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* This tutorial Is about the
optimal operation of power
systems with high variability
IN thelr resources.

* \We will see the tools
developed for modeling
such variabilities and for the
assimilation of their
forecasts.



Each system has its peculiarities.

The optimal solution is surely different
for each country.
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Characterization of the variability in Uruguay.

A measure of the difficulty of handling a variability energy resource is the averaging-
time needed to obtain the expected value with a 10% error with 90% confidence.

water inflows

wind & solar
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Changes in the energy matrix of Uruguay
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Changes in the energy matrix of Uruguay
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Uruguay
Wind and Solar installed capacity compared with daily Demand.

[p.u. of the annual average of the Demand]
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The installed capacity of solar plus wind power exceeds the daily peak of La Demand in
70% of the days of the year.
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Network Codes.

(B)
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Para el rango de frecuencia entre 49 y 51 Hz la CENTRAL GENERADORA debera permanecer
permanentemente conectada a la RED DE UTE.

Figura 1

El ajuste del control de potencia activa — frecuencia se aplica para el rango
entre 50 y 52 Hz, tal como se muestra en la Figura 2, y el mismo es definido
por el DNC.
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Los controles de potencia activa de las unidades generadoras deberan cumplir

los siguientes requisitos:

a) Estatismos con valores entre 0 y 10 % para frecuencias entre 47 y 52 Hz,
cambiables bajo carga.

b) La velocidad de respuesta debe poder ajustarse entre 1 y 10 % de la
potencia nominal de la unidad generadora por segundo.

(A)

Cada unidad generadora de energia eléctrica debe como minimo poder
absorber o inyectar en barras de méaquina una potencia reactiva de +15% de su
potencia activa nominal, a tension nominal en dichas barras.

(B)

Las unidades generadoras deben como minimo poder absorber o inyectar
potencia reactiva en funcién de la potencia activa generada de acuerdo a la
curva P,Q de la Figura 3.

Cuando la potencia activa generada sea menor al 10 % de la potencia nominal
de la unidad generadora, no se exige una capacidad minima de absorcién o
inyeccion de reactiva.

F(*Pn)

100%
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=30 «20% 2% 3% Q(%Pn)

Figura 3
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All generators under control

SCADA

Operators

Cotrol Modes:
* Active Power Control
* Reactive Power Control
* Voltage Control

@; ¢ IEEE




R
Additional tools

* Authomatic Generation Control (AGC)
* Dynamic Line Rating (DLR)
* Remedial Action Scheme (RAS)
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Any 72 hours of January 2020 of the dispatch just as an example
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Source: https://adme.com.uy
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In the end, it wasn't that difficult. The ten-minute
variations of the Net-Demand are only the double of
those of the True-Demand.

The Uruguayan system then only needs an additional
25 MW of rotating reserve.
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Mission of the System Operator

Provide energy with acceptable reliability
and guality at the minimum cost.

* Centralized Dispatch.
* Only Variable Costs.

» Contracts are of paper
(in the sense that they should not interfere in the Dispatch).
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Platform for simulation of optimal

S| m S E E operation of the energy dispatch.

https://simsee.org
| 100% OOP

Actors

Playroom

Dynamic parameters
Monitors

UNIVERSIDAD ,
DE LA REPUBLICA =S
URUGUAY

Free & OpenSource

= INGENIERIA
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Temporary linking of decisions.

The use of stored resources (water) in the
present produces an increase in future
operating costs. The postponement of
the use of a stored resource produces an
increase in the costs of the present.
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The Optimal Policy is the one that
balances the cost impact between
present and future.
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The System, The Operator and The Operation Policy

X = State
r = Non-controllable inputs
u = Controllable Inputs

Operation Policy:

u=P(X,r,t)

Operator

Instant operating cost:
u:P(X ,r)

oc(X,r,u,t)

Future Cost: future ..,

f FC,(X_, )=( f oc(X,r,u,t)dt)
(apes ®IEEE



Time-Step used for simulation.

<Bg time step / implicit nerta>

balance restrictions
overestimate filtering capacity

need of availability models to Small time step / more state variables
represent
fail/repair inertia
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Bellman's curse of dimensionality.
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Operation Policy:

“ u=P(X,r,t)

Dim(u)XNy XNy ..XNy XN, XN, ..XN, XN,

Dim (
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Time-Bands (Patamares)
defined by the Monotonous Load Curve
Makes sense?

