)

jo 93a1100 “E

SuLRauIduy

Point Source CO, Capture

Heather Nikolic and Kunler Liu
UK IDEA

Lexington, KY

http://uknow.uky.edu/research/unique-public-private-research-consortium-established-caer-co2-capture-pioneers
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Executive Summary
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A suite of CO, capture technologies
Is ready for application

~30% lower cost than Department of
Energy Reference Cases

Active research since 2006

Over $100 M in funding received

Technology

O Validated and scaled up from lab and
demo scales

L Reliable and flexible focus to match load
changes

 Process focused and solvent

Q

oDo0 O O

independent
Applicable to multiple point sources of
CO,
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Scale-up to De-risk
Lab Scale

J Fundamental data
collection

Bench Scale
O Real flue gas

SULIUISUY §

Q
{

O Solvent and process

O Proof of concept development

O Experimental work at
UK laboratories

O Techno-economic analyses [t gy
O EH&S assessments

Commercilal Scale

O Front end engineering design at Cane Run Station, a
PPL facility

63

Pilot Scale

J Demonstration to
de-risk: technical
and financial

O Experimental work
at EW Brown and
Cane Run Stations,
PPL facilities

d Techno-economic
analyses

O EH&S assessments
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How Does CCS Compare to WFGD?

=0
3 93 - o .
82 Similarity WEFGD CCS
W
System Closed-loop for water Closed-loop for amine
Chemistry Low solubility of Ca Low reaction kinetics
Large footprint | Preparation, capture, oxidation, solid separation/ | Pre-treatment, capture/regeneration, heat
water recycling, storage, auxiliaries and stack exchangers, and liquid/solid waste
Difference
System Once-through absorbent Regeneration of solvent
Chemistry Super-saturated two-phase with crystallization; | Single-phase with limited C/N; Strong
Cooling Tower + Low Heat —flat T exothermal and top bulge temperature

Operating Parameters
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Flow Counter-current Counter-current

Inlet Concentration 3000-5000 ppm 10-13 vol%

Chemical Concentration | 0.026 mol/m3 1200-1500 mol/m?3

Internals Spray (with/out tray) Film on packing

Gas Velocity 10-15 ft/s 3-6 ft/s

Temperature Profile Top 55 and bottom 60 °C Top 40, middle 70 and bottom 50 °C




Why Is Process Intensification Required
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Cooling Water

pececcccccccccccccarana eeeeee;ecccccccccccccccccrecccccccccccccaaaa.

J

_—————

| Irreversible Heat Loss CO,
Condenser by Cooling

—————————— ! Qstripper = Qsensible + Qdesorp + Qwater vapor

Heat
Recovered
CO, Condenser

For 1 mole/s CO, at one condition of a selected solvent

1
Qsensible = E Cp AT

A typical practical AT = 10-15 °F

A

Primary Stripper

Qwatervapor = Esoc — Esoc
Where Er = Ecoy(T, Peoz) + Enzo

% LP Steam

Reclaimer

Qcompression = Qstage 1T Qstage 2t ..

Where Ustagei = Eisoc — Eiaoc
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Case Study (30 wt% MEA) on Practical Limit on
Energy Consumption
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No Perfect Solvent Existed

Chemical | Heat of Absorption [Reaction Kinetic| P*.q, Viscosity
MEA 1 1 1 1
Pz 0.83 5 10 4
A 0.89 0.8 3 2
AMP 0.72 0.4 40 5
MDEA 0.56 0.05 100 10
B 0.78 0.7 15 3
C 0.83 0.9 4 3

Mass Transferred = A - kg - (cho2 -P¢o,)

Where k; «

\/DCOZ ‘ko-[amine]

Hco,

0.03

0.03

MEA

Rate Constant 594

Self-concentrated amine 1.0
Calculated Kg' impact from [M] 1
Calculated Kg' impact from k, 1
Calculated Kg' Overal 1
Measured Mass Flux (WCC@0.1) 1

0.18




Governing Principles Solvent Based CO, Capture
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Qstripper —
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Qdesorption + Qsensible
+ Qlatent

