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Por qué o armazenamento de energia elétrica?
ACORDO DE PARIS: Aumento do uso das renovaveis:

Cenéarios Tecnologicos de Referéncia (RTS) para atingir o Cenario de 2 °C (2DS)

Sector contribution to emissions reduction

RTS to 2DS

B Renewables 35% _

W CC5 14%
M Fuel switching 5%

M Efficiency 40%

Nuclear 6%

2014 2020 2030 2040 2050 2060

Mote: GtCO,; = gigatonnes of carbon dioxide. FIEE

IEA Tracking Clean Energy Progress 2017, June, 2017
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Por qué o armazenamento de energia elétrica?
ACORDO DE PARIS: Aumento do uso das renovaveis:

Solar PV

2005 2010 2015 2020

Onshore wind

FIEE

IEA Tracking Clean Energy Progress 2017,
June, 2017 2005 2010 2015 2020 2025
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Por qué o armazenamento de energia elétrica?
ACORDO DE PARIS: Aumento do uso das renovaveis:

Hydropower

800 -B-R-%-B-B

0
2000 2005 2010 2015 2020 2025
Offshore wind

IEA Tracking Clean Energy Progress 2017, FIEE
June, 2017 2005 2010 2020 2025
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Por qué o armazenamento de energia elétrica?
ACORDO DE PARIS: Aumento do uso das renovaveis:

Bioenergy

0]
2000 2005 2010 2015 2020

Geothermal
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IEA Tracking Clean Energy Progress 2017, 0 FIEE
June, 2017 2000 2005 2010 2015




Por qué o armazenamento de energia elétrica?

ACORDO DE PARIS:

Aumento do uso das renovaveis:
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Fonte Energia diretamente produzida

Solar * calor (coletores planos e concentradores)
* eletricidade (células fotovoltaicas e

geragao termosolar)

Biomassa * combustiveis (solidos, liquidos e gasosos)
* eletricidade (caldeiras a vapor/turbinas)
* calor (queima direta)
* INSUMOS quimicos

Hidraulica * eletricidade

Edlica * eletricidade

Oceanos * eletricidade

Geotérmica * eletricidade

* calor

FIEE
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Problemas com o uso intensivo das renovaveis

PROBLEMAS E SOLUCOES:

Armazenamento de
energia elétrica

Conversao de
eletricidade em
combustiveis

FIEE




2017

dbneei:’

i
L

P Y
G TD(

(| N )] - B P
A N

{ | /
Ll

Problemas com o uso intensivo das renovaveis

Problemas da intermiténcia: solar The duck curve shows steep ramping needs and overgeneration risk

Net load - March 31

Mogawatts
@
:

ramp need
~13,000 MW
in three hours

16,000 +

14,000 1

12,000 | ) / 2020
overgeneration

10,000 1 0
I'ISI(

http://instituteforenergyresearch.org/solar- 0t = i e P = o .
energys-duck-curve/# ednl FI EE

Howr



Problemas com o uso intensivo das renovaveis

Problemas da intermiténcia: edlica Example of wind variability and the effect on frequency
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OLIEMENGERB G Il EHCIETERT)ICN  Dec. 2016: bad weather slashed German renewable power

Two large shortfalls in wind & solar generation lasted 50 and 100 hours
Deficit covered by nuclear baseload and fossil-fueled dispatchable power sources

Two large shortfalls in renewables power generation occurred in just one month

Power Generation and Demand, Germany December 2016
Agora c Agora Energlewende, December 18, 2018

Lasyame i

“Such weather events can
persist for several days. The
firstlull lasted about 100 hours,
the second about 50 heurs.”
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Renewables shortfall
Iej140YyS Sa|gemauay
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Lattice Energy LLC _ Excessive re“ance on renewable 1Dec 206c 20e¢c 408 S00c 6Occ YDoc B Dec 90ec %WOe N ODoc 1200 1 Osc W Duc 15 Dec % Dax
energy sources can threaten reliability of electricity ® Conventional Power Stations
grids - April 19 2017

Solar @ Wind Onshore @ Wind Oftshore Hydropower @ Blomass -~ Power Consumption

April 19,2017 Lattice Energy LLC, Copyright 2017 Al rights reserved
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Solucao: armazenamento de energia elétrica

