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Foreword

ISO (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.
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Introduction

It is very important to reduce atmospheric carbon dioxide (CO2) emissions in order to meet climate
change mitigation targets. Inclusion of carbon dioxide capture and storage (CCS) among the variety
of available emission reduction approaches enhances the probability of meeting these targets at the
lowest cost to the global economy. CCS captures CO; from industrial and energy-related sources and
stores it underground in geological formations. It can capture emissions from carbonaceous fuel-
based combustion processes, including power generation, and is the only technology capable of dealing
directly with emissions from several industrial sectors, such as cement manufacture and fertilizer
production

This documnent is the first in a series of standards for CO; capture. It is limited to evaluation-of [key
performanice indicators (KPIs) for post-combustion CO7 capture (PCC) from a power plant using-d lighid-
based cherpical absorption process. New or revised standards focused on other capture 'technologies
and approgches will be developed at a later date.

PCC is applicable to all combustion-based thermal power plants. A simplified blockdiagram illustrafing
the PCC is shown in Figure 1.

Treated Flue GasT

air| |- Boiler

-1 : FlueGas| (0, Capture CO3. CO, To
Fuel Gas Tuchixe e 2 —~ CO, Compression — Storage/
» /Heat Recovery ‘ Process o
Steam Generator ; )

B N * ? f

| 1

Y : !

T |

| |

Steam Turbine | - . :

/Generator Electricity
To grid

Figure 1 — Simplified block diagram for PCC

In a typical*power generation facility, carbonaceous fuel (e.g. coal, oil, gas, biomass) is combugted
with air in a boiler to raise steam that drives a turbine/generator to produce power. In a gas turbine
combined cycle system, the combustion occurs in the gas turbine to drive power generation, and steam
generated through a heat recovery steam generator (HRSG) contributes to additional power generation.
Flue gas from the boiler or gas turbine consists mostly of N3, CO2, H20 and Oy with smaller amounts
of other compounds depending on the fuel used. The CO; capture process is located downstream of
conventional pollutant controls. Chemical absorption-based PCC usually requires the extraction of
steam from the power plant’s steam cycle or, depending on the absorption liquid/process employed, the
use of lower grade heat sources for absorption liquid regeneration.

The intended readership for this document includes power plant owners and operators, project
developers, technology developers and vendors, regulators, and other stakeholders. The document
will provide several benefits, as outlined in the clauses below. In brief, it provides a common basis to
estimate, measure, evaluate and report on the performance of a PCC plant integrated with a power
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plant. It can help various stakeholders to identify potential efficiency improvements among different
plant components. It can help to guide the selection of measurement methodologies, and serve as a
resource in development of regulations. Finally, it provides the basis for future standards development.
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Carbon dioxide capture —

Part 1:
Performance evaluation methods for post-combustion CO>
capture integrated with a power plant

1
Thi

con

Scope

5 document specifies methods for measuring, evaluating and reporting the-performarce of post-
bustion CO; capture (PCC) integrated with a power plant, and which separates CO fron] the power

plant flue gas in preparation for subsequent transportation and geological-storage. In particular, it

pro
req
det

Thi

wit

Theg PCC technologies covered by this document are those’based on chemical absorption usi
liqdids, such as aqueous amine solutions, potassiumarbonate solutions, and aqueous amm
PC(d concepts based on different principles (e.g. adsorption, membranes, cryogenic) are n
The
frag

The KPIs considered in this documentare the following:

a)
b)
‘)
d)
e)

The calculations are based on measurements at the boundaries of the considered system, par

ene
the

vides a common methodology to calculate specific key performance indicators for the
1iring the definition of the boundaries of a typical system and ‘the measurements
ermine the KPIs.

n CO; capture.

Specific thermal energy consumption (STEC);

Specific electrical energy.consumption (SEC);

Specific equivalent.électrical energy consumption (SEEC);
Specific reduction in CO; emissions (SRCE);

Specific absorbent consumption (SAC) and specific chemical consumption (SCC).

Fgy<and utilities consumption. The integrated system includes the definition of interfacs
PC€ plant and the power plant.

PCC plant,
needed to

5 document covers thermal power plants burning carbonaceous fuels, such as coal, oil, patural gas
and biomass-derived fuels, which are producing CO; from hgilers or gas turbines, and are

integrated

hg reactive
bnia. Other
bt covered.

PCC plant can be installed for treatment.ofthe full volume of flue gas from the powef plant or a
tion of the total (i.e. a slip stream). Captured CO; is processed in a compression or liquefpction step
as determined by the conditions for transportation and storage.

ticularly of
s between

This document includes the following items:

— The system boundary which defines the boundaries of the PCC plant and identifies which streams
of energy and mass are crossing these boundaries to help power plant operators identify the key

©IS

streams that are applicable for their particular case.

Basic PCC plant performance which defines the parameters that describe the basic performance of

the PCC plant.

Definition of utilities and consumption calculation which lists the utility measurements required
and provides guidance on how to convert utility measurements into the values required for the KPIs.

02018 - All rights reserved
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Guiding principles - Basis for PCC plant performance assessment which describes all guidelines to
prepare, set-up and conduct the tests.

Instruments and measurement methods which lists the standards available for the relevant
measurements and considerations to take into account when applying measurement methods to
PCC plants.

Evaluation of key performance indicators which specifies the set of KPIs to be determined and their

calculation methods to provide a common way of reporting them.

This document does not provide guidelines for benchmarking, comparing or assessing KPIs of different

technologi

NOTE f
(Joule) and
(SI) if neces

2 Norm

FS or ditferent PCC projects.
or the purposes of this document, thermal energy and electric energy are expressed by the unit ¢

Wh” (Watt hour) respectively unless otherwise noted, with a prefix of International System of U
Kary. (1]=1W-s,1Wh=1W-h=3600]J).

ative references

There are po normative references in this document.

3 Termss, definitions and symbols

For the pui
[SO and [E
— IS0 On
— IECElIg

poses of this document, the following terms and definitions apply.

[ maintain terminological databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at http://www.electropedia.org/

3.1 Ternps and definitions

3.1.1
absorbent
substance

[SOURCE: I

3.1.2
measure

hble to absorb liquid or gas

SO/TR 27912:2016, definition 3.1]

ent accuracy

accuracy of measurement

accuracy

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

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

f “]"
nits

122}

3.1.3

auxiliary unit
unit providing heat, power and/or other utilities for the PCC plant

3.14

boiler feed water

water cons

isting of the condensate and the make-up water that is sent to the boiler

© ISO 2018 - All rights reserved
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3.1.5
carbon dioxide capture and storage
CCS

process consisting of the separation of CO2 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
because it is inaccurate: the objective is the capture of carbon dioxide and not the capture of ¢

encouraged
arbon. Tree

plantation is another form of carbon capture that does not describe precisely the physical process of removing

CO7 from industrial emission sources.

Notf2To entry: The tTerm  SeqUeSTration 13 atso USed alternatively to  SToTage . 1€ (eI StoTage
singe “sequestration” is more generic and can also refer to biological processes (absorption of ¢ath
orggnisms).

Note¢ 3 to entry: Long term means the minimum period necessary for CO geological storage-to be co
effeftive and environmentally safe climate-change-mitigation-option.

Notg¢ 4 to entry: The term carbon dioxide capture, utilization (or use) and storage (CCUS) includes
that] isolation from the atmosphere could be associated with a beneficial outcome. CCUS is embo|
the definition of CCS to the extent that long term isolation of the CO; occuys through storage withi
formations. CCU is Carbon Capture and utilization (or use) without storage within geological formati

Note 5 to entry: CCS should also ensure long term isolation of CO frofvoceans, lakes, potable water s
othg¢r natural resources.

[SOPRCE: ISO 27917:2017, definition 3.1.1]

3.1l6
carponaceous fuels
any|solid, liquid or gaseous fuels containing carbon atoms

3.17
capture plant
profess and associated equipment that‘produces a CO; stream

COg capture efficiency
captture efficiency

s preferred
on by living

nsidered an

the concept
died within
h geological
pns.

upplies and

COy removal effici€ncy of the capture plant calculated as the amount of CO2 captured divided by the

totdl amount-0f CO, contained in the flue gas at the inlet of the capture plant

Note 1 toentry: The CO; capture efficiency is expressed as a percentage.

3.1,10

CO2 captured
absolute amount of pure CO; captured by the capture plant

3.1.11
CO7 stream
stream consisting overwhelmingly of carbon dioxide

[SOURCE: ISO 27917:2017, definition 3.1.1, modified — The Note was deleted.]

3.1.12
condensate

water produced by condensation of steam, e.g. a boiler of PCC return to the steam cycle and/or

auxiliary boiler

© ISO 2018 - All rights reserved
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3.1.13

deep flue gas desulfurization

deep FGD

SO7 removal unit placed downstream of the main flue gas desulfurization process intended to lower the

SO7 conten

t to the level required by the CO, capture plant

Note 1 to entry: Also called a “polishing” FGD.

Note 2 to entry: In the case where no FGD is required by local regulations, and FGD is installed for the purposes
of CCS, the new unit will be considered as deep FGD.

3.1.14
dehydratd
moisture r

3.1.15
deminera
water fron

[SOURCE:
removed a

3.1.16
DeNOx
process or

3.1.17
effluent

r
bmoval system and/or equipment

ized water
which the mineral matter or salts have been removed

[SO/TR 27912:2016, definition 3.24, modified — The second term “demin water”
nd in the definition the word “of” was replaced by “from”.]

lequipment used to remove NOx from the flue gas

liquid discharged to the environment

3.1.18
fuel specif
amount of

3.1.19
host powe
power plar

3.1.20
impurities
non-CO7 sy
the captur
result of sy

[SOURCE: I
3.1.21

ic emission
Fomponent generated from complete combustion per unit of heat energy released

r plant
t from which flue gas is sent-to the PCC plant

bstances that age\part of the CO; stream that may be derived from the source material
e process, or added as a result of commingling for transportation, or released or formed
b-surface storage and/or leakage of CO2

SO 2791%:2017, definition 3.2.12, modified — Notes 1 and 2 were deleted.]

Wwas

S or
AS a

interface

mechanical, thermal, electrical, or operational common boundary between two elements of a system

[SOURCE: 1
3.1.22

SO 10795:2011, definition 1.120, modified — The abbreviation “I/F” was deleted.]

key performance indicator
measure of performance relevant to the PCC plant integrated with a power plant
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3.1.23

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 asurement
uncertainty (or a specified multiple of it), or the half-width of an interval, having a stated coverage pfobability.

(@)

Not¢ 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
valyes from a series of measurements and can be characterized by standard deviatiohs. The other Jomponents,
whifh may be evaluated by Type B evaluation of measurement uncertainty, can also be characterized py standard
devlations, evaluated from probability density functions based on experience prother information.

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

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

[SOPRCE: ISO/IEC Guide 99:2007, definition 2:26, modified — “measurement standards” in Note 1 was
chapged to “physical properties” and a Note™5 was added.]

3.1{24
PM
parficulate matter including PMg s5,.PM19, and/or total suspended particulate matter

[SOPRCE: ISO 25597:2013, definition 3.21]

3.1{25
particulate removal
action to remove particulate matter from the flue gas stream

3.1J26
PC( plant
profess and associated equipment that produces a CO; stream from combustion gases

3.1{27
permanent plant instrument
instrument installed in the power plant and capture plant for control and monitoring

3.1.28
post-combustion CO2 capture
capture of carbon dioxide from flue gas stream produced by carbonaceous fuel combustion

[SOURCE: ISO/TR 27912:2016, definition 3.51, modified — In the term, “CO2” was added and “fuel air
combustion” was modified to “carbonaceous fuel combustion” in the definition.]

3.1.29
product CO; stream
stream produced by a CO; capture and compression/liquefaction process

© IS0 2018 - All rights reserved 5
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3.1.30

reclaiming system
system used to recover COy absorbents for use in the PCC plant to remove the heat stable salts produced
by the reaction of organic and inorganic acids with the amine(s) in the absorbents

3.1.31

redundant instrument
duplicate instrument necessary to plant functioning in case of failure of similar instruments for
measurement of the same parameters

3.1.32

reference power plant
power plarjt that is considered to be representative of power generation without CO; capture

Noteltoe

3.1.33
regenerat
process to

3.1.34

ry: The power plant is either real or hypothetical.

jon
regenerate an activity of absorbent after use to its operationally effective state

rejected hleat

heat dissip|

3.1.35
specific ak
amount of

3.1.36

specificre
calculated
the PCC pr

pted to the environment by cooling equipment

sorbent consumption
07 absorbent consumed to capture and compress/liquefy a tonne of CO2

duction in CO2 emissions
het decrease of the COz emissions per unit-gutput of a reference power plant by implemen
bcess to the host power plant

Note 1 to enftry: This measure of emission reductionis normalised with respect to the output of the power pl

[SOURCE: 1
has been r
the host pa

3.1.37
specific ch
amount of

3.1.38
specific ec
overall elé
tonne of C

SO 27917:2017, definition 3.2.8, modified — “baseline scenario and the CCS project out]
bplaced by “per unit outputiof'a reference power plant by implementing the PCC proces
wer plant”.]

emical consumptien
Chemical consumed to capture and compress/liquefy a tonne of COy

juivalent electrical energy consumption
ctrical>energy consumption attributed to capture and compression/liquefaction
D2

[ing
ant.

put”
s to

pf a

3.1.39

specific electrical energy consumption
electrical energy consumed to capture and compress/liquefy a tonne of CO>

3.1.40

specific thermal energy consumption
thermal energy consumed to capture and compress/liquefy a tonne of CO;

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=b50b8fae6f177b743484a7627996a2fe

IS0 27919-1:2018(E)

3.1.41
reference conditions

conditions for a reference point where results of performance evaluation could be adjusted for the

purpose of comparability in the reporting of the results and benchmarking

Note 1 to entry: See Annex E which presents standard reference conditions used as a reference point to adjust the

results of performance evaluation.

3.1.42
thermal power plant

power plant that converts heat e.g. released by the combustion of carbonaceous fuels into electricity

3.143

tie-in point

point of connection between the utility supply and the PCC plant
Note 1 to entry: This point sits at the PCC plant boundary.

