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PSR

Integra estudios de consultoria,
desarrollo de herramientas avanzadas e
investigacion en nuevas metodologias

para sistemas de energia

Tenemos un equipo de 120 personas
con graduacion y postgrados en
ingenieria, matematica, optimizacion,
sistemas de energia, estadistica e
informatica (High Performance
Computing y ciencia de los datos)




La PSR actua en mas de setenta paises de todos los continentes

Planning models for
the World Bank and
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Market simulation
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Americas

All countries in South and
Central America, United
States, Canada and
Dominican Republic
Europe

Austria, Spain, France,
Scandinavia, Belgium, Turkey
and the Balkans region

Asia

China (Shanghai, Sichuan,
Guangdong and Shandong),
India, Philippines, Singapore,
Malaysia, Kirgizstan, Sri
Lanka, Tajikistan and
Vietnam

Oceania

New Zealand

Africa

Morocco, Tanzania, Namibia,
Egypt, Angola, Sudan,
Ethiopia and Ghana




El nuevo mundo de la energia




El nuevo mundo de la energia: descarbonizacion, decentralizacion y digitalizacién

The European treaty debacle

The American tribalism The
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The 90% economy, revisited

African pop culture goes global
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How evolution causes clutter

The future of 21st century Power Systems

How clean energy will remake geopolitics
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Descarbonizacion: la revolucion de las renovables

. . . ) . Costs continue to fall for
Motivacion inicial: politica energética y cambios climaticos solar and wind power technologies

Actualmente: motivacion econdmica, expansion mas barata o as
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Descentralizacion: explosion de la generacion distribuida con el avance tecnolégico

Building details

1. Zoom in and point to the corners of the sunny side of your roof

Mapa Satélite

IKEA home solar panels and battery storage

Your estimate

1. Size
21.0m2 (7)

2. Orientation

¢/ solarcentury

=)

3. Pitch
4. Time of day use

5. Access

Your results

The table shows your savings and cost. This is very much an estimate at this stage. You can receive a much
more accurate assessment of solar for your home by requesting a quote. Check the assumptions.

"

:
oo
¥
F. % ;
- - g
| ull S mall a1 ™
Option 'Z' Rooftop Rooftop PLUS Built-in PLUS
No. of panels D 12 12 13
Canadian Solar JA Solar Sunstation
Panel @)
- 270W 280w 270W
Include battery storage ® No | J Yes
Year one savings ( ;v £339 £348 £359
Savings over 20 years ® £10,038 £10,288 £10,591

Cost of system ® £4,848 £5,325 £6,500

IEA New Solar Additions Per Year
Forecast vs History
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La reducida “barrera de entrada”,
competitividad y corto tempo de
implantacion han generado un
crecimiento exponencial, llevando el
mercado libre a los que todavia estan en
el sector regulado




Digitalizacion: la demanda passa a ser um agente proactivo

Ayer

1. ¢Esdificil calcular y comunicar senales de precios?

2. ;Esdificil hacer una medicion detallada?

3. ¢Losconsumidoresnoresponden ala senal de precio?

4., ;Larespuestadel consumidortiene unimpacto limitado? /\

electrelk ~ Exclusives  Autos ~  AlL Transport ~ Autonomy ~ Energy ~  Tesla Shop B o Q

Tesla lobbies for anyone with solar and batteries to

~ participate in Texas’ energy market
Senale.s de Nuevos Nuevas b
precios comportamientos dinamicas




Consecuencia: La planificacion es aun mas importante...

Planning for the renewable future: Long-term
modelling and tools to expand variable renewable
power in emerging economies

PLANNING FOR THE
RENEWABLE FUTURE

LONG- T8 MOCKLUNG AND BO0KS 10 W0
VARABE NS FOWTRIN DMECNG EOONOVES

I
[
I

January 2017
ISBN: 978-92-95111-06-6

& Download

Ambitious national commitments, international agreements and rapid
technological progress have prompted countries around the world to turn
increasingly renewable energy to expand their power infrastructure. However,
the variability of solar and wind energy - two key sources for renewable power
generation - presents new challenges.

Proactive energy planners will address the challenges of variable renewable
energy (VRE) integration directly, starting with long-term investment choices.
Techno-economic assessments can help to inform policy development and set
optimal targets for renewable power uptake. Scenario modelling, meanwhile,
has become a critical planning tool for the power sector, with considerable
knowledge being acquired in certain markets on how to represent VRE in long-

term models.

