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SCHEDULING AND OPERAT/ION
OF THE
COLOMBIAN ELECTRIC SYSTEM

L) MAIN SYSTEM ANALYSIS TECHNIQUES
APPLIED IN THE ELECTRIC SECTOR OF
COLOMEBIA4

) RELATED RESEARCH WE ARE DOING
AT THE GRADUATE PROGRAM IN

WATER RESOURCES (NAT/IONAL
UNIVERSITY OF COLOMBIA, MEDELLIN )
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PANAMA

PACIF/C
OCEAN

AREA: [ 14/ 750 Am”
(44é,000 mi?)

POPULATION : 27 millions



HIGH MOUNTAINOUS AREA
TO THE WEST (THE AMOES)
CUT By 70 OEELP
LONG)TUDINAL VALLEYS

\ | HIGH MEAN
/ ANWYAL
PREC/PITATION

POTENTIAL CAPACITY FOR
HYOROELECTRIC INSTALLATIONS i 93 000 Mh/

£2 &kw Ea 74
m? JNHAD,



HYORO POTENTIAL : 93000 M

TOTAL INSTALLED { 4, 578 Mw (re6. 1966 )
HYDORO CALACITY S% OF FEASIBLE /NSTALLATION

- 30 PLANTS

- /& RESERVOIRS

PLANTS Wizt VERY HIGH HEADS AMD DEER
UNDERGROUND POWER HOUSES ARE COMMON

WATER RESOURCES DEVELOPMENT Has BEEN VERy
IMPORTANT FOR ENEINEERING ADVANCEMENT I € Otembia



TOTAL INSTALLED CAPACIT Y
HYORO : 4.5/8 mw (2% )

THERMAL : 1 83 mw (282% )

G 347 MW

TWO PROBLEMATIC QUESTIONS
- UNCERTAINT Y OF HyOROLOSY

~ALL0CATION OF STORED wareR (Eexersy)

THERMAL vs HYORO

-l THERMAL SYSTEMS, RELIABILITY INOEXES
DEPEND ON CARACITy AV4l/LABILITY

< [ HYORO SYSTEMS WATER DEFICITS HAVE A
SICNIFICANT /MPACT ON RELIGBILITY



ELECTRIC ENERGY CONSUMP:

Gwh («10%)
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RATE oF GrRowrw i 7Y% (ANMUAL AVERAGE)

GNP Raze oF crowrw « 45Y%



CHARACTERISTICS OF THE SECTOR

~ONE OF THE MOST MOWERN IN ECONOMY
-NaTionvacry INTERCOMES TED
~CENTRALLY PLANNED. AN AGENCY /5 RESPONSIBLE FOR
SCHEDULING
OPERATION PLANNING

TRANSMISS/ON

~ SysrEM ANALYSIS TECHNIGUES ARE APPLIED

RoGers ano Frermws, WARR, Avsvsr /%6

= GLOOMY PERSPECTIVE ABOUT THE USE OF
SYSTEM AMALYSIS IN THE WORLD

“LESS DEVELOPPED COUNTRIES ARE MORE FRONE 7O APPLY )T

“ND REPORT ON ELECTRIC SYSTEM PLANN/ING
IN BRAZIL, COLOMBIA, ...



I) MAIN TECHNIQUES APPLIED IN COLOMBIA

A) SCHEDULING

Drramic FROSRAMMING

‘6’) Qs TIon (LONG - TERM)

S 70ckasTic Dvmamic FRoGRAMMINVG
- CLASSICAL APPROACH
= SUCCESIVE APPROIXIMATIONS

=~ AGCGREGATION / DECOMPOSI TION



OTHER SYSTEM ANALYS/S TECHM/QUES
(PROBABILISTIC MOOELS, OPTIM/ZAT/ON, SIMULA 770N )
ARE WIDELY APPLIED TO OTHER PROBLEMS A4S :

~ESTIMATION OF FUTURE ENEREY CONSUMPT/ON
ANO PEAK [LOAD
- ENERGY PRODUCTION OF PROJECTS ANO SY.STEMS
~Keseave Caraciry
= Meoiym = AND SHORT - TERM OPLERA TION
= PREDISPATCH AND DISPATEH
- ManTaivance ProcRAM

N ﬂ/.s TRIBUTION OF BENEFEIT RESULTING FROM
INTEGRATED OPERAT/ION



A) SCHEDULING  (ioms-reem : 45 rengs)

