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Project Overview
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Objective — Perform extended test campaigns on
coal and natural gas flue gases with the EEMPA
solvent operating at the ~0.5 MWe-equivalent scale
for both coal and gas to verify its favorable
performance characteristics while evaluating the
environmental, health and safety (EH&S) risks of
the technology and quantifying its potential to
lower the cost of CO, capture.
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EEMPA can achieve low specific reboiler duties

= The favorable thermal performance is
attributable to

- the low water content (around 2 wt.% or less) meaning
less water to vaporize, and

- ashiftin theionic character of the solvent with higher
temperature, disfavoringthe CO,-boundionicspecies.

= SRDs down to 2.0 GJ/tonnel have been
observed in experiments. Cost-optimal
designs for coal indicate 2.34 GJ/tonneiis

achievable.?
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More about EEMPA

= Strengths

- Single-component, miscible in water
— Low viscosity gain upon reaction with CO,
— Low surface tension 12
%]
— Compatible with potentially cheaper materials of E 10
construction (e.g., plastics) R
- Low corrosivity % 6
— Good thermal and chemical stability .é' 4 - MEA + 70 wt.% water
A
— Potential for advanced heat integration and < 2 - ' ' ' MEA o
. N -~ & EEMPA + 2.5 wt.% water
regeneration steps that could save costs (e.g., flash 0 - - -~ EEMPA
regeneration) 1 2 3 4 5
= Challenges Week
~ Potentially costly, and large-scale production yet to be Comparison of thermal degradation of EEMPA with MEA
demonstrated under similar experimental conditions. EEMPA achieved

90% slower degradationthan MEA under comparable

— Imposes need for careful control of the process water _ <
experimental conditions

balance

EEMPA has several characteristics that make it a promising post-combustion capture solvent
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Scope for an engineering-scale test

Develop a route to produce larger volumes of EEMPA at
lower cost

= Plan a test using the Pilot Solvent Test Unit (PSTU) at the
National Carbon Capture Center

=  Modify PSTU equipment to accommodate EEMPA
=  Manufacture the required quantity of solvent
= Run test campaigns on coal and natural gas flue gases

=  Conducta final TEA and environmental, health, and
safety (EH&S) risk assessment

© 2022 Electric Power Research Institute, Inc. All rights reserved. EPE'



Review of budget period 1 accomplishments

= |nitial TEA — Estimated costs to capture
CO, around $39.4/t and $64.1/t for coal
and NGCC cases, respectively.

= Initial EH&S assessment — used a look-
across analysis of structurally similar
compounds to provide an initial
identification of potential toxicity
hazards.

= Model development —developed an
Aspen Plus model of the PSTU and
verified the physical properties model
with the most recent experimental data.

= Raman —investigated the potential to
use Raman as a real-time technique for
tracking the loading of the solvent.

© 2022 Electric Power Research Institute, Inc. All rights reserved.
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Multi-Step Cost-Effective Synthesis of 2-EEMPA

Route 1
Pd(OH), (10%) O._CH
NaOH A~ OCH;  TsOH AN SN OGS
Py + HjCO_OCH; — = HC 0 Y 0 22 A ~O T N NH, . N N
HsC™ ~OH \[ Neat OCH, H,0 3 0 Ho RT, 18h O/
Cl 73% 80% 50% 2-EEMPA

= Three step synthesis of 2-EEMPA starting with cheap, readily available chemicals
= Optimization of the first two steps complete
= Reductive amination step optimizationin progress

= Estimated cost of production of using this route at current yields
is $6.42/kg compared to $13/kg for established synthesis

1) MeOH HC. O
ROUfe 2 H C/\O/\/OH TEMPO (10 mol%) y C/\OMO + H2N/\/\N/\ 3N \/\H/\/\N/\
3 3
PhlI(OAc), (1 eq) o 2) NaBH, I 0
1M DCM -
$65/4L Reductive amination

>95% conversion
used without

purification

= Oxidation of 2-ethoxyethanol using TEMPO/lodobenzamide diacetate (PhI(OAc),) works with >95% conversion

