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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent
rights identified during the development of the document will be in the Introduction and/or on the ISO list of
patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 265, Carbon dioxide capture, transportation
and geological storage.

This DIS document is intended for internal use in ISO/TC265 only and should not be distributed beyond the TC.
Alist of all parts in the ISO 279## series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Carbon Capture and Storage (CCS) is a suite of technologies to reduce carbon dioxide (CO,) emissions into the
atmosphere. It is widely recognized to play a crucial role in achieving deep and large-scale decarbonization
in a short time frame in the power and industrial sectors. Among several carbon capture pathways, post-
combustion CO, capture (PCC) is the most mature and viable, capable of reducing CO, emissions from
combustion processes in the energy-related and industrial sectors. Chemical absorption using reactive
liquids is a proven technology, and has been widely developed in numerous PCC facilities. Various absorption
liquids, such as amines, potassium carbonate, aqueous ammonia solutions, amino-acid salt solutions, and
mixtures of these reactants, have been adopted for PCC applications.

The performance of absorption liquids is one of the key factors affecting the cost and the energy consumption
in a PCC process, thereby influencing its commercial application. Understanding the key performance
parameters and physical and chemical properties of absorption liquid is essential, not only for screening of
promising absorption liquids, but also for process engineering design and evaluating PCC plant performance
during operation.

Specifically, accurate monitoring of carbon dioxide loading and absorbent concentration in the absorption
liquid will guide parametric measurement, optimization, commissioning and operation of the PCC plant.
Understanding the absorption capacity helps in selecting the appropriate absorption liquid for CO, capture,
and optimizing the process conditions using information from vapor-liquid equilibria. A larger cyclic
loading of CO, in the absorption liquid means that less absorption liquid needs to be circulated, leading
to lower energy consumption for pumping, heating and cooling. Absorbent volatility is one of the factors
leading to absorbent loss. The heat of absorption of CO, is a primary factor influencing the energy required
for regenerating absorption liquids. The viscosity of absorption liquids can affect absorber flooding, and
electricity consumption for pumping. A higher viscosity of the absorption liquid also reduces the heat
transfer coefficient for the heat exchanger, meaning more heat exchanger area is required to achieve the
same heat duty. It also decreases the absorption/mass transfer between gas and liquid. The absorption rate
of absorption liquids impacts the capital costs of the PCC process. A higher absorption rate of the absorption
liquids means shorter packing height for CO, capture, which sets the sizes of the absorber/desorber. Higher
absorption rate also allows smaller driving force in CO, absorption. The density and viscosity are physical
and chemical properties of absorption liquids. The thermal conductivity and specific heat capacity are
important thermophysical properties to understand the heat transfer process in absorption liquid-based
carbon capture process.

Given the large and diverse impact of absorption liquids on various aspects of PCC plant performance, an
ISO standard for evaluating and characterizing the key performance parameters of absorption liquids is
required. Such a standard is part of a series of standards for CO, capture, complementing the ISO 27919-1
and ISO 27919-2. Previously, ISO 27919-1 was developed as a guideline for measuring, evaluating and
reporting the performance of a PCC plant integrated into a power plant. It provides a general methodology
for calculating specific Key Performance Indicators for the PCC process within the entire power system.
[SO 27919-2 was developed to specify an evaluation procedure to ensure and maintain the stable
performance of the PCC process integrated into a power plant during operation, from a commissioning
perspective.

The measurement and evaluation of the key physical and chemical characteristics of absorption liquids,
as defined in this document, are essential. This will benefit technology developers for the subsequent PCC
process design, optimization, performance monitoring, and plant operation.
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DRAFT International Standard ISO/DIS 27927:2024(en)

Carbon dioxide capture — Key performance parameters and
characterization methods of absorption liquids for post-
combustion CO2 capture

1 Scope

This document provides definitions, guidelines and supportive information for the key performance
parameters and their characterization methods of absorption liquids used in post-combustion CO, capture.
It covers common methodologies to measure and calculate specific key performance parameters of the
absorption liquids.

The absorption liquids for post-combustion CO, capture covered by this document are chemically reactive
liquids, such as amine solutions, potassium carbonate solutions, aqueous ammonia, amino-acid salt solutions,
and mixtures of these reactants. Other absorption liquids based on different principles for CO, capture are
not covered.

The key performance parameters considered in this standard relate to the design and operation of
absorption liquid-based post-combustion CO, capture process, as well as equipment such as absorber and
desorber columns, reboilers, and other heat exchangers.

