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SEPARACAO DE CO,
DE GN - MEMBRANAS (contactora)

# Same AGWA Reactive Model for Two-Phase Permeate = ChE + VLE
(AGWA = Acid Gas + Water + Amine)
# ChE Reactions forming Non Volatile Complex Species

# Conventional EOS (PR, SRK, etc) for property prediction in the Two-
Phase Permeate & in Gas Retentate

Hollow
Fibers

# ChE Constants estimated with a Database from the Literature

Typical ChE Behavior of YCO2 vs T&P in the Two-Phase Reactive Permeate

CasoX : YCO2 vs T&P
R1: (1)MEA(Monoethanolamine) + (1)CO2 + (1)H20 > (1)CO2H20MEA
R2; (1)MDEA(Methy!-Diethanolamine) + (1)CO2 + (1)H20 ~> (1)COZHZOMDEA
20

o” (= -

Gas Retentate Product
CH4+C2H6+etc “

Good for
Absorption
of CO2

Good for
Stripping of
co2
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B CI N SEPARAGAO DE CO,
K2 DE GN - MEMBRANAS (contactora)

V@GN_Contact_1

Rigorous Component Balances for Permeate (Two-Phase) & CEmrLeeN Contact 1
Retentate (Gas) e m U i ‘I

Permeation Fluxes Expressed in Terms of Fugacity Gradients

GN_Contact_1

Rigorous Momentum Balances for Permeate (Two-Phase) & —_— L@GN_Contact_1 mrL@GN_Contact_1
Retentate (Gas) M—D >

MR1 51

Rigorous Energy Balances for Permeate (Two-Phase) &

Temperature Increases along Permeate & Retentate Flows
No Risk of Gas Condensation

- L@mrL@GN_Contact_1 -
MR2 MEA+HZ0
e a— ]

Retentate (Gas)
Temperature Profiles of Permeate & Retentate are Accessed i . 0
———

F

Permeate %mol for Liquid & Vapor Phases Profiles of %Recovery in the Permeate

% Mol vs X [Fase L] [RMPCONTACT GN-CONTACT-1 40Units 0.8m x 2mj Recuperacoes % vs X [Fase L] [RMPCONTACT GN-CONTACT-1 40Units 0.8m x 2mj

CH4 [Vap]
— CO2 [Vap]
----- CHa4 [Liq]
----- CO2 [Liq) 920

CH4
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@ % Flowsheet GNBRPS

V@GNBRPS 3 %Co 2

Feed: AMMmM?3/d, 60bar

@ 129 CO2 77%CH4 META 1 3.2
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LT )
______ META S : '

: Oﬁ . SO0 b Q- B
1 :
1 2 :
: CL@GNERPS - 50 R AT %_110 b e ; . .
i 0 & :
: L@L@GNBRPS N < ""'-\:
1 ‘ _100 . . e . \I__120 e A . o
% moYus X [Fase L] [RMP GNBRPS 40Units 0.8m x 2m] TA = Bubble F = Bubble F
g5l | DeWF 130/ == Dew F
) mmn Process V ) mm Process V
=== Dew Prody === Dew Prody
200 W
0 20 40 60 80 100 0 20 40 60 &0 100
P(bar) P{bar)
800

%Mol

ROH((kg/m3)

02 /
0 I I I I

1 1.2 14 . . 0 20 40 60 80 100
X(m) P(bar)




EJ% 2Cl N SEPARACAO DE CO, DE GN - AMINAS

Gis Reciclo de . 380 w ‘ et
Sorvente ! [— 7]
| Gas 370t ~ ' .
Acid\
360 - i
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i DE 350 ]
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COLUNA DE ' 3401 |
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B30E e 4
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T
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_ ﬁgg_—:gg_—mg}f’* || Representation of a Process
—— H2S-HoO-MDEA || With Absorption & Stripping

Columns for AGWA Systems

# Digraph Framework
# Vertices : VLE-ChE Stages

# Edges : Connecting Streams,
Feeds & Products

Absorcao
Esgotamento

Vertice




y 1 i CI SEPARACAO DE CO,
o DE GN - MEMBRANAS (permeador)

4\ MATLAB®

Low concentration,

high flow,
MODELO DE ree > favors amine
PERMEADOR 500 ——) P —
B / High concentration,
T C I N ' high flow, favors
i Q 2 : Amine combination process
100 - : Combination process
50 | mehrane plus amine
Gas flow [ )
rate : 5 o« A
(MMscfd) I
and amine
10} | compete
I
51 Membrane
I
High concentration,
low flow, favors
\ membrane process
::) 10 20 30 40

