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optimal operation
of dynamic systems

The use of stored resources (water) today reduces the operating
costs of the present but increases the operating costs of the
future; and vice versa.

An Optimal Policy reduces the expected value of the cost of
future operation of the system.

An Optimal Policy balances the effects of actions on future and
present COsts.



The Operator and the Operation Policy

The System
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* Dynamic Programming 1957.
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BR vs. Machine learning of FC(X,k)
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Learning Loop

(exploring) =
Simulations

simulated
trajectories

[k,X,sc,FC]:

-

Improve the
estimate of
FC(X,k)




The information is in the FC(X) differences

Use Common Random
Numbers to prevent the FC(X)
X variance from confounding the
k calculation of the differences:
FC(Xa) - FC(Xb) at the arrival
states



Exploration Strategies

In a stable system, the use of CRN leads to convergence of trajectories and
a consequent loss of exploration capability. Each NTD steps states are
exploited to recover said capability.



FC(X) representation and regularizations
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SULLEDY
In a continuously operated system, learning
is also processed continuously. With the
course of each real hour, the vector of
neurons is moved, discarding the one
corresponding to the elapsed hour and
repeating the last neuron of the set to
continue in the learning loop
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Example case. Uruguay 2050
Hydro+Biomass+Solar+Wind+Battery banks

Eﬁa 44 state variables:

* 3lakes
sy & Bol soo LR * 40 battery-banks
* Pacific Ocean surface temperature
anomaly in region 3.4

/ Bellman's Recursion(:
‘ ‘ ( N

* To store the future cost function in
floating point, it is necessary 19.7
- Tera-bytes
* Solving the recursion on a 48-core
) computer would take 286 years.

(*)Jassuming a year and a half with hourly steps and
discretizing the state variables in 5 positions

SUCLESY

Less than 12 hours to obtain a
reasonable operation of the system!
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https://simsee.org/investigacion/tractorcito.html

Proyecto ANIl FSE_1_2017_1_144926

TRACTORCITO

Planificacién de inversiones con energias variables, restricciones de red y gestion de demanda.

UNIVERSIDAD
DE LA REPUBLICA

URUGUAY

10 AV.L 100V

INGENIERIA

Instituto de Ingenieria Eléctrica - Facultad de Ingenieria - Universidad de la Republica Oriental del Uruguay.
Proyecto financiado por el Fondo Sectorial de Energia - ANII 2017.

'? El Tractoreito SImSEE Proyecto ANII .~ © e

Vermasta.. Compartir
et [

APROVECHAR LA

!érEFHMACION b
'PRONOSTICOSIDE LLUVIAS,
VIENTOS YIOTRAS

w5 A DS
Ver en (BB Youlube

Ejecucidn: Setiembre 2018 - Setiembre 2020

Investigadores: Pablo Soubes, Damian Vallejo, Ximena Caporale, Sergio Martinez y Felipe Palacio.
Co-responsable cientffico: Ignacio Ramirez.

Responsable cientifico: Ruben Chaer.



Publicaciones especificas asociadas a la tesis

* Machine learning for optimal operation of fully renewable energy systems, -
en preparacion para el IEEE-IGTD-2023 (en preparacién Deadline 28/11/2022)

* Learning the optimal joint operation of the energy systems of Uruguay,
Brazil, Paraguay and Argentina, R.Chaer et.al Congreso IEEE-GTDLA 2022,
20 Oct. 2022, Colombia. (Aceptado, pendiente de publicacion en la IEEExplorer)

* Teaching a Robot the optimal operation of an Electrical Energy System
with high integration of renewable energies. R.Chaer et. al. Congreso IEEE-

URUCON 2021, 24-26 Nov. 2021, Montevideo-Uruguay. (Aceptado y publicado
en la IEEExplorer)
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Otras actividades que considero proyectan y deben ser
consideradas para los créditos
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Publicaciones 2021-2020

2021

2020

Teaching a Robot the optimal operation of an Electrical Energy System with high integration of renewable energies. R.Chaer et. al. Congreso IEEE-URUCON 2021, 24-26 Nov. 2021, Montevideo-Uruguay.
Generation Investment Planning and Risk Management in BANI Context. G. Casaravilla, R. Chaer y X. Caporale. Congreso IEEE-URUCON 2021, 24-26 Nov. 2021, Montevideo-Uruguay.
Mixture Density Networks Per Hour-Month Applied to Wind Power Generation Forecast. D. Vallejo y R. Chaer et. al. Congreso IEEE-URUCON 2021, 24-26 Nov. 2021, Montevideo-Uruguay.