The key performance parameters are as follows:

a) Primary parameters, such as rich/lean CO, loading, absorbent concentration, absorption capacity, heat
of absorption, absorption rate, and absorbent volatility.

b) Secondary parameters, such as the cyclic loading, are directly derived from the primary parameters, or
combined with other physical measurements, as is the case for the absorbent loss rate.

In addition, physical and chemical properties such as density, viscosity, pH, thermal conductivity, and
specific heat capacity are described. These properties are essential for understanding key performance
parameters of the absorption liquids.

The following items are included in this document:

a) Definitions of key performance parameters (Clause 4) - specifies the set of key performance parameters
and physical and chemical properties to be determined, and their calculation methods, to provide a
common way of reporting them.

b) General for the absorption liquid characterization (Clause 5) - specifies the definition of laboratory
measurement and field testing, and provides general requirements for characterization methods for
laboratory measurement and field testing

¢) Instrument and characterization methods (Clause 6) — presents requirements for the instrumentation
to be installed or used, and provides guidelines for the characterization methods.

d) Technical information (Annexes) - provides measurement methods of absorption liquids, describing all
stages of test preparation, set-up and conduct. Additionally, information on sampling absorption liquids
is introduced.

It is noted that key performance parameters of absorption liquids are important process indicators for post-
combustion CO, capture. However, factors such as process design, equipment design and manufacturing,
economics, and safety are also considered for a comprehensive evaluation of post-combustion CO, capture
technology.
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The document does not provide guidelines for benchmarking or comparing absorption liquids for post-
combustion capture processes, nor does it offer methods to assessing different technologies or projects, or
specify methodologies for process engineering design. Additionally, the document does not intend to compel
technology owners to disclose any intellectual properties related to their proprietary absorption liquids.

The document may not cover all available and emerging characterization methods for the key performance
parameters considered in this document.

2 Normative references

The following documents are referred in the text, in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the cited edition applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

ISO 27919-1, Carbon dioxide capture — Part 1: Performance evaluation methods for post-combustion CO,
capture integrated with a power plant

[SO 27919-2, Carbon dioxide capture — Part 2: Evaluation procedure to assure and maintain stable performance
of post-combustion CO, capture plant integrated with a power plant

3 Terms, definitions, abbreviations and symbols
For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— IS0 Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1 Terms and definitions

3.1.1
absorbent
substance able to take up liquid or gas

[SOURCE: ISO 27919-2:2018, definition 3.1.1]

Note 1 to entry: the absorbent for post-combustion CO, capture is the substance able to take up CO, mainly through
chemical reactions in liquid solution.

3.1.2

absorbent concentration

amount of absorbent present in a specific amount of absorption liquid, excluding water or other non-reactive
substances in the absorption liquid

Note 1 to entry: absorbent concentration may be expressed in units of kg absorbent per kg absorption liquid (kg-kg?),
or mol absorbent per liter of absorption liquid (mol-liter1).

3.1.3

absorbent loss rate

the speed at which the absorbent, excluding water or other non-reactive substances in the absorption
liquids, that is lost from the CO, capture process due to factors such as evaporation, leaks, and degradation

3.14
absorption liquid
liquid that is able to remove carbon dioxide gas from the feed gas in a gas-liquid absorption process

Note 1 to entry: absorption liquid contains both the absorbent and solvent; the solvent can be water or other non-
reactive substances
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3.1.5

absorption rate

mass transfer rate

speed at which the absorption process proceeds

Note 1 to entry: The absorption rate is quantified by the absorption rate coefficient or mass transfer coefficient, which
is a proportionality factor in the rate law of chemical kinetics that relates to the concentration or partial pressure of
gas phase species.

Note 2 to entry: It can be expressed as the liquid-side mass transfer concentration driving force in the unit of mol-sec
1.p-2-Pa-1
‘m=-Pa™t.

3.1.6

accuracy

accuracy of measurement

measurement accuracy

closeness of agreement between a measured quantity value and a true quantity value of a measurand

[SOURCE: ISO/IEC Guide 99:2007, 2.13]

3.1.7
alkalinity
capacity of aqueous media to react with hydrogen ions

[SOURCE: ISO 6707-1:2020, 3.7.3.62]

3.1.8

carbon dioxide capture and storage

CcCs

process consisting of the separation of CO, from industrial and energy-related sources, transportation and
injection into a geological formation, resulting in long term isolation from the atmosphere

Note 1 to entry: CCS is often referred to as Carbon Capture and Storage. This terminology is not encouraged because it
is inaccurate: the objective is the capture of carbon dioxide and not the capture of carbon. Tree plantation is another
form of carbon capture that does not describe precisely the physical process of removing CO, from industrial emission
sources.

