac! détermine un cartain nombre (au
choix)} de cas probables droffre st de demande.
L'utilisation des divers moyans de gestion ect
onsuite sisulée horairement pour cosmbler, au
bescin, l'écart entze l’offre et la demande.
De l'analyee de cas différencs cae probables,
on obtient une Jdvaluation probablliste de
1lutilisation des moyens de gesticn et de la
fiabilité en pulssance du scénario &tudié.

La simulation Monte Carle permet toute
la souplesss requise pour bisn représencer
1’axploitation d’un eyecdme cemplexe avec dee
caractéristiques varifes. L’inconvénient d‘une
tella méthode réside souvent dans le tempe do
caleul; par conséquent, un effert parciculler
doit &trs mis dane l‘optimisation des algo-
rithmes. Des rdsultats satisfalsancs ont &td
obtenas sur des problimes  annuels (6760
heures}. Ls moddle est trés flexible et perdmet
des changements rapides deo scénarios pour dee
besoins d‘étude.
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