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reword

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

Atmospheric carbon dioxide (CO,) emissions must be reduced to meet climate change mitigation
targets. Including carbon dioxide capture and storage (CCS) in current emission reduction approaches
increases the probability of meeting these targets at the lowest cost to the global economy. CO, capture
from gases produced by combustion of carbonaceous fuels is the only technology capable of dealing
directly with emissions from power plants and other industrial sectors, such as cement manufacture
and fertilizer production.

This document is the second in a series of standards for post-combustion CO, capture (PCC) from a
power pla?t using a liquid-based chemical absorption process. Building on ISO 27919-1 on evaluation
of key performance indicators (KPIs), this document provides an evaluation procedure to assulre pnd
maintain rgliable performance of a PCC plant integrated with a power plant. New or revisedstandqrds
focusing o:[ other CO, capture technologies and approaches will be developed later.

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

Treated flue gas

Air pBoiler

Em— . Flue gas CO, Capture Co, Co, To
Fuel PGas turbine —> ; o — 1 €O, compression [——> storage/
Heat recovery rocess use

bteam generator

Steam + T
|
|
|
I

Steam turbine N
/generator

|

To grid

Electricity

Eigure 1 — Simplified block diagram of PCC

In a typical power generation facility, carbonaceous fuel (e.g. coal, oil, gas, biomass) is combugted
with air in[a boilerto’'raise steam. The steam drives a turbine or generator to produce power. In a gas-
turbine combined:cycle system, the combustion in the gas turbine drives power generation, while
steam gengrated through a heat-recovery steam generator produces additional power. Flue gas from|the
boiler or gastarbine consists maostly of No, CQ,, Hs0Q and Qs with smaller amounts of ather compounds
depending on the fuel used. The PCC process is located downstream of conventional pollutant controls.
Chemical-absorption-based PCC usually requires steam to be extracted from the power plant’s steam
cycle or the use of lower-grade heat sources for absorption liquid regeneration, depending on the
absorption liquid and process employed.

The economic and environmental value of a PCC plant is determined by its technical performance, as
well as its ability to achieve and maintain stable operation as required by its owners/stakeholders, as
follows:

— The owner of the flue gas source has an interest in sustained CO,-emission reductions.

— The owner of the CO,-product has an interest being able to supply CO, at the desired rate regardless
of external conditions.

vi © 1S0 2021 - All rights reserved
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The CO, receiver has an interest in CO,-product availability for its own operations.

Thus, this document describes a procedure that combines technology item evaluation procedure with
reliability, availability, and in some cases maintainability evaluation methods.

© 1S0 2021 - All rights reserved vii
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Carbon dioxide capture —

Part 2:
Evaluation procedure to assure and maintain stable
performance of post-combustion CO, capture plant
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majntenance programmes.

Thi

plamt operations using different capture technologies (i.e. absorbents), nor does it specify

opefrating conditions such as temperature éetc.

2 |Normative references

The following documents are_referred to in the text in such a way that some or all of th
conktitutes requirements_of‘this document. For dated references, only the edition cited 4
undated references, the latest edition of the referenced document (including any amendmen
[S0|27919-1, Carbpn dioxide capture — Part 1: Performance evaluation methods for post-com|
capture integratéed with a power plant

3 |Ternis, definitions, abbreviated terms and symbols

For[thepurposes of this document, the following terms and definitions apply.

a
povIer plant. The PCC plant separates CO, from the power plant flue gasin preparation for §
pwer plant,

brting (with respect to the basic design items ongoing, and the operational results of
t or unit as feedback) to ensure the (designed) performance of a PEG plant integrated |

sportation and geological storage. The physical system being‘addressed is a single p
N an optional auxiliary unit to provide thermal energy required’for the PCC plant, and a

formulas and methods to assure and maintain reliable performance, presented in this
Cribe issues addressed during the design and construction phases and practices thaf
hbility and availability during routine operation. These practices would also guic

5 document does not provide guidelines forsbenchmark, comparison or assessment stu

5 document provides definitions, guidelines and supporting information for evalgating and

h reference
vith a host
ubsequent

single PCC
document,

document
e ongoing

(jies for PCC

ppropriate

Pir content
pplies. For
[s) applies.

pustion CO,

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

3.1
3.1

[SO Online browsing platform: available at https://www.iso.org/obp

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

Terms and definitions

a

administrative delay
delay to maintenance incurred for administrative reasons

[SOURCE: IEC 60050-192 (192-7-12), modified — “maintenance action” was changed to “maintenance”]
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3.1.2

availability

ability of a PCC plant (3.1.20) integrated with the power plant to be in a state to perform as required
under given conditions at a given instant of time or over a given time interval, assuming that the
required external resources are provided

3.1.3
corrective maintenance
maintenance carried out after fault detection to effect restoration

Note 1 to entry: Corrective maintenance of items disrupts the plant availability.