Note 2 to entry: The term "sequestration” is also used alternatively to "storage". The term "storage" is preferred since
“sequestration” is more generic and can also refer to biological processes (absorption of carbon by living organisms).

Note 3 to entry: Long term means the minimum period necessary for CO, geological storage to be considered an
effective and environmentally safe climate-change-mitigation-option.

Note 4 to entry: The term carbon dioxide capture, utilization (or use) and storage (CCUS) includes the concept that
isolation from the atmosphere could be associated with a beneficial outcome. CCUS is embodied within the definition
of CCS to the extent that long term isolation of the CO, occurs through storage within geological formations. CCU is
Carbon Capture and utilization (or use) without storage within geological formations.

Note 5 to entry: CCS should also ensure long term isolation of CO, from oceans, lakes, potable water supplies and other
natural resources.

[SOURCE: ISO 27917:2017, definition 3.1.1]

3.1.9

carbon dioxide loading

CO, loading

quantity of carbon dioxide absorbed in a specific amount of absorption liquids

Note 1 to entry: carbon dioxide loading may be expressed in units of mol CO, per mol absorbent (mol-mol1), or mol CO,
per kg absorption liquid (mol-kg?).
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3.1.10

CO, absorption capacity

maximum quantity of carbon dioxide absorbed in a specific amount of absorption liquids in a vapor liquid
equilibrium state, under a certain temperature and CO, partial pressure

3.1.11

CO, flux

rate of CO, absorption or mass transfer per unit area, which is linked to the concentration/partial pressure
driving force for absorption or mass transfer

Note 1 to entry: The unit of the CO, flux is mol-secl-m-2.

3.1.12
chemical absorption
process in which CO, is absorbed by chemical reaction

[SOURCE: ISO 27917:2017, definition 3.1.1]

3.1.13
CO, absorption
process to separate CO, from feed gas through contact with absorption liquids

3.1.14

CO, desorption

process through which absorption liquids release CO, after changing the conditions of the liquid, such as
temperature, pressure, etc.

3.1.16

cyclic loading

net quantity of CO, produced from a complete absorption/desorption cycle in a specific amount of
absorption liquid

Note 1 to entry: The value of cyclic loading equals to the CO, loading after absorption minus the CO, loading after
desorption, cyclic loading may be expressed in units of mol CO, per mol absorbent (mol-mol?), or mol CO, per kg
absorption liquid (mol-kgl).

3.1.17
density

p

common density (mass per unit volume)
Note 1 to entry: The unit of the mass density is kg:m3 (or g-cm-3).
[SOURCE: I1SO 16413:2020, 3.1.19]

3.1.18
dynamic viscosity
viscosity

1
ratio between the applied shear stress and rate of shear of a liquid

Note 1 to entry: It is a measure of the resistance to flow or deformation of a liquid.

Note 2 to entry: The term dynamic viscosity is also used in a different context to denote a frequency-dependent
quantity in which shear stress and shear rate have a sinusoidal time dependence.

Note 3 to entry: the dynamic viscosity 1 has the unit pascal multiplied by second (Pa:s).

[SOURCE: 1SO 3104:2020, 3.2; IS0 3219-1:2021, 3.13]
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3.1.19
heat of absorption
change of enthalpy in absorption liquids resulting from the absorption process

Note 1 to entry: The heat of absorption is often expressed in the unit of kJ-mol-! CO,, or k]-kg CO,.

3.1.20
lean liquid
absorption liquid with a lower carbon dioxide loading after the carbon dioxide desorption process

3.1.21

measurement uncertainty

uncertainty of measurement

uncertainty

non-negative parameter characterizing the dispersion of the quantity values being attributed to a
measurand, based on the information used

Note 1 to entry: Measurement uncertainty includes components arising from systematic effects, such as components
associated with corrections and the assigned quantity values of physical properties, as well as the definitional
uncertainty. Sometimes estimated systematic effects are not corrected for; associated measurement uncertainty
components are incorporated instead.

Note 2 to entry: The parameter may be, for example, a standard deviation called standard measurement uncertainty
(or a specified multiple of it), or the half-width of an interval, having a stated coverage probability.

