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Program Overview
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Funding: DOE $2,999,681 and non-federal Cost Share $749,943

Project Performance Dates: 08/1/2023 — 7/31/2026

No. of Budget Periods: 3

Project Participants: University of Kentucky, EPRI, PPL
Corporation, Total Energy
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Project Objectives
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* Developing a negative emissions capture technology to extract CO,
from the atmosphere that reduces system-boundary carbon emissions
and the cost of capture through:

» Leveraging low carbon foot-print power source and H, credit;

* Developing a 2-unit process operation with facile CO, capture at mild
to high pH conditions and low gaseous pressure drop | |n the CO,
absorber while regenerating CO, at less than 3 V in the ER by usmg
catalytic electrodes;

« Demonstrating a continuous and reliable electrochemical regenerated
solvent DAC process at the air flow rate of > 4000 CFM with capture
efficiency >70% for >1 month, thereby establishing the data for the
next-scale development.
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Technology Background

A: Permeate chamber for CO, absorption Fast Kinetics Solvent

B: Feed chamber for mixture of KOH and K,CO; Catalyzed Capture at mild pH for
C: Positive chamber D: Negative chamber ... ;

E: Open-tower for CO, absorption DAC energy cost minimization
Simplified Process and Operation

Byproducts of H, and O, for sale

F: Air entrance and liquid sump

Cation-exchange Membrane KeV Electrochemical Reactions
H,0 H, i €O,
y A _A (OV, 2H,0 + electrons = H, + 20H")
_ 8 (-1.2V, 2H,0 = O, + 4H* + electrons)
S b4
2 "
& 8“ CO, Capture
) b (Fast) CO, + 20H- = CO,%> +H,0
O @] ~ + -
S | 2 CO, + HQ.H" + HCO,
e >
o B ~J
S Alr A; CO, Release
A o, H* + COz* — HCOy
S
3
= &) H* + HCO, — CO, + H,0
= A: Mis B: Mist Eliminator (Plastic or
o Packing with Immobilized Catalyst); C: K.CO 1—1—
; Negative chamber; D: Positive chamber Y. -3 2HCO3_ —> C02 + CO32_ + HZO
Q_ - -
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Development of Electrochemically-Regenerated Solvent

Gas Liquid
Separator

Membrane
: Contactor

|
325 . M

External
Electrolyzer

2020-2021

« ~30 W Regenerator
* 0.03-2L/min Air Absorber
« Standard operation and

explored depolarized
operation

« DAC 1.0, <1 kgl/year

process

* H, <1 kglyear

i

Carbon Capture Systems at UKy

ik

2021-2023

« ~210 W Regenerator

 280L/min Air Absorber

» Explored in-situ water recovery
and bicarbonate flashing, zero-
gap cell design

 DAC 2.0, <200 kg/year process

* H, production @ 10 kg/year

i

«adp

2021-2023
600 W Regenerator
15 CFM gas with ~4000 ppm
CO, Absorber

Negative Emissions; Integrated
with point source capture (3-5%
CO,) as polisher

Carbon polisher, 1700 kg/year
process

H, production @ 77 kg/yr



o UKYy Previous Results : Performance of the Alkaline

e

=l Solvent Absorber

S
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=1 Kinetic controlled CO, capture rate e.g. depends on OH concentration

2 (~90% capture from primary loop as basis)
1 30 L/min gas feed, 1.1 L/min, 10 L 2M KOH, 4000 ppm CO,
% 4500 0.006
S 4000
g 2 - 0.005
g ESSOO
3 £ £3000 - 0.004
5 3 Nozzles ;?%,2500 r 0003
S g 922000
2 ~7ft3 Spray Tower  © - * 0.002
a 3]500 . ! ; Carbon |
Ll L L Loading - 0.001
o j AV ‘_M’
Q.
S ; - ; ; ; ; 0.001
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UKYy Previous Results : Performance of the

Electrochemical Solvent Regenerator

0 2

Current / A
4 6

8

15 ® Runl
® Run2

Cathode

0 0.3

ey
o

Loading Factor, LF (=

0.6 0.9

Current / A

0 2 4 6

(a)

12

i

(K*]QF )

8

Alkalinity / mol kg™!

