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Overall Project Performance Dates

Task Status Deadline
Budget Period 1 Complete
Budget Period 2 In progress 12-30-2024
Tasks 8 and 9 Integrated process assembly Complete
Task 10 Parametric Campaign Complete
Task 11 Long-term Campaign Complete
Task 12 TEA In progress 12-30-2024

Funding (DOE and Cost Share)

Total Project (Award Value) $2,999,564 S751,764
Total Budget Period 2 (planned) $1,800,234 $421,211
Monthly Expenditures (planned) | $140,397 S42,776

Total Project (cumulative) $1,473,397 $538,086
Total BP 2 (cumulative) $613,661 S217,544
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Technology Background
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Capture then Utilization

Sources Capture ~ Compression Transportation Utilization
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Process Overview

Unique, integrated CO, capture and utilization technology that:
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* Reduces the cost of CO, capture

 Boosts algae production
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[Direct to utilization CO, capture ]
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Solar Water Heater
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lot-scale Integrated Process

Pi

LF Boiler

@HMNN Hvumgms Institute for Decarbonization and Energy Advancement at PPL R&D Center

College of Engineering
University of Kentucky.




Gas sampling for product CO,/NH; ratio

2T
03 Alkalinity:
83 2 : :
Bl | 0.5 mol/kg Hot Oil | DIPPer | SUPPEr | peoy feed | 22" | co,:NH,
ol . bottom loading
3 Setpoint (exp
= ¢ © (mol | ol/mol)
2 C/mol N)
g
z 140 93 90 89 0.424 2.53
: 0 31 63 90 0.536  13.41
§' 0 84 78 79 0512  11.47
2
o - 90 79 78 98 0.622  21.75
Pl | Alkalinity: 0 36 45 68 0548  13.8
<
: 0 51 68 91 0.491 4.78
= 0 52 98 92 0.454 4.21
=
5 _ 0 32 64 91 0.511 7.09
@
S n 0 54 64 92 0.504 5.84
z 100 85 81 95 0.514 1.8
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o Determining Nutrient Ratio (CO,/NH,)
Eney
= Aspen simulation B8 Guideline for operation conditions optimization
S 20 25 —
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5 16 —75 20 | '
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g % 12 85 % 15 t ——05 Gas phase
= O g Ol sampling
- U O
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8 4 5 |
S
g 0 L 0
E. 0.2 0.4 0.6 55 105 155
g». C/N Temperature (°C)
= Correlation of pH Simple and fast NH,
2 measurements with NH, concentration estimation
= concentration
&
(']
>
< ﬁ_““"“““““—: i i \( IC analysis for NH )
s | ageronss | High concentration CO, ysis for NH;
gb | immersion probe. quantification
% o | sample Line Gas Cooler Gas product stream
= HE ressure
:': g ‘1 ® PSensor
= glz @
= 8 Acid Wash
S — 3
@) | NH4Looping | €0 Probe W B IC D I
g ! Process | —
= i | empty  0.INH,50, Silicagel
SE‘ \ bommmmmmmm s ! Exhaust j \ a )




Product Ratio: Experimental vs. Model
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Product Ratio: Determined from High
concentration CQO, immersion probe.
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 UBWSI

—Inlet Temperature Ratio

Expected
ratio: From

A AL
YA
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£ 10 ©

C

& 90
o Expected
ratio: From

88 0 Condition
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 o Itions

Time (mins)

» Expected ratio is about 20, per ASPEN model.
»Ratio is stable around 10, as desired.

» Ratio decreases with increasing solvent inlet temperature. This is
controllable by adjusting the cold rich flow to the stripper.
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Summary: Capture

* The ammonia looping process can function and produce
desired product ratios at varying solvent alkalinities,
even as low as 0.5 mol/kg.

* Product ratios of 10 or more are easily achievable with
higher rich carbon loadings. Preferable greater than 0.45
mol/kg.