Note 3 to entry: Measurement uncertainty comprises, in general, many components. Some of these may be evaluated
by Type A evaluation of measurement uncertainty from the statistical distribution of the quantity values from a series
of measurements and can be characterized by standard deviations. The other components, which may be evaluated
by Type B evaluation of measurement uncertainty, can also be characterized by standard deviations, evaluated from
probability density functions based on experience or other information.

Note 4 to entry: In general, for a given set of information, it is understood that the measurement uncertainty is
associated with a stated quantity value attributed to the measurand. A modification of this value results in a
modification of the associated uncertainty.

[SOURCE: ISO/IEC Guide 99:2007, 2.26, modified - “measurement standards” in Note 1 was changed to
“physical properties”.]

Note 5 to entry: “Type A evaluation of measurement uncertainty” is defined as an evaluation of a component of
measurement uncertainty by a statistical analysis of measured quantity values obtained under defined measurement
conditions. “Type B evaluation of measurement uncertainty” is defined as an evaluation of a component of measurement
uncertainty determined by means other than a Type A evaluation of measurement uncertainty”.

[SOURCE: ISO/IEC Guide 99:2007, 2.26, modified — “measurement standards” in Note 1 was changed to
“physical properties” and a Note 5 was added.]

3.1.22
partial pressure
pressure due to a specified component of a gaseous mixture

Note 1 to entry: The SI unit of partial pressure is kilopascal (Pa)
[SOURCE: ISO 3529-1:2019, 3.1.5]

3.1.23

pH

a measure of the activity of the hydrogen ion. Essentially, it is a measure of acidity or alkalinity.

[SOURCE: ISO/IEEE 11073-10422:2017, 3.1.17]

3.1.24
rich liquid
absorption liquid with a higher carbon dioxide loading after the carbon dioxide absorption process
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3.1.25
specific heat capacity
amount of energy required to raise 1 kg of material by the temperature of 1 K

Note 1 to entry: The SI unit of specific heat capacity is kJ-kg1-K'!
[SOURCE: ISO/ASTM 51631:2020, 3.2.8]

3.1.26

thermal conductivity

quotient of the amount of heat flow per unit of time through a unit of surface area perpendicular to the heat
flow in a solid material, divided by the temperature difference per unit length (temperature gradient)

Note 1 to entry: The SI unit of thermal conductivity is W-m1-K'1
[SOURCE: ISO 4825-1:2023, 3.3]

3.1.27

volatility

the tendency of a substance to evaporate. The volatility of an absorbent is often expressed as the Henry’s
law constant which represents the vapor-liquid partition of the absorbent in terms of the ratio of the vapor
pressure to its liquid mole fraction at a given temperature

Note 1 to entry: The SI unit of volatility is kilopascal (Pa)

3.2 Abbreviations

CCS carbon dioxide capture and storage
PCC post-combustion CO, capture
3.3 Symbols

The following mathematical symbols are preparatory for revising variables and formulas in Clause 4 based
on the ISO directives and relevant standards.

Symbol Explanation Unit
o Carbon dioxide loading per mol absorbent mol-mol?
o’ Carbon dioxide loading per kg absorption liquid mol-kg1
Carbon dioxide loading per mol absorbent of the lean 1
Xean L mol-mol
absorption liquid
, Carbon dioxide loading per kg absorption liquid of the Lol
lean lean absorption liquid mol-kg
Carbon dioxide loading per mol absorbent of the rich 1
Oich C mol-mol
absorption liquid
, Carbon dioxide loading per kg absorption liquid of the Tool
Cirich rich absorption liquid mol-kg
Ao Cyclic loading of CO, per mol absorbent mol-mol-1
Ao’ Cyclic loading of CO, per kg absorption liquid mol-kg1
Cp Specific heat capacity kJ-kg1.K1
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Meo2 (eq)

Meo2

m final

Mipjtiql

N¢oo
I
Nco2

I
Nco2lean

I
Nco2rich

I
oz (eq)

Ngps

P

absorbent
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Density

Dynamic viscosity

Thermal conductivity

Absorbent loss rate

Absorbent concentration in mass fraction
Absorbent concentration in molar

Diffusion coefficient of CO, in absorption liquid

Hydraulic diameter of the mass transfer measurement device

Heat of absorption

Heat of absorption

Henry’s law constant of absorbent volatility
Gas-side mass transfer coefficient
Liquid-side mass transfer coefficient
Total mass transfer coefficient

Mass of absorbent in absorption liquid
Mass of absorption liquid

Mass of CO, absorbed in absorption liquid
Mass of CO, absorbed at equilibrium
Mass of CO, produced