Tecnologias R N eosonts
Services

Purmpec

Hydrogen & "v;_-*‘"v_w-w
Fuel Colls e

Flow Bafteries

] Comprassed Ak Energy Storage

High-Energy
Supercapacitony

Lead-Acsd Rattery

Pr————————————————————
Mickel Cadmaum Dattery

Nickel Matal Myodnde Battecy

Filywhmety

http://energystoragesense.com/energy-storage-
technologies kW 10kW 100kW 1MW 10MW 100MW 1GW FIEE
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Solucao: armazenamento de energia elétrica

Maturidade tecnolodgica

Flow batteries

Flywheel (high speed)

Superconducting magnetic

Supercapacitor
energy storage (SMES) parcap

Adiabatic CAES

Hydrogen
Synthetic natural gas

Thermochemical

Capital requirement x technology risk

Molten salt

Lithium-based batteries

0\0 Flywheel (low speed)

Ice storage Sodium-sulphur (NaS) batteries

Compressed air energy storage (CAES)

Residential hot water
heaters with storage Underground thermal
energy storage (UTES)

Cold water storage \k
Pit storage

Pumped Storage Hydropower (PSH)

Research and development

IEA Energy Storage Technology Roadmap 2014

Demonstration and deployment

@ Electricity storage

Commercialisation
Current maturity level

FIEE

) Thermal storage
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Mercado

FUTURE GLOBAL DEPLOYMENT OF STORAGE TECHNOLOGIES, TO 2020
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B FElectro-chemical N Hydrogen storage
B Electro-mechanical B Thermal storage

Source: DOE Global Energy Storage Database (2016) FIEE




E o Brasil?

CHAMADA No. 021/2016 ANEEL PROJETO ESTRATEGICO:
“ARRANJOS TECNICOS E COMERCIAIS PARA A INSERCAO
DE SISTEMAS DE ARMAZENAMENTO DE ENERGIA NO
SETOR ELETRICO BRASILEIRO”
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Projeto Empresa Posicdo
PD-00043-0516/2018 CELPE
PD-00061-0054/2016 CESP
PD-D0063-3025/2016 CPFL Pauista
PD-D0068-0038/2016 CTEEP
PD-00257-3026/2016 RGE
PD-00403-0042/2016 TRACTEBEL Aprovado
PD-D0404-1609/2016 ENERGISA MS
PD-00553-0046/2018 PET ROBRAS (11 projetos)
PD-02927-2018/2016 CPFL Piradninga
PD-04950-0721/2018 CEMIGD
PD-07019-0044/20168 ELET ROBRAS AM
PD-00033-0076/2018 COELCE
PD-028668-0442/2016 COPELD
PD-02866-0444/2018 COPELD
PD-02866-0450/2016 COPELD
PD-02866-0452/2018 COPELD
PD-02866-0454/2016 COPELD "
e SOPELD Aprowvado com Recomendacao
PD-02868-0462/2016 COPELD .
PD-0294-1606/2016 FURNAS (12 projetos)
PD-04960-0722/2016 CEMIGD
PD-05897-0021/2018 CELESCD
PD-07013-0043/2016 ELET ROBRAS AM
PD-00553-0047/2016 PETROBRAS
PD-08491-0427/2018 COPELGT
PD-07013-0042/2018 ELETROBRAS AM —
PD-07514-0001/2016 Fio Canoas
PD-09344-0001/2018 ALIANCA-CEMIG GT

PD-10381-0001/2016

Fio Parana

(6 projetos)

FIEE
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Eloctrical Grid
SERMmR e saees .r ........... 1 ....... D@
E o Brasil? VTS e
) — - : 3.900 kWhiday , , 1125k
T - ' C=SP
Fator de capacidade: 20%
Poténcia total das plantas solares: 1.050 kWp
Energla total média didria: 5.070 kWh _“"'.?'
Edlico
Fator de capacidade: 30% 176 m3/h
Poténcia total da planta edlica: 200 kWp 40 m3/h H2 ib., n
Energia total média didria: 1.440 kWh ‘::g g.':) (45h)

780 m3 H2/day a 30 bar

(2.600 kWh/day)
) Simulag¢8o do atendimento do horério de pico

Energia média didria o

rmpamummasn é 00

sl 280 kW %m

Energia média diéria srmazenada nas baterias: 425 kWh “

Tempo de descarga A poténcia méxima: 1,52 h 220
Projeto de P&D CESP -
“Andlise da Eficiéncia do Armazenamento Complementar de Energia 7~~~ T i EE

Junto a Usinas Hidrelétricas, Utilizando Tecnologias de Armazenamento
Eletroquimico e em Hidrogénio” — UHE Porto Primavera SP/MS FIEE
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