<2% CO, CO; concentration (mol%)

no treatment
needed




'" ;ﬁ 2C| N DETECCAO DE VAZAMENTOS EM DUTOVIAS

Monitoramento de integridade de dutos rastreando predicdes de balanco de
massa em tempo real capturado por instrumentos

~ P
-

&, Simulagéo
= Db : l

Instrumentacéao
do duto
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\ E ﬁ # Distancias : ~ 500km
m # Faixa de pressao : 110 bar a 40 bar
3 2 # Vazdes: ~ 50 t/h
‘ ~ " # Faixa de densidade : 100kg/m3 a 300kg/m3
S|MULA(;AO DINAMICA #Altos gradientes de densidade (préximo ao ponto

itico)
DE ETENODUTO ;rllnl\fgntério da linha : 3000 a 6000 t
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| S'MULACAO DINAMICA DO ETENODUTO
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g8 PROCESSAMENTO DE OLEO E GAS
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RISERS & GAS LIFT y=
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il SIMULACAO , OTIMIZACAO E CONTROLE DE
f 2 PROCESSAMENTO OFFSHORE
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17:07:56 |
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MODELO ARX Nivel CONTROLE DE NIVEL e

_

PRESSAQ

Matriz Teta Pressio

102649307 0,00070440

ARX
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% 2C| N COMPRESSAO DE CO, - EOR & CCS

UEP

CO2 VLE, SVE & SLE
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10 T T
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Figura A1.16 : dJROH/dTvs (P,T) p/ Envelopes VLE+LSR+VSA [Carga 1] T(Cc)

Figura A1.15 : ROHvs (P.T) p/ Envelopes VLE+LSR+VSA [Carga 1]

(dROM/GF), vs (P,T) VLE-Locus ; CO2TUPIMI@PR  (dROHIGR) (ki bar) Figura 1.4 : Diagrama de Equilibrio de Fases para CO; Puro (de Medeiros et al., 2008)
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Figura A1.17 : dROH/dPvs (P,T) p/ Envelopes VLE+LSR+VSA [Carga 1]

VSound vs (P,T) VLE-Locus : COZTupif@PR VSound (m/s)
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Figura A1.19 : Velocidade do Som vs (P.T) p/ Envelopes VLE+LSR+VSA [Carga 1]
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ENGENHARIA VERDE
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HJE 2, ENGENHARIA VERDE
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iﬁZCl N ENGENHARIA VERDE

Indices Abidticos

indices Relacionados a
Saude Humana

indices de
Ecotoxicidade

* Aquecimento global

» Esgotamento da camada de oz6nio
* Despejos acidos

* Formagao de névoa

* Toxicidade por inalacao
+ Toxicidade por ingestao
» Carcinogenicidade por inalagao
+ Carcinogenicidade por ingestao

 Toxicidade aquatica a peixes
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* CUSTOS OPERACIONAIS
+ CREDITOS DE CARBONO

« SEGURANCA INTRINSECA INHERENTLY SAFER
DE
SEGURANCA — Modere o

Substitute Simplify ™ - - o
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E_@ 2 CCIS - SEQUESTRO BIO&QUIMICO DE CO,
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E X ‘ :lN v 228 correntes de
Qﬁﬁ_@ #, processo

@ SEQUESTRO QUIMICO DE CO, ,

115 operacdes unitarias

; 15 reciclos
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| SEQUESTRO QUIMICO DE CO,

S
£ o . o
R A1
o o—<
35 40 45

Profit (USD t1)



Oxidagdo do Produgiode | OMC
Fotobiorwa;ao _>d— 3 EtilenoaOE I_ 5< 1 DMCde OE

Etileno

Reacaode
Fischer-Tropsch

Metanola

Gasde |
Olefinas

Sintese_[

Gaseificacio

Biomassa

\ c5 Produgao de C11

o Redtiud ;’ ‘\‘ & Metanol \ Eii c12
Biodiese| Reacao Water - — s
o o
‘Iﬁhcerol c7 = 7 ,ﬁﬁ%’
/ 1 de Amdnia

/\ Hidrogenélise 1,2-Propancdiel ¥ P

c27
c28 C31
Ve 2 L R i @ o e
§ 1 Gllcerol pmc | DMCde Uréia | $ Uréia i Fotobiorreacio H» reacode
c29 a3

de Uréia Etileno a OE

c20 LD Etilene
c3 Reagao de
Fischer-Tropsch )

(=]

(ailmn:lo de Gliceral B\OHIm

Cenério | (W, =w,,)