%) Electric Power Systems Research
Volume 211, October 2022, 108445

A methodology for improved TSO-DSO
coordination in grid operation planning

Jan Ringelstein * A &, Mike Vogt *, Ataollah Moghim Khavari °, Roberto Ciavarella ©, Marialaura Di Somma ¢,

Giorgio Graditi

Show more

+ Add to Mendeley o Share 9% Cite

https://doi.org/10.1016/j.epsr.2022.108445 Get rights and content




... Y cada vez mas compleja

Caracteristicas de
los recursos

Necesidades
del sistema

Variable

Forma portafolios

Incertidumbres

Conversores de potencia
(sincronizacion)

Costo marginal cero

Restricciones de localidad

Suministro de punta
(demanda liquida max.)

Confiabilidad
(escenarios criticos)

Flexibilidad
(despachabilidad)

Respuesta rapida
(Reserva de corto plazo)

Vertimiento de excesos
(balance horario)

Gestion de congestiones
(balance geografico)

Renovables
variables
Regulacién
eficiente y
competencia
Sistema
eficiente,
confiabley

flexible

Participacion
de la demanda

Transmision

Hidroelectri-
cidad

Gas natural



Planificacion 1.0 y 2.0: eficiencia y confiabilidad




Planificacion 1.0: eficiencia econdmica + directivas de politica energética
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Planificacion 2.0: (1.0) + confiabilidad

3 Eventos representados POr processos

estocasticos ( “known unknowns”)

1. Médulo de inversién en generacion e interconexiones
Minimizar I(x) + O(x), sujeto a restricciones de
confiabilidad EPNS(X) < E*

Plan oX)y

candidato corte de
X optimalidad

Confiabilidad en el suministro

. 7

AFallas de los equipos de generacién y transmision

EPNS(X) y

corte de
vibilidad

2. Médulo de
Operacion
Estocastica

AVariabilidad de la demanda

A Etc.

3. Médulo de
Confiabilidad de
suministro

—

Metodologia de solucidon: descomposicion
de Benders con cortes de optimalidad y de
viabilidad

Plan
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IEEE TRANSACTIONS ON POWER SYSTEMS. VOL. 36, NO. 1. JANUARY 2021

Reliability-Constrained Power System Expansion
Planning: A Stochastic Risk-Averse
Optimization Approach

Luiz Carlos da Costa Jr.

. Fernanda Souza Thomé, Joaquim Dias Garcia

. Stucdent Member, IEEE,

and Mario V. F. Pereira, Fellow, IEEE

Abstract—This work presents a methodology to incorporate
reliability constraints in the optimal power sys 5 expansi
planning problem. Besides Loss Of Load Probability (LOLP) and
Expected Power Not Supplied (EPNS), traditionally used in power
systems, this work proposes the use of the risk measures VaR
(Value-at-Risk) and CVaR (Conditional Value-at-Risk), widely
used in financial markets. The explicit consideration of reliability
constraints in the planning problem can be an extremely hard
task and, to minimize computational effort, this work applies the
EBenders decomposition technigue splitting the expansion planning
problem into an investment problem and two subproblems to
evaluate the system’s operation cost and the reliability index. The
operation subproblem i ved by Stochastic Dual Dynamic Pro-
gramming (SDDP) and the reliability subproblem by Monte Carlo
simulation. The proposed methodology is applied to the real prob-
lem of optimal i lanning of the Bolivian power system.

Index  Terms—System  expansion  planning, Benders
decomposition, Power  systems, Reliability, Stochastic
program g, Risk measures, Mixed Integer Programming,

Monte Carlo, Stochastic Dual Dynamic Programming.
L INTRODUCTION

HE goal of power system expansion planning (SEP) is to
determine necessary changes in the system due to load
growth, new technologies and policy-related constraints. In this

This planning process constitutes an extremely complex prob
lem that cannot be solved without simplifications. Depending
on the goals of the planner different aspects and details of
power systems can be considered in general SEP. Many possible
constraints are described in [7]. some specific aspects include:
carbon capture and storage [8]: unit commitment in the opera
tion [9]; flexible demand and electric vehicles [10]: aggressive
wind power penetration [11]. A common aspect in most SEP
models is the representation of uncertainties, although each
maodel typically focuses on specific sources of randomness, like
renewable energy and load [12]. outages or contingencies [13].
[14]. Frequently used frameworks to deal with uncertainties in
SEP are Stochastic Optimization [15], [16] and Robust Opti
mization [12], [17], both of which can also be combined [18].

Many techniques were proposed to solve the large-scale prob
lems that arise from SEP modelling. Heuristics like Particle
Swarm Optimization and GRASP were proposed in [8] and [19].
Many decomposition methods were presented due to natural
scenario-wise andfor stage-wise structure: [20], [21] and [22]
apply progressive hedging, Dantzig Wolfe decomposition was
applied in [23] and Benders decomposition, perhaps the most
used one. was applied in [12], [13], [15]. [24]-[28].




Planificacion 3.0: flexibilidad




Desafios de la insercion de renovables: variabilidad de la produccion...
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