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Presenter Notes
Presentation Notes
Hi, I am Aravind Rabindran, working in Susteon as Research Chemical Engineer. Our project is High performance solvent for NGCC flue gas CO2 capture. These are my colleagues working on this project.


Project Overview

High Performance for Natural Gas Combined Cycle (NGCC)

Tidle Flue Gas CO, Capture

Award No. | DE-FE0032216

Period of Performance | 01/01/2023 — 06/31/2024

Project Funding | DOE: $1,000,000 Cost-Share: $250,000

Development of high-performance solvent for NGCC flue gas CO,

Overall Project Goal
capture

Project Participants | Susteon Inc. and TotalEnergies

DOE/NETL Project Manager | Ms. Mariah Young

Sust-on


Presenter Notes
Presentation Notes
Period of performance for this project is 18 months. DOE funding, we received is 1 million and we have a cost-share amount of two hundred and fifty thousand dollars. Our cost share partner for this project is TotalEnergies. Our DOE manager is Ms. Mariah Young.


Technology Background

Key Targets
* Fast kinetics of CO, absorption and desorption PI‘Oj ect Goals
* High thermal and oxidative stability Metric Cansolv® Goal

Lower reboiler duty

CO, Capture Efficiency (%) 90 >97

Lower environmental Impact Specific Reboiler Duty (GJ/t-CO,) 2.88 <2.6

Reduce C02 capture cost by up to 40% Solvent COIISleptiOl’l Rate (kg/t-COz) 0.75 <0.01
Drop-in solvent for the existing solvent-based Solvent Emissions (kg/t-CO,) 3.8x10%  <3x10*

6 i CAPEX 100% 67%

2 capure plants OPEX 100% 84%

Impact

Sustenol™ CO, capture process has a potential to reduce the total plant cost of 650 MW power plant by 16% and
CO, capture costs by 40% from B31B case (NETL report-2019).


Presenter Notes
Presentation Notes
Our high-performance solvent has faster reaction rates with CO2 compared to some of the most promising solvents and  it could be desorbed easily as most of the CO2 is in bicarbonates. It has high stability in terms of thermal variations and degradations due to oxygen content from flue gas. Environmental impact from solvent emissions is very low. It has the capability to reduce the cost of CO2 capture upto 40% from Cansolv technology which is used in DOE baseline. It is a drop-in-solvent, no need to modify any unit-operations. We expect a 16% reduction in total power plant cost.


Technical Approach/Project Scope

Design of a high-performance solvent to lower the cost of NGCC CO, capture with specific focus on
. Novel solvent (SUSTENOL™) with higher CO, working capacity

. Greater than 40% reduction in the energy required for solvent regeneration

= Fast kinetics of CO, absorption and desorption to reduce the equipment size

. Drastic increase in solvent lifetime/stability due to high thermal and oxidative stability
. Lower environmental impact

Project schedule

 SUSTENOL™ — synthesized and physical and chemical properties measured

* Successful design and optimization of a contactor bench-scale module (Absorber and Desorber)
* Updated preliminary technoeconomic assessment (TEA)

Project success criteria

*  SRD (Specific Reboiler Duty) <2.2 GJ/tonne CO,

SUSTENOL™ can reach > 97% CO, capture from NGCC flue gas at >95% purity and at L/Gs < 1(kg/kg)

* Demonstrate significant progress towards a 40% reduction in cost of capture versus a reference NGCC power plant
with carbon capture at 97% carbon capture efficiency (B31B case, NETL Report-2019)
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Presentation Notes
Our technical approach is based on higher working capacity almost double the capacity of primary amines. 40% reduction in regeneration energy due to lower sensible heat and heat of vaporization. Reaction rates are 2 order magnitude higher than primary amines which will help to reduce the absorber column height and it could be easily regenerated with moderate temperatures. Solvent compositions could be tailored to get high thermal and oxidative stability. Solvent emissions also could be reduced by tailoring it based on solvent components. In terms of project schedule, we completed our solvent synthesis procedure and characterized all the physical and chemical properties required for the solvent to attain the targets. We modified our bench-scale system to handle 40-50 slpm of gas flow with CO2 and air. 1-2 kW reboiler is used as stripper. We updated our preliminary TEA based on initial measurements. Project success will be determined when we demonstrate that our solvent requires less than 2.2 GJ/tonne CO2. Another criteria is to achieve greater than 97% capture with lower liquid to gas ration which is less than 1 in mass basis. Last one is to demonstrate that the 40% reduction from reference scale NGCC plant with 97% capture.