Metanola

Gasde |
/ Olefinas

Sintese [

Extracio de Oleo

Biomassa
Residual v \
7 M

Olew
p-Caroteno

Transesterificaca
0

Reacdo Water -
Gas-Shift

Biodiesel

LGIicerol c7 i
] | de Amania
co, I o rrera LA Produgiode | oMC ORI > 1+ Propenoi K1
Fotabiorreaao Erlenoa O o | omcdeoe co (3144:C30
T ) [ v |
s <._ . Produgao
Biamassa Btilene s C29 vrein de Uréia

W

czo"‘—p G : —% C o
] e enario Il (w,_ > w,,)
o [ | -

Metanola

q Olefinas
Gaseificagdo /

| \ Produgio de Wof —— 1

M \ Metanol  [f1et0H 7\ W12

' W €268 V<ldass (15

Reagao Water - ¥

Gasshit () —Cl6
Produgo
| deAmdnia
U NHy

=

o Q8 Griesa
Produgdo de . - ]
“ “onc | DMCde Uréia | $E;i>m‘ F:lr:gi::?: r

Cenério lll (w, <w,,)



http://www.therefinishingtouch.com/blog/uploaded_images/GreenTech_Dec-31-715625.jpg

§i1.CIN

| 22 LE| DA TERMODINAMICA X FOTOSSINTESE INDOORS
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FOTOSSINTESE INDOORS - SUSPENSAO DE CELULAS VEGETAIS

. Custo
Produto Uso Espécie Vegetal (US$/kg)

Ajmalicina  Antihipertensivo = Catharanthus roseus 37.000
Ajmalina Antimalarial Rauvolfia sepentine 75.000
Camptoteci Antitumor Camptotheca acuminata 432.000
na

Codeina Sedativo Papacer somniferum 17.000
Colchicina  Antitumor Colchium autumnale 35.000
Elipticina Antitumor Orchrosia elliptica 240.000
Morfina Sedativo Papaver somniferum 340.000
Xiconina Antibacterial Lithospermum 4.500

erythrorhizon

Taxol Anticancer Taxus brevifolia 600.000
Vinblastina Antileucémico Catharanthus roseus 1.000.000
Vincristina  Antileucémico Catharanthus roseus 2.000.000

) v'Viabilidade econdmica do processo fortemente definida pela produtividade.

v'Agregacao, alta concentracéo de biomassa (acima de 70g de biomassa seca por litro),
Sl resultando em suspensodes de alta viscosidade, com caracteristicas nao-Newtonianas




i1.CIN

FOTOSSINTESE INDOORS - SUSPENSAO DE CELULAS VEGETAIS
Producao 6C02(g) + 6HZO(I) = C6H1206(S) +

Substanc

. MM indice Técnico Calculada (
Quimica (9/9me°D (t/tCO,) (t/a) ggi ing 2458 kJ/mol Glicose
co, 44 1.00
H,0 18 0.41
C.H,,0, 180 0.68
=1 17 28145 45
i TCGC}—TQOG(S):E-Q(CHQ)M((9[-}?2COOH I)}Be?mz + " H,0(1) AG,=+448 kJImol
Perdas
Coeficient (t/a)
Mol L. Consumo . com
Espécie g/mo e Teécnico Estequiométr Produca metabolis
tOleo/tGlic . o (t/a)
| ico (t/a) mo
ose secundari
0 EE"™ =106.5%10° kWh/a
C.H,,0 _ _ _ ;
6 6 180 1.00 25893.8 2251.6 R$43,00/kg 6leo
anZ(n-w) 2798
0, 2 0.37 9606.4
Co, 44 0.62 10928.1

H,O 18 0.02 5359.2
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PARCERIAS ¥ HDT de Pygas
v' Deteccdo de Vazamentos —
Etenoduto
== v Engenharia de Processos Verdes
®
PETROBRAS @ Twister
“~ ’ Supersonic Gas Solutions

v HDT e HCC de FragGes de Petréleo
v Processos Gas Lift v Separador supersonico
v Processamento de Gas Natural v" Processamento de Gas Natural

v' Separacao de CO, de Gas Natural por

Alcanolaminas @ u'tc

v’ Separacao de CO,de Gas Natural por engenharia

I\/I_embrapas v" Andlise de Sistemas de Alivio
v" Simulag&o e controle de processos de Pressio
offshore
BPX
TRANSPETRO An EBX Group Company

= v
v Deteccdo de Vazamentos em CaE)t_ura e Se.qu.e_stro de CO,
Redes de Escoamento v Andlise de Viabilidade de
Processos