3.144
treated flue gas
flug gas of which the CO; concentration has been reduced after passingthrough a PCC plant

3.145

utilities
ancjllary services needed in the operation of a process, such/as steam, electricity, cooling w
denpineralised water, compressed air, refrigeration and effluent disposal

3.146
vent gases
gasgs other than flue gases or treated flue gasesthat are intentionally emitted to the atmosy

3.147
waste heat

rater (CW),

here

heaf generated by a process that would normally be dissipated to the environment if special measures

for Its utilization were not implemented

3.148
waste water
excess water allowed to run-to waste from the water circuit

[SOPRCE: ISO 1213-1:4993, definition 5.1.18]

3.149
wef-basis
congdition in‘which a solid, such as a fuel or a gas, such as flue gas, contains moisture

3.2| AAbbreviations

CCS carbon dioxide capture and storage
cw cooling water

DP differential pressure

FGD flue gas desulfurization

FSE fuel specific emission

GTCC gas turbine combined cycle

HP high pressure

HRSG heat recovery steam generator

[P intermediate pressure

© ISO 2018 - All rights reserved
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KPI key performance indicator
LHV lower heating value
LP low pressure
MP medium pressure
NOx nitrogen oxides
PCCa post-combustion CO; capture
PM particulate matter
SAC specific absorbent consumption
SCC specific chemical consumption
SCWD specific cooling water duty
SEC specific electrical energy consumption
SEEC specific equivalent electrical energy consumption
SOx sulphur oxides, sulfur oxides
SRCE specific reduction in CO2 emissions
STEC specific thermal energy consumption
a PC[C is often used for pulverized coal combustion. In this document,it refers to post-combus-
tion COz capture.
3.3 Symbols
The followjing mathematical symbols are preparatory for revising variables and formulae in Claude 5,
Clause 6 ard Clause 9 based on the ISO directives and relevant standards.
Cp CW Specific heat of CW [k]/(kg K)]
AE Fractional increase in‘plant energy input per unit of [-]
product
FSE Fuel specific emission [kg/K]]
hsteam Specific enthalpy of steam [k]/kg]
hcondensatd Specificenthalpy of condensate [k]/kg]
LHVfyel LHV of-a fuel [k]/kg]
Pcw Electrical power requirement of CW pump [MW]
Prcp Change in gross power output due to the steam extrac- |[MW]
tion from the host power plant steam cycle and/or
auxiliary unit
Ppcc Electrical power requirement of the PCC plant [MW]
PNET ref Net power output of a reference power plant [MW]
PNET,cap Net power output of a power plant with a PCC plant [MW]
De Absolute pressure of a gas stream [kPa]
DPCWin Pressure of CW at the supply side [kPa]
PCWout Pressure of CW at the return side [kPa]
o, comp.a Mass .flow rate of a product COy stream after com- [t/h]
pression
o, comp.b Mass _flow rate of a product CO, stream before com- [t/h]
- pression
dmco, Mass flow rate of a product CO2 stream [t/h]
8 © ISO 2018 - All rights reserved
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q Mass flow rate of CO2 emission from a reference [t/h]
mCOy ref power plant
q Mass flow rate of CO3 emission from a power plant [t/h]
mCOze,cap with a PCC plant
qm stream Mass flow rate of steam to a PCC plant [kg/h]
qm condensate Mass flow rate of condensate from a PCC plant [kg/h]
qm absorbent Consumption rate of absorbent at a PCC plant [kg/h]
qm chemical Consumption rate of a chemical compound ata PCC [kg/h]
plant
qv Volume flow rate at a measurement or specific condition | [m3/h]
qui Volume flow rate at the standard temperature [M3/h]
(273,15 K) and pressure (100 kPa) conditions
q : Volume flow rates of COz at a PCC plantinlet on adyy |[m3/h]
VC02in basis at the standard temperature (273,15 K) and pres-
sure (100 kPa) conditions
avilco Volume flow rates of CO2 at a PCC plant altlet (treated | [m3/h]
VC0z0ut flue gas emission side) on a dry basisatthe stand-
ard temperature (273,15 K) and pressure (100 kPa)
conditions
qVrflue gas in Volume flow rate of a flue gasite a PCC plant on a dry [m3/h]
basis at the standard temperature (273,15 K) and pres-
sure (100 kPa) conditions
qvrflue gas out Volume flow rate of aflue gas at a PCC plant outlet on a |[m3/h]
dry basis at the stafidard temperature (273,15 K) and
pressure (100 kPa) conditions
dvico Volume flow,rate of a product CO; stream after com- [m3/h]
V703 comp_a pression.on a dry basis at the standard temperature
(273,15 K) and pressure (100 kPa) conditions
avlco b Volume flow rate of a product CO7 stream before com- |[m3/h]
2 comp- pression on a dry basis at the standard temperature
(273,15 K) and pressure (100 kPa) conditions
SAC Specific absorbent consumption [kg/t]
SCC Specific chemical consumption [kg/t]
SCWD Specific cooling water duty [m3/t]
SEC Specific electrical energy consumption [kWh/1]
SEEC Specific equivalent electrical energy consumption [kWh/1]
SRCE Specific reduction in CO2 emissions [t/ MWHh]
STEC Specific thermal energy consumption [G]/t]
Tcwin Temperature of CW at the supply side [K]
Tcwout Temperature of CW at the return side [K]
Ts Average temperature of a gas stream [K]
We Percentage of carbon by mass in fuel on an as-fired [%]
basis
- 0
Nco, CO3 capture efficiency [%]
Ny Efficiency of motor [%]
np Efficiency of CW pump [%]
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Ngas to PCC Proportion of total flue gas flow to a PCC plant [%]

Nref Net power output efficiency of a reference power plant |[%)]
npce Net power output efficiency of a power plant with PCC |[%)]
PCW Density of CW [kg/m3]
dcw Total cooling heat duty at a PCC plant [k]/h]
PC0,in.cap Volume Concentra’_cion of COz in the flue gas to a PCC [%]

- plant on a dry basis
Pcoout ca Volume concentration of CO» in t.he.flue gas ata PCC [%]
- plant outlet (treated flue gas emission side) on a dry
basis

Volume concentration of CO7 in the product CO; stream | [%)]

¢ . .
COzout comp.a after compression on a dry basis

Volume concentration of CO3 in the product CO; stream,|[%]

¢ ; .
COzout_comp_b before compression on a dry basis

(Chemical|symbols)

COy Gaseous product by reaction of oxygen in it (combus-
tion) with carbon atom in fuel

4 Defining the system boundary

4.1 PCCpplant integrated with a host power plant

This documnent is designed to assess the performance of a PCC plant integrated with a carbonacdous
fuel-fired thermal power plant, including combjned heat and power generation. This document coyers
the use of 41l carbonaceous fuel.

A PCC plant integrated with a thermal power plant (also called a host power plant) is characterizefl as
follows:

a) Receives flue gas from one or more host power plants. Flue gas may be pre-conditioned within|the
host ppwer plant(s), withjn'the PCC plant, or a combination of both;

b) Typically receives utilitiés and energy from the host power plant or any other auxiliary unitg, or
delivers energy to the-host power plant;

c) PCC plpntload €ontrol is integrated with the host power plant as required by both sides.

Hereafter fhese @pplications are called “PCC plant integrated with a host power plant”.

4.2 Boundary of the PCC plant, host power plant and utilities

Figure 2 presents a typical boundary of a PCC plant integrated with a host power plant. Minor variations
may result from the specific configuration of a host power plant or a PCC plant. Figure 2 represents a
comprehensive configuration that includes a carbonaceous fuel-fired boiler or a natural gas combined
cycle, which are prevailing types in this field, and includes multiple items that may not be applicable to
all cases. The boundary of any PCC plant may include the following interfaces:

a) Interface with the host power plant: Important elements at this interface include flue gas
(downstream of any existing environmental control systems), electricity and heat transfer media,
if these are supplied by a host power plant.

10 © ISO 2018 - All rights reserved
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b) Interface with auxiliary units: It includes the auxiliary boiler or auxiliary gas turbine with HRSG
that supplies heat transfer media and electrical power to the PCC plant, instead of, or in combination
with, a host power plant in case the modification of, or any operational impact on, a host power
plant is quite restricted. Only the utility consumption affecting the performance evaluation of the
PCC plant should be included in the consumption calculations (see Clause 6).

c) Interface with the environment: The outlet of the PCC plant discharges directly to the atmosphere
and waste streams such as waste water, solid waste, and consumables (e.g., filters) should also be
included in calculating consumption and utility requirements if present (see Clause 6).

d) Interface with CO; transportation infrastructure: It is the first flange at the outlet piping from the
CO; stream compressor or CO; stream pump, if applied.

The performance evaluation boundary of a PCC plant integrated with a host power plant is flepicted as
a thlick dashed line - labelled 100 - in Figure 2. Given the complexity of the systempg€xplanations of the
varjous streams and equipment are provided in Table 1 to Table 5.

© ISO 2018 - All rights reserved 11
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o —

GTCC plant

separa
conta

efficienlcy, etc.

CO3 purification)

10q®

“—e 49

host power plant boundary - this block flow 45  electricity from an auxiliary power generation
configulration is typical for a coal fired boiler-and a system
pre-treptment (quencher, deep-FGD, flue gas fan) 46  electricity from the host power plant to the PC(
- condifioning of the flue gas in preparation for plant
ion of COy. This can in¢lude removal of
inants that could damage the absorbent,
temperpture control to eptimize absorber
CO3 capture section 47  fuel to the auxiliary steam and power generatidn
system
CO3 compression/liquefaction section (including 48  chemicals
CO3 tralrsportatiomrsystem #9—demimeratizedwater, imdustriat water
gas turbine in a GTCC - the item designated as a 50 electricity diverted to power equipment and

boiler (70) would be a HRSG and the air preheater
and forced draft fan (72), particulate removal
system (74), and FGD (75) would be removed

ducting to a stack if required (this stream, if it exists,51

might contain residual CO2)
flue gas from host power plant

flue gas from auxiliary unit (auxiliary steam and
power generation system, #30)

52

55

systems associated with the PCC plant, including
fans, pumps, and the compression system

net power export

electricity diverted from the host power plant or
the auxiliary power generation system to power
other equipment within the same plant or system

medium transferring waste heat from the PCC
plant to the host power plant - (e.g. boiler feed
water for pre-heating)
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13

14

15

16

17

18

20

21

22

23
24

25
26
27
28

29
30
31

35

36

treated flue gas (mostly nitrogen, but might contain 56

residual CO2) to be vented or sent to a stack

product CO3 stream, sent for transport

57
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host power plant waste heat used in the PCC

plant or return of PCC plant waste heat used in

the host power plant - this stream can represent
host power plant waste heat that is used in the
absorbent regeneration process in the PCC plant or
the return of waste heat that was generated in the
PCC plant and used in the host power plant (e.g.
boiler feed water preheating)

medium transferring waste heat from the host
power plant to the PCC plant. A common source
of waste heat in a host power plant is the heat

CO3 vent stream to the atmosphere required
for start-up, shut-down, emergency and during
significant operational disturbances

waste water sent for treatment

waste sent to a waste handling system

by-product

fresh absorbent

CW generation system - the cooling system can
include cooling towers, a once-through CW system,
or air fin coolers

58

59

60

61

65
70

CW intake - A CW intake can be comman;to the host 71

power plant or the PCC plant

CW outfall - A CW outfall can be common to the host 72

power plant or the PCC plant

contammed 1n the [lue gas. This stream 1jtegrates
the heat supplied to the PCC plant by‘stream 37

power plant waste heat return fnom PCC plant -
this stream represents the returii of waste heat
from stream 57 to the host power plan

use of PCC plant effluentyin FGD - wast¢ water
from the PCC plant ean potentially be uped as
make-up water inthe’FGD system

flue gas after pre-treatment - this stream is the
flue gas stréant after contaminants have been
removed anhd temperature adjustmentg have been
madeinpreparation for entering the alpsorber
(froem‘item 2 to 3)
proeduct COy stream leaving the CO2-capture
section prior to entry into the compresfion system
(from item 3 to 4)

fuel to host power plant
boiler - or HRSG in GTCC case

NOy removal system

air preheater and forced draft fan (not fipplicable
in GTCC case)

air fin cooler integrated intoPCC plant 73  flue gas heat recovery system

auxiliary steam generation system - e.g. HRSGon 74  particulate removal system (not applicpble in

auxiliary gas turbiné-or auxiliary boiler GTCC case)

steam distributiersystem 75  FGD (not applicable in GTCC case)

auxiliary gasdurbine 76  flue gas heater, if necessary

auxiliary,generator 77  stack and treated flue gas duct

waste Water treatment system 80  high pressure (HP) - intermediate pressure (IP)
turbine

waste handling system 81 low pressure (LP) turbine

auxiliary steam and power generation system 82  HP heaters

power distribution system - controls the amount 83  deaerators

of power diverted to the PCC plant to operate fans,

pumps, blowers, and the compression system

steam from a host power plant - although labelled 84  LP heaters

as steam here, this can also be a different thermal

energy transfer medium (e.g. hot oil)

steam from an auxiliary steam generation system 85  steam condenser

- although labelled as steam here, this can also be
a different thermal energy transfer medium (e.g.
hot oil)
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37

38

39

steam supplied from the host power plant to PCC
plant to drive absorbent regeneration and other
processes -- although labelled as steam here, this
can also be a different thermal energy transfer
medium (e.g. hot oil)

86

exhaust steam from the PCC to the host power plant 87

- if steam is the heat transfer medium used in the

PCC, any exhaust steam can be returned to the host

power plant
steam condensate from the PCC to the host power

88

power plant CW supply system

power plant CW intake

power plant CW outfall

plant -

if steam is used and condensed in the PCC,

this str
power

40
41

steam d

steam (
general

CW fee
and/or

42

43 CW ret

power

44
the PC(

NOTE All
three super;
(cfor coal, g

b Boundd
¢ Onlyin
g Onlyin

Several of
related to
entering th
PCC plant f
represent
PCC plant
the PCC pl
atmospher

It should a

rejected heat from the process cooler integrated into

bam returns the condensate to the host
blant

89
100

ondensate return to the host power plant power plant generator

ondensate return to the auxiliary steam
ion system

] - if the CW system for the host power plant 101
auxiliary unit is used to supply CW to the

Line representing the PCC plant boundary

atmosphere

PCC ple]'nt, itis accounted for in this stream

rn - CW returned from the PCC to the host

blant and/or to the auxiliary unit 102

landfill and/or hydresphere

200 auxiliary unitboundary

plant (# 23)

different streams and equipment for this figure are summatized in ascending order in Annex A.
cripts are used. These superscripts indicate either differentoptions related to the type of power sy4
for a gas) or to demark a system boundary.

ry.
the case of coal fired boiler.
the case of GTCC.