* Can capture CO, at any inlet concentration. However, 1f
the desired product ratio of CO,:NH, 1s 10 or more, then
the minimum inlet CO, concentration needs to be 2% or
more.
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Algae Culturing

Start

/ T}Tsaaa;g\,llg;gw

12 x 800 mL tubes
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Initial Algae and ORP Data

Pond 1 (Test)

—e—Pond 1 Cycle 1 Pond 2 Cycle 2 Pond 1 Cycle 3

0.8
=
—
o6
> y=0.0877x-1.428
"i y =0.0151x + 0.2497 \
S y:0.0635x—0.3717\
()
(]
©
0
<
0
0 2 4 6 8 10 12 14 16 18 20 22 24

Number of Days

Pond 2 (Test)

_O.EPond 2 Cycle 1 Pond 2 Cycle 2 Pond 2 Cycle 3

o
o))

y =0.0132x + 0.1908

y =0.04x - 0.472

o
>

\

Algae Density (g/L)

0.2
y = 0.0568x - 0.3326
0
0 2 4 6 8 10 12 14 16 18 20
Number of Days
Test

Pond 3 (Reference)
—e—Pond 3 Cycle 1 Pond 3 Cycle 2

0.8
=
S~
26 y =0.0275x - 0.0645
>
5 =-0.0016x + 0.2746 /
204 ' /
=)
Y 0.2
o0
<<
0
0O 2 4 6 8 10 12 14 16 18 20 22 24
Number of Days
Pond 4 (Reference)
—e—Pond 4 Cycle 1 Pond 4 Cycle 2 Pond 4 Cycle 3
0.8

o
o))

y=0.0518x +0.1143
y = 0.0466x - 0.5985

N

Algae Density (g/L)
o
=

0.2 s
y =-0.0144x + 0.4477
0
0 2 4 6 8 10 12 14 16 18 20 22 24
Number of Days
Reference

[ 0.062 +0.014 g/L per day ] 3X increase <—[ 0.021 + 0.007 g/L per day}




Algae Culturing: Comparison of Algae

=&
Yo P d o o l °
ZQ
roductivity (Volumetric)
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Cc
s Algae Culturing: Rotifer Population Data
= .
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e
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i)
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Algae Culturing: NH, Utilization (nyy3)
{g:' % o Pond 1: NH; utilization by harvest cycle . Pond 2: NH; utilization by harvest cycle
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Algae Culturing: CO, Utilization (1¢¢2)

=&
Yy
FQ
thD
= O - . g .
S Pond 1: CO, utilization by harvest cycle Pond 2: CO, utilization by harvest cycle
A= 3.0 2.5
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=) e 2.5
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= = 20 5
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E e 2
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U% efficiencies due to high 100 * mgy * X,
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> and discontinuous X, Mco2
= nature of membrane c
;:: absorber operation 2 10 ms, = mass of algae produced
g (i.e., algae productivity @ g X = C fraction in the algae
e \éva§ nltrogekn-ll(rjmted B 06 (from elemental analysis)
= uring weekends) 3 Mo, = Mass of CO, fed
- (o) 0.4
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Algae Culturing: Compositional Analysis

C (%) N (%) Ash (%) Protein (%)

2nd harvest cycle

ORP 2 48.1+0.4 95+0.1 6.0+0.1 45.2+0.1
ORP 4 48.6 + 0.6 8.5+0.1 n.d. 40.7 £0.1
3rd harvest cycle

ORP1 50.2+0.5 9.7+0.1 59+0.1 46.6 £ 0.1
ORP 2 48.4+0.5 9.2+0.1 7.1+0.2 43.9+0.1
ORP 3 50.9+0.4 8.6+0.2 55+0.1 41.1+0.2
4th harvest cycle

ORP 1 50.5+0.1 9.2+0.0 5.0+£0.1 43.9+0.0
ORP 2 47.9+0.2 9.0+0.1 6.3+0.1 429+0.1
ORP 4 51.8+0.1 9.1+0.0 6.0+0.1 43.6+0.0
5th harvest cycle

ORP 1 50.2+0.3 9.5+0.0 6.5+0.1 45.2+0.0
ORP 2 50.4+0.3 9.9+0.2 6.9+0.1 47.3+0.2

Ash content low in all
cases (albeit higher
than for indoor
experiments)

No significant
differences in protein
or ash content between
test and reference
ponds
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Lessons Learned

CO, Capture Team

COMUNICATION

émplexities of culturing
algae

Unpredictability of large-
scale culturing in a relevant
environment

Algae growth and capture
process incompatibilities

(&

Complexities of CO, capturh

Technical requirements,
scale, and output of a CO,
capture process

Capture process and algae
growth incompatibilities

)

TEAMWORK

wea| aed|y
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Plans for Future Testing & Development
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Future testing

Scale up algae growth: Currently we are only using 1% of the total capacity of the
capture unit, feeding 1800L of algae

X 100 - Total capacity, 180,000L
(which about the size of a large swimming pool)

Development

» Streamline the process, experimental 2 commercial

» Could be used as a polishing step for point source capture to achieve net
negative emissions.

> Direct air capture
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