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Agenda

Topics to be Covered

2l

* Introduction - Opportunities for CO2 Capture
« Available Technologies

* Process Model Basis

* Pressure Comparisons

« Energy Duty Comparisons

« Other Key Considerations
» Feed Temperature Management
» Contaminants Handling (e.g. SOx)
» Contactor Internals

» High C0O2 Streams (e.g. Reboiler)
» Solvent losses

« Final Developed Process Model Scheme
« Conclusion and Technology Map Summary
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Opportunities for CO2 Capture

Carbon Dioxide(Mole Fraction) 3.9997 % CO2(Mole Fraction) 924 % :
Post Combust|0n Nitrogen(Mole Fraction) 75.222 % H2S(Mole Fracti 853 AC|d GaS
Natural Gas Water(Mole Fraction) 8.7819 % (Mole Fraction) 85.3 ppm .
Oxygen{Mole Fraction) 11.997 % E n rl Ch m ent
SAT-1
- Humid air
D
ry air F?E. @ Turbine exhaust > < CO2 Rich V
________________ MIX-104 Combustar H_______________* © ent
W Comp Power Expander power
‘j‘er CMPR-101 TRBN-100
Water Wash
g
Q-2--p
5@(—4 COZ{Mole Fraction) 31238 %
Hydrogen ottt 044 %
. CO(Mole Fraction) 0.57721 %
PrOd UCtlon 3 H2(Mole Fraclilon] . 5713 %
Methane(Mole Fraction) 0.0090772 %
Gas——p
Water-Gas Shift 1 Water-Gas Shift 2 e
|
5 .
A —Acid Gas———p»
2 ?
Q-3
> S Qt-» — 4 We will be basing our A
= [~ =]
[Reforming to Shifting  \yaste Heat Boiler Cooler ana|ySIS on a Pcc Stream
a Water KO )
as it has the lowest CO2 H2S Rich Amine—p
concentration amongst all

target streams Y,
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Available Technologies
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Chemical
Solvents

MEA, AMP,
DEA with
additives

Non-Chemical
Solvents

DEPG, MeOH,
Amino Salts

Level of Technology Maturation

|

We will be basing our analysis in comparing
Chemical Solvents vs Physical Solvents

|

\\\\\lfl/////é_

—

c

AD

sl ‘
IPEC




Process Simulation Model of CC

On ProMax® Software Developed by BR&E

R ‘
ZUIN ADIPEC

 Temperature 130 |°F
Pressure 9.55 |psia
CO2(Mole Fraction) |0.0235 [%

44— —Treated Gas—

——Flue Gas 3

‘Temperature 116 |°F
Pressure 12.5 |psia
CO2(Mole Fraction) | 4.44 (%

Std Liquid Volumetric Flow | 4348.6

m*3/h

AMP(Mass Fraction) 33 (%

Piperazine(Mass Fraction) 12|%

Q-Cooler

15 ) 1
Ca=uD

Trim Cooler

Absorber

TotalHeight m
72396 m

Total Acid Gas Loading/Mole Amine|0 35726 ‘ |

Pump

Makeup

AMP Makeup Recycle

Recycle Guess

Blowdown

Lean/Rich Exchanger
= =
o

SRD = 4.563 GJ/tonne

CO2 Recovery = 99.44 %

Temperature 122 |°F
Pressure 0887 |barg
CO2(Male Fraction) | 934 |%

—

To CO2 Compression

Condenser

Q-Condenser----- »>

19

i~ Regenerator

———Rich Amine

$

Q-pump ---

a

|T0!a| Acid Gas Loading/Mole Amine[0.05 | l—

Lean Amine

[ Names  Units Trim Cooler Condenser Reboiler |

[Eneray Rate [MW | 58208 | -05123 | 35352 |

7 Reboiler

----Q-Reboiler

Steam—

Reboiler Tubes

ProMax® process simulation
model is used to develop this
CO2 capture unit

ProMax® is a tool developed by
Bryan Research & Engineering

(BR&E) and utilized by number

of CCUS licensors

Proprietary kinetic models
predicting accurate CO2-amine
thermodynamic behavior is
running at the background of
the simulation tool
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Simulation Study
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Pressure Comparisons

CO2 RECOVERY AT ATM PRESSURES (PCC STREAM)

CHEMICAL SOLVENT

80x more efficacy

PHYSICAL SOLVENT
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Pressure Comparisons

CO2 RECOVERY AT ATM PRESSURES (PCC STREAM)

TERTIARY CHEMICAL SOLVENT

10x more efficac

SECONDARY CHEMICAL SOLVENT

15x more efficacy

PRIMARY CHEMICAL SOLVENT
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Simulation Study
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Energy Comparisons

SPECIFIC REBOILER DUTY (GJ/TONNE) FOR 95%+ CO2 RECOVERY

BASELINE PRIMARY SOLVENT

~15-20% lower energy requirements

STERICALLY HINDERED PRIMARY SOLVENT




Wiy,

c

= S sl ‘
UIN ADIPEC

2l

\\/
\

Key Considerations

What are some other design aspects to consider in CC?