Figure 2— PCC plant boundary

he items numbered in Figure 2 have a direct bearing on the KPIs defined in Clause 1. It
specific reduction incCO, emissions are included in Table 1. These include flue gas stre
e PCC plant from the)host power plant and any auxiliary units as well as streams leaving
pllowing CO; separation. Note the flue gas streams entering the PCC plant do not necess3
1l of the CO2-containing flue gas generated by the host power plant or auxiliary units.
may be designed for partial capture, with a certain percentage of the flue gas route
int for tfeatment while the remaining flue gas and its associated CO; simply vented to
e. This possibility is discussed further in Clause 5.

Dnly
tem

bms
hms
the
rily
The
1 to
the

EEC

so-be noted that the KPIs related to the equivalent electrical energy consumption, i.e. S

and SRCE, can be applied to a case with an auxiliary unit defined in 4.Z bJ. The auxiliary unit can be
included with a host power plant when calculating the KPI as explained in 9.4 and 9.5, if the electricity
generated in the auxiliary unit is used to power equipment in the PCC plant and their application is
agreed among the related parties due to its specification depending on each project. In this case the
interpretation of the above KPI is influenced by both the fuel specific emissions [kg/k]] explained in
D.2 and the heat rate of the auxiliary unit. If these are different from a host power plant, then the main
parameters used for each calculation should be listed with the KPI for mutual understanding among
the related parties.

14
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Stream/
Equipment Description

Number
7 Ducting to a stack if required (this stream, if it exists might contain residual CO7)
10 Flue gas from host power plant
11 Flue gas from auxiliary unit (auxiliary steam and power generation system, #30)
12 Treated flue gas (mostly nitrogen, but might contain residual CO3) to be vented or

sent to a stack

13 Product CO; stream, sent for transport

waste heat

Items related to the KPI for STEC are noted in Table 2. Steam and/or waste heat can bé transferred from
the [host power plant or auxiliary unit to help drive processes in the PCC plant. In addition,
gengrated in the PCC plant can sometimes be used in the host power plant or the auxiliary unfit, as noted
in Table 2.
Table 2 — Description of streams and equipment shown in Figiire 2 related to theg STEC
Stream/
Equipment Description

Number

35 Steam from a host power plant - although [abelled as steam here, this can also jpe a
different thermal energy transfer medjuin(e.g. hot oil)

36 Steam from an auxiliary steam generation system - although labelled as steam Here,
this can also be a different thermal(énergy transfer medium (e.g. hot oil)

37 Steam supplied from the host power plant to PCC plant to drive absorbent regen-
eration and other processess<although labelled as steam here, this can also pe a
different thermal energy trahsfer medium (e.g. hot oil)

38 Exhaust steam from.the"PCC plant to the host power plant - if steam is the heat
transfer medium uséd'in the PCC plant, any exhaust steam can be returned td the
host power plant

39 Steam condensate from the PCC plant to the host power plant - if steam is usedfand
condensed-inthe PCC plant, this stream returns the condensate to the host power glant

40 Steam €ondensate return to the host power plant

41 Steam/condensate return to the auxiliary steam generation system

42 CWteed - if the CW system for the host power plant and/or auxiliary unitis usqd to
stupply CW to the PCC plant, it is accounted for in this stream

43 CW return - CW returned from the PCC plant to the host power plant and/or td the
auxiliary unit

44 Rejected heat from the process cooler integrated into the PCC plant (# 23)

55 Medium transferring waste heat from the PCC plant to the host power plant - [e.g.
boiler feed water for pre-heating)

56 Host power plant waste heat used in the PCC plant or return of PCC plant waste heat
used in the host power plant - this stream can represent host power plant waste
heatthatis used in the absorbent regeneration process in the PCC plant or the return
of waste heat that was generated in the PCC plant and used in the host power plant
(e.g. boiler feed water preheating)

57 Medium transferring waste heat from the host power plant to the PCC plant. A com-
mon source of waste heat in a host power plant is the heat contained in the flue gas.
This stream integrates the heat supplied to the PCC plant by stream 37

58 Power plant waste heat return from PCC plant- this stream represents the return
of waste heat from stream 57 to the host power plant

Items related to the KPIs for SEC and SEEC are noted in Table 3. Electricity generated in the host power
plant or auxiliary unit can be used to power equipment (including compression) in the PCC plant.

© ISO 2018 - All rights reserved
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Electrical energy used for these purposes contributes to the SEEC. In addition, steam used by the
PCC plant to drive CO; separation processes (noted in Table 2) that could have been used to generate
electricity in the absence of CO; capture also contributes to the SEC and the SEEC.

Table 3 — Description of streams and equipment shown in Figure 2 related to the SEC and

the SEEC
Stream/
Equipment Description
Number
24 D diaaiaail 4 £ i ladla ol < VIpps IS Va¥al 1 i
J L T'UVWUTLT UISUI'TUULIUIL DyDLClll CUIILI UIO LT AdITIUUIIL UL lJUVVCl UIVCIT LCTU LU LIIT 1T UG Plallt
to operate fans, pumps, blowers, and the compression system
45 Electricity from an auxiliary power generation system
46 Electricity from the host power plant to the PCC plant
50 Electricity diverted to power equipment and systems associated with the)P€C plant,
including fans, pumps, and the compression system
51 Net power export
52 Electricity diverted from the host power plant or the auxiliapy‘power generation
system to power other equipment within the same plant or systém
Items related to the KPI for specific absorbent and chemical or auxiliary materials consumption or
decrease inp functional activity are noted in Table 4.

Table 4 —[Description of streams and equipment shown in Eigure 2 related to the SAC and the

Stream/
Eqpipment Description
Number
15 Waste water sent for treatment
16 Waste sent to a waste handling system
17 By-product
18 Fresh absorbent
48 Chemicals or auxiliary materials
49 Demineralized(water, industrial water

Finally, items that are includéd,in Figure 2 but do not have direct impacts on calculation of KPIs
listed in Table 5. The inclusioirof these items in Figure 2 provides framing for a better understandin

processes and equipmenftithat do impact KPIs.

Tahble)5 — Description of streams and equipment shown in Figure 2

SCC

are
g of

Stream
Equipmelrt Description
Number
PCC plant
2 Pre-treatment (quencher, deep-FGD, flue gas fan) - conditioning of the flue gas in preparation
for separation of CO3. This can include removal of contaminants that could damage the absor-
bent or temperature control to optimize absorber efficiency, etc.
3 CO3 capture section
4 CO7 stream compression/liquefaction section (including CO; stream purification)
b Boundary.
¢ Onlyin the case of coal fired boiler.
g  Only in the case of GTCC.

16
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C

g

Only in the case of coal fired boiler.

Only in the case of GTCC.

Table 5 (continued)
Stream/
Equipment Description
Number
14 CO7 vent stream to the atmosphere required for start-up, shut-down, emergency and during
significant operational disturbances
23 Air fin cooler integrated into PCC plant
60 Flue gas after pre-treatment - this stream is the flue gas stream after contaminants have been
removed and temperature adjustments have been made in preparation for entering the absorber
(Frosn 1t D o 20
Fromitem2-to33
61 The product CO; stream leaving the CO2-capture section prior to entry into the cempfession
system (from item 3 to 4)
100D PCC plant boundary
Host power plant ,\Q)'
1b Host power plant boundary - this block flow configuration is typical far a coal fired boiler and a
GTCC plant
68 Gas turbine in a GTCC - the item designated as a boiler (70) would'be a HRSG and the dir preheat-
er and forced draft fan (72), particulate removal system (74),.and FGD (75) would be femoved
65 Fuel to host power plant
70¢/g Boiler - or HRSG in GTCC case
71 NOx removal system
72c Air preheater and forced draft fan (not applicable in GTCC case)
73 Flue gas heat recovery system
74c Particulate removal system (not applicable in GTCC case)
75¢ FGD (not applicable in GTCC case)
76 Flue gas heater, if necessary
77 Stack and treated flue gas duget
80 High pressure (HP) - intermediate pressure (IP) turbine
81 Low pressure (LP) turbine
82 HP heaters
83 Deaerators
84 LP heaters
85 Steamcoridenser
86 Power'plant CW supply system
87 Power plant CW intake
88 Power plant CW outfall
89 Power plant generator
% ) Aucxiliary unit (where installed)
20 CW generation system - the cooling system can include cooling towers, a once-through CW
system, or air fin coolers
21 CW intake - A CW intake can be common to the host power plant or the PCC plant
22 CW outfall - A CW outfall can be common to the host power plant or the PCC plant
24 Aucxiliary steam generation system - e.g. HRSG on auxiliary gas turbine or auxiliary boiler
25 Steam distribution system
26 Aucxiliary gas turbine
b Boundary.
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Table 5 (continued)

Stream/
Equipment Description
Number
27 Auxiliary generator
28 Waste water treatment system
29 Waste handling system
30 Auxiliary steam and power generation system
47 Fuel to the auxiliary steam and power generation system
59 Use of PCC plant effluent in FGD - waste water from the PCC plant can potentially be used as
make-up water in the FGD system
200b Auxiliary unit boundary
Out of boundary Oy ‘
5 COy transportation
101 Atmosphere
102 Landfill and/or hydrosphere
b Boundary.
¢ Only in the case of coal fired boiler.
g  Only in the case of GTCC.
Evaluation| of the KPIs related to energy use and CO; emissions'is dependent on measurementf at

several points within the system. These points and their assogiated streams are illustrated in Figuite 3

The strear
measurem
and leavin
and tempe
are used in

h/equipment numbers used are the same as tHose used in Figure 2. As indicated, t}
ents include concentrations, flow rates, pressures and temperatures for flue gases ente
b the PCC and for the product CO; stream (#13) sent for transport. In addition, flow, press
Fature measurements for steam, condensate, and CW streams entering and leaving the
evaluation of the KPIs.

ese
[ing
ure
pCC
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Key

Measurement [te
3% Gas (C,F,P,T)
Y Steam (F,P,T)
Y& Condensate (F,

Y& CW(E,P,T)

host power plant boundary -“this block flow55
configuration is typical for a‘eodl fired boiler and
a GTCC plant

CO3 stream compression/liquefaction section 56
(including CO3 streafn purification)
gas turbine in a GTCC - the item designatedasa 57

boiler (70) would be a HRSG and the air preheater

7 Captured CO, (

NS

P,T)

C,F,P,T)

medium transferring waste heat from t
to the host power plant - (e.g. boiler fe]
pre-heating)

host power plant waste heat used in th
plant or return of PCC plant waste hea
the host power plant - this stream can
host power plant waste heat that is us¢
absorbent regeneration process in the
or the return of waste heat that was g¢
the PCC plant and used in the host pow
(e.g. boiler feed water preheating)

medium transferring waste heat from

he PCC plant
ed water for

e PCC
used in
represent
bd in the
PCC plant
nerated in
rer plant

he host
n source

power plant to the PCC plant. A comm

10

11

12

13

and forced draft fan (72), particulate removal
system (74), and FGD (75) would be removed

flue gas from host power plant 58

flue gas from auxiliary unit (auxiliary steam and 61
power generation system, #30)

treated flue gas (mostly nitrogen, but might contain65
residual CO37) to be vented or sent to a stack

product CO3 stream, sent for transport 70
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Of waste heat In a Nost power plantis t
contained in the flue gas. This stream i

e heat
ntegrates

the heat supplied to the PCC plant by stream 37

power plant waste heat return from PCC plant -
this stream represents the return of waste heat
from stream 57 to the host power plant

product CO3 stream leaving the CO3-capture
section prior to entry into the compression system

(from item 3 to 4)
fuel to host power plant

boiler - or HRSG in GTCC case
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20  CW generation system - the cooling system 71 NOy removal system
can include cooling towers, a once-through CW
system, or air fin coolers

21  CW intake - A CW intake can be common to the 72 air preheater and forced draft fan (not applicable
host power plant or the PCC plant in GTCC case)

22 CW outfall - A CW outfall can be common to the 73 flue gas heat recovery system
host power plant or the PCC plant

23 air fin cooler integrated into PCC plant 74  particulate removal system (not applicable in
GTCC case)

24 auxiliary steam generation system - e.g. HRSGon 75 FGD (not applicable in GTCC case)
auxilipry gas turbine or auxiliary boiler

25  stean] distribution system 76 flue gas heater, if necessary

26  auxilipry gas turbine 77  stack and treated flue gas duct

27  auxilipry generator 80  high pressure (HP) - intermediate-pressure (Ilf)
turbine

30  auxilipry steam and power generation system 81 low pressure (LP) turbine

35  stean] from a host power plant - although labelled 82 HP heaters
as steam here, this can also be a different thermal
energy transfer medium (e.g. hot oil)

36  steanj from an auxiliary steam generation system 83 deaerators
- althpugh labelled as steam here, this can also be
a diff¢rent thermal energy transfer medium (e.g.
hot ofl)

37  steanj supplied from the host power plant to PCC 84 LP heatets
plantlto drive absorbent regeneration and other
processes -— although labelled as steam here, this
can also be a different thermal energy transfer
mediyim (e.g. hot oil)

38  exhayst steam from the PCC to the host power 85 steam condenser
plant|- if steam is the heat transfer medium used
in thg PCC, any exhaust steam can be returned-to
the h¢st power plant

39  steanj condensate from the PCC to thé:host power 86 power plant CW supply system
plant}- if steam is used and condensed'in the PCC,
this sfream returns the condensate-to the host
powef plant

40  stean] condensate returnte‘the host power plant 87 power plant CW intake

41  stean] condensate return.to the auxiliary steam 88 power plant CW outfall
generjation system

42 CW fded - if the. CW'system for the host power 89 power plant generator
plantfand/or_auxiliary unit is used to supply CW to
the PCC plantyit is accounted for in this stream

43  CW r¢turn™ CW returned from the PCC to the host 100  Line representing the PCC plant boundary

vlant and /ortothe auxiliaryz unit
powekrp v 3

47  fuel to the auxiliary steam and power generation
system

NOTE All different streams and equipment for this figure are summarized in ascending order in Annex A.
b Boundary.