Only an example, 4 days of july-2018-Uruguay
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Source: ADME - SCADA ten-minute time series
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Time-Bands (Patamares)
defined by the Monotonous Load Curve
Makes sense”?

better use Net-Demand instead of Demand
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RepresentatiMu ertal

El Nino, Hydro, Wind, Solar,

Demand, Temperature.
Sources of randomness (correlated processes)

Stochastic processes

Demand and temperature Equipment availability
Flows of water contributions (independent booleans)

We are managing faster dynamics,
therefore, the correlation between the

different resources has greater T,
~ Avail (9 _— importance. A
Availability.of generatint We need models of variability that
N ——— ; .
~Availab transport lines correctly represent the correlation

——

between resources and the correlation
~ with the past. !
That is, we have to represent the :
inertia behind the stochastic variables. -
T
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Avallability of generators, power
transmission lines, etc.

\\

N
" Available Unavailable

Repair /

If we do not represent the state of the availability when simulating with small time-steps, the consequences of the inertia of
the fault-repair process are underestimated.

Each generator, transmission line, etc. adds a Boolean state variable to the system.
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Wind, Solar and Demand correlations.
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* reproduces the amplitude histograms of the

. original processes.
C E G H m O d e I I n g ! reproduces the spatial and temporal correlations in

a gaussian space.

Gaussian World:
Multi-variable linear system

fed with
Gaussian independent white noise NLT .
h=n-1 h=m-1 NLT >
— + Z NLT . Real World
Y= ), At ) BiRe,
h=0 h=0 NLT >
Accept state space reductions. NLT =
Accept forecast information.
NLT -
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PRONOS
2016-2017

Real time
status information

v

Power plants models

Fundaué
Julio Ricaldoni |
EEEEEEEEEEEEEEEEEEEEE |
BANCO DE DESARROLLO Load, Wind and Solar power
DE AMERICA LATINA
Forecast

https://pronos.adme.com.uy
https://pronos.adme.com.uy/svg/
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ADME Data y ADME WindSim
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¢ ' Operatorwith forecasts .
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Treatment of forecasts in CEGH modeling.
Gaussianization

Real World
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Ease integration of FORECASTS in CEGH modeling.

h=n —1 h=m-—1

Z A, X, _,+S+F, Z B,R,_,

biases: . . attenuators:

Sk fix 0 .. O
Sk: Fk: 0 f2,k 0
_Sn,k_ O O fn,k

The biases (S) change the 50% probability guide and the attenuation factors (F)
regulate the noise injection, allowing to go from a Deterministic Forecast (F = 0 = null
noise) to the disappearance of the forecast (S = 0; F = 1 =historical noise).
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Treatment of forecasts in Gaussian space with reduction
iIn CEGH modeling.
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Programming the enegy dispatch without
windpower forecasts.
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Programming the enegy dispatch with 72h of
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windpower forecasts.

Forecast
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R
Demand Stochastic Model

La demanda diaria se descompone en:

E n g . E I I an a * 4 tramos de energia (valle, llanol, llanoZ y pico)

* 3 tramos de curva horaria (valle, llano ly2 y pico)

Cornalino

1500 ~ |
1400 ~ ||
~1300 11 - e
S1200 ||| /
< 1100 - | /
21000 | /
° S
“ so0 S Liano 1 | Uano2 |
‘ ano ano Pico
800 Valle ! | JECEON |
CEGH: : - o
DemValle Calibracién Prondstico 600 ‘ ||
Deleanol de la. horar'o de 01 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
DemlLlano2 potencia

hora

DemPico media anual demanda

enp.u

Modelo CEGH de paso diario, ciclo anual y

filtro variable

Matrices A y B > X[k+1]=AX[k]+BX[k]

K For more information see: https://youtu.be/SvidemGQdG4
(IEEE
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Hydrological modeling

Eng. Alejandra de Vera
:

Hydrological
inflows

-
------

HYDROLOGICAL ENSEMBLE
FORECASTS

Caudal (m/s)

CMORPH, TRMM, GSMaP, GPM-IMERG, ...

(,EEE For more information see: https://youtu.be/DYvZLeotxEk
[ PES
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Assimilation of Forecast Ensembles in CEGH Models.