"Which PLANTS. AND WHEN, SHOULD BE ADDED
TO THE Srsrém IN ORDER TO MEET THE
DEMAND WITH AN RSSUMED RELIABIITY "

M

CAPACIT ¥

1\

N DEMAND

L ARGE INVENTORY OF PLAUSIBLE PROJIECTS

HYOROLOEY

UNcERTAIN FUTURE
CONMSUMPTION



THE PROBLEM |5

MINIMIZE — (INVESTHMENT COST + OPERATION COST )

Susuccr 70

MEET ENEREY CONSUMPTION jw/r// ASSUMED
MEET Plak LAOAD RELIABILITY

INVESTMENT COST : CAPITAL EXPENDITURE T¢
CONSTRUET NEW PLLANTS

(PERATION COST :
COST OF FUEL FOR THERMAL PLANTS
o
COST OF LOAD JSHELOLING

Operazion cosr ResuLTs Faom
"OPTIMAL DPERATION " OF THE SYSTEM



SCREEN/NG
OF
PROIECTS

SCREENING

OF
PROJIECT

SEQUENCES

i "
BEsT

SEQUENCES

- MERIT INDEXES
- COMMISSIN TIME
=POLITICAL AMD SOCIAL RESTRICTION.

“BRANCH AND BOUND'

DYNAMIC PROECRAMMING



B) OPERATION OF THE SrSTEM

“How 70 OPERATE THE SrsTem
TO OBTAIN MiNMuM COST "

HYDRO PLANTS LOAD
THERMAL PLANTS SHEQOINVE

_
1 J

TRANSMISSION LINE

BASIC QUESTION : HOW TO MANAGE RESERVIIRS

~MORE RELEASE MNOW SAVES FUEL OR LOAD SHEDOINE NOK,
BUT COULD INCREASE FUTURE COST

“ INTERACTION BETIWEEN PRESENT ANMD FUTURE OECIS/IONS




PROBLEM ATTRIBUTES

. STOCHASTICITY InvFLows, DEMAND,
UNIT AVAILABILITY

2. TIME VARIABILITY opemansd 1s mvor
- STATIONARY, SYSTEM STRUCTURE
CHANGES WITH ADDITION OF NEW PROJIECTS

3 MULT/!-HORIZON
LONG - TERM EFFECTS (EwERGy SHORTAGES)
MEDIUM = TERM EFFECTS  (Mawrenawce FRocRAMS)
SHORT — TERM EFFECTS (Feooo cowrroL)

4. LARGE SCALE  muripLe Reservomrs

MULT!-PERIOD OPTIMIZATION

53 NON=-LINEARITY
DBIECTIVE FUMETION /S5 MOT LINEAR (THERMAL
COST AND LOAD SHEDOING CODST ARE NOT LINEAR )

HYORD PRODUCTION /S OLITFLOW TIMES HEAD



70 TACKLE

THE PROBLEM

SEVERAL SUBPROBLEMS IN

INTERCOMVECTED TIME HORIZONS

LONG - TERM
OPERATION

3-8 YEARS
MONTHLY STEPS

|

LDETAIL
oF
MODEL

MEDIUM - TEAM
OPERAT/ION

/! YEAR
WEEALY STEFPS

INCREASES

|

SHORT - TERM
OPFRATION

!/ WEEK
HOURLY S7ERPS

] T

PRE-DISFATCH

/ DAy
!

OISPAT CH
! HOUR

TOTAL GENERAT/ON

FROM MONTHLY TARGETS
INTO WEEKLY TARGETS

FROM WEEKLY TARGETS
INTO HOURLY TARGETS



THE LONG -TERM OPERATION PROBLEM

STOCHASTIC DISCRETE LDyNamiIC PROGRAMMING [s (SED,
TO AVOID THE “CURSE OF LDIMENS/IONALITY " WE PERFORM

AGGREGATION OF HYDRO POWER Sy STEM

AGCREGATE
HYOROLOS Y
(Ewh) RESERVOIR CONTENT /S GIVEN IN
| UNITS OF "PorenTiac enxercr” .
SUM OF GENERATING CAPABILITY
AP S RECATE OF INDIVIDUAL WYDRO PLANTS
RESERVIR
(6wh)
INFLOWS AND OUTELOWS ARE ALSO
PLANT
(My)