¢ Only in the case of coal fired boiler.

g Only in the case of GTCC.

Measurement items:

C concentration F flow
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pressure T temperature

Figure 3 — Measurement streams/locations used to evaluate KPIs

The utility consumption evaluation boundaries within the PCC plant boundary for the thermal energy,
CW and the electrical consumption are indicated in Figure 4 to Figure 6 respectively, consistent with
Figure 2. All flows included in the definitions in Clause 5 cross the PCC plant boundary (line 100 in
Table 5). Clause 6 includes some flows that do not cross the PCC plant boundary. Some of these flows are

important when evaluating performance of the host power plant and the PCC plant.

5

5.1
Thi
inte
5.2

To
foll

a)
b)

Simfilarly, the following output streams shall be @ccounted for:

a)
b)

)
d)

5.3

The

plant as described in Figure 2. COz capture efficiency (ncoz) is defined as follows:

Definition of basic PCC plant performance

General

5 clause defines the parameters that describe the basic performance) of the PCC
grated system.

Input and output streams

falculate the COy capture efficiency, the flow rate, temperature, pressure and compos
pwing input streams shall be accounted for:

flue gas from host power plant [stream #10];

flue gas from auxiliary steam and power generation system [stream #11].

treated gas from PCC plant [stream #12};

untreated exit gas from power plant, auxiliary boiler and/or auxiliary gas turbine
through the PCC;

product COy [stream #13];

vent gases and other losses [stream #14].

Capture efficiency of the absorber

calculationdmethod described in this clause is only valid for flows across the boundaj

4vrco,in ~4vrco,out
2 2
1Nc0y = x100

plant and

tion of the

hot routed

y of a PCC

)

qvrco,in

where

q .
Vre0,in perature (273,15 K) and pressure (100 kPa) conditions [m3/h];

quC020ut
tions [m3/hl].
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is the volume flow rates of CO; at the PCC plant inlet on a dry basis at the standard tem-

is the volume flow rates of CO at the PCC plant outlet (treated flue gas emission side)
on a dry basis at the standard temperature (273,15 K) and pressure (100 kPa) condi-
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(pCOZin_cap

100 )

qvrco,in = qvrflue gas in X

The outlet flow rates may vary due to both capture of COz and due to changes in the inlet flow rate. If the
inlet rate is not measured at the same time, that variation might not be apparent. To avoid errors that
might arise from using two different, independent measurements of the inlet flow rate and of the outlet
flow rate, this procedure uses inlet flow values, and inlet and outlet COz volumetric concentrations to
make the actual calculation as given in Formula (3).

y (pcoyin_cap

1
100 Pco in_cap
quCOZ ut = QVrﬂue gas in X 1_ (pcozout_cap _CIVrﬂue gas in X[ - fOO ] (3)
100

where

qVrflue gasin IS the volume flow rate of a flue gas to the PCC plant on a dry basis at the standard
temperature (273,15 K) and pressure (100 kPa) conditions [m3/h];

Oco.i is the volume concentration of CO3 in the flue gas to the PCC'plant on a dry basis [%o];
COyin| cap

is the volume concentration of CO in the flue gas at'the PCC plant outlet (treated flue

®co,olt o ) . : . .
201-cap gas emission side) on a dry basis [%] It is assuméd that there is no ingress of air;

The CO7 concentration is normally measured as a volumetric/Concentration on the dry basis.

5.4 Flow rate of the product CO3 stream from @PCC plant

The flow rate of the product CO; stream from a P€Oplant [t/h] is measured by the flow meter instaflled
in the profuct COz stream line (either beforelter after CO; stream compression), corrected by|the
operating ¢ondition.

®cojout_comp_b « 44,0

(4)
100 22,7x1000

4mco, | comp_b = 4vrco,comp_b X
where

Qvrco-lcomn b is the'volume flow rate of a product CO, stream before compression on a dry balsis
2“°MP-2 gt the$tandard temperature (273,15 K) and pressure (100 kPa) conditions [m3/h];

im0, comp_b is'the mass flow rate of a product CO; stream before compression [t/h];

is the volume concentration of CO2 in the product CO; stream before compressipn
on a dry basis [%].

gDCOzOL L_Luulp_‘u

_ (pcozout_comp_a 44.0 5
4mc0o, _comp_a = qVrCO,comp_a X 100 X 22.7x1000 (5)

where
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is the volume flow rate of a product CO; stream after compression on a dry basis at

q
VreOzcompa ih o standard temperature (273,15 K) and pressure (100 kPa) conditions [m3/h];

AmCo,_comp.a is the mass flow rate of a product CO; stream after compression [t/h];

is the volume concentration of CO7 in the product CO; stream after compression on

$co,out_comp_a a dry basis [%].

5.5 Properties of product CO2 stream at CO> compression system outlet

5.5/]1 General

The point at the inlet valve of the pipeline defines the system boundary between cgpture and
trajsportation. The composition, temperature, and pressure of the CO; stream at this point shall
be within a range that meets the requirements for transportation. Further’details are grovided in
[SO|27913.

5.5]2 Compositions of product CO2 stream

5.5/2.1 Measurement of product CO2 stream

Product CO; stream is defined as the captured and compressed/liquefied CO; stream at the interface
with the CO; transportation. CO purity is defined as the.€0? concentration of the product CO indicated
on a wet basis and should be measured by the recommended measurement methods(s) gpecified in
Clagise 8.

5.5]2.2 Impurities in product CO3z stream

Impurities in the product CO; stream (in particular, H20 and O3) should be defined with|regards to
trapsport and storage/usage requirements. Further information on the specification of the product
CO- stream can be found in ISO 27913:2016, Annex A. In addition, CO2 emissions from these units
need to be accounted for whentdetermining the overall CO; balance of the PCC plant with inclusion
of mhinor inlet flows, if any. lfthe required limits on moisture (H20) and oxygen (02) con¢entrations
are(too stringent to be met by 'the PCC plant as depicted in Figure 2, it may be necessary fo install a
dehlydrator (moisture removal system) and/or an oxygen removal system. These additional units may
reqpire additional utilities. The energy consumed by these units should be included in calcylations for
thelenergy consumption attributable to CO; capture and compression.

5.5/2.3 MeaSurement of impurities

Corfcentrations of impurities should be made using methods or instruments as suggested |n Clause 8
or iy a‘documented equivalent means. Should a dehydrator or oxygen removal unit be installed in the
profuct CO; stream line, concentration of impurities in product CO; stream should be meagured after
these units.

5.5.2.4 Determination of composition of the product CO; stream

The concentration of CO3 stream in the product CO; stream can be calculated as the difference between
the measured concentrations of all impurities and 100 % if it is difficult to measure a CO; concentration
very close to 100 % (e.g., greater than 99 %).

5.5.3 CO3 stream compressor system outlet pressure

The outlet pressure of the CO2 stream compressor should be confirmed before being used in evaluation
of the electrical energy consumption of the CO, stream compressor. The measuring point should be as
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close as possible to the interface point of the transportation so that the pressure loss to the battery
limit should be negligible.

5.5.4 Others

It is important to have quality control measures in place that apply to all property values that are
measured for use in calculations in this clause. CO; stream metering may be required as a means of
demonstrating compliance with third party requirements applicable to both transportation and

sequestration.

6 Definfition of utilities and consumption calculation

6.1 Gen

This clausg
utility syst
including 3
differsin €

In case an
such as au

bral

specifies how to evaluate the utility consumption of a PCC plant. The characteristics of
em are defined, including heat transfer media; various sources of processwater; chemic
bsorbent; and electrical energy. The concentration of specified impurities in the flue
ach project, which can affect the utilities consumption.

additional COz emitting source is required to provide additional heat or electrical ene
xiliary boiler and/or auxiliary gas turbine, the required{energy and utilities for t}

the
als,
gas

8y,
ese

facilities sH nole

in Clause 9

all not be included. However, they shall be reported so thdt they can be evaluated as a w}

the
ved

Pieces of equipment with intermittent or batch operation, such-as the reclaimer, are evaluated on
average value during an appropriate length of time that takes the average quantity of CO; remd
during the|same period.

ded
PM-

The increnpental utility consumption related to flue gas pre-treatment for PCC plant should be inclu
in the estjmation of overall energy consumption. This includes additional DeNOx, FGD and
abatement(as required in the PCC plant.

6.2 Lowppressure - medium-pressure steam

6.2.1 Definition of utility

The definitfion of utilities includes'the following:

a) The required steam or thermal energy for the PCC plant is extracted from the steam cycle of{the
host ppwer plant ef’ from a separate utility plant such as the auxiliary boiler or the HRSG on|the
auxiliqry gas turbine.

b) The thermal-energy in the condensate from the PCC plant, which returns in the condensate sysfem
of the hostypower plant or the separate utility plant is accounted for.

c) For rotating machinery, such as pumps, blowers, compressors, or steam turbines, MP or HP steam
can be used instead of the electrical motors as the driver. Their utility consumption is accounted
for. When the steam turbine driver is selected, the outlet steam can be used again for PCC plant and
this case is included for evaluation.

d) Forthe CO, desorption process, it is possible to use other thermal heat sources such as hot water or

hot oil, and this is accounted for.

The steam consumption calculation boundary is the crossing points of feed and return lines of the
thermal energy including the steam and its condensate with the PCC plant boundary within which the
thermal energy is consumed and indicated in Figure 4 with the outside support system to supply and
receive and with the reference of each key listed in the table below.
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Key]

1 | host power plant boundary - this block flow 36H MP or HP steam from an auxiliary speam
configuration is typical for a coal fired boiler and a generation’system - although labelled as steam
GTCC plant here, this can also be a different thefrmal energy

transfer medium (e.g. hot oil)

2 | pretreatment (quencher, deep-FGD, flue gas fan) 37L LPsteam supplied from the host power plant
- conditioning of the flue gas in preparation for to PCC to drive absorbent regeneration and
separation of CO3. This can include removal of other processes - although labelled jas steam
contaminants that could damage the absorbent or here, this can also be a different thefrmal energy
temperature control to optimize absorber efficiency, eté transfer medium (e.g. hot oil)

3 | COz capture section 37H MP or HP steam supplied from the host power
plant to PCC to drive absorbent reg¢neration
and other processes - although labélled as
steam here, this can also be a differ¢nt thermal
energy transfer medium (e.g. hot oil)

4 | COy stream compression/liquefactiomséction 38 exhaust steam from the PCC to the lhost power

(including CO3 stream purification) plant - if steam is the heat transfer medium
used in the PCC, any exhaust steam [can be
returned to the host power plant

10 | flue gas from host power(plant 39 steam condensate from the PCC to the host
power plant - if steam is used and dondensed
in the PCC, this stream returns the ¢ondensate
to the host power plant

11 | flue gas fromaatxiliary unit (auxiliary steam and power 40  steam condensate return to the host|power plant
generationssystem, #30)

12 | treated-flué gas (mostly nitrogen, but might contain 41 steam condensate return the auxiligry steam
residual CO3) to be vented or sent to a stack generation system

13 | product CO7 stream, sent for transport 57 medium transferring waste heat frqm the
host power plant to the PCC plant. A common
source of waste heat in a host power plant is
the heat contained in the flue gas. This stream
integrates the heat supplied to the PCC plant by
stream 37

24 auxiliary steam generation system - e.g. HRSG on 58 power plant waste heat return from PCC plant
auxiliary gas turbine or auxiliary boiler - this stream represents the return of waste

heat from stream 57 to the host power plant

25 steam distribution system 100 PCC plant boundary

35L LP steam from a host power plant - although labelled as115 utilization of waste heat of steam distribution

steam here, this can also be a different thermal energy
transfer medium (e.g. hot oil)

© ISO 2018 - All rights reserved
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35H MP or HP steam from a host power plant - although

labelled as steam here, this can also be a different system by PCC (Feed)
thermal energy transfer medium (e.g. hot oil)

36L LP steam from an auxiliary steam generation system
- although labelled as steam here, this can also be a
different thermal energy transfer medium (e.g. hot oil)

b Boundary.

Figure 4 — PCC plant LP (-MP) Steam consumption calculation boundary

116 utilization of waste heat of steam distribution

6.2.2 Co

nsumption calculation

The consumption calculation of utilities requires the following:

a) Forea
the enf

b) Thetie
transp
drop c

c) In casg

Ch tie-in point, flow rate, pressure and temperature should be measured ahd reported
halpy of each flow should be calculated.

-in points should be close to the PCC plant so that the pressure loss and the heatloss during
ortation from its source, which may cause decrease of heat transfer’due to the temperat
hused or increase of the thermal energy consumption respectively, be considered negligi

appliedl, unless there are technical reasons for using instantanegus values.

d) If othe
same i

6.3 Cool

6.3.1 De

CW is use
parameter

When oncg
cooling tovy

 heating media, such as hot water and hot oil, are utilized in combination or alternately,
fems of these utilities shown in the above should b&‘measured and reported.

ing water

finition of CW

d at several points. The volume ,;and temperature of CW can be affected by the de
5 and the PCC performance.