Our Approach for Reduction of
Regeneration Energy

Comparison of SRD of Aqueous MEA, CANSOLV® and SUSTENOL™

C Xsoly Aa. Specific
Solvent [Jfg [le?;b;l] []:‘IE;@GI] [mol solvent/m ol [mol COz/ RE'IJI.E'“E'!' Duty
K] solution] m ol solvent] [GJ/t-C O]
MEA 3.75 85 40 0.11 0.18 3.88
CANSOLV® Estimated from DOE Baseline Cas.e B31B Steam Flow Rate to the 5 83
Reboiler
SUSTENOL™ 2.3 66 40 0.14 0.5 2.2

Higher absorption rates with doubled CO, working capacity (Column Testing & Vapor-Liquid Equilibrium)
*  Lower heat capacity due to lower water-content (Reaction Calorimeter)

*  Lower reaction energy required for solvent (Reaction Calorimeter)

*  Lower ratio of (Py,o/Pcg,) at the top of stripper (Column testing & Vapor-Liquid Equilibrium)

* Addition of ppm quantities of promoter to amine solvents has been demonstrated to significantly enhance the CO, adsorption
and desorption rates (previous NCCC-PSTU testing campaign with coal/NGCC flue gas using 30wt% MEA)
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This table presents the critical properties contributes to the regeneration energy requirements. Our heat capacity is 39% lower than MEA, heat of absorption 22% lower. Our capacity is double the working capacity of MEA. All this contributes to 43% lower regeneration compared to MEA and 22% lower compared to Cansolv solvent. We validated our working capacity and heat of vaporization contribution from column testing. We validated heat capacity and reaction heat using a reaction calorimeter. The effect of promoter was verified and tested in NCCC-PSTU unit by adding ppm levels last year using coal and NGCC flue gas. We noticed 11-15% enhancement in reaction rate and desorption rates.


Screening of promoters for CO, Absorption
Rate and CO, Capture Efficiency

CO, Breakthrough Set-up for screening CO, capture efficiency enhancement in 30wt% MEA
Mass flow 100% wfo promoter
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This slide shows the equipment set-up we used to screen different promoters using simulated NGCC flue gas. Top graph shows the effect on promoter addition 30wt% MEA. Without promoter, 30wt% MEA showed 4 hrs. of CO2 capture higher than 95%, when ppm level of promoter added it showed 12 hrs of CO2 capture higher than 95% capture. Bottom curve shows the different estimated in reaction rate with and without promoter in y-axis and working capacity at the x-axis. This is an example of our proof-of-concept for promoter addition. We used on the same set-up for developing our solvent for NGCC flue gas with high oxidative and thermal stability, which has higher working capacity than MEA.


Screening of promoter for CO, Absorption Rate
and CO, Capture Efficiency

CO, Breakthrough Set-up for screening Promoter screening based on reaction rate
100 45.00 T
=1 % oo -
E: _
I ° i 5
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T ¥1 0 g8 SO IN NN SN PEK® sa0se yomoen o P : s
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® without Promoter Promoter
84 hd 1 1 1 1 1 t t
0 0.2 0.4 0.6 0.8 1 1.2 1.4
Time (hr)
KPI Without Promoter With Promoter
Maximum CQO, capture (%) 94 96
Maximum CO, captured (wt.%) 9.06 9.21
Maximum rate (mol/kg/sec) x 10° 40.67 45.30
Average reaction rate (mol/kg/sec x 105, >90% capture) 40.26 43.80 7
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Our baseline solvent was improved by adding different levels of promoter. Left side chart shows that without promoter, our baseline had CO2 capture efficiency of 94% and our addition it enhanced to 96%. We screened 17 different variant of promoter in ppm levels. We chose the best one for our column testing.


