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Centro Tecnoldgico SATC

« Inicio das atividades com grupo de trabalho associado a recuperacao ambiental;
« Sede propria inaugurada em 2013, construida com recursos de P&D;

« Agregou os Laboratorios em 2015;
* Inaugurou o Laboratoério de Captura de CO, em 2017.
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Centro Tecnol (')g ico SATC Atualmente o Corpo Técnico Multidisciplinar é

composto por 49 profissionais das seguintes
areas:

Agronomia;
Biologia;
Engenharias: Ambiental, Civil, de Agrimensura,

de Minas, Quimica, Mecanica, Mecatronica e
Elétrica;

Geografia;

Geologia;

Técnicos em Mineracédo e Meio Ambiente;
Tecnologia Automacao Industrial,




Centro Tecnologico SATC

2% COPEL S C—D o @ Elizabeth &

eneva CARBONIFERA METROPOLITANA S/A

WAL o-tu
TECHNOLOG Brandenburg WestVirginiaUniversity
LABORATORY University of Technology

Cottbus - Senftenberg




PARCERIA NETL

LABORATORIO NACIONAL DE
TECNOLOGIA ENERGETICA

APR, 2008
Short Course
in Brazil

Gas Cleaning

JUN, 2009 Program Planning at

NETL

APR, 2010 Short
Course in Brazil
Gasification
Modeling

SEPT, 2009 — Short
Course in Brazil
Gasification

FEB, 2011 Short Course

in Brazil
Gasification

JUN-AUG, 2010
Internship at NETL

MAR, 2012

Gasification

MAR-MAY, 2011

Internship at NETL

Short Course in Brazil

OCT-DEC, 2012
Internship at NETL

DEC, 2012
Short Course in Brazil

APR-JUL, 2012
Internship at NETL

AUG, 2013
Short Couse in Brazil
Gasification

Overview about CO2 Capture

FEB-MAY, 2014
Internship at NETL
Carbon Capture

SEPT, 2013

Short Course in Brazil
Process Simulation
CO2 Capture

SATC
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Current activities:

*R&D Project between
SATC/NETL: “CO2 Capture from
Coal Combustion - Laboratorial
Infrastructure, Synthesis and
Tests of New Sorbents” (2014-
2017). CRADA AGMT-0456
Future activities:

*CSLF Capacity building for CO2
capture: short practical trainings
at NETL.

*New proposals for R&D
projects involving CCS,
gasification and combustion.

Centro Tecnolégico

Publications:
* 11 publications including 5
joint publications with NETL.
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NCE — NUCLEO DE CONVERSAOQ ol MR
ENERGETICA

Principais areas de atuacao
Tecnologias limpas de converséo de combustiveis como gaseificagdo, combustéo e captura de CO,.

Sintese de materiais de alto valor agregado a partir do reaproveitamento de residuos industriais.
Principais atividades e servicos:

- Projetos de pesquisa publicos e privados.
- Consultorias técnicas:
v’ Testes de combustéo e gaseificacdo de combustiveis soélidos fosseis e renovaveis em reator de leito fluidizado borbulhante;
v’ Testes de remocéao de enxofre em reator de leito fluidizado borbulhante;
v Avaliacdo de materiais e aplicacdes na sintese de novos produtos;
v’ Testes de adsorcao de gases: CO,, SO,, NO,;
v Avaliacao de processos e indicacao de melhorias;
v’ Levantamento de potencial energético de combustiveis;
v’ Simulacao de processos industriais;
- Analises laboratoriais: analises termogravimeétricas, analises de poros (determinagéo de area superficial, volume e diametro de poros);

- Analises de gases de combustao em fontes estacionarias (chamineg);



“CAPTURA DE CO,
NA INDUSTRIA DO CARVAO:
ADSORCAO X ABSORCAQ’



- SATC
Visao geral sobre processos de captura Centro Tecnolégico

e armazenamento de CO,
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Pulverized Coal Power Plant
Post-combustion CO, Scrubbing

Flue
Gas
~81% COE Increase |
Optional Bypass
(<90% Capture)
Air —»| Particula [ CO,
B(Ijicl:er = _>QI—>| Ri?nlgilral : LaDLLE
Coal —» Removal | | Process*
* ID Fan - ‘
Ash Low Pressure Steam JI co,
' Comp.
661
MWgross CO, )
550 MWnet 2,215 psia o, To
2
Post-combustion advantages: Storage
e Back-end retrofit
e Slip-stream (0 to 90% capture)
Amine scrubbing Advantages: —
ey alienges:

* Proven Technology (Petroleum refining,
NG purification)

¢ Chemical solvent = High loadings at
low CO, partial pressure

¢ Relatively cheap chemical ($2-3/Ib)

¢ Dilute flue gas (12-15 volume %)
e 2-3 MM acfm for a 500-600 MWe plant
e ~50% currently scrubbed for SOx/NOx

e Increased cooling requirements

SATC

Centro Tecnolégico
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Composicao tipica de gases de exaustao de Centro Tecnolégico

térmicas a carvao mineral — Pds-combustao

Capturing CO2 involves
great energy and cost penalties!

er V.U /0

Nitrogen 0. SOx
(N2) 0.15%
75%




IGCC Power Plant

SATC

Centro Tecnolégico

Pre-combustion CQ, Scrubbing

Cryogenic
ASU

!

Sulfur
Recovery

Steam
95%
Oxygen ?
Gasifier Syngas

500-1,000 Psi —»{ Cooler/
Coal —» 1,800-2,500°F Quench

Syngas
Cleanup

100°F
Water Gas Syngas ‘ Acid Gas ‘

~63% COE Increase

f Shift Cooler Separation

IGCC CO, Capture Advantages:
* High chemical potential (Temp, Py,)
* Low Volume Syngas Stream

Selexol™ CO, Capture Advantages:

« 30+ years of commercial operation (55 worldwide
plants)

* Physical Liquid Sorbent

* Highly selective for H,S and CO,

e CO, is produced at “some” pressure

Steam
Water Fuel Gas CO,
Reheat co,
Comp.
400 - 500°F—
CO, Emissions 450 Psia
- Power Block - -f—-—————-—- V_ ————— , CO, to Storage
[ [
| Steam Combustion I
: Turbine HRSG <= Turbine(s) :
| |

Key Challenges:

e Complex, integrated power process

e Additional process (WGS) to get high
capture rates

e Current technology (Selexol) requires
cooling and reheating




Pulverized Coal Oxyfuel Combustion 4G ..

Cheap Oxygen
Oxygen Membranes| Coal + O, ‘ CO, + H,0 | Advanced mocC*

Reduce CO, Recycle

, S RS Handle High Sulfur Con.
Steam
[ Ay | ! R - -
\ / 21 Pawer “Recycle
N 7 Compressor
-1~ | Advanced
— -
95.99% O, N , Compression
"_— Ramgen, SwRI
PR /7 War S
I Wet
. \
7 e Boiler —\P Bag W Limestone | C0,
cog —> (NoSCR) | * Filie \\: oD | o, L
g i IDFans """ Compression
T (15-2,200Psia)
—> Ash

Co-Sequestration

Oxyfuel Boilers
Multi-pollutant capture

Compact Boiler Designs
Adv. Materials (USC)
Advanced Burners



US CO, Capture Program Goals SATC

Centro Tecnolégico

Projects in demonstration, advanced CO, capture technologies
that achieve:

Post- and Oxy-combustion Pre-combustion (IGCC)
90% CO, capture 90% CO, capture
Compression, transport, storage Compression, transport, storage
< 35% increase in COE < 10% increase in COE
<$25/ton CO, Captured <$25/ton CO, Captured

Evaluated and Set by Systems Analyses

CO,
Steam to 2,200 Psig
Econamine FG+

ﬂ T Power
Steam Q :
Wet

AIl =1 PC Boiler Bag Limestone ——~
Coal —» (With SCR) [ Filter ~© FGD e

Flue Gas 50 Mile
Pipeline

—

A

CO,
Storage

Scrubber
Regenerator

Amine
Amine

Steam

ID Fans

—— Ash




Conventional Absorption/Stripping

Processes

Clean Flue Gas

Makeup Solvent

1 Cooling

QSensibIe: Hiean - Hrich

Lean
Solution
Absorption
Column
Pco2=
P*co2=
Raw 0.14 atm
Flue Gas

Rich Solution

SATC

Centro Tecnolégico

Pure CO2

QStripping
Hot Rich
Solution N\
1 T=~95 C
Hrich
\ QReaction
Cross Heat
Exchanger
T=120C
|'llean

&

Hot

Lean Solution

P=~2 atm

Stripping
Column

Qtotal

—
3 Steam

Reboiler

18



Valores representativos para penalidade energética em
diferentes sistemas com CCS implantado