Eng. Guillermo Flieller CEGH forecast coupling

k _ k+

CEGH transform

Rincon del Bonete

Wswwwmewwsevsm

- i ‘ R

For more information see: https://youtu.be/glheJY9PPc4

_ - // / L/__./-J,..,,,_--"". Biases
X, =) AX,+A,BR+S;

Application
Hydraulic CEGH into VATES

> 21-member 14-day ensemble
forecasts of water inflow

> ENSO and export prices
* Optimized and simulated hourly

* Week-ahead load dispatch
programming

/.EEE
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Considering the ENSO Forecasts

Mid-Mar 2018 Plume of Model ENSO Predictions
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Modeling Wind and Solar Power Forecasts using
Mixture Density Networks

. 7 . conditional
Eng. Damian Vallejo.
Valor esperado Cortes de probabilidad
mixture
| SR
A i IR 4
AR T YL
‘*& QA ,‘é.n__;zh\;-:f.\_ i\ - i h o 1A \ "»-\
Y, ‘\.: ° ‘- o~ T
neural
network
m
p(fl;r) - Z ai(z)di(t|x) Siltlz) = — l ‘ vxp{ - (' _Tl-l}” b}
F— virmoyr) & \ oI /

For more information see: https://youtu.be/ZDUhUM(I-70

/TEEE
p@gyfsw Slide: 38 IEEE




Continuous forecast of the next
hours of optimal operation.

https://vates.adme.com.uy
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Expected generation by source. (Example from ADME's WEB)
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Next 168 h, System Load forecast. (Example from ADME’s WEB)

Demanda de Uruguay. 2.
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Next 168 h, Windpower forecast. (Example from ADME’s WEB)
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Next 168 h, Spot Price forecast. (Example from ADME’s WEB)
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Determination of Exportable Energy Blocks

Eng. Felipe Palacio CR—

Dispatch
| | Seat

VATES

Exports Prices (PMRs) "
E— S —— ﬂ Spot Price

|— = L4
Y SimSEE -- => 1 A Lk

A—L'»Lh@.‘w\rm

= . ~ ‘EEE
ﬁ . For more information see: https://youtu.be/F7h43i3sxU0
G - & IEEE
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What we are working on now for the future.

: By UNIVERSIDAD B
;‘ DE LAREPUBLICA =%
EEEEEEEEEEEEEEEEEEEEE ; INGENIERIA URLIGLIAY = o

AGENCIA NACIONAL \
DE INVESTIGACION Fundacié
E INNOVACION Julio Ricaldoni
Slide: 45 O IEEE
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R
Combined Cycle Model.

Eng. Vanina Camacho Operation modes
f—: EE r's Open mode Combined mode
(et — o > - — > R
4 . -

Open and combined mode
l -
2 State variables for each group TG+Boiler.

L e
‘ -
 Timer_TGtoCC _ (Purge 4h, Full Load 2h)
* Boiler _temperature (startup type:, warm, hot, cold)

For more information see: https://youtu.be/ EcEf4w8yn4
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Optimal dispatch with network representation in SImMSEE.

Eng. Ignacio Reyes

(____,fm\ Flucar

-
el

Slide: 47 IEEE

(‘E . For more information see: https://youtu.be/JHRIAaL5mqg4
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Bellman's curse of dimensionality.
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Operation Policy:

S=Ssct u=P(X,r,t)

-

=
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SIMSEE Self-Learning a pesudo-optimal Operation Policy to

Combat Bellman's Curse of Dimensionality

ANII_FSE_1 2017 1 144926 (2018-2020)
IIE-FING-UdelaR

Operation policy -
iImprovement l00p  Canorale pable Seibes. Daran Valieo

Felipe Palacio, Sergio Tagliafico.

Simulacién N [ ]
SImSEE iy :
/7 \ min -lce(Xk, u,, ek )+ CF} w 18
/ traductor(X,Z) \ v X. . CF g /| a |\
| hiperplanador —— 7‘ \
| " lle Q ( Xk ) rk ’ k ) %l \\ salida
| MO0 )‘ .
Ko =g X, 0 & el @10
R Trayectorias @ o+ { ( k2R TR ) “’\
= (k. Z, cdp, CF) CFza, X, +c,;i=12..n o/
| y \ /
A‘ ,"‘ O, \‘//
| Aproximador 4___/ “'
CF(Z.K)

//—f

Capas ocultas
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Temporal Parsimony

oCF _, o0 CF
H): I/BOH+ aH * -0

Bon » 7
a I Bon

Eng. Ximena Caporale

CF(V

3 x 1515 = 4542
VS
3 x (1+ 2 x 3)=21

(‘EE For more information see: https://youtu. be/4P4yr|SpSBk
=,
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Exploratlon of state space during learning.

Eng. Pablo Soubes

(,EEE For more information see: https://youtu.be/bDPUNMNwKY 8
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Thank you so much for your attentio

. and let's continue exploring the future!

- K
g ‘l— = .r--. II -

~ e r iben Chaer (IEEE-Senior Member) %, o
é'rente de Tecnlca y Despacho Nacional de Cargas ADME
Prof.Agr. Instituo de Ingenieria Eléctrica - FING - UdelaR.
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