3.1.4
derated
derating
difference petween the maximum and the dependable one, or such a condition

Note 1 to enftry: For derated hours, it means operating time with the rated output lowered.

3.1.5

downtime
time interyal for which the item (3.1.9) is in a state of being unable to perform as required dug to
internal fapilts, or preventive maintenance (3.1.24)

Note 1 to erftry: unavailable time

3.1.6
emergency operation
type of sudden shut-down (3.1.36) operation to protect hardware from damage

3.1.7
external ipfluence
critical subjects occurring outside the PCC plant(3:1.21) evaluation boundary

3.1.8
failure mgchanism
process that leads to failure

Note 1 to erlltry: The process may be physical, chemical, logical, or a combination thereof.

[SOURCE: IEC 60050-192:20157192-03-12]

3.1.9
item
subject bei.[|g considered

Note 1 to emtry¢ An'item may be an individual part, component, device, functional or process unit, equipnjent,
subsystem, pr’system, related with technology.

Note 2 to entry: An item may consist of hardware, software, people or any combination thereof.

[SOURCE: IEC 60050-192:2015, 192-01-01, modified — “functional unit” was changed to “functional or
process unit” and “system” was changed to “related with technology” in Note 1. Note 3 to Note 5 were
deleted.]

3.1.10

logistic delay

delay, excluding administrative delay (3.1.1), incurred for the provision of resources needed for a
maintenance (3.1.12) action to proceed or continue

[SOURCE: ISO 20815:2018, 3.1.24]

2 © IS0 2021 - All rights reserved
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3.1.11

maintainability

ability to be retained in, or restored to, a state in which the required function can be performed under
given conditions

3.1.12

maintenance

combination of all technical and management actions intended to retain an item (3.1.9) in, or restore it
to, a state in which it can perform as required

Note 1 to entry: Management is assumed to include supervision activities.

[SOPRCE: IEC 60050-192:2015, 192-06-01]

3.1113

mean downtime
MD|T
avefage of the downtime (3.1.5)

[SOPRCE: IEC 60050-192:2015, 192-08-10]

3.1114
mean time between failures
MTBF
avefrage time between failures that initiate a forced outdge (3.1.20), i.e. the quotient of|attempted
opefrating hours to the number of forced outages (3.1.20)

3.1{15
meantime between maintenance
MTBM
average time between maintenance (3.1.12),\i:e. the quotient of attempted operating hdurs to the
number of maintenance (3.1.12)

3.1{16
migsion time
durption of the mission

Note 1 to entry: Mission is the-state that the equipment or system is 100 % operational.
[SOPRCE: I1SO 10438-1;2007, 3.1.19]

3.117

norpinal product €0, capacity
NC
highest continuous flow rate of delivering captured CO, under typical representative conditi¢ns defined
by tlhe plant operator

3.1{18

normal operation
operation where the product CO, is exported to the transporting system maintaining the required
performance based on I1SO 27919-1

3.1.19

on-stream factor

OSF

ratio of the summation of all on-stream time to the reference period (3.1.31), with both expressed as
hours

©1S0 2021 - All rights reserved 3
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3.1.20
outage
time interval for which the item (3.1.9) is in a state of being unable to perform as required, for any
reason

[SOURCE: IEC 60050-192:2015, 192-02-19, modified — “a disabled state” was changed to “a state of
being unable to perform as required, for any reason”]

3.1.21
PCC plant
process and associated equipment that produces a CO, stream from combustion gases

[SOURCE: ISO 27919-1:2018, 3.1.26]

3.1.22
PCC plant capacity availability
PCA
availability] (3.1.2) of PCC plant (3.1.21) from a perspective of product CO, amourt{3.1.26) during a
reference period (3.1.31)

Note 1 to enftry: It is mathematically defined by Formula (3).

3.1.23
PCC plant Joad
ratio of thg product CO, capacity (3.1.27) in operation to the ‘nominal product CO, capacity’ (3.1.17)

3.1.24
preventive maintenance
maintenange (3.1.12) carried out in accordance with an“established time schedule and performed
according o a prescribed criterion

Note 1 to pntry: See also condition-based maintenance (IEC 60050-192:2015, 192-06-07), and schedfiled
maintenande (IEC 60050-192:2015, 192-06-12).