Sistema de Eficiéncia Eficiéncia Energia  Reducédo
Planta de Energia captura liquida liquida (%) kWh (%) em
P sem CCS com CCS adicionada kWh saida
Planta subcritica ja Pés-
existente de carvao . 33 23 43% 30%
. combustao
pulverizado
Planta subcr|t|(~:a Pos-~ 40 31 20% 9304
nova de carvdo combustao
pulverizado
Planta subcritica i bustio 40 32 2506 20%
nova de carvao
pulverizado
. Pre-
IGCC nova (carvao . 40 33 21% 18%
. combustao
betuminoso)
Planta ~de gas Pos-~ 50 43 16% 14%
natural nova com  combustdo

ciclo combinado

Fonte: Adaptado de RUBIN et al., (2012).

SATC

Centro Tecnolégico
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Simulacao da implantacao de tecnologia de captura de Zﬁlim.égico
CO, comercial na UTLC

Aa l Software Integrated Enviromental Control Model with Carbon
1 Sequestration (IECM-CS), Modelo Integrado de Controle Ambiental

{@ para Captura de Carbono simulou a implantacdo da tecnologia de

captura de CO, na pos-combustdo de carvdo mineral na referida

. Wﬁ termelétrica utilizando MEA.

"':_'.4] T O IECM-CS é uma interface desenvolvida para o National Energy

Technology Laboratory (Laboratério Nacional de Tecnologia em
Energia) do U.S Department of Energy (Departamento de Energia dos
Estados Unidos) pelo Center for Energy and Environmental Studies
(Centro de Estudos para Energia e Meio Ambiente) da Universidade
Esquema simplificado da UTLC (Fonte: IECM-CS, 2015) Carnegie Mellon.

v" Diminuic3o da eficiéncia = 20,34%;
v' Aumento no custo de energia = 136,32%;
v' Comsumo de agua = 13,1%;

20



Opcoes de armazenamento de CO, 2AT¢

2 Centro Tecnolégico

Geological Storage Options for CO, ' e—— Droduced oil or gas

1 Depleted oil and gas reservoirs ceesescccecececce |njected CO,
2 Use of CO, in enhanced oil recovery SRR  Stored CO
3 Deep unused saline water-saturated reservoir rocks ‘ 2
4 Deep unmineable coal seams
5
6

Use of CO, in enhanced coal bed methane recovery
Other suggested options (basalts, oil shales, cavities)

|

Deep unmineable
coal seams

Depleted oil and
gas reservoirs

— e Sy ————— —_— ——

Deep geologic
storage

L_Z

Source: CO

: 21
2CRC
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Opc¢oes de captura de CO,

I I I I I
Absorption Adsorption Cryogenics Membranes Microbial/Algal
Systems

Alumina Palyphenyleneoxide
Zeolite Polydimethylsiloxane

- F
Polypropelene

Pressure Swing

Washing

Source: ES Rubin HCM, 19-656 513 22



Atividades de P&D sobre captura de CO, no

Brasil

SATC,
PUC-RS
UFC
Petrobras

PUC
USP

COPPE

CAPTURE

ECONOMIC
EVALUATION

SATC

Centro Tecnolégico



PROGRAMA DE CAPTURA
DE CO, SATC



SATC
PROGRAMA DE CAPTURA CO, SATC 2019 Centro Tecnolégico

Operacao de planta piloto para
captura de CO, (TSA - ARI)

Moving Bed
Adsorber
sucker
Comvevor ™~
ABSoRETION
SECTioN
)
PREHEATER H cooLen FLUE GAS
secnon |
2 0 I 6 TFLUE GAS
&

Testes de adsorventes em o ’
escala de laboratério v > 2030

ppppp

Escala
Comercial

nnnnnnnn

2021-2025

Resultados de

2014-2015

Inicio da atividades referentes a

p testes piloto para
sintese de adsorventes para 2017 escala de
Capt_ura de CO,: zgolltas (6.1 partir - Laboratério de captura de CO, demonstragdo
de cinzas de carvéao) e amina

. . pronto;
enriquecida.