Mass of absorbent in absorption liquid after a period
of PCC operation

Mass of absorbent in absorption liquid at the start of
measurement in PCC operation

CO, flux
Mole amount of CO, absorbed in liquid phase

Mole amount of CO, absorbed in liquid phase in the
lean absorption liquid

Mole amount of CO, absorbed in liquid phase in the
rich absorption liquid

Mole amount of CO, absorbed in liquid phase at equilibrium
Total mole amount of absorbent in absorption liquid
Partial pressure of an absorbent in vapor phase

CO, partial pressure in the gas phase
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kg-m-3

Pa-s

W.m-l.K—l
kg-tonne1
kg-kg1

mol-liter!
mZ2-sec’l

m

kJ*kg €O,
kJ-mol CO,

Pa
mol-secl-m-2-Pa’l
mol-secl-m-2-Pa-l
mol-secl-m-2-Pal
kg

kg

kg

kg

tonne

kg

kg

mol-sec’l-m2

mol

mol

mol

mol
mol
Pa

Pa
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Pgoz Equilibrium CO, partial pressure of the absorption liquid Pa
0 Amount of h(_eat produced in absorption liquid in the K]
CO, absorption process
R Universal gas constant J-K1-moll
Sy Sherwood number -
T Temperature K
4] The volume of absorption liquid without CO, absorbed liter
Xgbsorbent Mole fraction of unreacted absorbents in absorption liquid -
X Absorption capacity in kg per absorption liquid kg-kg1
X’ Absorption capacity in mol per absorption liquid mol-kg1

4 Definitions of performance parameters

This clause provides the definitions of key performance parameters of absorption liquids used in PCC
applications.

4.1 General

The key performance parameters of absorption liquids are listed below:

Primary performance parameters are parameters derived directly from measurements:
— Rich/lean CO, loading

— Absorbent concentration

— Absorption capacity

— Heat of absorption

— Absorption rate

— Absorbent volatility

Secondary performance parameters are parameters derived from primary parameters:
— Cyclic loading

— Absorbent loss rate

The primary and secondary parameters are essential to characterize the absorption liquids for PCC. The
following physical and chemical properties show the characteristics of absorption liquids. The properties
are influenced by CO, loading/absorbent concentration.

— Density

— Viscosity

— Specific heat capacity
— Thermal conductivity
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Ablock diagram demonstrating the key performance parameters and properties considered in this work and
their application is shown in Figure 1. The parameters are used in research and development in laboratories,
and field testing at PCC plants.

Field testing demonstrates both the long-term performance of absorption liquids within the PCC process
, and the validation of a novel CO, capture technology utilizing these absorption liquids. Monitoring the
following parameters and properties are useful in field testing:

— Rich/lean CO, loading
— Absorbent concentration
— Absorbent volatility

— Cyclic loading

— Absorption loss rate

— Density
— Viscosity
Technology Demonstration Absorption Liquid Characterization
: _____________________ |
I parametric testing and optimization, I Pimary Parameters
long term operation ' Rich/lean CO, Absorbent Absorption
| /!
| | loading concentration capacity
_____________________ |
Absorbent Heat of Absorption
volatility absorption rate
Secondary Parameters
Absorbent
Cyclic loading Toe it
Engineering Subsystem
8 8 y Lahoratary; Physical and Chemical properties
I ————————————————————— ' measurement 5 i
I T I e ermal
1 | |r | |r : : 1 | A VAR conductivity
| | Pump, ] . | | Reboiler &! | Heat !
| pipeline I | T | regenerato | exchanger 1
| ERe | | design | pegencraion nger H Specific heat
| design | : | | design | | design | | P capacity
||__ _ [ L] (| Field testing
- |
|: :I Impact D Defined scope Laboratory measurement Laboratory measurement & field testing

Figure 1 — Block diagram of key performance parameters of absorption liquids considered in this
document (in the solid frame)

NOTE The block with grey and white fills indicates parameter can be measured both through the laboratory
measurement and field testing, the block with only grey fill indicates parameter that can be measured solely through
the laboratory measurement. Long term operation usually refers to field testing campaigns lasting a minimum period
of 1 000 hours.
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4.2 Primary performance parameters

4.2.1 Rich/lean CO, loading

The carbon dioxide loading (CO, loading) o [mol-mol], is defined as the ratio of moles of all CO, absorbed
to the moles of absorbent in absorption liquid:

1

o =102 @.1)
Nabs
Where
"Icoz is the total number of moles of CO, absorbed in a specific amount of absorption liquid [mol];

Ngps is total number of moles of absorbent in a specific amount of absorption liquid [mol].