Other Key Aspects Problems Suggestions to Tackle

Temperature of Feed If the flue gas is not cooled, the CO2 kinetics Direct contact cooling tower before CC
(exothermic in nature) will be hampered

Contaminants in Feed S0O2, NO2, 02 can degrade the amines Caustic/alkaline sorbent dosing in the cooling tower

Use of sterically hindered amines (good resistance to
oxidative degradation) and/or addition of amino salts
to the solvent (good resistance to oxidative
degradation)

Contactor Internals At low pressure carbon capture, a higher efficiency Packings (preferably structured) over trays
mass transfer is required to capture CO2
High CO2 Compositions CO2 at high concentrations in streams that are Appropriate MoC selection (SS)
predominantly aqueous or vaporizing water can lead
to corrosion (e.g. reboiler) Sufficient reboiler duty to strip CO2 from the used
solvent
Solvent OPEX Loss of solvents into vapor phase due to low Application of water wash system

pressure applications can lead to large makeup rates
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Flue Gas Feed Temperature

CO2 RECOVERY %

1.5x more efficacy

POST COOLING TOWER J

WITHOUT FLUE GAS COOLING
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Flue Gas Contaminants (SOx)
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HEAT STABLE SULFITES IN AMINE SOLUTION (PPM)

WITH PRETREATMENT } J

500x more HSS in system

WITHOUT PRETREATMENT




Key Considerations

Contactor Internals

PACKING

CO2 RECOVERY %

N
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1.5x more efficacy
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Key Considerations N
High CO2 Streams

JIS ADIPEC

CO2 MOL% IN REBOILER (FOR 90%+ CO2 RECOVERY)

REBOILER DUTY (1.2 MBTU/GAL) 2

REBOILER DUTY (1 MBTU/GAL)

15x more CO, in reboiler leading to corrosion issues

REBOILER DUTY (0.8 MBTU/GAL)




N

7
1\

Il

L
sl

Key Considerations o
Solvent OPEX N ADIPEC

I

lh

\

SOLVENT LOSSES AS % OF RATED FLOW

WITH WATER WASH J

70x more amine losses

WITHOUT WATER WASH




Final Process Scheme

Section 1 — Pretreatment (SOx Removal & Cooling)
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Temperature

30.026 |°C

S02(Mole Fraction) | 1.2248 | ppb

Flue Gas

Flue gas
cooled for
amine-acid

gas reaction

To CC Contactor MIX-100 MKUP-1
ﬁr S . 1
Blowdown - 2 RCYL-1
ooling Tower i
-1
A Cold Water
i
Pump O:E
102— >
Temperature 8g[°C Hot Water ey
S0Z2(Mole Fraction) | 850 |ppb Cooler

Sox removal to

——Caustic Dosing  prevent amine
degradation

I
Makeup - 2

Q-1




Final Process Scheme

Section 1 — Pretreatment (SOx Removal & Cooling)
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Flue Gas Desulphurization
ProMax Model for FGD
Removal of SOx 2 Gypsum

—>

|SO2(I\-IoIo Fraction) |U 11613 |ppm |7

SO2 Free Flue Gas

[P[H] Activty [7.8664 | |

\Wash Water-

SPRAY TOWER SCRUBBER

[SO2(Mole Fraction) [ 10000 [ppm |

Flue Gas » 14
3
13
——Oxidation Alr—————», MIX-101
CaCO3 (Limestone) Slurry RCYL-2

12
Oxidation Reaction a

Makeup Water

PUMP-100

RCYL-1

CaS04_Mass Fraclior1|10.526 “b|

+ Gypsum Purg

15— 9—»9“? '@
Q-1

» Another method to remove SOx is via
an alkaline-based slurry - usually a
mixture of limestone + water.

» The SOx gases are subsequently
neutralized and the slurry produces
CaSO0a3 which in-turn can be oxidized
to CaS04 (aka Gypsum or FGDG).

» This is a cost benefit to the process
because gypsum is marketable and
can be sold as a byproduct.
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Section 2 — Carbon Capture Unit

123 63 |'F

KUP-1
RCYL1
Water Wash

DTWR-100

PUMP-101

FAXR-100 "
c:!-4
Cc02
Compression
—  Venoas 4207 [mA3/h "
| ean Approach|85.6 |%

— -Acid Gas 50
Rich Approach |82.4 |% |

A Makeup
Lean Loading |0.05 j y 53—

! - — . . —
Rich Loading | 0.5 A I m s

27— e 35 MIX-100 Condenser 1 stage 2 stage 46 3 stage 49 £ stage 2
Trim Cool t 9 QLT
rim Cooler " " -
Blowdown - Condenser
l Qz--p Q23— Q24-—-p

o3 KO4
Packed N
D—s Contactor 22 VLVE-100 F

51
From cocling tower Absorber

8
PUMP-100
Rich Amin »

| Total Compression Power = 3.08 MW ‘

Stripper

xCHA 101 ‘ Specific Compressor Energy = 0.63 GJ/tonne |

CO2 Recovery =99 16 %

Q-3
| Lean amine guess

Sufficient
Reboiler Duty

Z’-QE@ ............................... Y S N —

Poteniial Power Plant Heat QBAL-100
Integration

‘ Specific Reboiler Duty = 3 48 GJ/tonne |

S - - kean Anine | Bottom Duty = 116 MMBtu/h ‘
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Technology Mapping
PARTIAL PRESSURE OF H,S + CO, (psi)
1000
High loading DEA or . i
physical solvent Physical solvents
100 !
E H2 Physical solvents gpamine
= .
= Activated hot K,CO,,
AGE hybrid sgivent or amine
Amines or hybrid solvents L 4
PCC ;,e’i:- (No treating)
! * p-

0.01 0.10 1.00 10.00
Product
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