-through seawater or frésh water for cooling is insufficient, a natural or mechanical d
Fer can be used. If it is difficult to secure CW, then air-cooling is an alternative. In case chi

water is n

eded to supplement CW to achieve the desired absorption temperatures, it is incluy

inside the [PCC plant consumption evaluation boundary. A rejected heat duty can be converted t¢
electrical gnergy consumptien equivalent of a one pass water cooling system as evaluated in 6.4.1.
CW consurpption calculation boundary is the crossing points of the CW feed and return lines incluc

the reject

heat djssipated to the atmosphere, if any, with the PCC plant boundary within which

rejected heat is geherated and indicated in Figure 5 with its feed source and return sink and with
reference qf eaclikey listed in the table below.

and

the
ure
ble.

 of intermittent use, the average flow rate during an appropriate length of time should be

the

bign

aft
led
ded
an
The
ling
the
the
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NV

n to the

he PCC
ler feed

b PCC
used in
Fepresent
d in the
PCC or the

23A 23B 23C |
v o Pl vy o G |- J
< = =
<|l<| 3| m|eF| oo+
1 [2) o |
<« < | < <+ |
110
i
111 20
Key]
1 |host power plant boundary - this block flow 42C CW feed to CO7 stream compression
configuration is typical for a coal fired boiler and a
GTCC plant
2 |pretreatment (quencher, deep-FGD, flue gas fan) 43A CW returnfyom pre-treatment to the C
- conditioning of the flue gas in preparation for generation system
separation of CO3. This can include removal of
contaminants that could damage the absorbent,
temperature control to optimize absorber
efficiency, etc.
3 |CO3 capture section 43B CW return from CO; capture to the CV|
generation system
4 |CO; stream compression/liquefaction section 43C CW return from CO; stream compressi
(including CO3 stream purification) CW generation system
10 |flue gas from host power plant 44A rejected heat from the process cooler integrated
into pre-treatment
12 |treated flue gas (mostly nitrogen, but'might contain 44B rejected heat from the process cooler ifjtegrated
residual CO3) to be vented or sént to a stack into CO3 capture
13 |product CO3 stream, sent fof transport 44C rejected heat from the process cooler iftegrated
with CO; stream compression
20 [CW generation system'=the cooling system can 55 medium transferring waste heat from t|
include cooling towers, a once-through CW system, plant to the host power plant - (e.g. boi
or air fin coolers water for pre-heating)
23Alair fin cooler‘integrated into pre-treatment 56  host power plant waste heat used in th
plant or return of PCC plant waste heat
the host power plant - this stream can
host power plant waste heat that is use
absorbent regeneration process in the
return of waste heat that was generatedl in the PCC
and used in the host power plant (e.g. boiler feed
water preheating)
23B air fin cooler integrated into CO, capture 100 PCC plant boundary
23C air fin cooler integrated into CO3 stream 110 CW feed from a host power plant CW system
compression
42A CW feed to pre-treatment 111 CW return to a host power plant CW system

42B
b

CW feed to CO3 capture
Boundary.

Figure 5 — CW consumption calculation boundary

© ISO 2018 - All rights reserved

27


https://standardsiso.com/api/?name=b50b8fae6f177b743484a7627996a2fe

ISO 27919-1:2018(E)

6.3.2 Consumption calculation

The heat rejected to CW is calculated separately for the three unit blocks shown in Figure 5 to account
for the deviation from design performance and design conditions.

If a chiller is used, it shall be included in the CW consumption calculation. If other cooling media, such as
boiler feed water or condensate, are used, then heat rejection into these media should not be accounted
for. Based on the rejected heat duty the equivalent electrical energy consumption for CW is calculated
for the evaluation specified in Clause 9.

6.4’ Ele rical nnprg“ly

6.4.1 Definition of electrical energy consumption evaluation

The electr|cal energy consumption should be separately measured and reported and-consist of|the
following gontributions:

a) Quencher or flue gas pre-treatment;
b) CO3 capture;

c) CO stream compression;

d) Utility|facilities.

Electrical ¢nergy consumption should be evaluated on the same boundary and operating conditionis as
the overalllmaterial and energy balances are calculated.

The determination of the electrical energy consumption for'generation of CW is outside the evaluafion
boundary. [The electrical energy consumption for CW @umps can be determined by the calculatioh of
the electri¢al power required for CW:

Dy
3600x1000 100 100
Pew = X(Pewin —Pcwout ) X——X—— (6)
Cocw X Pew X(Tewout = Tewin) " o P Mu
where

Pcw is the electrical pewer requirement of the CW pump [MW];
Pcw is the total €ooling heat duty at the PCC plant [k]/h];
Tcwin | is the tetmperature of CW at the supply side [K];

Tcwouq is the'temperature of CW at the return side [K];

pcwin L—isthe pressure of CW at the supply side [kPal;

Pcwout 1S the pressure of CW at the return side [kPa];

cpcw isthe specific heat of CW [Kk]/(kg K)];

PCW is the density of CW [kg/m3];

iny is the efficiency of motor [%] (default value 95 %);

np is the efficiency of CW pump [%] (default value 80 %).

If steam is extracted from the host power plant, the CW requirement of the base power plant can be
significantly reduced to enable available CW to be used by the PCC plant. The available CW duty is
deducted from ®¢yw in Formula (6). In case an additional CW pump is needed for the supply of CW from

28 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=b50b8fae6f177b743484a7627996a2fe

IS0 27919-1:2018(E)

the power plant to the PCC plant, its electrical energy consumption should be included in the overall
calculation.

The electrical energy consumption of the steam supply system is outside of the evaluation boundary.
The electrical energy consumption calculation boundary is the crossing points of feed lines with the
PCC plant boundary within which the electrical energy is consumed and indicated in Figure 6 with its
feed source and with the reference of each key listed in the table below.

12 100°
/\L
1b
.~ !___ —_———
| 110 - ! 13
== = =
- I -
I 23A 23B 23C J
soal  soB[  soc|
L 31 ]
46 45
27
120
20,30
Key
1 host power plant boundary - this block flow 27 auxiliary generator
configuration is typical for a coal fired boiler and-a
GTCC plant
2 pretreatment (quencher, deep-FGD, flue gds’fan) 30 auxiliary steam and power generation §ystem
- conditioning of the flue gas in preparation for
separation of CO3. This can include removal of
contaminants that could damage the absorbent
or temperature control to optimize absorber
efficiency, etc.

3 CO3 capture section 31 power distribution system - controls the amount
of power diverted to the PCC plant to operate fans,
pumps, blowers, and the compression gystem

4 CO3 stream compression/liquefaction section 45  electricity from an auxiliary power gengration

(including COp stream purification) system
10 | flue gas fromhost power plant 46 electricity from the host power plant
12 | treatedflue gas (mostly nitrogen, but might contain50A electricity diverted to power equipmenft and
residual CO2) to be vented or sent to a stack systems associated with the pre-treatment,
including fans, pumps, and the compregsion system

13 lJl U\luLL CGZ SLUICAIl, STIIU fUl I dllprl |9 SGB CIC\.LI iLil.y L‘liVCl LCL‘[ (4} pUVVCl cquiplucu and
systems associated with the CO; capture, including
fans, pumps, and the compression system

20  CW generation system - the cooling system can 50C electricity diverted to power equipment

include cooling towers, a once-through CW system, and systems associated with the CO; stream
or air fin coolers compression, including fans, pumps, and the
compression system

23A air fin cooler integrated into pre-treatment 100 PCC plant boundary

23B air fin cooler integrated into CO; capture 120 power supply to the utility facilities

23C air fin cooler integrated into CO7 stream

compression

Figure 6 — Electrical energy consumption evaluation boundary
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6.5 Demineralized water and industrial water

In the PCC plant demineralized water is required for liquid absorbent make up. Industrial water is used
in the quencher and CW system. These are not used for the performance evaluation in Clause 8, however
the use of demineralized or industrial water should be reported to define the evaluation basis, since it
can affect the CW consumption or performance.

6.6 Absorbent and chemical

The use of absorbents and chemicals is important for operation of the power plant and also for
environmeptal-mpact-assessments—Absorbent-and—chemieal-consumptions—shotldbe—summarized
in the form presented in Table 6. CW temperature can influence the consumption of absorbgnts.
Absorbent$ for gas components and chemicals required for operation within the PCC_boundary
depending|on the applied technology, such as additives, defoamer and anti-corrosion agent, filters, pnd
demineralized water should be added to the table. This list is not exhaustive.

Table 6 — Absorbent and chemical consumption summary

Absorbent and chemicals
Absorbent Chemical name 1 Chemical name 2
Unit kg/h as 100 % purity kg/h as 100 % purity kg/h as 100 % purity

Quencher (Pre-scrubber)

Additional pretreatment

COz recovely

CO2 compr¢ssion
m Not included Neot included Not included

Consumptioh figures should be reported on an appropriate time*averaged basis.

Utility syst

D

NOTE Additional pretreatment requirements should be filléd out with basic data such as FGD capacity, flue gas conditjons
to FGD inclufling SOx, oxygen and moisture entering PCE,

7 Guiding principles — Basis for PCC plant performance assessment

7.1 General

This clausg¢ provides guidancé-on the conduct of the PCC plant testing, and outlines the steps required
to plan and conduct a test 6fthe PCC plant performance. Adherence to this document is recommenided
to ensure the likelihood-0f high quality results.

Different relationships exist with the host power plant in respect to the thermal energy supply pnd
related efficiencies>The impact of steam extraction on power plant efficiency can be determined u$ing
standards puch asthose in the IEC 60953 series. This document deals with items specific to integration
of PCC plant@using the IEC 60953 series to determine the impact on the host power plant.

The performance test should be carried out with the representative configuration of normal operation.
Throughout any performance test, emissions other than CO2 and any discharges to the environment,
shall as a minimum, meet requirements of the permitting authorities. Determinations of emissions
other than CO; are outside of the scope of this document, and as such, no emission limitations or
required measurements are specified.

The test plan should specify any other than CO2 emission levels that affect the result of the assessment.
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7.2 Guiding principle of the performance test

7.2.1 General

The test(s) should be run at a specified CO; recovery capacity load that is near the plant condition of
interest. Regardless of any test goal, the results of a test should be corrected to the plant reference
conditions. If test conditions differ from the plant reference conditions, correction curves should be
applied in the evaluations. The test(s) should be designed with the appropriate goal in mind to ensure
proper procedures achieve the required operating mode during the test.

The

a) |Agreement among the relevant parties on scope, measurement accuracy, timing and\typical items
relating to the performance test should be achieved in advance. This should iddlirde the specific
objectives, the test programmes and the measuring methods including calibratioh and the method
of plant operation.

b) |A test procedure should be prepared and agreed upon by the relevant parties before beginning the
test campaign to allow sufficient time for the test to be set up. The corréction methods dr curves to
the plant reference condition should be previously agreed to in thé-test procedure.

c) |The schedule of test activity and the detail of test procedure should be further agreed ypon by the
relevant parties as early as practically possible.

d) |Any deviation from the test procedure and guidelines.given in this document should b¢ identified
and recorded and the involved parties should agree:on a resolution for each recorded deviation to
avoid aborting the test run.

e) |The responsibilities of test personnel andithe organization conducting the perforgnance test
should be agreed upon by the relevant pafties, and representatives of all the parties |nvolved in
the test should be present to verify that tests are conducted according to the test pro¢edure and
the guidelines given in this document:‘A’leader should be designated and made responsjible for the
conduct of the test.

f) |Pre-test uncertainty analysis.should be confirmed. This includes calculating and intdgrating 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 appropriage accuracy
grade and confirming the accuracy grade of each instrument system.

g) |Measurement locdtions, which should be prepared at the design stage, should be selected to provide
the lowest level'gf measurement uncertainty. The preferred location is at the test bounddry, butitis
possible to move the location if it is the best place for determining the required parametlers.

7.2{2 Power plant and capture unit conditions

Prigr.torcommencement of the tests, the power plant and PCC plant equipment including the auxiliary
unitsshould be in good working order. Each should be free of leakage, failures and|any other
malfunctions that could influence the performance of the PCC plant. Equipment that is not operating
properly should be identified and the possible influence of any such malfunctions should be evaluated.

The cleanliness, condition, and age of the equipment should be determined. Cleaning should be
completed prior to the test and equipment cleanliness agreed upon.

Any condition that can influence the test results should be kept steady before the test begins, and
shall be so maintained throughout the test within the limit of permissible variations to ensure that the
facilities can be considered to be in steady state operation.

All chemicals related to PCC plant operation should be analysed to determine and confirm the
concentration requirement as per design values. If any concentration is out of the allowable range,
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the relevant chemical should be replaced or adjusted by a new and clean chemical additive and/or

chemicals.

All effort should be made to conduct the test as close as possible to the plant reference conditions. The
plant reference condition is defined by the plant operator as a stable operating condition of the power
plant with the rated load operation or the ordinary load operation. Operating parameters should be
within the ranges given in the Table B.2, within the ‘Allowable maximum deviation from plant reference

conditions’

column.

The test should be conducted under such conditions that all required measurements referred to in
Clause 5 are fulfilled.

The result

b of the test run can be used to determine the KPIs defined in Clause 9 and the check 1i5

the performance evaluation is explained as a sample procedure to obtain some of the KPIs in-Annex

Further inf
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¢ presents the requirements for the instrumentation to be installed or used and
Hed measurement methods.

mutual agreement of all parties involved isithe tests, more advanced instruments 1
the recommended instruments recommended, providing that the application of {
s has demonstrated accuracy and reliability.

[ and measurement methods should*be followed according to the standards or meth
internationally, which are recdmmended in Annex C, so that these results can be tra
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PCC plant i
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The follo
methods f¢
in Annex C
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Instrumen

standards are for the different power plant performance tests, they can also be applied
tegrated with a power plant:

ement point list and loeation are summarized in Figure 3 in Clause 4.

r a PCC plant petformance test. Detailed description and further information is preser

strument classification

[s-are classified in accordance with both the use of the measured variables and dependin

t of
| F.

the

mentation recommended might become more rigorous and accurate as technology advanices.

may
uch

ods
red.
for

ing clauses indicaté’the general requirements for the instrumentation and measurenpent

ted

D

how the m

bastired variables affect the final result

a) Primary variables: variables that are used in calculations of test results

They a

re further classified into:

1) Class 1 primary variables: those which have a relative sensitivity coefficient of 0,2 (%/%) or
greater, which require higher-accuracy instruments with more redundancy than Class 2.