[SOURCE: [SO 23815-1:2007, modified —"criteria" was changed to "criterion". The Note and |the
following fext were deleted "in order to reduce the probability of failure or the degradation of|the
functioning of a crane"].

3.1.25
project cyfle
series of pHases of which a project consists, e.g. basic design, engineering, manufacturing, commissioning
and operatfion

3.1.26
product CP, amount
volume, m¢les or,mass of CO, resulting from the PCC process

3.1.27
product CO, capacity
total flow rate of the captured CO, exported

Note 1 to entry: It is generally expressed as product CO, amount per hour.

3.1.28

product CO, producibility

PCPB

ratio of the product CO, amount (3.1.26) produced to the nominal product CO, capacity (3.1.17)
accumulated during the reference period (3.1.31)

3.1.29
proven technology element
element with low or acceptable uncertainty levels

4 © IS0 2021 - All rights reserved
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3.1.30

redundancy

item (3.1.9) where an equivalent unit can be put online to provide the same function if the item (3.1.9)
fail to provide the service

Note 1 to entry: Redundancy is related to a strategy of design, where a spare system or component is provided
so that, even if one item fails, the spare system or component will operate in place of the deficient item such that
plant performance is not affected.

3.1.31

reference period
RP
perjod of time between an initial time and an end time over which all historical or projected pgrformance
mefrics are measured or projected

Note 1 to entry: Reference period is equivalent to period hours.

3.1{32

reljability
measure of the probability of success for an operation and, the ability ofleach item (3.1.9) to perform its
intgnded function as needed in an assembled PCC plant (3.1.20) duringZa given time intervallwithin the
des|gned conditions without failure

3.1{33
reliable performance
abiliity of a PCC plant (3.1.21) to function reliably as required

of the product CO, amount (3.1.26) produced to the scheduled CO, product amount r¢quirement

accyumulated period of time during stand-by and normal operation (3.1.18) including startup (3.1.39)
an shut-down (3.1.36) in between[SOURCE ISO 3977-9:1999, 3.98, modified — "from rpain flame
tion through to flame extinction" was replaced by " during stand-by and normal operatiop including
start-up and shut-down imbpetween"].

3.1{36

shut-down
event during which all required function of a PCC plant (3.1.21), and its equipment, is brought from an
opefrating state'to a stoppage state under the control of a programmed sequence

3.1)37
stapd:by state

43 ot et i i
nO UlJCl ClLllls ut} oLldiUT1 Cau_y U sSidrt

3.1.38

starting reliability

SR

probability of successful start-up (3.1.39) when the PCC plant (3.1.21) is on stream within a specified
period

3.1.39

start-up

act of getting a PCC plant (3.1.21) and its equipment from a stoppage state ready to activate its items
(3.1.9) to an operating state

© IS0 2021 - All rights reserved 5
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3.1.40

technical delay
accumulated time necessary to perform auxiliary technical actions associated with the maintenance
(3.1.12) action itself

3.1.41

time availability

TA

ratio of the subtraction of the summation of each element of the PCC plant (3.1.21) unavailable time

from the reference period (3.1.31) to the reference period (3.1.31)

Note 1 to enftry: Available time is calculated by subtraction of the unavailable time from reference period.

3.1.42
time relia
TR

ratio of th
maintenan

3.1.43

pility

unavailabjlity
(3.1.21) is not in a state to perform as required due to an dnternal faults or preverntive

PCC plant
maintenan

3.1.44
uptime
time intery

e (3.1.24)

Note 1 to e:]:
Note 2 to enftry: Available time.

al during which a PCC plant (3.1.21) is in a state of being able to perform as required

ry: Absence of necessary external resources may,prevent operation but does not affect.

e subtraction of PCC plant (3.1.21) unavailable time from the time between preventafive
fe (3.1.12) to the time between preventative maintenance (3.1.12)

3.2 Abbreviated terms

CCS carbon dioxide capture and storage
DSS laily start-up and stop

EHS bnvironment, health @nd safety
KPIs key performanceindicators

MAD mean administrative delay

MDT mean downtime

MLD mean logistic delay

MR mission reliability

MTBF mean time between failure

MTPM  mean time to preventive maintenance

MTTR mean time to repair

NC nominal product CO, capacity
NPC nominal product CO,
6
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OSF on-stream factor