Solvent Characterization

Verified Measured

Characterization Conditions 30wt% il 2 order higher reaction rate than MEA
MEA
1 VLE (Absorption) 30- 60°C X v 10000000 ¢
2 VLE (Regeneration) 100- 130°C X 4 1000000
3 Density - Fresh 25-75°C X v 100000
4 Viscosity - Fresh 25-75°C X 4 7 1000
5 | ST-Fresh 25-75°C x v % el
6 | VP RT- 150°C X v * f
100 +

. o P
7 Density - Carbonated 30- 60°C X 104 // VDEA
8 Viscosity - Carbonated 30- 60°C X 1

000 05 100 150 200 250
9 ST- Carbonated 30- 60°C X
Concentration (kmol/m?)

10 Kinetics (flux-vs P-CO,) 30-60°C X 4
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These are different solvent characterization experiments we performed at different concentrations and temperatures. We verified all the methods with 30wt% MEA. This plot shows our observation reaction rate constants compared to primary and tertiary amines. Our baseline solvent has 2 order higher reaction rate than MEA.


Solvent Characterization

VLE shows double the capacity that of MEA

VLE of Sustenol™ VLE of 30wt.% MEA
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Vapor Liquid equilibrium of our solvent compared to MEA is shown here. At lower partial pressure region of interest to NGCC flue gas condition, our solvent has double the capacity of MEA. 


Solvent Characterization

Preliminary analysis shows that the solvent has reboiler duty of 2.2-2.3 GJ/tonneCO,
Higher density

Viscosity in the desired range for column operation

Lower surface tension than Cansolv® (better wettability)

Lower heat capacity than Cansolv®

. . 40 T B Heat of Absorption
Lower heat of vaporization than Cansolv® e 3.8 &Heat of Vaporisation
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Based on the initial properties' measurements in the baseline solvent, the estimated Specific reboiler duty found to be 2.2 to 2.3 GJ/tonneCO2. Our solvent has higher density due higher organic contents, desired viscosities, lower surface tension with better wettability, lower heat capacity and heat of vaporization.


Bench-Scale Test System

NGCC Flue Gas Condition
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H,0 0.088
co, 0.041
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Absorber Packing Diameter 1.5 inch

Absorber Height 5 ft
Absorber column flooding 70-80%
Reboiler Temperature 119-120°C
Reboiler Energy Range 0.1-2 kW

your 7'g

11


Presenter Notes
Presentation Notes
We designed a bench-scale absorption-desorption system which can handle 25-50 slpm of gas flow rate with NGCC flue gas condition. Diameter of the absorber is 1.5 inch and height of the absorber is 5 ft. We could operate the column 70-80% flooding. Our regenerator can capacity is 2 KW.


Bench-Scale Test Results

L/G (mass/mass)
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One batch of 2000 kg of solvent was produced by a commercial manufacturer.
A sample from this batch was tested in our bench-scale test unit.

Results were compared with 30wt% MEA

At the same condition in the tested packing

30wt% MEA needs L/G = 3.5 to reach >97%

Sustenol™ needs L/G = 1.7 to reach >97%
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This slide gives some typical runs performed in our system. As  you notice, 30wt% MEA reached 97% capture when L/G was maintained at 3.5 with this packing, whereas our solvent sustenol showed >97% capture at L/G of 1.7. One batch of 2000 kg solvent was produced by a commercial manufacturer. We used some of the samples from that batch in our bench-scale test unit.