NOTE

The relative sensitivity coefficient is defined as a relative change in the result divided by the

relative change in a parameter (or variable) evaluated near a desired testing point and expressed as a
percentage.
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2) Class 2 primary variables: those which have a relative sensitivity coefficient of less than

0,2 (%/%).

b) Secondary variables: Variables that are measured but do not enter into the calculation of the test
results. These variables are measured throughout a test period to ensure that the required test
condition was not violated.

8.1.3 Measurement uncertainty

The measurement of each quantity used for the calculation of the test result is liable to some degree

of e

d effect of

med

The
cled
med
ung
inst

For
cho
req
unc

8.1

rror and the test resnlt is thjprt toa dpgrpp of lmrprfninfy dpppnding on the combin
lsurement uncertainties as indicated by the formula defined in ISO/IEC Guide 98-3:2008

measuring uncertainty and calculation procedure of the overall test result uncéntainty
rly reported, including all inputs and assumptions, formulation and calculation proc
isuring uncertainty, as well as the overall test results uncertainties, can be)calculate
ertainties of the individual measurement as per ISO/IEC Guide 98-3 and the referred st
rumentation and measurements of this document.

pre-test uncertainty analysis, the level of uncertainty for each individual measureme
cen in reasonable relationship with the influence of the reading based on the overall y
lirement and instrument classification. Typical accuracy leyel.s given in Table C.1 for
ertainty that should be expected for individual measured yariables.

4 Calibration of instrument

Priary instrumentation calibration shall be done~béfore the test and it should not be

tha
the
cali
inst

8.1

It i

h one year before the test. Calibration guidelines are contained in Annex C. Any caliby
test shall be decided under mutual agreemeiit between parties involved during the test
bration shall be chosen in reasonable relationship with the influence of the reading b3
rument classification, as explained in Afihex C.

5 Permanent plant instrument

denponstrated to meet the gverall uncertainty requirements. In the case of flow measu

inst
metf
req

Thi
anyy
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Ver

rument measurements. (process pressure, temperature, differential pressure, or p
ering device) should be'made available because plant flows are often not rigorous eno
1ired accuracy.

5 document recommends the use of permanent plant instrumentation for tank level va

ced for primary variable measurements, the equipment should be verified before startin

ficdtion of the permanent plant instrumentation involves a set of checks that establish t}

5.1.3.

r should be
edure. The
l from the
ndards for

nt shall be
ncertainty
systematic

done more
ation after
. Degree of
sed on the

only acceptable to use permanent plant instrumentation for primary variables if they can be

rement, all
ilses from
gh for the

riations or

type of cr@ss-check against temporary instrumentation. In case permanent plant instrymentation

b the test.

e evidence

(by|catibration or inspection) that specified requirements have been met. It provides a meaps for drift
check between values Indicated by a measuring instrument and corresponding known values that
are consistently smaller than tolerance or allowable limits defined in a standard, test procedure or
specification.

8.1.6 Redundant instrument

Redundant instruments are two or more devices measuring the same parameter at the same location.
Redundant instruments should be used to measure all primary (Class 1 or Class 2) variables.

Other independent instruments in separate locations can also monitor instrument integrity. An example
would be a constant enthalpy process in which pressure and temperature in a steam line at one point can
be used to verify the pressure and temperature of another location in the line by comparing enthalpies.
Flow measurement in the condensate phase obtains a higher accuracy in general than in steam.
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8.2 Measurement method

8.2.1 Fluegas

COy capture efficiency defined in Formula (1) of 5.3 is verified in relation to the flue gas conditions in,
or close to, the reference conditions.

a) Flue gas flow rate

ISO 10780, which requires a multipoint traverse of the stack or duct during sampling to account for
components or items distributed along the diameter side, may be used to determine the flue gas
flow rgte. This can be done at the PCC flue gas inlet sampling locations, using specified measufing
methofs detailed on referred ISO 10780.

b) Moistyre measurement

The refcognized methods applicable to determine the moisture content of flue gas\at the PCC flue
gas inlet and emission side outlet are:

— abjorption weighing method, which passes the sample gas through.an absorption tube pand
measures its mass increase;

— chjlled mirror technology, which uses a mirror that is chilled te’”dew point for moisture to sfart
condensing on it (1SO 6327);

— capacitive or dielectric instruments methods, which have.a material that changes its dieledtric
prpperties and increases its capacitance by absorption of moisture.

There pre many technologies for moisture measurement purposes that can be applicable, provided
that sych applications have a demonstrated accuragyequivalent to those required in this documjent.
The aplplication is the same for the moisture content of product CO; stream.

c) Oxygen and carbon monoxide measurements

Measufrement methods based on onling analysis by non-dispersive infrared sensors or equivalent,
or thope based on sampling and manual analysis (titration), such as an Orsat analyser, car} be
used. [Note that NH3 may be present, and its interference should be checked through evaluatiop of
uncertainties level dependingen-the PCC process. Applicable recognized equivalent standards|are
given in C.8.2, and may be used to determine oxygen and CO; levels at the PCC flue gas inlet pnd
emissipn side outlet

8.2.2 Prpduct CO3 stream at the CO2 compressor outlet

a) Purity|of product CO; stream

COy purity|is measured based on the guideline set by the ISO 6974 series, using gas chromatography
optimized for
gas chrom

If the impurity compositions are known, Oz, moisture and N3 levels can be measured and their sum
deducted from 100 %, also using ISO 6974 optimized for this purpose. The leakage of air, which is the
cause of increased uncertainties, should be completely avoided in this sampling.

It is also possible to measure the CO, with titration analyser (equivalent to an Orsat analyser); but, this
method may require a high level of skill of test personnel.

b) Flow rate of the product CO; stream

Generally various types of flow metering technologies have been used to meter CO; streams across
various applications, including CCS systems. Consideration should be given to the pressure drop
incurred by installing flow meters in the pipeline to check if this could inadvertently change the
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phase and fluid properties of the CO; stream (especially if flow conditions lie close to the CO; phase
boundaries). This will necessitate an accurate understanding of the flow conditions at the given meter
locations. Clear knowledge of the fluids density and viscosity is also required.

DP type meters provide the most common flow-measurement device, in particular in CO enhanced
oil recovery applications. Its use should be based on a series of ISO 5167, on the condition that the CO;
stream shall be almost pure and stay as a single, stable phase to maintain measurement accuracy. In this
case, special care is necessary when routing the lead pipe connecting to the tap of the DP type meter, as
specified in the ISO 5167 series. One of the main drawbacks of orifice plates is their low turndown ratio,
which means they have a limited flow rate range over which they can accurately operate.

Tur
sup|
flui
rec

Pip
affd

bine meters have been used for decades within industry as a method for measuring beth
ercritical CO, flow in pipelines. These meters will work in single phase gas, liquid-or.sy
1, if of the correct design. In the gas phase, ISO 10780 may be used. Applicable’sta
mmended in C.8.

blines should be of considerable diameter to economically transport large-volumes of CCO
ct the choice of flow meter, because some types of flow meter can only operate over limit

diameters.
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gas may give significant problems in flow measurement at supercritical condition
jculty of density determination. There are a number of options, such as electronic devices
U meters and mass flow techniques (Coriolis type) that fray be utilized, if applicati
rument has demonstrated accuracy equivalent to that required by this document. To
iracy of flow measurements, flowmeters should have:required amount of straight pipe
tream and downstream of the meter, depending on theitype of flow device.

location before CO; compression contains thes¥olume percentage of water with ppm
N>, and NHj3, if any in some cases. Flow measurement devices such as vortex type are
vever, in this case, loss of CO2 during the campression including the dehydration (1 % t
erally, depending the process) can be expected and shall be deducted to obtain the inf
am flow rate, if these losses can be clarified. If a DP type meter is applied to a low pressu
n increase the electrical energy conmsumption, depending on the applied DP type meter.

3 Steam and steam condensate

eral flow measurementzisbased on ISO 5167 and ASME PTC 19.5. Measurement of the ste
m condensate is based on [EC 60953-1. The temperature and pressure measurement is
he above measurenment and IEC 60953-1 can also be applied.

Othler applicable standards are recommended in Annex C.

8.2

Pos
rec

4 Cooling water

Kible ‘measurement options are shown in IEC 60953-1:1990, 4.3.9, other applicable st
mmended in Annex C.
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8.2.

60953-1 can be applied to temperature and pressure measurement.

5 Electric power measurement

Electrical power measurement should be based on IEC 60044 series, [EC 61869 series or ANSI/IEEE 120.

Additional information on watt-meters, which is one option for measurement, is given in Annex C.

8.2.

6 Measurement of pressure and temperature

The measurement of pressure and temperature is based on IEC 60953-1. Applicable recognized

equ

ivalent standards are recommended in Annex C.
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8.2.7 Da

ta collection and handling

A data acquisition system is used to collect the test data to the extent possible. Other parameters will
be recorded manually, such as equipment settings, and significant observation during the test. The
observations shall include the date and the time of day, ambient conditions (temperature, pressure and
relative humidity). The position of each measurement shall be clearly marked on the flow sheet. They
shall be the actual readings without the application of any instrument corrections.

The automatic data collecting equipment shall be calibrated to secure the required accuracy. If the
calibration is impractical, each piece of equipment in the measurement loop should be calibrated
individually considering the entire measurement loop.

Signal inpy
of new cali

The simult

9 Evalu

9.1 Intr

This clause
power plar
process pe
The proces

specified il Annex E. The symbols used in this clause are defined in Clause 3.

In the calc
source of
generated
in the sam
PCC plant
energy fro

In addition|

ts from the instruments should be stored to permit post test data correction for appli¢a
bration corrections.

ation of key performance indicators

bduction

defines the indicators for process performance evaluatign.of a PCC plant integrated wi
t. Utility consumption (steam and electrical energy consumption) has a major impact on|
Fformance of a PCC plant and shall be evaluated usinig\the indicators described in this cla
s performance should be evaluated under the design condition and the reference condit

hlation of the indicators, the amount of energy (thermal and electrical) is important but
he energy is not essential even though any associated CO; emissions are. Therefore, ut
by renewable energy such as sun, wind, water, biomass and geothermal energy can be tre:
b manner as fossil source. However; it is acceptable to offset the energy requirement of
through the utilization of waste€ energy. For example, one can use the recovery of ther
n the power plant flue gases to partially meet the heat requirement of the PCC plant.

to the KPIs in this clausej.there are other informative performance indicators introduce

fion

hneous reading of certain test points under the same conditions from the multiple instrunpent
inputs shotilld be considered to attain the required accuracy.

th a
the
Lise.
ons

the
lity
ted
the
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d in

annex D inf order to evaluate process performance of post-combustion CO; capture integrated with a
power plarjt.
9.2 Spegific thermal‘energy consumption (STEC)
STEC is th¢ thermalenergy consumed to capture and compress/liquefy a tonne of CO. STEC shalll be
calculated py:
q xh -q xh 1
STEC - mysteam steam m condensate condensate (7)
dmco, 10°

where

STEC is the specific thermal energy consumption [G]/t];

qmco is the mass flow rate of a product CO; stream [t/h].

2
quOZ = quOZ_comp_b or qu02 = quOZ_Comp_a
Qmstream 1S the mass flow rate of steam to a PCC plant [kg/h];
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qm conden- 1S the mass flow rate of condensate from a PCC plant [kg/h];
sate
hsteam is the specific enthalpy of steam [k]/kg];

hcondensate 1S the specific enthalpy of condensate [Kk]/kg].

Thermal energy can also be provided by another heat transfer media other than a single steam source

wit

h returning it as condensate in which case Formula (7) needs to be modified.

The flow rate of the captured CO stream (g,,cq.. ) shall be measured by the flow meters installed in the

pro
m

If a
con

9.3

SEQ

ene

que

des
Bas

4mco,
where
SEC is the specific electrical energy consumption [kWh/t];
dmco is the mass flow rate of.a product CO stream [t/h];
2
Ppcc is the electrical pewer requirement of the PCC plant [MW]
NOTE The electrical-energy consumption in the PCC plant is defined by the boundary in Figui

requiired electrical energyconsumption for CW supply to PCC plant is considered in Formula (6). This

nee
in 6]

Thd
the
Am

9.4

duct CO, stream line before or after CO; stream compression/liquefaction (choz_
0,_comp_b) as described in 5.4.

steam turbine driver is applied for compressors or pumps instead of an elegtric moto
sumption shall be considered to calculate STEC.

Specific electrical energy consumption (SEC)

is the electrical energy consumed to capture and compress/liquefy a tonne of CO». Th
gy consumption consists of all consumptions at facilities such@s flue gas pre-treatment
ncher), CO; capture, CO; stream compression and utility system (e.g. CW supply systemn
Cribed in 6.4 and informative procedures for obtaining Ppc¢ are introduced in Table F.3
ed on the summation of all sources of electrical energy.consumption, SEC shall be calculg

P
SEC=—LCC %1000

s to take into aceount any reductions in CW supply to the host power plant and auxiliary unit ¢
4.1

flow rate of the captured CO; stream (qmcoz) should be measured by the flow meters

product COz line before or after CO; stream compression/liquefaction (qmcoz_

comp_a and

[, its steam

b electrical
(including
). They are
pf Annex F.
ted by:

(8)

fe 2 and the
calculation
s described

nstalled in

Lomp_a and

05 tomp b) @S described in 5.4.