ONE -DAM, ONE -PLANT
REPRESENTATION



AGEGREGATION OF RUN - OF - THE - RIVER

HYOROLOEY
(6wh)

PLANT
(M)

AGCECREGATION OF THERMAL PLANTS

FICTICIOUS LOAD SHEDDINE
THERMAL GROURS THERMAL GROURS

W |
- T

EACH GCROUP WITH LFBYAL EACH GROUP WiTH Eedat
MARCINAL COST OF FYEL MARCINAL COST OF SHEDOME

/5 RESERVO/IRS

ACTUAL SYSTEM { 30 HrORO PLANTS
3/ THERMAL PLANTS
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x(&) 9Ct) | (1-ot(t)) 9C¢)

—
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|
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! TRANMSMISSION L INE

€(¢) : RESERVOIR CONTENT

DECISION VARIAGLE { d(t) : OUTFLOW FROM RESERVOIR



70 COPE WITH THE CASE OF A DYNAMIC Sy s7EM

Gwh

l

e
'l

PLANNING
HORIZON \

\
/) FIND OPERATION RULE FOR
FINAL SYSTEM CONFIGURATION

. \ £ND OF \\ g

2) THEN OPERQTION RULE foR
THE DyNamic SyrS7TemM
CAN BE FOUND BACkWARAS

NEXT STERP : DISacerecare OPERATION RULE

8



BELLMAN'S PRINCIPLE |5 APPLIED T

MINIMIZE

{ cosy wvow () + FUTURE cosT (€, ,9)}
24

MARKOVIAY MODEL /5 ASSUMED FOR HYDIROLOGY

{ cosT wow (d) + £[Furue cosT (e, ;)]}

SUBIECT 70 RESERVOIR ANO PLANT CONSTRAINTS

OFERATION RULE

FOR EACH MONTH OF THE YEAR

Pohe-g---F
€
|
é‘ -

IN CONTROL THEORy: CLOSED Lpop .ernrayJ




ESTIMATING OPTIMAL COST BY SIMULATION
g0¢é) C(¢)
STATIC CASE

ANMAN] SrsTEM [N
OPERATED
s o ==
7 |4ccorRoVG  TO .
HYOROLOEY TRACE R U é E COST TRAce

AVERACE THROUGH OUTPUT TRACE
7O FINO EXPECTED COST

q(¢) clé)
DY NAmMIC CASE

— S
¢ &

AVERAGE THROUGH OUTPUT ENSEMBLE A7 EFACH ¢
70 EIND EXPECTED cOST A7 ¥



LIMITATION OF STOCHAST/IC D/ISCRETE
ODYNAMIC PROGRAMMING

= IMPRACTICAL FOR MORE THAN
ONE OR TWO RESERYVO/IRS

LIMITATION OF THE AGCGREGATION TECHN/RYE

- RESERVOIR REPRESENTATION [S NOT GOOD
WHEN SOME RESERVOIRS HAVE SMALL
REGULATING CAPAC/T Y

- WYDROLOGY REPRESENTATION [S NOT GOOD
WHEN REGIME /5 NOT- HOMOGCENEOYS

NEW TECHNIQUES IN THE PROCESS
OF BE/ING IMPLEMENTED /N COLOMBIA

A) STOCHASTIC DYNAMIC PROGRAMMING
WITH SUCCESIVE APLPROX/MATIONS

B) STOCHASTIC DYNRMIC PROGCRAMM/NG
WITH ACGCREGAT/ION /Dé'COMPo.S/ 7/0N



A) STOCHASTIC DyNAMIC PROGRAMMING
WITH SUCCESIVE APPROXIMATIONS

MAKE ONE ACCREGATION FOR EACH VALLEY (oR MYDRD CHAW)

HYORO CHAINS

v \ ; 16 HYDRO CHAINGS WERE

CONSIDERED [N COLOMEIA
A/ J

ONE -AT -4 - TIME OPTIMIZATION OF EACH RESERVI/IR

- OPERATION RULE OF OTHER RESERVOIRS /S INITIALLY
ASSUMED AND THEREAFTER UPLATED, MEAN RELEASE
OF THESE RESERVOIRS [S ALSO ASSYMED

~AF7ER ALL RESERVO/IRS HAVE BEEN ORTIMIZED,
COMPARE NEW RULES WITH PRECEDING INES,
IF SIMILAR, STOP ; IF NO7, REITERATE

OPEN-LOOFP u//r//J

LOCAL [FELDBACK




8) STOCHASTIC DrwAMIC PROGRAMMING
WITH AGGREGATION /DECOMPOSIT/ON

INSTEAD OF SOLVING ONE PROBLEM FOR N RESERVO/IRS,
N TWO-RESERVOIR SUBPROBLEMS ARE SOLVED

. AGGREGATION OF OTHER
RESERVOIR 4 N=1 RESERVOIRS

!