= Conservative cost estimate for a catalytic use of reagents, based on 50% yield for all
steps is about $6/kg (targeting S4-5/kg)

= Optimization of this two-step, one-pot reaction is ongoing
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Modifying the PSTU for EEMPA

As a water-lean solvent, EEMPA

needs two key changes to the PSTU:

1. Cooling the flue gas with low
temperature water to lower the
dew point of the gas contacting
the solvent

2. Adifferent reboiler design to
handle the lower thermal
conductivity and vapor
production compared to an
agueous solvent

Modeled cooling duties required to achieve target dew points for
naturalgas and coal conditions

| noccconditions

Starting

temperature °F 110-130 110-180
range

Targetabsorber F 68.0 60.5

inlet temperature

Pre-scrubber Btu/hr 74,440-79,200 192,000-225,600
Cooler/condenser Btu/hr 74,400-79,200 147,600

Btu/hr 148,800-158,400 339,600-373,200
Total duty

tons of
refrigeration

12.4-13.2 28.3-31.1

© 2022 Electric Power Research Institute, Inc. All rights reserved. EPE'



Modifying the PSTU for EEMPA

Cooling the flue gas

Chilled water froman air-cooled
chiller would be suppliedinaloop
to a new exchanger for the pre-
scrubber column and the existing
exchangerforthe
cooler/condenser column.

11

The team is evaluating
the re-use of exchangers
from the GE-CSTR unit
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Other considerations for PSTU testing

= Cooling and water balance

In addition to cooling the flue gas, we considered
cooling the water wash liquid. However, it was
deemed acceptable to rely on addition of water
to the wash to maintain water balance rather
than the added complexity of cooling the wash
water.

= Plastic packing

Evaluating polypropylene structured packings
from multiple manufacturers. Initial evaluations
suggest they will meet the mass transfer
requirements while imposing slightly higher
pressure drops than comparable steel packing.

© 2022 Electric Power Research Institute, Inc. All rights reserved.
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Next steps

Wrapping up BP1

= Determine which synthesis route is
best of the project at this point,
meeting both cost and schedule needs

= Finalize and get approval for
modifications to the PSTU

= Finalize agreement with NCCC

Major milestones

Budgetperiodl -

Budget period 2

Budget period 3

© 2022 Electric Power Research Institute, Inc. All rights reserved.

Develop route for synthesis
Execute host site agreement

Manufacture required solvent volume
Make equipment modifications
Develop test plan

Min. 2-month coal campaign
Min. 2-month natural gas campaign

=Pl



Summary

= Potentially competitive alternative syntheses have
been developed

= Final engineering is progressing on modifications
to the PSTU that would allow good performance
of EEMPA

= Work is proceeding to prepare the pieces needed
to start testing at the NCCC in 2023
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Project organization chart with key personnel

N NATIONAL

TL TECHNOLOGY
LABORATORY

P —

Joseph Swisher, Principal Investigator
Abhoyijit Bhown, co-Principal Investigator
Annette Rohr

Tasks1,3,4,5,6,7,9

ffffff

David Heldebrant Marty Lail
Charles Freeman Jak Tanthana
Phillip Koech
Feng (Richard) Zheng Tasks1,2,3,4,5,7,8,9
Yuan Jiang

David Stauffer
s _
Tasks3,7,9

Ari Lewis

Tasks 1,9

Tasks 4, 6

Task 5

All BPs
Task 1
Budget Period 1
Task 2
Task 3
Task 4
Budget Period 2
Task 5
Task 6
Task 7
Budget Period 3
Task 8

Task 9

Project managementand planning

Solvent scale-up and design of engineering scale test equipment
Scale-up of solvent production