Solvent Screening

(Design of Experiments)

DoE-(Plackett-Burman 12 run)

4 = Prediction Profiler
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CO2 capture
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Design of Experiments
Factor Factor Name Level1 Low(-) Level2 | High(+)
1 A 45 60
2 B 17.84 25
3 C 4.54 10
4 D 10 22
5 E 0 5
6 F 0 5
7 G 1000 7000
Trials| A B C D E F G Interactions | Responses
1 60 25 4.54 22 5 5 1000 1
2 45 25 10 10 5 5 7000 1
3 60 [17.84 10 22 0 5 7000 1
4 45 25 4.54 22 5 0 7000 -1
5 45 | 17.84 10 10 5 5 1000 1
6 45 | 17.84 4.54 22 0 5 7000 1
7 60 [17.84 4.54 10 5 0 7000 1
8 60 25 4.54 10 0 5 1000 1
9 60 25 10 10 0 0 7000 -1
10 | 45 25 10 22 0 0 1000 1
11 60 [17.84 10 22 5 0 1000 -1
12 | 45 | 17.84 4.54 10 0 0 1000 -1
Design of experiments testing to
identify optimum conditions.
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We used a design of experiment to optimize the concentration of solvent based on some design factors. We performed set of experiments to arrive at a formulation which gave us higher CO2 capture rate, lower viscosity and heat capacity with higher working capacity.


Process Modeling

VLE Prediction
100000.0 = 3C —— 0 CWode]
= 40C 4 C-Model
e EC — 50 C-Model
= G0C 0 C-Made]
10000.0 —— 20 C - Model s 00C
— 100 C - Model = 1ac
e 110 G - Mipdi] = 120C
4000.0 e {20 C- Mods]
Ll
<
"= 100.0
S
o
10.0
1.0
01 e e e ey
00 01 02 03 04 05 06 07
CO, loading (Molcg,/mol,,.)
CO, balance (Gas & Liquid)
L/G 1 1
CO2 Capture (%) 95.7 95.3
CO2 loading (molcgo/molyy) 0.398 0.350
Lean viscosity (cP) 8 3.1

Rich viscosity (cP)

Temperature Profiles of Absorber
Sustenol (L/IG= 1)
70 1

® (3as Temp

e Liau
60 1 Liquid Temp

= Model-Gas Temp

—— Model-Liquid Temp

Absorber Height {in)

0

0.0 10.0 20.0 30.0 40.0 50.0 €0.0 70.0

Ti°C
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We developed our in-built process model in Aspen Plus Simulator. We regressed all the necessary properties. This plot in the left shows the prediction ability of our model for vapor-liquid equilibrium at different temperatures and CO2 loadings. Plot on the right shows that preliminary model can predict the liquid and gas temperatures in our absorber column. Model predicted lower CO2 loadings and viscosities. 


Process Modeling

Scaled-up Process model to
commercial scale (6000 tonne/day)
Parametric Testing A =

Model Prediction

>95% Capture at L/G = 0.85-1

Exp-Different Runs

100 T

CO, Capture (%)

SRD varied from 2.2 to 2.4 GJ/tonneCO,

75 1

[ Sensitivity of CO, Capture and SRD
70 I I I I : I I I I : I I I ’ ! Capture rate (%) SRD (GJitonneCO2)
0.70 0.80 0.90 1.00 105.0
L/G (kg/kg) _. 1000 [
g 95.0
Model predicts the temperature profiles and CO, capture 8 00
- o) ‘
performance of bench-scale unit. Scaled-up process model ° ok
used to predict the specific reboiler duty. N S IR
0.60 0.80 1.00 1.20

L/G (ka/kg)
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Model precited the CO2 capture efficiencies at different Liquid to gas ratios. As graph shows, our solvent captures more than 97% CO2 capture at L/G of 1. For preliminary TEA purpose, we used the model for scale-up purpose and scaled up to commercial unit of 6000 tonne Co2 per day. Bottom graph shows the prediction of specific reboiler duty at different L/Gs. 97% capture showed a SRD from model to be 2.4 GJ/tonneCO2. We expect our optimized solvent will give us a SRD of 2.2 to 2.3 GJ per tonne of CO2.