Electrochemical Regenerator

o
g Cathode

Anode °

0 0.3 0.6 0.9

Loading Factor

o(b)

1.2

Load Factor = iy, /FQCx.
F, Q, and C, are Faradays
number, flow rate and
potassium concentration

Electrochemical regenerator
reconditions the capture
solvent to high pH at the
cathode and low pH at
anode for carbon recovery;
PH swing increases with
LLoad Factor

Alkalinity swing confirms

potassium transport via the
cation selective membrane;
swing increases with Load

Factor



UKYy Previous Results : Integrated Operation

; og E 600
B3 3.5 A Q
> = 0) > ]
O 2.5 £ § 0
- 2 2 O = 300 A
5 5 Cell Voltage / V =Y + Absorber Outlet CO2/ppm
= > 1.5 1 g < 200 A
5 1 o)
= 0.5 8 100
& Q 0 +
281 O T T (_)
g 0 200 400 600
= 14 | 4
QD ~
5 13 - Q
o O
5 OpH_Anode — C 3
3 o pH_Absorber 2 <
Z 1 - 035 -
< -
2 10 A x &
< L E
8 N OCO2 Recovered
2 7 O 17
3 : O 0CO2 Captured
x 0 200 400 600 0 ' '
T i - 0 1200 400 600
2 Ime, minutes Time, minutes
= Anode pH swing for CO, release; Lower anode pH required for more
g facile carbon release and pH maintained at cathode for CO, capture



Host Site for Negative Emissions Demonstration

''''''''''''' SRR e conoraon
7 W

Renewable Power including hydro (30 MWe), solar (>10 MWe), and wind,
courtesy of PPL corporation ready to deliver low carbon foot-print power to DAC
skid
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Anticipated UKy DAC Capture Unit
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UK DAC co Absorber

UKIDAC CO. Absorber

UK DAC CO: Absorber

s

UK DAC CO Absorber

2y

UK DAC 00, Apsorber

Stacked standard shipping containers, with 350 ton/year each operated
under cross-flow configuration
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Project Scope

Work plan

e Design, fabrication, and research on hybrid absorber (HA), electrochemical regenerator
(ER) with catalytic electrodes including initial TEA and LCA (Task 2-4, BP1)

e Scale up and commissioning of integrated DAC process (HA + ER) (Task 5, BP2)

e Parametric and long-term testing of DAC system and reporting on TEA, LCA, EH&S,
TGA, TMP (Task 6-10, BP3)
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Project Success Criteria

Decision Date Success Criteria

Point

Completion |07/31/24 | e Demonstrate a 10% increase in CO, solvent loading

of BP1 e Demonstrate 100 hours of ER operation with <15% performance

degradation

Completion |07/31/25 | @ Demonstrate operation-ready integrated DAC process

of BP2 e Demonstrate continuous testing of the net-negative 0.5 kg/hrCO,
capture technology with > 90% capture efficiency

Project 07/31/26 | e Attain TRL 5 and no EH&S impediment to prevent further

Completion technology development

e At least one month of bench-scale testing

e Net-negative 5 kg/hrCO, capture technology achieves > 70%
capture efficiency

e Operating voltage of < 3V per cell
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%@ Plans for Future Development
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« Scale-up of electrochemical DAC system with
hydrogen co-generation to ~3500 tonne COg2/year,
~160 tonne Hz/year process

« Explore electrochemical solvent regenerator for
cost-effective direct ocean capture

12
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Organization Chart
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Gantt Chart