Design of Engineering Scale Test Equipment

Host site planning

Solvent manufacture and test facility modification
Manufacture of solvent

Construction at host site

Test plandevelopment

Testing and data analysis

Operation of Engineering Scale Test

Data Analysis and Final Reporting
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Project start date  1/29/2021 0 1 2|3 4 5|6 7 8|9 10 11|12 13 14|15 16 17|18 19 20|21 22 23|24 25 26|27 28 29|30 31 32(33 34 35|36 37 38|39 40 41
Project duration 38 months 17 days J F M|A ™M J|J A s|lo N D|[J F M|A M J|J A s|o N D|J F M[A M J|J A s|O N D|[J F M|A M
Project end date  3/31/2024 Q1-2021 Q2-2021 Q3-2021 Q4-2021 Q1-2022 Q2-2022 Q3-2022 Q4-2022 Q1-2023 Q2-2023 Q3-2023 Q4-2023 Q1-2024 Q2-2024
Task/Subtask Title
All Budget Periods Engineering Scale Test of a Water-Lean Solvent
Task 1.0 Project management and planning | | | | | | | | | | | | | | | | | | | | | | | | | | | |
Subtask 1.1 Project manamgent Plan updates
Subtask 1.2 Technology Maturation Plan
Subtask 1.3 Initial Techno-economic analysis and EH&S review TMP, initial TEA and E&HS
risk assessments completed
Budget Period 1 Solvent scale-up and design of engineering scale test equipment Budget Period 1
Task 2.0 Scale-up of solvent production | | | | | | | | | | | | | | | | | | | | | | ___________________ New synthesis route
Subtask 2.1 Determine best synthesis route for larger scale A--1------------- : deteremined.
Subtask 2.2 Setup process for larger-scale synthesis I I I I I | | | | | | | | | | I A{ --------------- ?
E New process determined,
Task 3.0 Design of Engineering Scale Test Equipment | | | | | | | | | | | | | | | | | | | | I toll manufacturer identified.
Subtask 3.1 Adapt models to evaluate test design Go-No Go 1: Solvent
Subtask 3.2 Design and specify equipment I I I I I I I I I I I | | I manufacture and equipment
Subtask 3.3 Develop construction cost and plan e iints [ntatels Sttt A modification meet budget.
E Site host agreement
Task 4.0 Host site planning [ T T T T T 1T 1T T 1T 1T 1T 1T T T T 1T U 11T 11 1o executed. Permitting
Subtask 4.1 Conduct design hazard review : A E plan developed.
Subtask 4.2 Exectute host site agreement E | | | | | | | | | | | | | | | | | :4-------------------'
Subtaks 4.3 Permitting E o T | Solvent
: ) _— ] manufactured and ||
Budget Period 2 Solvent manufacture and test facility modification \ Design Hazard Proposed Budget Period 2 | delivered to host site.
Task 5.0 Manufacture of solvent - - Review completed. | | | | | | | } ----------- i
Subtask 5.1 Procurement of raw materials N_e\,N egunpment‘ and |
. . . modifications engineered. | Go-No Go 2: Solvent
Subtask 5.2 Production and delivery to host site | L~ |  eemmseeeoo-eeooo- 4---+---|-A | | | ‘l|
! manufactured and
Task 6.0 Construction at host site Test batch meets LT T T 1T 1 11 igiigf:t modifications
Subtask 6.1 Permitting acceptance criteria. y
Subtask 6.2 Procurement of equipment
Subtask 6.3 Construction activities at the host site A- -- Equipment installation and
------ modification complete.
Task 7.0 Test plan development | | | | | | | A |

Budget Period 3 Testing and data analysis i Proposed Budget Period 3

[ |
| Testplan completed. f==================-= | | | | | | | | | | |

Task 8.0 Operation of Engineering Scale Test
Subtask 8.1 Shakedown and commissioning
Subtask 8.2 Parametric testing |:| I Final reports delivered | .....
. Two months of !
Subtask 8.3 Coal flue gas campagin A PRl === po=0) o A !
Subtask 8 | f . testing on coalflue  |-----=----------" ==ﬂ '
ubtask 8.4 Natural gas flue gas campaign gas complete. : ;
Subtask 8.5 De-mobilization, removal and/or disposal of solvent ' !
Task 9.0 Data Analysis and Final Reporting Two months of | i | | | | | | | | | | i
Subtask 9.1 Analysis of test campaign results testing on natural gas |-------------- ' '
Subtask 9.2 Final TEA flue gas complete. [ O O ‘:
Subtask 9.3 Final EH&S Assessment
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