Initial TEA

Simple Process Flow Diagram
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Power Performance

B31B.97- B31B.97-
Power Summary NETL- Susteon-
CANSOLV® Sustenol™
Total Gross Power, MWe 687 687
Total Auxiliaries, MWe 50562 35441
Net Power, MWe 636.4 651.6

CO, Capture cost comparison

Sustenol
Cost Distributions Unit CANSOLV® =
NETL Susteon IECM Susteon
Add CCS cost $/MWh 22.80 22.86 22.82 17.24
Capture Plant NETL | Susteon | IECM Susteon
CO, Avoided Cost | $/tonneCO, | 80.28 80.46 80.29 63.47
CO, Capture Cost | $/tonneCO, [ 60.09 60.14 60.25 45.45

Pathway to 30% reduction in CO, capture cost
(42%/tonneCO,) is in progress.
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This slide shows our preliminary TEA findings. Dotted line is our boundary limit. Out-side boundary assumed to be same conditions as the Cansolv technology. Compared to Cansolv, total auxiliary energy required for our solvent process is 30% lower, which gives 2% higher net power to the power plant.  We verified our TEA analysis with NETL report and IECM model. Cansolv technology gave 60$/tonneCO2, whereas our solvent Sustenol showed a CO2 capture cost of 45$ per tonne of CO2. Our optimization shows a pathway to 30% reduction from the baseline, which will give us 42$ per tonne of CO2.


Plans for Future Testing/Development/

Commercialization

e Comj
 Buld

orehensive characterization of solvent
1ng a scale-up unit:

Heig!

1t - 18 ft and Diameter — 4.2 inch

* Thermal and oxidative stability testing

e Emis
e Bulk

sion and waterwash evaluation
solvent production and quality control testing

* Engineering scale testing at NCCC-PSTU (0.5 MWe) with
the optimized solvent (parametric and long-term testing)

* Process model development and validation

* Pre-FEED for technology demonstration

* Technology licensing
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These are the plans we have for future testing and commercialization. Comprehensive characterization of solvent like speciation studies, thermal and oxidative stability and products, emission profiles have to be performed. We are in the process of building a pilot unit with 18 ft column with 4.2-inch diameter.  We have a plan to do an engineering scale-testing at NCCC-PSTU unit with our optimized solvent. We will perform both parametric and long-term testing. Process model have to be refined and validate with pilot scale testing. We have a plan for Pre-FEED studies for technology demonstration and technology licensing.


Plans for Commercialization

Absorber Set-up
A g

Breakthrough set-up

100
~ o with catalyst
2
(TRL 1-2
<)
Capacity
15
( eof fi )
SRD Variation with and without catalyst
(Capture - 80%, LIG=1)
4.600
4.400 £ 2a.23wt% without catalvst
4.200
= 12.4% Wt % wi
J°_, 4.000
3
E 3.800 n. M.7%
2 23wt.% wit
»  3.600
°
31wt.% wi
3.400
3.200
3.000
20 25 30 35
MEA (wt.%)

Experimental : Runs 2 & 38
Normalized Model: Runs 2a & 38a

Proof of
promoter
concept

(2021)

Proof of
solvent
concept
(2022)

4 feet
packing height
(TRL 2-3)
8 ... Weare
Rich tank here
Pilot-Scale Test
Unit (2024)
RS o- 15 feet
Test Unit S T
(ehes) (TRL 4-5)
EE= f‘jl llll ,,,,,
%ﬂ:ﬁ“‘f‘?‘“‘* ; ' ‘ =3
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'NCCC PSTU Unit
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packing height
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Engineering-

Scale Test
Unit

(2025-2026)

View of 0.5-MW PSTU

NCCC PSTU Unit
60 feet

packing height
(TRL 6)
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This is our commercialization pathway. We tested our promoter testing in year 2021 NCCC PSTU with 60 feet column at TRL 6. We screened several promoters with a baseline solvent in 2022 at TRL 1-2. We are testing different solvents at 4 feet column at TRL 2-3. The optimized solvent will be tested in our pilot-scale test unit in 2024 which will be TRL 4-5. Next plan will be testing it in Engineering scale test unit, NCCC-PSTU in 2025-2026 at TRL 6.