Long-term planning and characterization of Latin American electrical systems based on their resources. Lorena Di Chiara, Gonzalo Casaravilla, Ruben Chaer. Energy, COVID and Climate Change. 1st IAEE Online Conference, 7-9 jun,
page 1--2- 2021

Energy transition of Uruguay, Gonzalo Casaravilla, Ruben Chaer, IAEE Energy Forum - Fourth Quarter, page 11--14- 2021.

Aplicacién de SimSEE a la planificacién de inversiones de generacidn eléctrica en Republica Dominicana. Ruben Chaer. Transforma : Boletin Informativo. Proyecto Transicién Energética. Republica Dominicana, Number 5, page 4--
7- Mar. 2021

Atechnical, economical and regulatory analysis of storage systems incorporation in the Uruguayan electricity market. Virginia Halty, Mario Vignolo, Ruben Chaer. 2020 IEEE PES Transmission & Distribution Conference and
Exhibition - Latin America (T&D LA), Montevideo, Uruguay, 28 sep-2 oct, page 1--6- 2020

Energia hidroeléctrica en Uruguay : Pais lluvioso con sequias. Gonzalo Casaravilla, Ruben Chaer. Informe elaborado por docentes e investigadores del Grupo Energia Eléctrica del Departamento de Potencia-lIE-FIng-UdelaR , page
1--3- Jul. 2020

Hourly model of a combined cycle power plant for SimSEE. Vanina Camacho, Ruben Chaer. 2020 IEEE PES Transmission & Distribution Conference and Exhibition - Latin America (T&D LA), Montevideo, Uruguay, 28 sep-2 oct, page
1--5-2020

Impacto del COVID19 en la demanda de energia eléctrica de Uruguay. Gonzalo Casaravilla, Ruben Chaer, Ximena Caporale. Informe elaborado por docentes e investigadores del Grupo Energia Eléctrica del Departamento de
Potencia-lIE-FIng-UdelaR , page 1--3- Jun. 2020

Integracién de ensambles de pronésticos hidrolégicos a las herramientas de operacidn del sistema eléctrico en Uruguay. Alejandra De Vera, Guillermo Francisco Flieller Alfonso, Magdalena Crisci, Ruben Chaer, Rafael Terra.
ENERLAC : Revista de Energia de Latinoamérica y el Caribe, Volume 4, Number 1, page 96--117- Jun. 2020

Introduction of ensemble based forecasts to the electricity dispatch simulator SImSEE . Guillermo Francisco Flieller Alfonso, Ruben Chaer. 2020 IEEE PES Transmission & Distribution Conference and Exhibition - Latin America (T&D
LA), Montevideo, Uruguay, 28 sep-2 oct, page 1--6- 2020.

Mixture density networks applied to wind and photovoltaic power generation forecast. Damian Vallejo, Ruben Chaer. 2020 IEEE PES Transmission & Distribution Conference and Exhibition - Latin America (T&D LA), Montevideo,
Uruguay, 28 sep-2 oct, page 1--5- 2020.

Planning of generation investments with risks of severe infrequent events. Gonzalo Casaravilla, Ruben Chaer, Ximena Caporale. 2020 IEEE PES Transmission & Distribution Conference and Exhibition - Latin America (T&D LA),
Montevideo, Uruguay, 28 sep-2 oct, page 1--6- 2020.

Pumped storage case study in Uruguay : Simulation and value. Federico Sanz, José Cataldo, Ruben Chaer. 2020 IEEE PES Transmission & Distribution Conference and Exhibition - Latin America (T&D LA), Montevideo, Uruguay, 28
sep-2 oct, page 1--4- 2020.
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Participacion en talleres/congresos como expositor invitado.

Set-2020-Montevideo-Uruguay (modalidad virtual). "VISION FOR THE FUTURE" - IEEE PES Transmission and Distribution Conference and
Exposition - Latin America [T&D LA 2020],. Tutorial: “Optimal Dispatch of High-Penetration Renewable Energy Integrated Power System”.

* Nov-2020 Quito-Ecuador (virtual modality). V Energy Week - Olade - BID. Participation as a guest to the panel: Renewable Energies -
Wind future in the region, flexibility of electrical systems.

Nov-2021 - (virtual mode) IEEE-URUCON 2021. Tutorial: “Despacho 6ptimo de energia con asimilacion de prondsticos”.