When the information about absorbent in the absorption liquid is unknown, the CO, loading can also be
expressed as o’ [mol-kg1], which is the ratio of moles of all CO, absorbed to the mass of the absorption
liquid. This mass includes both the absorbent and solvent, such as water or other non-reactive substances:

l

o = Nco2 (4.2)
m;

Where: m; is the mass of absorption liquid [kg].

The rich CO, loading a,;., [mol-mol?] or a,, [mol-kg1] is defined as the CO, loading after the CO, absorption

process. In the laboratory measurement, and field testing at a PCC plant as shown in Figure A.1, the rich CO,
loading can be obtained from the measurement of a liquid sample taken at the solvent stream flowing out
from the absorber bottom:

l
n .
_"C02rich
iy = —C02rIh (43)
abs
”éoz ich
r ric
rich _m— (4'4)
1

Where: néozﬁch is the total number of moles of CO, absorbed in a specific amount of absorption liquid after
CO, absorption [mol].

The lean CO, loading aj.,, [mol'moll] or aj,,,[mol-kg?] is defined as the CO, loading after the CO,

desorption process. In the field testing ata PCC plant, as shown in Figure A.1, The lean CO, loading is obtained
from the measurement of a liquid sample taken at the solvent stream flowing out from the desorber bottom:

1
n
CO2lean
Regn =—_ (4.5)
abs
nI 1
’ _"CO2lean
lean =" (4.6)
1

Where: n(IJOZIean is the total number of moles of CO, absorbed in a specific amount of absorption liquid after
CO, desorption [mol].
See Annex A for additional information on the sampling of absorption liquid for rich/lean CO, loading

measurement. The characterization methods for evaluating rich/lean and other CO, loadings are provided
in Annex C for further information.
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4.2.2 Absorbent concentration

The absorbent concentration is a key parameter monitored during the commissioning and operation of PCC
plants. The absorbent concentration can be expressed in terms of mass fraction or molar concentration.

The absorbent concentration in mass fraction C,, [kg-kg1], is defined as the ratio of mass of absorbent to

the mass of absorption liquid, which includes both the absorbent and solvent, such as water or other non-
reactive substances:

m
Caps =255 (4.7)
m
Where: mg,, is the mass of absorbent in absorption liquid [kg].

’

bs |mol-liter1], is defined as the ratio of moles of

The absorbent concentration in molar concentration C
absorbent to the volume of absorption liquid:

’ n b.
Caps = Ia/ls (4.8)

Where: V; is the volume of absorption liquid without CO, absorbed [liter].

In addition, see Annex A for information on the sampling of absorption liquid for absorbent concentration
measurement. The absorbent concentration characterization methods are provided in Annex D, which
includes the alkalinity method, total organic carbon method, ion chromatography, and liquid chromatography
with mass spectrometry.

4.2.3 CO, absorption capacity

The CO, absorption capacity X [kg-kg1], of absorption liquids refers to the amount of CO, absorbed in a
certain mass of absorption liquid, under conditions of CO, partial pressure and temperature, when gas and
liquid phases reach equilibrium:

!
x = Mco2 (eq)
m

(4.9)

Where: méoz (eq) is the mass of CO, absorbed in absorption liquid when the gas and liquid phases reach
equilibrium [kg].

The absorption capacity can also be expressed as mol-kg! absorption liquid:

!
Nncoz (e
X = co2 (€q)
m;

(4.10)

Where: néOz (eq) is the number of moles of CO, absorbed in the liquid phase when the gas and liquid phases
reach equilibrium [mol].

The characterization method using a vapor-liquid equilibrium apparatus in the laboratory for measuring
CO, absorption capacity is provided in Annex E for further information.

4.2.4 Heat of absorption

The heat of absorption AH . (k]-kg1) or AH};, (kJ-mol?l), is the total amount of heat produced per unit of

CO, absorbed during the CO, absorption reaction. The value of AH,,, may vary under different CO, loadings.
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Q

—AH = I (411
Mco2

—AH, :LXO 044 (4.12)

abs i ’ .
Mco2
Where
Q is the amount of heat produced in absorption liquid in the CO, absorption process [K]];
mlcoz the mass of CO, absorbed in absorption liquid [kg].

The characterization methods for evaluating the heat of absorption are provided in Annex F for further
information.