FOR COLOMBIAN CASE
N = [0

CLOSED-LOOP W/TH
GLOBAL FELDBACK




I) RELATED RESEARCH AT THE
GRADUATE PROGRAM IN
WATER RESOURCES

NATIONAL UNIVERSITY OF
COLOMBIA (MEDELLIN)

FOR THE LONG-TERM OPERATION PROBLEM .

A) PERFORMANCE MEASURES OF THE SySTEM

B) HOW SCARCE IS HYOROLOGIC INFORMATION
HOW TO CHOOSE WypROLOGIC MovEL ?

C) D/SACEREGATION OF ACEREGATE DPERATION RULE

£) APPLICATION OF OBENOERS ODECOMPOSITION PRINCIPLE

THIS RESEARCH

- ADORESSES REAL QUESTIONS OF CoLoMeiaN SYSTEM
~HAS SOME SUPPORT OF ELECTRIC SECTOR



A) PERFORMANCE MEASURES OF THE SrS7em
[ RELIABILIT) How OFTEN THE SYSTEM [S IN FAILURE

Fros { SYSTEM |S MOT IN FAILURE }

2. RES/LIENCE. How @uickiy THE SYsrem Recovers rFrom Faldme

Freo8 { SYSTEM [S NOT IN FAILURE AT ¥+/ // }
SYSTEM wihs IN FAILURE AT &

T EXPECTED TINE THE SYSTEM IS IN FAILURE

4 VULNERABILITY, How SEVERE THE CONSEQUENCES OF
FAILURE MAY BE. WHAT ARE TWE cosTs P

IT WAS FOUNMD THAT PERFORMANCE MEASURES
CAN BE OBTANED IN A CLOSED MAVNER
AFTER THE OPERATION RULE /S RKMOWHN



HOW IMPORTANT /5 THPE OF HYOROLOGIC .

(ANSWERS FROM AN OPERATIONAL POWT OF WIEW )

@eé)
| N\ veass SYSTEM RESPOMSE
OPTIMAL GPERATION RULE

OPERATION
100 YEAPS OF THE GPERATION cosST

SYSTEM

- ]
¢
g0¢é)
AR (0)
AR (1) OPTIMAL OPERATION RULE
AR(2) OPERATION
OPERATION COST
OF THE 7
ARMA (. /) o SYSTEM
¢

HOW SENSITIVE [5 SYSTEM RESPOMSE TO

- VoLume oF iwEORMATION
- T rrE OF HYDROLOSIC MODEL



FOR SOUTH AND SOUTHEAST REEIONMS
ESTIMATED PEAk LOAD : 37000 Mw (19£7)
QUESTION :  IWHAT 1S THE RESERVE CRPACITY RESUIREL

TO SUPPLY THE Pk LOAD WITH 4 &ILEy
RELIABILITY P

EXPECTEDL LOSS OF LOAD : O.28 WHOURS PER MONTH

TOTAL INSTALLATION

M, 42 )70 Mw
M. 39 4é4 Mw
2 706

THIS DIFFERENCE COSTS USE 750 miLLions (/)



SUMMARY

[ PLANNMING OF PREDIMIMANTLY HYORO POWER SySTEMS
RERUIRES SOPHISTICATELD TECHMIGLUES

PROBABILISTIC MOLELS
STOCHASTIC OPRTIMIZATION
SIMYLATION

&, DIFFERENCES BETWEEN THERMAL ANO HYORO SYSTEMS

3 REABL LIFE APPLICATION OF SYSTEM AMALY'S/S

4 IN COLOMBIA A NAT/IONAL AGENCYy USES MOLEL RESULTS
FOR SCHEDULING AND OPERAT/ION

5 PLANNING DECISIONS HAVE 4 SIGNIFICANT
IMPACT ON NATIOMAL ECONOMY

6. LALEE ROM FOR COOPERATION BETWESN
PUBLIC UTHITIES AAD ACADEMIS