OST summation of each element of on-stream time
PCA PCC plant capacity availability

PCC post-combustion CO, capture

PCP product CO, produced

PCPB product CO, producibility

PCNP product CO, not produced

RAM reliability, availability and maintainability
RP reference period

SC schedule compliance

SPQ scheduled product CO,

SR starting reliability

TA time availability

TBRM time between preventative maintenance

TQ technology qualification

TR time reliability

UT unavailable time

3.3| Symbols

Ngo number of forced qutages

Ngg number of failiges to start-up

Ngp number ofstarting attempts

Ngg numbérof successful start-ups

PC, | ninal 8eMinal product CO, capacity [t/h]

PRype- ™~ bonus production in excess of the planned capacity to make up the shortage of product Co,

PRypc amount [t] of NPC accumulated during the RP [t], calculated using Formula (4)
PRpcp product CO, amount produced [t]

PRpcy accumulation of the amount [t] of PCNP due to PCC plant capacity unavailability (excluding
external influences) during the RP [t], calculated using Formula (5)

PRspc scheduled product CO, amount [t]
PRgspc  shortage in product CO, amount compared to the scheduled during the RP [t]

t mission time in hours [h]

©1S0 2021 - All rights reserved 7
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t
t

repair

TEPDH

TESEDH

TEUDH

Tron
Tnmpr
TyvreM
Tost
Tpy
Tpon
Trp
Trsy
Tsy

TTBPM

TUTRP

TUTTBPM

preventive

time period for preventive maintenance (planned) [h]

time period for repair as corrective maintenance (unplanned) [h]

equivalent planned derated hours [h], defined as the product of planned derated hours [h]
and the size of the reduced capacity[t/h], divided by the NC [t/h] accumulated during the RP

[h]; EPDH may be caused by planned outages or capacity reduction resulting from plan
maintenance.

equivalent seasonal derated hours [h], defined as the product of the NC [t/h] minus the

ned

net

Huring the RP [h]; ESEDH may be caused by seasonal weather conditions.

bquivalent unplanned derated hours [h], defined as the product of the unplanned reduced
bacity hours [h] and the size of the reduced capacity[t/h], divided by the NC [t/h]'accumulz
Huring the RP[h]; EUDH may be caused by forced outages or capacity reductiontesulting f;
inplanned repairs.

forced outage hours [h]

MDT comprises of Typrrr, Tmremy Tmap @and Ty p in the case of long~term operation [h].
meantime between maintenance [h]

fummation of each element of on-stream time [h]

period hours [h]

blanned outage hours [h]

reference period [h]

reserve shut-down or service hours [hj

bervice hours [h]

ime [h] between preventative maintenance (TBPM), specifically the period of continy
pperation between the shut-down overhaul-based maintenance and the next

hccumulation of the®CC plant UT (i.e. downtime) during the RP [h] calculated using Formule

hccumulation ©f)PCC plant UT [h] during TBPM (excluding the time period for preven
maintenance)

base of-the'natural logarithm

failure rate in events per hour

depnendable capacity [t/h] and the available hours [hl divided by the NC [t/h] accumulated
I r J LT J | Sl 4 4 L7 J

ca-
ted
fom

ous

(2)

five

4 Principles

4.1 General

This document describes technology item evaluation procedure with reliability, availability, and in
some cases maintainability evaluation methods.

The evaluation procedure in this document assumes the following:

a) A PCC plant shall be designed, manufactured and constructed in line with proven and established
engineering practices during the whole project cycle.

© IS0 2021 - All rights reserved
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A PCC plant design may be a combination of proven technology items with some novel items that
can contribute to improving the performance and/or economy of construction or operation. The
level of novelty is related to the technological readiness of the applied technology items.

A shut-down of the PCC plant does not cause immediate stoppage of the upstream power plant.

A PCC plant is a maintainable system and availability may be improved if maintainability as well as
reliability of each technology item is improved through feedback of operational results, etc.

This document focuses only on critical items and parameters in terms of impact of reliability/

ava

4.2
Rel
Rel
a)
b)
4.3

For

d)
4.4

4.4

The
pro
are
6 ai

ilability/maintainability. Noncritical items and noncritical parameters will not be covered.

Reliable performance
able performance depends on having a PCC plant that performs as required.
able performance has two aspects:
that the required performance is satisfied at the initial conditions;

that it is maintained during a defined period.