4.2.5 Absorption rate

The absorption rate of CO, in the absorption liquid is often represented by the liquid-side mass transfer
coefficient k"Q [mol-sec’l-m2-Pa-1], which represent the liquid-side mass transfer concentration driving force.
The value of k"Q may vary under different CO, loadings and temperatures. It relates to the overall mass
transfer coefficient K; and gas-side mass transfer coefficient k; as follows:

111 413)
kg K¢ kg
Where

K; istheoverall mass transfer coefficient, which incorporates the processes of physical and chemical
absorption of CO, in absorption liquid [mol-secl-m-2-Pa-1];

k is the gas-side mass transfer coefficient, representing gas-side mass transfer concentration driving
force [mol-sec’l-m-2-Pal].

N
K;= coz (4.14)
(PCOZ,g _PCOZ )Iog mean
Where
N¢oa is the CO, flux [mol-sec’l-m2];

Fcoz,y  isthe CO, partial pressure in the gas phase [Pa];

is the equilibrium CO, partial pressure in the absorption liquid at the measured temperature

Pooz
and CO, gas phase pressure conditions [Pa].

The k, is calculated using:

Sy xD
g: h co2 (4.15)
RxTxd,,

Where
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Sy is the Sherwood number;

D2 is the diffusion coefficient of CO, in absorption liquid [m?2-sec1];

R is the universal gas constant [J-K-1-mol1];

T is the temperature [K];

dy is hydraulic diameter of the mass transfer measurement device [m].

The characterization methods for evaluating k; are provided in Annex G for further information.

4.2.6 Absorbent volatility

The absorbent volatility describes the tendency for the absorbent to evaporate from the absorption liquid. It
is determined by the vapor-liquid partitioning. It can be described by Henry’s Law constant ( H,porpen: [Pal)

as the ratio of absorbent vapor pressure to the unreacted absorbent mole fraction in the absorption liquid.
The Henry’s law constant is referenced to the state of infinite dilution of absorbent in absorption liquid:

P
absorbent
Hgpsorbent = (4.16)
absorbent
Where
Ppsorbent is the vapor pressure of absorbent over absorption liquid at a given temperature [Pa];
Xgbsorbent is the mole fraction of unreacted absorbents in absorption liquid, typically present in a

dilute concentration.

The characterization method for evaluating H s, pen: 1S Provided in Annex H for further information.
4.3 Secondary performance parameters

4.3.1 Cyclicloading

The cyclic loading of CO, in absorption liquid Aa [mol-mol1], as the ratio of moles of all CO, absorbed to the
moles of absorbent in absorption liquid, or Aa’ [mol-kg1] as the ratio of moles of all CO, absorbed to the
mass of the absorption liquid, is calculated based on the difference of the CO, loading in the rich liquid and
that in the lean liquid. The cyclic loading of absorption liquid is dependent on the properties of absorption
liquid and process configuration of a PCC plant.

Ao=«a (4.17)

rich ~ %lean

Or

AQ"=0tfjch = Qlean (4.18)

4.3.2 Absorbentloss rate

The absorbent loss rate ¥jyeerqre [Kg-tonne CO,] is calculated by the mass difference of absorbent, excluding

H,0 or other non-reactive substances in the absorption liquids, during a measurement period of PCC plant
operation for producing a certain amount of CO, (mgq7 ):

Minitial — mﬁnal

Yiossrate = (4.19)
Mco2
Where
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Myiiqr 1S the mass of absorbent in absorption liquid inventory at the start of the measurement period
of PCC plant operation [kg];

M final is the mass of absorbent in absorption liquid inventory at the end of measurement period of
PCC plant operation [kg];

Moo is the mass of CO, produced in a measurement period of PCC plant operation [tonne].

4.4 Physical and chemical properties

The density ( p ), viscosity (u ), thermal conductivity (A), specific heat capacity (cp) of absorption liquids

are physical properties. The pH of absorption liquid is a physico-chemical property. Besides temperature
and pressure, it is noted that the values of physical and chemical properties are dependent on CO, loading
and absorbent concentration.

Their definitions can be found in the relevant standards as described in Annex I. Additional information on
the sampling of absorption liquid for measurement can be found in Annex A.

5 General for the characterization of absorption liquids

5.1 Laboratory measurements and field testing

Laboratory measurement refers to the process of obtaining quantitative data through experimental
procedures conducted in a controlled environment, typically a laboratory. This involves the use of specialized
instruments and techniques described in the Annexes to assess and quantify performance parameters,
physical and chemical properties of the absorption liquid.

Field testing refers to the process of evaluating the performance parameters and/or physical and chemical
properties of absorption liquid in a pilot or demonstration scale operational environment, such as real flue
gas, rather than in a laboratory setting.