May-2021- (virtual mode) Mexico WindPower. Participation as a guest to the panel: WHERE IS THE ENERGY POLICY GOING?
INTERNATIONAL CASES LESSONS LEARNED, THE CASE OF MEXICO

Marzo 2020 - Mexico WindPower. Participaciéon como invitado en el panel: COMO GARANTIZAR UNA RED ELECTRICA SOLIDAY
CONFIABLE PARA LAS EE.RR. MEXICO.

Set-2020-Montevideo-Uruguay (modalidad virtual). "VISION FOR THE FUTURE" - IEEE PES Transmission and Distribution Conference
and Exposition - Latin America [T&D LA 2020],. Tutorial: “Optimal Dispatch of High-Penetration Renewable Energy Integrated Power
System”.

Nov-2020 Quito-Ecuador (modalidad virtual). V Semana de la energia - Olade - BID. Participacion como invitado al panel: Energias
Renovables - Futuro edlico en la region, flexibilidad de sistemas eléctricos.

* 2019, March 10-12. 7th ELAEE - 7th Latin American Energy Economics Conference. Participation as invited speaker in the "Workshop:
Integrating Renewable Energies in power systems in Central America".
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Participacion como revisor:

< IEEE

Advancing Technology
for Humanity

Institute of Electrical and Electronics Engineers
2018 IEEE PES Transmission & Distribution Conference and Exhibition Latin America
Sustainable Electric Energy for the Future of Latin America

The 2018 IEEE PES T&D LA Technical Committee certifies this recognition as REVIEWER to:

Ruben Chaer

The Conference was held in Lima on September 18% to 21%, 2018

Lima, September 21™, 2018.

Santiago L. Leén Gomez Jorge Lafitte Vega

Conference Chair Technical Program Chair
2018 IEEE PES T&D LA 2018 IEEE PES T&D LA

— <©IEEE

CONCAPANXL

Integrando nuevas ideas y tecnologias Panama 2022

Panama 11 de noviembre de 2022

Estimado revisor técnico

Rubén Chaer
Administracion del Mercado Eléctrico (ADME)

En nombre del Comité Organizador de la XL Convencién de Centro América y Panama
(CONCAPAN 2022), reconocemos y agradecemos su participacion como miembro del
Programa Técnico, el cual tuvo la responsabilidad de revisar los articulos sometidos a
nuestra conferencia. Valoramos su participacién como evaluador ya que su contribucion
nos permitid mantener el alto nivel de las conferencias técnicas en CONCAPAN.

Esperamos seguir en contacto con usted y contar con su apoyo en futuras versiones de
este prestigioso evento regional del IEEE.

Atentamente,

Enrig E Tjjem Carlos A Médina C.

Presidente del Comité Organizador Coordinador del Programa Técnico
CONCAPAN 2022 CONCAPAN 2022
www.ieee.org/concapan2022 Email: carlos.medinac@ieee.org

Cel. +507-6672-4972
Email: e.tejera@ieee.org
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Artificial intelligence applied to the
optimal dispatch of decarbonized
systems, towards 2050

( another episode of the series: "Fighting Bellman's Curse")

Abstract: A perspective is given of where the systems are evolving and the need to
incorporate new techniques, such as Atrtificial Intelligence for efficient
management of electricity generation systems.

UNIVERSIDAD | ]
DE LA REPUBLICA Fundaaé Bc
URUGUAY Julio Ricaldoni ANII

= INGENIERIA INGENIERIA EN EL URUGUAY  aliini.

8th ELAEE

Ruben Chaer
18 de Noviembre 2022

Aavrmovia

BOGOTA, COL.
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)
Say W,

Intel

ia Aftificial Aplicada

!

Simulacion de la operacion optima de los
sistemas electro-energéticos de Uruguay,
Brasil, Paraguay y Argentina en la
plataforma SimSEE.

( otro episodio de la serie: “Luchando contra La Maldicion de Bellman” )

Charlas del Capitulo de PES&IM-IEEE-Uruguay

Ruben Chaer
3 de Noviembre 2022
11:00 GMT-3

Resumen: Se presenta la incorporacion de Inteligencia Artificial a la plataforma
SIMSEE que hace posible la solucion de operacion optima aproximada del
conjunto de sistemas creando una politica de operacién para los 75 embalses
considerados. La presentacion hace foco en los aspectos metodoldgicos.

Webinar (gratuito), registro:

https://events.vtools.ieee.org/event/register/328042

UNIVERSIDAD m & []
DE LA REPUBL]CA 3 Fundacién -
1 S Julio Ricaldoni AN
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