- Scale up da sintese.



k Zeolites from fly ash

30 min 2=

Excabiont physical
charactenstics

Comgposition: 17,6 wi FA, 122
wi'% PC, 70.2 w sorbent (50
wt's E100/5)

BIAS + FA + binder

J

10,5 milhoes
aprovados no

Planta piloto para sintese de
adsorventes

PURIFIED FLUE GAS
d t ADSORBENT
programa de captura sl
{ l Moving Bed
Adsorber
e BUCKET |
2 CONVEYOR ™ |
ADSORPTION
| SECTION
|
|
| ®
: ngg%TER COOLED FLUE GAS
| g
@
HOT FLUE GAS |
H.O | 72‘%’;‘8‘4‘225’?
N | REGENERATION  |@} A~ RECOVERY
2 | SECTION
;
NO, | ®
T>200°C or 400°F Y
CRUDE CO,
®© || B co;
| REcupsmnoR R b,
| e CUHONTTS e NO,
| T "fl} T~200°C or 400°F
POWER 1 ® ADSORBENT OWER
® 1@ sPENT @

Planta piloto de Combustao

ADSORBENT

Planta piloto de captura de CO,

SATC

Centro Tecnolégico

Planta Piloto de Gasificacao



SATC
Projeto de Captura de Carbono 1: Construcao de Centro Teenolégico

Laboratorio e Sintese de Adsorventes

Projeto da planta piloto de captura de CO,: processo TSA

A PURIFIED FLUE GAS
N,
0O,

RS 5,5 milhdes

g o |
| H
' Moving Bed
| oving Be
| ‘DSSE%“,'.’;::’" Adsorber
: Projeto detalhado da PP 100
gl F—————xp7 cooLen Kw (Adsorption Research
wl :
IR R Inc.
o I =y |
<
HOT FLUE GAS | 15 g L RS
oe : REGENERATION 1 FLUD A
N, Y
0, i | » PURIFIED CARBON DIOXIDE £Ls
T>200°C or 400°F A CO,
| » Saturated w/H,0 H H
/ _ LER f —— | RECUPERATOR
y. e - 44 e S I SECTION e
— z
V 4 L]
Laboratoério . .
Diagrama de blocos do processo TSA em leito movente FAPESC

Fundacdo de Amparo a Pesquisa e
Inovacdo do Estado de Santa Catarina



(b)

-

//

. 0.8
H
o
.g 0.6 - /
E / (mmol CO,/g)
5 0.4 —12.2 Wt% PC_20 min (1.76)
4

—12.2 wt% PC_25 min (1.64)
0.2 1 ~12.2 Wt% PC_30 min (1.58)
—50% E100/S sorb. (3.2)

0 2 4 6 8 10
Time (min)

(a) Lateral surface
25 min

s S
=4 ,;"._" 3 ;'gj ‘ l

Excellent physical
characteristics

Composition: 17.6 wt% FA, 12.2
wt% PC, 70.2 wt% sorbent (50
wt% E100/S)

SATC

Projeto 1 de captura de carbono: Sintese de adsorventes Centro Salig gico

Sintese e testes de novos adsorventes em escala de laboratdrio (TGA:mg/leito
fixo:1-10g): zeolitas a partir de cinzas de carvao e aminas solidas enriquecidas

Amina + cinza leve + aglomerante
binder (patente requerida nos EUA)

Zeolitas: Tipo X e A




Lag <,

WD = 13.5 mm EHT=12.05kV Signal A= SE1 Spotf Size = 390

CINZA LEVE DE CARVAO
MINERAL

PRODUTO DA FUSAO
DE CINZA LEVE + NaOH

Intensity (cps)

20000

15000

10000

5000

DRX da amostra de cinza leve SATC

Q-Quarzo  Centro Tecnolégico
M - Mulita

Q
M uM QM
Milamim  q M
1 Q MQ M M Q
30 40 50 60 70

10 20
2theta (deg)

i %)
LAY -

200 urm

WD = 12.5mm EHT=1250 kV Signal A= SE1 Spot Size=429




Intensidade (cps)

6000 -

5000 -

4000

3000

2000

1000

X X
X
AxXx
A A
A P

X - Zeolita X
P - NaP1

A - Zeolita A
S - Sodalita

SATC

Centro Tecnolégico

Difratograma de Raios-X da

— zeolitas sintetizada na SATC a

20 (graus)

ZEOLITA X DE
EXCELENTE QUALIDADE

WD= 9.0 mm

partir de cinzas leves de carvao
mineral

EHT = 12.50 kV Signal A= SE1 Spof Size = 429



Area
Volume total v o L
superficial | Diametro médio
de poros "
(cm? ) especifica de poros (A)
= (m?g)

2,047 x10%  0,5900 138,8
2,955 x 1073 2,556 46,25
Zeolita 13X 5
COlIta S 0,3492 497,8 8,06