5.2 General requirement

The characterization methods for laboratory measurement and field testing should be designed with the
appropriate goal in mind to ensure that proper procedures achieve the required operating mode. The
following actions should be considered and/or conducted during laboratory measurement and field testing:

a) Impartiality: activities relating to laboratory measurement and field testing shall be undertaken
impartially and structured and managed so as to safeguard impartiality.

NOTE ISO/IEC 17025 provides the definition of impartiality: presence of objectivity. Objectivity means
that conflicts of interest do not exist or are resolved so as not to adversely influence subsequent activities of
the laboratory. Other terms that are useful in conveying the element of impartiality include “freedom from

» o« » o« » o«

conflict of interests”, “freedom from bias”, “lack of prejudice”, “neutrality”, “fairness”, “open-mindedness”, “even-
handedness”, “detachment”, “balance”.

b) Scope: items relating to the laboratory measurement and field testing should be defined in advance.
These should include specific objectives, personal, schedule, and characterization methods, including
the method and procedure, equipment and reporting.

c) Personnel: the responsibilities of personnel and the organization conducting the laboratory
measurement/field testing should be agreed upon by the relevant parties. Representatives of all parties
involved should be present to verify that activities are conducted according to the procedure and
guidelines.

d) Schedule: the schedule of activity and the detail of laboratory measurement/field testing procedures
should be agreed upon by the relevant parties as early as practically possible.
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e) Characterization method: procedures of the characterization method should be prepared and agreed
upon by the relevant parties before beginning the laboratory measurement and/or field testing.
Sufficient time should be allowed for the selection of characterization methods, where appropriate.
Verification and validation of methods and procedures should be carried out as extensively as necessary
to meet the needs of laboratory measurement/field testing activities.

NOTE1 ISO/IEC 17025 provides general requirements for the validation of characterization methods, including
sampling, handling, techniques and transportation of test or calibration items.

NOTE 2  ISO/IEC 17025 provides the guideline for the performance characteristics of methods after validation,
which can include, but are not limited to, measurement range, accuracy, measurement uncertainty of the results,
limit of detection, limit of quantification, selectivity of the method, linearity, repeatability or reproducibility,
robustness against external influences or cross-sensitivity against interference from the matrix of the sample or
test object, and bias.

f) Deviation: any deviation from the laboratory measurement/field testing method and procedure should
be identified and recorded. The involved parties should agree on a resolution for each recorded deviation
to avoid aborting the test run.

g) Uncertainty: uncertainty analysis prior to the laboratory measurement/field testing should be
confirmed. This includes evaluating all deviations of the parameters derived from measured values in
accordance with JCGM 100. Target uncertainty agreement can be ensured by selecting the instruments
with the appropriate accuracy grade and confirming the accuracy grade of each instrument system.

NOTE 3  For further information on measurement uncertainty, see ISO/IEC Guide 98-3, ISO/IEC 17025,
ISO 21748 and the ISO 5725 series.

h) Reporting: the results of laboratory measurement/field testing shall be provided accurately, clearly,
unambiguously and objectively, typically in a report format. The report shall include all information
agreed upon with the customer, necessary for the interpretation of the results, and required by the
method used. All issued reports shall be retained as technical records.

NOTE4  ISO/IEC 17025 provides common requirements for reporting.

[) Location for field testing: the location for field testing should be determined at the design stage, and
selected to provide the lowest level of measurement uncertainty. The preferred location is at the test
boundary, but it is possible to move the location if it is the best place for determining the required
parameters.

]) Reference condition for field testing: all effort should be made to conduct the field testing as close as
possible to the reference conditions of the plant. The reference condition is defined by the plant operator
as a stable operating condition of the power plant (or other plant) with the rated load operation or the
ordinary load operation. Operating parameters should be within the ranges considered within the
‘Allowable maximum deviation from plant reference conditions’ column.

NOTES5 ISO 27919-1 provides general requirements of the reference condition for field testing.

The results of the laboratory measurement and field testing can be used to evaluate the key performance
parameters defined in Clause 4. Additional information on the general requirements of measurements can
be found in the ISO 27919-1 and ISO 17025.

6 Instrument and characterization methods

6.1 Introduction

This clause presents the requirements for the instrumentation to be installed or used, and provides
guidelines for the measurement methods listed in the Annexes.

The recommended instrumentation might become more rigorous and accurate as technology advances.
Under the mutual agreement of all parties involved in the tests, more advanced instruments may supersede
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