e T
TASK DESCRIPTION START D D I A
1|Project Management and Planning 8/1/2023 7/31/2026
1.1|1A. Update Project Management Plan 8/1/2023 8/31/2023
1.1|1B. Kickoff Meeting 8/1/2023 10/31/2023
1.2|2A. Initial Technology Maturation Plan 8/1/2023 10/31/2023
1.2|2B. Final Technology Maturation Plan 1/1/2026 4/2/2026
BP1|BP1: Design and Development 8/1/2023 7/31/2024
2 |DAC Hybrid Absorber Development 8/1/2023 3/31/2024
2.1|CA Mimics Development 8/1/2023 10/31/2023
2.2|Catalyst Immobilization 11/1/2023 3/31/2024
2.3|Hybrid Absorber Design 1/1/2024 3/31/2024
2.4|Fabrication and Testing of Absorber Components 3/1/2024 7/30/2024
3 |Electrochemical Regenerator R&D 8/1/2023 5/1/2024
3.1|{Commercial Electrode Selection 8/1/2023 12/31/2023
3.2|Stability of ERC 12/1/2023 5/1/2024
4|Recruitment, Initial Analysis and Design Package 8/1/2023 7/31/2024
4.1|Student Recruiment and Mentoring 8/1/2023 7/31/2024
4.2|Process Design Package 10/1/2023 3/29/2024
4.2|Initial Technoeconomic Analysis 8/1/2023 11/29/2023
4.3|Initial Life Cycle Analysis 8/1/2023 11/29/2023
BP2|BP2 Scale up, System Integration and Modulation 8/1/2024 7/31/2025
5.1|Procurement and Balance of Plant 8/1/2024 11/1/2024
5.2|Process Control and Monitoring and P&ID 10/2/2024 2/2/2025
5.3|Integration with Solar Energy Park 2/2/2025 5/2/2025
5.4|Startup and Comissioning 3/3/2025 7/28/2025
BP3|BP3: Parametric, Long-Term, and Technology Analyses 8/1/2025 7/31/2026
6.1|Parametric Testing 8/1/2025 2/1/2026
6.2|Long Term Testing and Analysis 12/1/2025 7/31/2026 | |
7.1|Final Technoeconomic Analysis 11/3/2025 5/2/2026
8.1|Life Cycle Analysis 11/3/2025 5/2/2026
9.1|EH&S Assessment 11/3/2025 5/2/2026
10.1|Technology Gap Analysis 11/3/2025 5/2/2026

15



-5 Energy Analysis with VLE and Carbon Speciation in
K+ Solution
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——K2C03:KHCO3 = 0.88:0.24

T(°Q)

~0.23M/Liter of KHCO, can be under equilibrium of 415ppm of gas CO, at
room temperature

0.038
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5 0.034 ——K2C03:KHCO3 = 0.895:0.21
wn
E:. 0.032 ——K2C03:KHCO3 = 0.9:0.2
c
g 0.03 K2C0O3:KHCO3 = 0.905:0.19
5"' K2CO3:KHCO3 =0.91:0.18
= 0.028
D K2C0O3:KHCO3 = 0.915:0.17
D 0.026
8 K2CO3:KHCO3 = 0.92:0.16
= & 0.024
o =~ K2C0O3:KHCO3 = 0.925:0.15
by =
> C? 0.022 ——K2C0O3:KHC03=0.93:0.14
N’ <
a & 0.02 ——K2C03:KHCO3 = 0.935:0.13
g g 0.018 ——K2C03:KHCO3 = 0.94:0.12
_
< e : - 0.945:
5 _3 0.016 K2C03:KHCO3 = 0.945:0.11
Q S_ ——K2C0O3:KHCO3 =0.95:0.1
m 0.014
(':D ——K2C03:KHCO3 = 0.955:0.09
= 0.012
8 K2CO3:KHCO3 = 0.96:0.08
> oot / K2CO3:KHCO3 = 0.965:0.07
o
5 0.008 K2C03:KHCO3 = 0.97:0.06
g 0.006 / K2CO3:KHCO3 = 0.975:0.05
@ L
(30 0.004 K2CO3:KHCO3 = 0.98:0.04
> K2C0O3:KHCO3 = 0.985:0.03
—~+ 0.002
a ——K2C03:KHCO3 = 0.99:0.02
o 0
o 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 — K2CO3KHCO3=0.995:001
—
&
W)
0O
D
S
—+
D
=




	Slide 1: Negative-Emissions Enabled Direct Air Capture with Coupled Electro-Production of Hydrogen at a 5 kg-per-hour Scale  DE-FE0032255
	Slide 2: Program Overview
	Slide 3: Project Objectives
	Slide 4: Technology Background
	Slide 5: Development of Electrochemically-Regenerated Solvent Carbon Capture Systems at UKy
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10: Anticipated UKy DAC Capture Unit
	Slide 11: Project Scope
	Slide 12: Plans for Future Development
	Slide 13: Acknowledgements
	Slide 14: Organization Chart
	Slide 15: Gantt Chart
	Slide 16: Energy Analysis with VLE and Carbon Speciation in K+ Solution