Summary and Conclusions

Highly efficient solvent composition identified for NGCC flue gas
Promoters were 1dentified to enhance absorption/desorption rates and
solvent working capacity.

Solvent was produced at 2,000 kg scale.

Comprehensive solvent characterization was completed.

Testing 1n bench-scale-scale test unit undergoing.

Process model was developed and validated with initial bench-scale
data.

SRD of the highly efficient solvent was found to be 2.2 GJ/tonneCO,.
Preliminary TEA showed a CO, capture cost of $45.50/tonneCO.,.

A technology pathway was developed to meet DOE target of >30%
cost reduction compared to Cansolv® (NETL Report-2022).
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Here are the summary of the presentation. We identified the highly efficient solvent for NGCC flue with double working capacity, lower regeneration energy and higher reaction rate. We have promoters which can enhance the absorption and desorption rates and working capacity. We produced 2000 kg scale solvent from a commercial vendor. Detail solvent characterization were finished. We are in the process of bench-scale testing. We developed a preliminary process model and validated it with bench-scale results. Our efficient solvent has a specific reboiler duty of 2.2 GJ per tonne of CO2.  We have a pathway to attain greater than 30% cost reduction from baseline Cansolv technology for 97% CO2 capture.
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Gantt Chart

Project Timeline Months from Project Start Date

10(11(12|13|14|15|16|17|18

th
=
~1
[=2]
=]

Start Date| EndDate |1 |2 |3 |4

Task 1.0 - Project Management and Planning 1/1/2023 6/30/2024
Milestone 1: Revised Project Management Plan 1/1/2023 1/24/2023 i
Milestone 2: Kickoff meeting 1/1/2023 1/31/2023 L
Milestone 3: Initial Technology Maturation Plan 1/1/2023 3/31/2023 T
Milestone 10: Final Technology Maturation Plan 5/1/2024 6/30/2024 *

Task 2.0 — Synthesis and characterization of catalyzed solvent 2/1/2023 7/30/2023

Milestone 4: Solvent synthesized and its physical and chemical properties measured 2/1/2023 7/30/2023 *

Task 3.0 — Laboratory-scale test system upgrade and commissioning 2/1/2023 5/31/2023 .
Milestone 5: Successful design and optimization of contactor module 2/1/2023 5/31/2023
Task 4.0 — Solvent screening and CO2 capture performance evaluation 6/1/2023 1/31/2024

MﬂBStOIllﬂﬁl Successful F:OJ Capture performance testing demonstrating working capacity increase and 6/1/2023 1/31/2024 4
regeneration enerev reduction

Task 5.0 — Solvent formulation optimization and down selection 8/1/2023  3/31/2024 .

Milestone7: Solvent formulation optimized for CO; capacity with capture rate > 97% 8/1/2023 3/31/2024 *
Milestone 8: Update State Point Table 8/1/2023 3/31/2024 *
Task 6.0 — Process modeling 8/1/2023  3/31/2024

Mllestm?e 0: Successful process design and model development using the optimized solvent 8/1/2024 3/31/2024 4
formulation test data

Task 7. Final TEA & Process design Work 1/1/2023  3/31/2024

Milestone 3: Initial TEA 1/1/2023 6/30/2023 7

Milestone 10: High-fidelity TEA to assess the cost of capture of the proposed technology 1/1/2024 3/31/2024 +

compared to SOTA
Milestone 11: Final Report & Process deisgn 1/1/2024 6/30/2024 x
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