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O carvao continua ......
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Global average annual net capacity additions by type
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Asia é o local de novas usinas
a carvao

Installed coal generation capacity by country/region
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Source: Platts World Electric Power Plant Database 2016 & World Coal Association analysis 2017
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Middle Eastern
nations plan to add
41GW of new coal

over next decade
( Energy live news 15.08)

One developed
country is moving
back to coal -
Japan — 36 plants
next decade
(Business Insider 11.08)




A planta do carvao do futuro
- USDOE RFI maio/18

v Unidades de 50 a 350 MW com minimo de 40 % de eficiéncia
Modular, baixo custo, rapida construcao e comissionamento

v" Uniformizacao de Projeto — padronizacao, manutencao
simplificada

v" Integracao com estocagem de energia e sinergia com a
intermiténcia; Capacidade de altas rampas 4% MCR/min

v Emissoes quase zero, incluindo “capture ready” CCUS
v" Baixos fatores de capacidade 25% of MCR
v Menor consumo de agua

v" Plantas comerciais em 2025



Os atributos ....
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Key Drivers

Lower Carbon

Flexibility Cost Reliability gt




O carvao do presente
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Pingshan Il 1%
Power Station

Eficiéncia : 50 %




Estado da arte das plantas
a carvao no mundo

USC COAL POWER CAPACITY WORLDWIDE

(PLATTS, JUNE 2017)

IN OPERATION (MWe) UNDER CONSTRUCTON
(MWe)

Asia 201,413 94,575
Europe 24,133 6,045
Middle East 0 3,786
Eurasia 300 0

North America 665 0




Aumento de eficiéncia contribui para '
reducao de CO2 pimemimiie

CO, reduction potential of coal-fuelled power plants A mais
importante
medida no curto

Supercritical prazo. para

) Up to 42% efficiency reduzir as
® e e Ultra-supercritical emissfes de
Up to 45% efficiency CO2 é aumentar

740-800g CO,/kWh -
/ Advanced ultra-supercritical a eficiencia das
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Subcritical
Up to 38% efficiency
>880g CO,/kWh

1% aumento da
eficiencia LHV =
2—3% pontos de
reducao das
emissoes de
CO2

® 90% reduction
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Low ®

emissions

Source: Adapted from IEA Technology Roadmaps. High-efficiency low-emissions coal-fired power generation, 2012
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Cogeneration Plant

power

for CCS system) §
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PETRA NOVA
Texas/USA

240 MW CCS
c/pos combustao
com aminas 90 %
captura de CO2
para EOR

Operacao : Jan/17




Desafios da Industria de
Carvao - Brasileira

» Mudancas Climaticas :
* Fontes de Financiamento (BNDES)
 Discriminacdo da midia

» The Minamata Convention on Mercury
and its implementention in the Latin
America and Caribbean Region

» Envelhecimento do parque — programa
de modernizacao/renovacao - Aneel
RN500/ Fim da CDE em 2027

» Melhoria do marco
regulatorio



Reducao de 30 % da capacidade
— Modernizacao ?7??

Pargue termelétrico a carvao nacional

Usinas MW efic. % idade
JLacerda I eIl 232 25 52
Figueira 20 14,8 54
JLacerda III 262 28 38
JLacerda IV 363 34,7 20
Candiota III 350 36,5 6
Total Nacional 1.765 34

Dez/2017 : 1.227 MW




Que tipo de usina a carvao iremos
contratar ??

Super Critica
& Eficiéncia:  40%
&%?Z:Z:_Ca > Pressao: 221-250 bar
« ' i Temperatura: 540-580 °C

Pressao: < 221 bar
Temperatura: 565 °C Emissao CO2: - 10-15%
CAPEX: ~ 2.000 USD/kWinst $ Caldeira: + 7-10%

$ CAPEX: + 3-5%
ICB: + 8-15 $/MWh




Objetivos do Programa de
CCUS do CTCL/SATC

2016 2018/19

Sorbents tests in lab

CO, capture pilot
plant using TSA
process (ARI)
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2030

Commercial
scale

2014-2015 2017 2021 |
Start of activities _ Results from pilot
regarding synthesis of - CO, Capture Lab ready; tests for a demo

sorbents for CO, capture: scale
zeolites from coal ashes
and solid amine sorbents.

- Scaling of sorbents
synthesis.
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