(0, Mass Tgr ansf ir For 1 mole/s CO, at one
=A K¢ (PCO2 — Pcoz) condition of a sefected
solvent
1 _ 1,1 e =—C, + AT
Ko kg + K Usensible Ao, P

Qlatent = AUvapor +P-AV

k, = Where AU,qp0r 1S the
Hco, change in internal energy
of the vapor,

Ebottom T — Erich inletT

Er = Eco, (T» Pcoz) + Eno

10 Patents Granted and 5 Pending
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Increasing A and k; — Replace Packing with Fog and/or Froth

With a fog, the surface area is increased by 5 to 7 times that

of 250Y structured packing.

Liquid-Gas Contact Surface Area at L/G=3.5 mass/mass

Uniform Droplet Size (um) 30 40 75 100
Liquid-Gas Contact Surface Area (m?/m3) | 3119 | 2339 1247 | 936
Improvement over 250Y Structured Packing | 12.5X | 9.4X 5.0X | 3.7X

With a froth, the surface area is increased by >4 times
that of 250Y structured packing.

Liquid-Gas Contact Surface Area at L/G=3.5 mass/mass

Uniform Bubble Size (mm) 3 4 5 8
Liquid-Gas Contact Surface Area (m?/m3) 2000 {| 1500 |} 1200 750
Improvement over 250Y Structured Packing 8X 6X 3X 3X
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Increasing k; - Dynamic Packing
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Increased macro turbulence, brings fresh amine in the bulk to the surface.

Packing Material

N\

lSoIvent Flow

Hydrophilic Smaller contact angle TC-1
Better surface wetting
TC-2
Hydrophilic-hydrophobic interaction
Hydrophobic Larger contact angle -=Steel
Internal turbulence from solvent drawing up TC-3
-e-DP-1
TC-4 ~bP=2
o0 Smaller contact angle K
Hydrophil 9 ——
RS Internal turbulence and mixing DP-3
Packing re-wetting
TC_S . | |

35 40 45 50 55 60
Temperature/ °C

IFIue Gas Flow
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Increasing A and k;, - Sonicated Packing
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21-25% absorption increase with sonication and particle additive
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C/N (Carbon Loading/Alkalinity)
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Increasing (choz—Pgoz) — Heat Transfer Packing
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Modified temperature profile demonstrated with heat transfer packing.
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Small Pilot at EW Brown Station, a PPL Facility
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In operation since 2015

0.7 MWe, equivalent

15 TPD CO, captured

>8,000 operational hours

90+% CO, capture efficiency and 99+% CO, stream purity
Solvent agnostic process

10 solvent campaigns complete

Versatile application to multiple CO, sources

Technology (developed with PPL Corporation support)
with CO, capture cost estimated at $35/tonne CO, and
plant thermal efficiency of 32.5%

CO0O0O0D0DO0OD0OCOC

https://Ige-ku.com/newsroom/articles/2016/06/16/dr-david-link-talks-carbon-capture-catch-and-release-style
https://lwww.weku.org/energy/2014-07-21/kentuckys-first-carbon-capture-system-unveiled
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Unique Point Source CO, Capture Technology

 Process focused and solvent independent
d ~30% lower cost than reference cases

= 0 Process intensification, system
Integration and heat recovery, smart
process control

¥ U Solvent agnostic approach allows for

. competitive bids from solvent suppliers
throughout the duration of plant
operation

| Technology validated and scaled up

. from lab and small pilot scales with over
10,000 operational hours on coal and
simulated NGCC flue gas

u J Focus on flexible, reliable operation to
match changing load

1 Working toward commercialization
http://uknow.uky.edu/research/unique-public-private-research-consortium-established-caer-co2-capture-pioneers
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Thank you, Our Partners/Collaborators!
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PPL Corporation for funding, host sites and office/lab spaces

Electric Power Research Institute

Department of Energy/DOE National Energy Technology Laboratory
The State of Kentucky

Duke Energy

American Electric Power

East Kentucky Power Cooperative

Nucor
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