Comercial

Zedlita 13X
Sintética 0,3187 524,60 24,30
Pura

: , SATC
Projeto 1 de captura de carbono: Sintese de adsorventes - Centro Tecnolégico

Analise de poros e peletizacao

AGLOMERANTE ZEOUTA AGUA

A

> MISTURA <

A

PELETIZACAO
(EXTRUSAO)

A

SECAGEM

A

* CALCINACAO

A

TESTES DE
PROPRIEDADES FISICAS

A 4 A A

RESISTENCIA BET CAPACIDADE DE
MECANICA ADSORGAO DE CO2

Péletes da zedlita sintética

Fluxograma do processo de peletizagao



Resisténcia mecanica

SATC

Centro Tecnolégico

Material Forca (N) | Resisténcia (MPa)
Zeolita +
Aglom. 20% 26,66 7,01
Zeolita +
Aglom. 30% 39,85 11,50
Comercial 27,79 13,82




SATC
RESULTADOS DOS TESTES DE CAPACIDADE o o

Zeodlita 13X Sintética SATC

2,60 ——7\V2*-po6 ZV2*-pellet ZVRCT

—e—7/F2 —e—7ZXCOM

N
N
o

Capacidade adsor¢do CO,, mmol/g
(= N
00 he)
o o
bt
'
4

N
o
o

1,60
1,40
\ —e o— —e o— o © o -
1,20
1,00
1 2 3 4 5 6 7 8 9 10

Numero de Ciclos



SATC
Projeto de Captura de Carbono 2: Sintese de Cantro Spggogico
testes sorventes e de Planta Piloto
My
“ws  Investimento : RS 5,0 milhoes
eneva

Sintese de zedlitas de cinzas de carvéao utilizando diferentes métodos e condi¢des: hidrotermal
classico e pressurizado, duas etapas e utilizando um microondas.

Pressurized Hydrothermal Reactor

Granulator/Extruder/Spheronizer



Hot Flue Gas
CO,+H,0+S0,
+NO,+N,+0,

SATC
©

Purified Flue Gas
Mixed Flue Gas , N, +0,
N,+0,+CO,+
H,0+S0,+NO,
Moving Bed
TSA System

e

ar -

> Burner

N

Fuel  (T) —

Recycled Flue
Gas:
N,+0,+CO,+
H,0+S0,+NO,

Net Product:
CO,+H,0+
SO, + NO,

Enriched Product;

Y

CO, + H,0 + SO, + NO,
Blower 1 ®
CO,
Reservoir
Blower 2 @) condensed Water:

H,0
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PILOT PLANT ASSEMBLY

Structure assembling of the pilot plant.

SATC

Centro Tecnolégico

The assembly of the structures
for installation of the pilot plant
took place in the last week of
July of 2018.



SATC
PILOT PLANT ASSEMBLY Centro Tecnolégico
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Top of the column, zeolite Adsorption section with flue gas
recirculation section for distribution distribution tube.

in the adsorption section.
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PILOT PLANT ASSEMBLY Centro Tecnolégico

E ;Rw ‘rf: | < e —-' st .
Heat recovery section with pillow plates. Regeneration section with respective gas inlets

and outlets.



SATC
PILOT PLANT ASSEMBLY Centro Tecnolégico

Front view of the pilot plant without Side of the pilot plant without
thermal insulation. thermal insulation.



PILOT PLANT ASSEMBLY

SATC

Centro Tecnolégico

Sealing of different sections and pipes
of the plant. After conducting leak tests
using silicone as sealant, 25 mm thick
ceramic fiber boards were added for

. external thermal insulation to reduce

the heat loss along the column.
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PREPARATION AND GASES ANALYSIS Centro Tecnolégico

i "V"

%ﬂ ‘ M\l

|

_,JI; i_

Tubes heated by thermoresistance to
conduct 5 currents to the mass
spectrometer.



SATC
PREPARATION AND GASES ANALYSIS Centro Tecnolégico

Thermoresistance temperature controllers to heat pipes that conduct the gases to the gas analyzer, (b) Thermo
Fisher Scientific Prima Pro mass spectrometer to measure the gases composition, (c) Gas central containing the
standards and dual stage regulator valves for calibration of the mass spectrometer.



SATC
PILOT PLANT ASSEMBLY Centro Tecnolégico

Front view of the pilot plant with Isometric view of the pilot plant with
thermal insulation. thermal insulation.
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