IEE

INSTITUTO DE ENERGIA E AMBIENTE
UNIVERSIDADE DE SAO PAULO




N

> IEEUSP _
2, SRR
il ENERGY STORAGE
N SEMINAR
| STATE OF THE ART OF ENERGY STORAGE T
@ = AND INSERTION OF INTERMITTENT RENEWABLE = =+
SOURCES

19 e 20 MARCH, 2018 * SAO PAULO - SP

INSTITUTO DE ENERGIA E AMBIENTE
DA UNIVERSIDADE DE SAO PAULO

IEE/USP e =




IEE

INSTITUTO DE ENERGIA E AMBIENTE
UNIVERSIDADE DE SAO PAULO

Characteristics of Brazilian electric system
and potential contributions of energy storage

Prof. lldo Luis Sauer

Realizagao Promogéao Apoio Participagéo:
— U.S. CONSULATE,
IESEH \U\-':J DE LNL:‘.;—;‘."\ E -’.\’fs\l;NlL csspé?,ﬂz’ds SAO PAULO AGNEg-

Chamada de P&D Estratégico no. 21/2016. Projeto no. PD-00061-0054/2016


Apresentador
Notas de apresentação
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O título é fiel ao trabalho que pretendo realizar? 
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Brazilian National Interconnected Power System:

Total Capacity 152,980 MW Power Plants (June, 2017):
= Hydro 98,778 MW
— Large and dispatchable 93,216 MW
— Small 5,556 MW
= Thermal 43,253 MW
= Wind 10,712 MW
= Solar 237 MW
— centralized 145 MW
— Distributed 92 MW
= Other distributed sources 132 MW.
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Brazilian National Interconnected Power System

= 538,053 GWh Yearly (Jun/16-Mai/17)

Total storage capacity of large hydro reservoirs
211,913 GWh

* Hence 39.3% of annual consumption
» Peak power demand (February 2014)
— 85,708 MW
= Below of large hydro capacity
— 93,216 MW

High voltage transmission lines (230kV to 750 kV)
amount to 136,027 km.
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Questions regarding storage in Brazil

= Putting aside restrictions in transmission capacity, in
principle the system can meet its peak and energy demand,
even with large participation of intermittent sources.

= |n this context, the technical question then becomes, mainly,
electric stability parameters such as voltage and frequency
regulation under short-term large variability of the
intermittent sources.

= Besides the technological challenges, the regulatory
framework to be adopted and implemented, in order to
stimulate a sustainable and efficient transition, is a matter
open for discussion. Hence the importance of reviewing the
international experience.
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The seminar focus and questions

= The technical and economic strategies to accelerate the share
of modern renewable energy in the Brazilian energy matrix.

= Explore the contribution of storage (here, mainly
electrochemical and hydrogen) technologies.

= Management and regulation, as well as other, beyond battery
and hydrogen, storage strategies to optimize expansion and
operation of the unique Brazilian Interconnected Power
system under large penetration of wind and solar power
sources
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ON MARCH 15, 2018 -
last thursday
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Installed Capacity (MW) Region and Source
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National Interconnected System
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Brazil Electricity Production x Consumption GWh
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SIN — History: EARmax and Energy Production, GWh
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Newave Software Stochastic Dual Dynamlcs Process
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Z, stocastic process;

WU, Seasonal average of time period m;

o, seasonal standard deviation of the time period m;
@™ (B) autoregressive operator of p,, order;

P, € @ autoregressive order of the period m;

, . . . . . 2
a, € serial time noise, independent, zero average and variance = g, (m),

Source: MACEIRA et al., 1999b
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Hydraulic coupling between REEs Alto Sao Francisco and Northeast, and between REEs Parana and Itaipu
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Newave: Reservatorios Equivalentes de Energia 3- Nordeste

4: Norte

Reservatorio Nome Submercado
Equwalente

Sudeste 1: Sudeste
5 Itaipu 1: Sudeste
6 Madeira 1: Sudeste
7 Teles Pires 1: Sudeste
10 Parana 1: Sudeste 1: SUdeSte
2 Sul 2: Sul
3 Nordeste 3: Nordeste
4 Norte 4: Norte
8 Belo Monte 4: Norte

\ 2: Sul
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BRAZIL — NATURAL ENERGY INFLOW, TWh
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Bra2|l — Afluentg Natural Energy — Boxplot
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GWh 2014
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GWh 2015
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GWh 2016
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VARIABILIDADE DA GERAGAO NO NORDESTE

= Avariabilidade da velocidade do vento causa diferencas na
geracao eolica diaria, com variacoes de 1500 MWm para
4500 MWm de um dia para o outro, em outubro de 2016,
por exemplo.

= Avariabilidade da velocidade do vento causa diferencas na
geracao eolica diaria, com variacoes de 1500 MWm para
4500 MWm de um dia para o outro, em outubro de 2016,
por exemplo.
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Water Storage - National Interconnected System
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Flexibility Supply Curve Concept

Supply
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Cost Storage
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Increasing Renewable Energy (RE) Penetration
Denholm et al. 2010
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-Flexibility Supply Curve Concept

[ RELATIVE ECONOMICS OF INTEGRATION OFTIONS

Involuntary Load
shedding

Option costs are system-dependent
and evelving over time

SYSTEM SERVICES FROM FLEXIBLE » cromAn
OPERATION VARIABLE RE GENERATION TRANSMISSION STORAGE

Type of Intervention

|

You probably do this first

Cochran et al.
2015
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PERGUNTAS

QUANTO DE FONTES INTERMITENTES (GERACAO VARIAVEL) PODEMOS
ADICIONAR, UTILIZANDO AS FONTES DE FLEXIBILIDADE ATUAIS?

QUE NOVAS FONTES (ALTERNATIVAS DE FLEXIBILIDADE SERAO
ADEQUADAS, TECNICA E ECONOMICAMENTE, NO CONTEXTO DO
SISTEMA INTERLIGADO BRASILEIRO?

QUAIS AS ALTERACOES NECESSARIAS NOS CRITERIOS DE OPERACAO E
DESPACHO?

QUAL O MODELO ECONOMICO, REGULATORIO, E DE REMUNERACAO
PARA AS FORMAS DE ARMAZENAMENTO REQUERIDQOS?

QUE O PAPEL DEVEM TER TECNOLOGIAS DE ARMAZENAMENTO
MODERNAS, TAIS COMO ELETROQUIMICO E HIDROGENIO, NO
CONTEXTO BRASILEIRO?
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THANK YOU

OBRIGADO!
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