Specific equivalent electrical energy consumption (SEEC)

SEEC is the overall electrical energy consumption attributed to capture and compression/liquefaction
of a tonne of CO;. SEEC is calculated as the total change in gross power output due to PCC plant divided
by the amount of CO; captured:

Pigp tP
SEEC =-LGP " "PCC . 1 000
quOZ

where
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SEEC
dmco,

PLgp

Ppcc

NOTE

is the specific equivalent electrical energy consumption [kWh/t];

is the mass flow rate of a product CO7 stream [t/h];

is the change in gross power output due to the steam extraction from the host power
plant steam cycle and/or auxiliary unit [MW];

is the electrical power requirement of the PCC plant [MW].

without ins

9.5 Speq

SRCE is thg
implement

SRCE can b
SRCE 5

where
SRCE

dmco,

dmco,

PNET,re

PNET,c:

When the
include theg

ing the PCC process to the host power plant.

allation of CO7 capture.
ific reduction in CO2 emissions (SRCE)

calculated net decrease of the COz emissions per unit output of a referencepower plan

e calculated by:

AmCo, ref  9mCO,e,cap

PNET et PNET,cap

is the specific reduction in CO emissions [t/MWh];

ref is the mass flow rate of CO, emission from areference power plant [t/h];

, cap is the mass flow rate of CO, emission from a power plant with a PCC plant [t/h];

f is the net power output of @ reference power plant [MW];

p  isthe net power output'of a power plant with a PCC plant [MW].

steam and/or electric energy is supplied from an auxiliary unit, the terms in Formula
total emission and cdutput power of the host power plant and the auxiliary unit.

For a new power plant, a reference plant can be developed that uses same generation technology but

[t by

[10)

10)

9.6 Spegific absorbent consumption and specific chemical consumption (SAC and SC()
SAC and S(C are the-armount of absorbent and chemicals, respectively, which are consumed to capfure
and compress/liquefy a tonne of CO2. SAC and SCC shall be calculated by:
SAC = _Im absorbent 11)
dmco,
scc = Imchemical (12)
quOZ
where
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SAC is the specific absorbent consumption [kg/t];

Scc is the specific chemical consumption [kg/t];

q is the mass flow rate of a product CO7 stream [t/h];
mCOZ

qm absorbent 1S the consumption rate of absorbent at a PCC plant [kg/h];

qm chemical 1S the consumption rate of a chemical compound at a PCC plant [kg/h].

The absorbent that 1s regenerated by the reclaiming system shall not be imcluded as|absorbent
congumption, but the absorbent that is discharged from the PCC plant as waste shall be in¢ljded. Other
chemicals used in PCC plant that cannot be regenerated shall be included as chemicalconsumption.
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Annex A
(informative)

Summary of streams and equipment nomenclature

A.1 General
The purpdse of this annex is to summarize the different streams and equipment that could be
encounter¢d when using this document.
A.2 Sunmmary of streams and equipment nomenclature used in thiss<document.
This anney refers to Figure 2 and Figure 3 of Clause 4. Table A.1 summarizes the different streams pnd
equipment/number (in ascending order) as listed in Table 1 to Table 5 of Clause-4-
Table A.1 — Description of streams and equipment shown in Figure'2 and Figure 3 of Claus¢ 4
Streaml/ Stream origin/ Relevant fo
Equipment Description Equipment loca- which KP[I
number tion evaluatiop
Host power plant boundary - this block flow cenfigura-
b —
1 tion is typical for a coal fired boiler and a GTEE plant Host power plant
Pre-treatment section (quencher, deep-FGD; flue gas fan) —
- conditioning of the flue gas in preparation for separa-
2 tion of CO3. This can include remoyal of contaminants PCC plant
that could damage the absorbent ortemperature control
to optimize absorber efficiency, etc.
3 CO3 capture section PCC plant —
4 CO7 stream com_p_resg10n/11quefact10n section (including PCC plant —
CO3 stream purification)
5 CO7 transportation)system (Out of boundary) —
Gas turbine in'a GTCC - the item designated as a boiler —
62 (70) wouldbe-a HRSG and the air preheater and forced Host power plant
draft fa [72), particulate removal system (74), and FGD p p
(75) would be removed
Ducting to a stack if required (this stream, if it exists,
7 fpight contain residual CO7) PCC plant SRCE
10 Flue gas from host power plant Host power plant SRCE
11 Flue gas from auxiliary unit (auxiliary steam and power Auxiliary unit SRCE
generation system, #30)
Treated flue gas (mostly nitrogen, but might contain
12 residual CO3) to be vented or sent to a stack PCC plant SRCE
13 Product CO3 stream, sent for transport PCC plant SRCE
CO2 vent stream to the atmosphere required for start-up,
14 shut-down, emergency and during significant operation- PCC plant -
al disturbances
b Boundary.
¢ Onlyin the case of coal fired boiler.
g  Onlyin the case of GTCC.

40
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C

8

Only in the case of coal fired boiler.

Only in the case of GTCC.

Stream/ Stream origin/ Relevant to
Equipment Description Equipment loca- which KPI
number tion evaluation

15 Waste water sent for treatment PCC plant SCC

16 Waste sent to a waste handling system PCC plant SAC and SCC

17 By-product PCC plant SAC and SCC

18 Fresh absorbent PCC plant SAC and SCC
CW generation SySTem — the Coolng SyStem can in- —

20 clude cooling towers, a once-through CW system, or Auxiliary unit
air fin coolers

21 CW intake - A CW intake can be common to the host Auxiliary unit —
power plant or the PCC plant y

22 CW outfall - A CW outfall can be common to the host AuxihiS®y unit —
power plant or the PCC plant 4

23 Air fin cooler integrated into PCC plant PCC plant —

24 Auxﬂlary stegm generz?tilon sysjcem - e.g. HRSG on auxil- Auxiliary unit —
iary gas turbine or auxiliary boiler

25 Steam distribution system Auxiliary unit —

26 Auxiliary gas turbine Auxiliary unit —

27 Auxiliary generator Auxiliary unit —

28 Waste water treatment system Auxiliary unit —

29 Waste handling system Auxiliary unit —

30 Auxiliary steam and power generation system Auxiliary unit —
Power distribution system - controls the amount of

31 power diverted to the PCC plaht'to operate fans, pumps, Auxiliary unit SE({ and SEEC
blowers, and the compresgsion system
Steam from a host powerplant - although labelled as

35 steam here, this can.also be a different thermal energy Host power plant STEC
transfer medium.(é:g. hot oil)
Steam from an\auxiliary steam generation system -

36 although labelled as steam here, this can also be a differ- Auxiliary unit STEC
ent thermal'energy transfer medium (e.g. hot oil)
Steam.stipplied from the host power plant to PCC plant
todnive absorbent regeneration and other processes - . .

37 although labelled as steam here, this can also be a differ- Auxiliary unit STEC
ent thermal energy transfer medium (e.g. hot oil)
Exhaust steam from the PCC to the host power plant - if

38 steam is the heat transfer medium used in the PCC, any PCC plant STEC
exhaust steam can be returned to the host power plant
Steam condensate from the PCC to the host power plant

39 - if steam is used and condensed in the PCC, this stream PCC plant STEC
returns the condensate to the host power plant

40 Steam condensate return to the host power plant Aucxiliary unit STEC

41 S_team condensate return to the auxiliary steam genera- Auxiliary unit STEC
tion system
CW feed - if the CW system for the host power plantand/| Host power plant

42 or auxiliary unit is used to supply CW to the PCC plant, it . . STEC
is accounted for in this stream Auxiliary unit

b Boundary.

© ISO 2018 - All rights reserved

41


https://standardsiso.com/api/?name=b50b8fae6f177b743484a7627996a2fe

ISO 27919-1:2018(E)

Table A.1 (continued)
Stream/ Stream origin/ Relevant to
Equipment Description Equipment loca- which KPI
number tion evaluation
43 CWreturn - CW returned frorln.the PC(} to the host PCC plant STEC
power plant and/or to the auxiliary unit
Rejected heat from the process cooler integrated into the
44 PCC plant ( 23) PCC plant STEC
45 Electricity from an auxiliary power generation system Auxiliary unit SEC and SEEC
46 Electricity from the host power plant to the PCC plant Host power plant | SEC and SEEC
47 Fuel to the auxiliary steam and power generation system| Auxiliary unit )
48 Chemicals PCC plant SACand SqC
49 Demineralized water, industrial water PCC plant SAC and S(C
Electricity diverted to power equipment and systems as-
50 sociated with the PCC plant, including fans, pumps, and Auxiliary unit SEC and SEEC
the compression system
51 Net power export Host pewer plant
P P 3 P SEC and SEEC
Auxiliary unit
52 Electricity diverted from the host power plant or the Host power plant
auxiliary power generation system to power other . ) SEC and SEEC
equipment within the same plant or system Auxiliary unit
Medium transferring waste heat from the PCC plant to
55 the host power plant - (e.g. boiler feed water forpre- PCC plant STEC
heating)
Host power plant waste heat used in the PGG plant or
return of PCC plant waste heat used in the host power
plant - this stream can represent host'\power plant waste
56 heat that is used in the absorbent tégeneration process Host power plant STEC
in the PCC plant or the return ofwaste heat that was gen-
erated in the PCC plant and used in the host power plant
(e.g. boiler feed water preheating)
Medium transferring waste heat from the host power
plant to the PCC plant. A common source of waste heat in
57 a host power plantisthe heat contained in the flue gas. Host power plant STEC
This stream integrates the heat supplied to the PCC plant
by stream 37
Power plantvwaste heat return from PCC plant - this
58 streantyepresents the return of waste heat from stream PCC plant STEC
57 £o the host power plant
Use of PCC plant effluent in FGD - waste water from the —
59 PCC plant can potentially be used as make-up water in Auxiliary unit
the FGD system
Flue gas after pre-treatment - this stream is the flue gas —
stream after contaminants have been removed and tem-
60 . : : PCC plant
perature adjustments have been made in preparation for
entering the absorber (from item 2 to 3)
The product CO; stream leaving the COz-capture sec- —
61 tion prior to entry into the compression system (from PCC plant
item 3 to 4)
65 Fuel to host power plant Host power plant —

b Boundary.

¢ Only in the case of coal fired boiler.

g  Only in the case of GTCC.

42

© IS0 2018 -

All rights reserved



https://standardsiso.com/api/?name=b50b8fae6f177b743484a7627996a2fe

Table A.1 (continued)

IS0 27919-1:2018(E)

Stream/ Stream origin/ Relevant to
Equipment Description Equipment loca- which KPI
number tion evaluation
70¢/8 Boiler - or HRSG in GTCC case Host power plant —
71 NOx removal system Host power plant —
72 é'i‘rc%rsgse:)ter and forced draft fan (not applicable in Host Power Plant —
73 Elue gas heat recovery system Host power p]:lnf —
74c Particulate removal system (not applicable in GTCC case)| Host power plant —
75¢ FGD (not applicable in GTCC case) Host power plant —
76 Flue gas heater, if necessary Host power plant —
77 Stack and treated flue gas duct Host power plant —
80 High pressure (HP) - intermediate pressure (IP) turbine | Host power plant —
81 Low pressure (LP) turbine Hpst power plant —
82 HP heaters Host power plant —
83 Deaerators Host power plant —
84 LP heaters Host power plant —
85 Steam condenser Host power plant —
86 Power plant CW supply system Host power plant —
87 Power plant CW intake Host power plant —
88 Power plant CW outfall Host power plant —
89 Power plant generator Host power plant —
100b This line represents the PCC plant'boundary PCC plant —
101 Atmosphere (Out of boundary) —
102 Landfill and/or hydrosphere (Out of boundary) —
200b Auxiliary unit boundary Auxiliary unit —
b |Boundary.
¢ |Only in the case of coal fired'boiler.
& |Only in the case of GTCC(
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Annex B
(informative)

Test principles and guidelines

B.1 Emissions and any dicrhavﬂes d“vinﬂ the test

oTITaryg T T CITeteOT

a) Atmospheric emission

— AqCOyis captured in a PCC plant, the concentration of flue gas impurities (SOx, NOy,\PM, HCI
N0, Hgand NH3) will increase at the outlet of the PCC plant. For the existing localénvironme
regulations, it may be an issue, since the flue gas impurities would be over the limits.

— THe temperature at which the treated flue gas is discharged may also be-an'issue. Dependin
the technology, a temperature decrease of the treated flue gas may occuir. The lack of buoya
copld result in poor dispersion of its components.

— Fi

nally, the level of emissions of absorbent and absorbent degradation products might imj

the assessment of the key performance indicators.

b) Efflue

Efflue
chemi

c) Waste

It
t amount, pH, composition, suspended solids coucentration, biological oxygen demand,
al oxygen demand, and inclusion of regulated,substances should be made clear.

The amount of waste generated and its general characteristics regarding handling (water conf]
viscoslty), treatment method (Ca, N, Na ex'S content, heating value) and category (whether or n
is a harardous substance, based on localregulations) should be reported.

B.2 Additional testing

The owner]

plant perfgrmance and/or gather data during other conditions, such as load following or plant tr

The terms

approved document. This-annex may be used as a template for such testing.

B.3 Duration-and number of test runs

A test run

HF,
ntal

b on
ncy

bact

and

ent,
Dt it

(s) of the power plantand the PCC plant may wish to perform additional testing to deternpine

ips.

of the testing dnd‘performance criteria should be determined in advance and included in an

s a‘complete set of readings with the power plant and PCC plant running at stable opera

[ing

conditions. A test may be composed of a single test run or a series of test runs. To ensure repeatability
of the results, this document recommends that each test be composed of at least two or more test
runs. A test composed of different test runs can provide a means to validate and/or reject outlying
measurements. The final results used to calculate the KPIs should be the average of different accepted
test run results.

The duration of each test run should be determined by operating considerations and the requirements
of the involved parties. This document recommends the minimum duration of each test run according
to the typology of combustion system used in the power plant as indicated in Table B.1:
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Table B.1 — Minimum duration of each test run

Fuel type Test run duration
h
Solid fuel boiler (e.g. coal, lignite) 2
Fluidized bed/stocker and cyclone (e.g. petcoke, biomass) 4
Gas turbine/combined cycle (including supplementary firing) 1
0Oil/gas fired boiler 2
B.4 Pre-tests
Befpre starting the test campaign, several pre-tests may be carried out to tune or.setup the control
setflings to reach test condition requirements. They also help to identify any type of gnomaly or
equipment malfunction. To allow for any corrective action, this document regommends c4rrying out

prettests before the test campaign begins.

