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● This tutorial is about the 
optimal operation of power 
systems with high variability 
in their resources.

● We will see the tools 
developed for modeling 
such variabilities and for the 
assimilation of their 
forecasts.
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Each system has its peculiarities.

The optimal solution is surely different 
for each country.
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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.

Characterization of the variability in Uruguay.

16 years

WS 2 months

water inflows

wind & solar 
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Source: The risk images are from the IIE studies carried out in 2010 and 2018 respectively.
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Changes in the energy matrix of Uruguay
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Source: The risk images are from the IIE studies carried out in 2010 and 2018 respectively.

System of 2018

dray years rainy years

Changes in the energy matrix of Uruguay



Slide: 7

20
18

-0
1

20
18

-0
2

20
18

-0
3

20
18

-0
4

20
18

-0
5

20
18

-0
6

20
18

-0
7

20
18

-0
8

20
18

-0
9

20
18

-1
0

20
18

-1
1

20
18

-1
2

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

1,6

1,8

Uruguay 2018. 
Wind and Solar installed capacity compared with daily 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.
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All generators under control

SCADA
Operators

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

Source: https://adme.com.uy

Exports
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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

● Centralized Dispatch.
● Only Variable Costs.
● Contracts are of paper 

(in the sense that they should not interfere in the Dispatch).

Provide energy with acceptable reliability 
and quality at the minimum cost.
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Platform for simulation of optimal 
operation of the energy dispatch.

100% OOP

Actors
Playroom
Dynamic parameters
Monitors

Free & OpenSource

SimSEE
https://simsee.org
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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.

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

u=P (X ,r , t )

FCP(Xahora)=⟨ ∫
now

future+∞

oc (X , r , u , t)dt ⟩

Operation Policy:

Instant operating cost:

oc (X , r , u , t)

Future Cost:
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Time-Step used for simulation.

Big time step / implicit inertia

Small time step / more state variables

balance restrictions 
overestimate filtering capacity

need of availability models to 
represent
fail/repair inertia
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Bellman's curse of dimensionality.

u=P(X , r ,t )
Operation Policy:

Dim(u)×N X1
×N X 2

...×N XDim (X )
×N r1

×N r2
...×N r Dim( r )

×N t
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Time-Bands (Patamares) 
defined by the Monotonous Load Curve 
...  Makes sense?
 
Only an example, 4 days of july-2018-Uruguay

Source: ADME - SCADA ten-minute time series
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Source: ADME - SCADA ten-minute time series
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Sources of randomness
Stochastic processes

● Demand and temperature
● Flows of water contributions
● Wind speed
● Solar radiation
● Price of interconnected markets
● Fuel prices
● Availability of fuels
● Availability of generating plants
● Availability of transport lines

Equipment availability
(independent booleans)

El Niño, Hydro, Wind, Solar, 
Demand, Temperature.
(correlated processes)

Representation of uncertainty.

We are managing faster dynamics, 
therefore, the correlation between the 
different resources has greater 
importance. 

We need models of variability that 
correctly represent the correlation 
between resources and the correlation 
with the past. 

That is, we have to represent the 
inertia behind the stochastic variables.
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Unavailable

Availability of generators, power 
transmission lines, etc.

Available

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.

Fail

Repair
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Wind, Solar and Demand correlations.
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Gaussian World Real World 
Model

Gaussian World:
Multi-variable linear system 

fed with 
Gaussian independent white noise

CEGH modeling.

X k+1= ∑
h=0

h=n−1

A h X k−h+ ∑
h=0

h=m−1

BhR k−h
NLT

NLT

NLT

NLT

NLT

NLT

• reproduces the amplitude histograms of the 
original processes.

• reproduces the spatial and temporal correlations in 
a gaussian space.

Accept state space reductions.

Accept forecast information.
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PRONOS
2016-2017

https://pronos.adme.com.uy
https://pronos.adme.com.uy/svg/

Weather Forecast Real time
status information

Power plants models

Load, Wind and Solar power
Forecast
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ADME_Data y ADME_WindSim
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Operator without forecasts
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Operator with forecasts
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Treatment of forecasts in CEGH modeling.
 Gaussianization
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Ease integration of FORECASTS in CEGH modeling.

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).

X k+1= ∑
h=0

h=nr−1

Ah X k−h+Sk+Fk ∑
h=0

h=m−1

BhRk−h

Sk=[
s1 , k

...
sn ,k ]

biases:

F k=[
f 1 , k 0 ... 0
0 f 2 , k ... 0
0 ... 0 f n ,k

]
attenuators:
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Treatment of forecasts in Gaussian space with reduction 
in CEGH modeling.

u=POz(z , r , t )

z=M R X
R

A

X=M A (t ) z+BA (t )w

P50

P90

P10

t

x1
x2

P50

P90

P10

t

z1
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σ=0

Programming the enegy dispatch without 
windpower forecasts.
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Forecast

 

 

Programming the enegy dispatch with 72h of 
windpower forecasts.
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Demand Stochastic Model
Eng. Eliana 
Cornalino

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

Eng. Alejandra de Vera

For more information see: https://youtu.be/DYvZLeotxEk
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Assimilation of Forecast Ensembles in CEGH Models.
Eng. Guillermo Flieller

For more information see: https://youtu.be/glheJY9PPc4
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Considering the ENSO Forecasts
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Modeling Wind and Solar Power Forecasts using
Mixture Density Networks

Eng. Damián Vallejo.

For more information see: https://youtu.be/ZDUhUMfI-7o



Slide: 39

Continuous forecast of the next 168 
hours of optimal operation.

https://vates.adme.com.uy

VATES
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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)
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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

For more information see: https://youtu.be/F7h43i3sxU0
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What we are working on now for the future.
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Combined Cycle Model.
Eng. Vanina Camacho

2 State variables for each group TG+Boiler.

● 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 SimSEE.

Eng. Ignacio Reyes Flucar

SimSEE

iteration

For more information see: https://youtu.be/jHRlAaL5mq4



Slide: 48

Bellman's curse of dimensionality.

u=P (X ,r , t )
Operation Policy:
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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

Ruben Chaer, Ignacio Ramirez, Ximena 
Caporale, Pablo Soubes, Damián Vallejo, 
Felipe Palacio, Sergio Tagliafico.

N01

N02

N03

N04

N11

N12

N13

N14

Lin

N15

N17

N18

N19

Entrada

Salida

                                ⏟
Capas ocultas

MAX
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Temporal Parsimony
Eng. Ximena Caporale

For more information see: https://youtu.be/4P4yriSpSBk
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Exploration of state space during learning.
Eng. Pablo Soubes

For more information see: https://youtu.be/bDPUNMnwkY8
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That's all folks. That's all folks. 
Thank you so much for your attention!Thank you so much for your attention!

... and let's continue exploring the future!

Ruben Chaer (IEEE-Senior Member)
Gerente de Técnica y Despacho Nacional de Cargas - ADME.

Prof.Agr. Instituo de Ingeniería Eléctrica - FING - UdelaR.

Uruguay - September 2020
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