B.3 Start and stop of the test

Onde the test conditions are established and the stability criteria reached, the test leader sh¢uld decide

to start the test by recording and communicating the time and-date to all involved parties. T
run| for the duration that was mutually agreed upon. Duriig this time, the plant should b
under automatic, stable conditions. Control settings should not be modified during this pe;
end| of each test run, the time should be recorded and the-test leader should declare the end
to all the parties.

If th
test
con
the

e stability or test conditions are not compliantwith the given requirements during the t
leader may decide to stop and abort the test: The data taken during the part of the testr
pliant with the requirements can be cansidered acceptable for the evaluation of the pe
test run can be retained as valid with thte exception of where it deviates during the test.

B.4

Pri
des
refd
con
dur

Electrical and thermal consumption line up

r to beginning the tests)_all the electrical consumers should be aligned according t
gn configuration. Each electrical consumer should be identified and fed by the power p
renced in the test-plah. Any redundant consumers should be switched off. In case a
sumer cannot be-switched off, mutual agreement should be reached between the parti
ing the test to measure and deduct any additional consumption during the performance e

All
staf
alig
steg

thermal comsumption or steam extraction flows from the power plant should be alig
ting the test. The steam extractions and PCC plant equipment fed by the power plant

m- generator outside the boundary should be isolated; if this is not possible, it should be

he test will
e operated
iod. At the
of the test

bst run, the
in which is
rformance;

the plant
ant source
redundant
bs involved
valuations.

hed before
should be

ned, aecording to the plant design configuration. Any thermal source coming from othler plant or

measured

an

deducted during the nerformance evaluations
=] '

The electrical and thermal consumption line up should be done prior to start the test campa

B.7 Test conduct and evaluation principle

ign.

Sufficient readings for each measured parameter should be taken during the test duration to reduce
measurement uncertainty as much as possible. When a data acquisition system is used, a minimum of
30 sets of readings for each primary parameter should be recorded for each test run.

The arithmetic average of each reading should be calculated and the stability criteria should be verified.
Data acquired during each test run should be reviewed and rejected in part or in whole if they are not
compliant with the requirements within the stability criteria.
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B.8 Stability criteria for power plant and PCC plant

The PCC plant should be operated under stable conditions to ensure good quality measurements and
performance results. To do this, the power plant should meet stability criteria and requirements given
in the applicable international standards (e.g. the IEC 60953 series and ASME PTC 6 and ASME PTC 4).
This will ensure that all the interfaces between power plant and PCC plant is stable (e.g. flue gas flow,

steam extractions and power supply).

PCC plant parameters that do not interface with the power plant and ambient conditions should also
meet the stability criteria outlined in Table B.2 before and during the performance test:

Table B.2 — Stability criteria for power plant and PCC plant
Allowable standard Allo_wa!ble maximurg
Parameter deviati deviation from plant
eviation £
reference conditions
Gg¢nerator power output 0,25 % Noteg T
Ggnerator power factor +1,0 % Note 3
Gdgnerator frequency +0,25 % +2,0 %
Gdgnerator voltage — +5,0 %
Sdlid fuel characteristics (heating
: — Note 2
value and constituents)
Ngtural gas fuel heating value — Note 2
03 ygen leaving boiler/economizer (oil/ 0,2 %-Vol —
gals units)
Oxygen !eavmg boiler/economizer 1,0.9%-Vol —
(cpal units)
C( stream purity 0,5 %-Vol +1,0 %-Vol
CQ; flow +1,0 % +5,0 %
Cdndensate flow from PCC plant +1,0 % +5,0 %
Réfrigerant and cooling water tem- +1,0K +50K
pdrature
Ré¢frigerant and cooling waterflow +1,5% +15,0 %
Fyel flow (gas and oil) +1,3 % Note 3
Fyel gas pressure +0,65 % Note 2
Fyel gas temperature +3,0K Note 2
Exhaust flue gas terhperature +2,0K Note 3
Stpam pressurés (note 4) 0,5 % *3,0%
Stpam tefiiperatures (note 4) +2,0K +8,0K
Ambient'temperature (dry bulb) +2,0K Note 3
Ambabi 420K Note 3
Ambient pressure +0,5 % Note 3
NOTE 1 Refers to applicable steam-turbine or power plant standard.
NOTE 2 Values taken from fuel specification limits. If the fuel characteristics are not within these
limits, the involved parties should agree which correction is to be applied or postpone the tests.
NOTE 3 This value depends on the maximum or minimum specified value in the plant reference
conditions. Beyond this value mutual agreement should be reached for the correction.
NOTE 4 Parameters are inside of the test boundaries. They are monitored to ensure the entire stability
of the power plant operation. The values could be changed, depending on applicable standards of the
steam turbine performance test.
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Stability is calculated by the standard deviation of the measurements along each test run. To calculate
KPIs, a period of stabilization is required before each test run to ensure it is representative of stable
operations.
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Annex C
(informative)

Instruments and measurement methods

C.1 General

The follow|ng results are to be determined as part of the performance test standard:
a) Capturte efficiency (see 5.3);
b) Capturted CO; flow rate of a PCC plant (see 5.4);

c) Properfties of CO; stream at CO compression system output (see 5.5);

d) Specific thermal energy consumption (see 9.2);

e) Specific electrical energy consumption (see 9.3);

f) Specific equivalent electrical energy consumption (see 9.4);

g) Specific reduction in CO emissions (see 9.5);

h) Specific absorbent consumption and specific chemical:Consumption (see 9.6).

Items a) td e) are obtained directly from the measurément results. For the item f) to g), LGP: logs of
gross powgr output by the steam extraction from the steam turbine should be measured according
to IEC 60953-1 or IEC 60953-2 depending on the-type of a host power plant after the operation is
established based on the thermal energy requitément/consumption detail obtained by this documEnt.
Item h) is [calculated by the specific absorbent consumption and the specific chemical consumption
forwarded|by the technology suppliers.

C.2 Measurement points diagram

Suitable njeasurement equipment should be installed at different points of the PCC plant when
evaluating|the performance’of the PCC plant integrated with a power plant. Before starting the ftest
campaign, [the number,ahd the position of all instruments to be installed and used during the tgsts
should be fonfirmed.(For this purpose, this document recommends preparing a measurement pojnts
diagram and including it in the test procedure.

The PCC plant and all its interfaces should be represented in this diagram, including the line$ or
streams thatlink the equipment to both power plant and PCC plant. The type of sensor (e.g. presspre,
temperature, flow meter) that will be used for the performance verification test should also be
represented on the relevant line and equipment. Figure 3 shows a typical example of a measurement
points diagram.

C.3 Instrument classification

Any deviation, if the whole or part of the instrumentation does not fit with the recommendation given
here below, should be confirmed.

In the following clauses, accuracy recommendation is given for primary and secondary instrumentation,
according to the type of measured physical parameter.
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This type of instrumentation is installed temporarily before starting the test campaign and each
instrument should be calibrated in a certified laboratory according to the recommendations given in

the ISO 17025 and as per C.4.

If there is a high probability of a certain temperature, pressure or velocity profile at a specific
measurement point, this document recommends including sufficient measurements to take all possible
profiles into account. Averages may be calculated as a weighted average of surface or velocity, depending
on the physical parameter, according to the relevant international standards.

Table C.1 shows the typical accuracy and allowable systematic uncertainties for primary

instrumentation.

Table C.1 — Typical accuracy level for the instrumentation

Maximum allowable sy

stematic

Measured parameter Recommended devices Range uncertxty (accurhcy)
Prdssure Absolute, gauge and dif- All +0,3 %
ferential
Terpperature RTDa for temperatures <150°C [+0,3°C
Thermocouples for tem- >150°C +0,6-°C
peratures
Flow (water and steam) Venturi — Calibrated:
+0,5 % steam, £0,4 % water
uncalibrated
+1,2 % steam, 1,1 % water]
Orifice — Calibrated:
+0,5 % steam, +0,4 % watern
uncalibrated
+0,75 % steam, +0,70 % wafter
Flow (Flue gas and CO; stream) | Multipoint pitot tube — Calibrated:
+5,0 %
uncalibrated
+8,0 %
Coriolis — See C8.2
Ultrasonic — See C8.2
Venturi — +1,5%

Flug gas analysis

Oxygen portable ana-
lyser

+5,0 % of reading
+2,0 % of span

meter

Carbon monoxide (Orsat — +0,2 points

dITAlySEr )

Oxides of nitrogen — +10 ppm(v)

Ammonia — To be specified
Electrical power Wattmeter — *0,5%

Clamp-on — +2,0 %

Watt-hour counter — +0,03 %
Current Ammeter — 0,3 %
Voltage Voltmeter — *0,3 %
Frequency Electronic revolution — 0,1 %

a  RTD: resistance temperature detector.
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Table C.1 (continued)

Measured parameter Recommended devices Range Maximum al_l owable systematic
uncertainty (accuracy)
Ambient pressure Absolute pressure — +0,075 %
transmitter
Moisture Hygrometer — +2,0 % RH
Psychrometer — 0,5 %
Data acquisition Digital data logger — +0,1 %

a

RTD: re

istance temperature detector.

This docun

C.4 Cali

Table C.1s
a PCC plan
IEEE 120, |
should be 3

C.5 Mar

hent recommends using permanent plant instrumentation in this category.

bration requirements

hows the typical accuracy level for the instrumentation to be used to test'the performang
[. The calibration procedure and the acceptance criteria should meet ASME PTC 19.5, Al
A\STM E2744-16, BS 1041, and ISO/IEC 17025. Any other recognized.international stand
greed and accepted by the parties involved during the test.

jual measurement by international standard

The paramleters required for the basic PCC plant performance explained in Clause 5 will be measy

according
requireme
instrumen

C.6 Onlj

If the insty

to the measurement method explained in 8.2. This should be in accordance with

s of primary instrumentation grade.

ne measurement by temporaryor permanent plant instrumentation

umentation or measurement methods to be used are not addressed in this document {

they shouldl be subject to agreement between the relevant parties to determine the level of accurac

be applied

C.7

All the stre
the PCC pl
cases whe

The recom

to each respective instrument or measurement method.

Flow measurements

int should be meéasured or determined via indirect methods (e.g. heat and mass balancg
e a flow deyic¢e cannot be installed.

nendedflow devices to be used for flow measurements are given in BS 7405 and accord v

the guidelines,in"ISO/TR 9464. All measurements and evaluations using pressure-drop flow dev

should con

ply, with ISO 5167.

e of
(S1/
ard

red
the

nts for temporary instruments either manually” operated or a combination of onfline

hen
y to

ams crossing theboundary line of the PCC plant and used for the performance evaluation of

) in

vith
ices

This document recommends referring to ISO/TR 15377 if the measured steam flow is beyond that given
in ISO 5167.

The main applications for PCC plant performance test flow measurements are given below.

C.8 Flue gas and CO3 stream measurements

C.8.1 Flue gas flow rate

To determine volume flow rate, velocity traverse measurements are needed at numerous locations in a
plane perpendicular to the flow for large pipe diameters, or in closed conduits where pressure, velocity
and temperature profile can be present.
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Sampling should take place in a length of straight duct with constant shape and cross-sectional area, as
far as possible downstream from any obstruction that may cause a disturbance and produce a change
in the direction of flow. ISO 10780 requires that the straight duct that includes the sampling plane
should have at least seven hydraulic diameters long straight section and the sampling plane should be
located at a distance of five hydraulic diameters from the straight duct inlet to ensure the uncertainty
is 3 %. Other conditions specified include the Reynolds member should be higher than 1 200, which
corresponds to a flue gas flow rate of (5 to 50) m/s.

The measurements should be according to ISO 3966 and ISO 14164. These measurements should include
at least velocity pressure, static pressure, and temperatures at several locations corresponding to the
centres of equal areas with a probe inserted into the duct

3966 and
cording to
shape. The
D 3966 and

Pra
ISO
the
det
ASN

Ctically, large conduits may be not able to fulfil these duct requirements as per1SO
14164. If so, the number of the measurement points should be increased (up t6730) aq
recommendation of ASME PTC 19.5, depending on the actual straight length of the same
hils including Pitot type and the number of the sampling points are also referred to in IS
1E PTC 19.5.

calculated
difficult to

e plugging

The flow may be calculated from velocity, the duct cross-sectional area.and’the gas density
from the flue gas main components analysis. The duct cross-sectiohal area might be
det¢rmine accurately because of obstructions within the duct, or inaccurate dimensions. T}
of probes by the mist or droplet should be considered, depending owthe flue gas quality.

An
con
incl

alternative method or for cross check purposes, the flue.gas flow rate could be detdrmined by
bustion calculations. However, if all of the flue gas is.extracted for treatment, then some slip to or
usion of the air needs to be considered.

C.8{2 Flue gas composition

Thif document recommends that the relevantflue gas components (CO, SOy, NOy, or 02] should be
monitored continuously throughout the test, to ensure that the condition of the flue gas is maintained
wit

uni

The
per
flue
the

ISO

hin the acceptable variation range. The distribution of the component concentrations is 1
form, unless removing or mixing of the component occurs near the inlet of the PCC plant.

impurity components (SO2, SO3, NO2, HCI, HF, NH3, CO) and PM analysis can impact
formance and uncertainty ofithe measurement of the PCC plant. The methods of meas
gas impurities are not specified in this document and they should be cross-checked and
provision of information-from the flue gas source side.

10396 describes-thie’'method, and provides the guidelines to determine impurities (i.e. (

egarded as

on design,
irement of
[larified by

2, CO, NOx

and NH3) that willbefound in the product CO3 stream.

The following Standards are also recommended:

ISO 12039, IS0 17179, ISO 10849, EN 1911, ISO 7935, and ISO 15713

By Inéasuring or determining the quantity of impurities, the CO concentration can also be determined
by d¢i ; i ities e 07, €0, N0y ER i i easured by
the said standards. CO2 concentration can then be determined by subtracting the percentages of each

impurity from 100 %.

C.8.3 Treated flue gas composition from PCC plant

Applied standards are shown in Table C.2. If a regulated component is present in the flue gas its
measurement is not in the scope of this document, but they should be clarified in the performance test
procedure.
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