Ensuring and maintaining reliable performance
a PCC plant to perform as required over the project cyele‘the following should be addressed:
basic concepts of availability, reliability and maintainability - refer to Clause 5;
guidelines for ensuring reliable performance at delivery in terms of design - refer to Clapse 6;

guidelines for adequate monitoring and forevaluating reliable performance in terms of operation
and maintenance - refer to Clause 7 andClause 8;

guidelines for reporting availability ~ refer to Clause 9 based on Clause 6, Clause 7 and (lause 8.

Procedure outline

1 Outline of procedure flow

evaluation procediire consists of process steps 1 to 6 crossing through actions in the related
ect cycle phasesand the block flow diagram in Figure 2 should be referred to. Process qteps 1 to 3
categorized.as wormative and outlined with each reference clause. Process step 2 (Details) and 4 to
e categorized as informative and also outlined similarly.

©1S0 2021 - All rights reserved 9
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Normative process steps

X Gm—

PPC plant definition (Process step 1)
Refer to 6.2

| (Process step 2 Details)

Informative process steps

Basic Design phase

Referto A.3

“

sic Design phases (Process step 2)
Outline Refer to 6.3, Clause 8

Engineering
Manufacturing
Commissioning

f=—————

e ] e

P

Opé¢ration and maintenance phases and
reporting availability

(Process step 3)
Reéfer to Clause 7, Clause 8 and Clause 9

I

| mechanisms (Process step 5)

| Refer to A.7 and Annex C

a If noyel items do netexist, go to End and otherwise go down.

b If noyel items beceme managed or can be treated in the next process step, go down and otherwise retui
procegss step 2. (Details) for modification.

¢ If noyel itenas; related to the above process steps become managed, go to End and otherwise return to pro

| @D

! RAM Analysis (Process step 4)
| Refer to A.5

Study of key faetors and failure

Refer to A.6 and Annex B

Qualification Study (Process step 6)

step R (Details) for modification including abandonment of applied design.

Modification |

n to

CESS

NOTE NovettenT mearns Tovel teCIToI0gy TTeTs.

Figure 2 — Block flow diagram of evaluation procedure

4.4.2 Process step 1 to 3 outline — Main part

a) Processstep 1 - PCC plant definition

The PCC plant definition sets the basis for the evaluation. The basic design requirement data for a PCC

plant should be referred to in 6.2.

NOTE 1
are proposed by the supplier.

10

These data are normally provided by the operator side except some performance values, when they
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Process step 2 - Basic design phase in the project cycle

The outline should be referred to 6.3 and details should be referred to in A.3. Applied technology shall
be completely described as the basis for evaluation.

The following points should be done through previous experience and research and development
results:

review and risk management of key items and parameters; and

NOTE 2 Key items and parameters are normally provided by the supplier.

Ref
c)

review and risk management of operational limits to the PCC design and process.
br to A.3.

Process step 3 - Operation and maintenance phase in the project cycle

Maintenance and monitoring of the PCC process shall occur to producé the evidence [of reliable

per

4.4

undertainty

a)
Thd

quantified. If the availability target is not met, the design'should be improved.

b)

Thd
ap
qu

In
req
con

c)
Qug

evidlence to reduceé uncertainties. Refer to A.7 and Annex C.

4.5
The

Fformance. Refer to Clause 7, Clause 8 and Clause 9.

3 Process step 4 to 6 outline — Evaluations of items peculiarto a PCC plant with some

Process step 4 -RAM analysis including definitions of the reliability for each item

effect of reliability of each item on the overall RCE"plant availability should be anflysed and

Process step 5 - Study of key factors and failute mechanisms

uncertainties in items caused from the gap'of the related parameters between experieince and the
ied design remaining in process step 2 (Details) (e.g. due to items peculiar to a PCC plant]) should be
itatively evaluated from the perspective of possible risk.

ase of significant gaps between) PCC experience or research and development and [the design
lirement for key items and parameters, a study of key factors and failure mechanismg should be
ducted.

Process step 6 - Qualification study or reporting

lification study, can’be used to manage the risk related to novel items remaining by| providing

Governing principles

following principles shall govern the evaluation procedure in the above process steps:

nnnnn 1 alan o b o oo

a)

b)

AR xzaliiadti o oo acc—clhal A oo d ot tbha baocioc dacign oo The lan
i1 uverlrdil t]lull TUIl LIIC U vVAadaIualivIll l.}l ULLOO OIIdIl UC tll L/l.}(,ll U dl UIIv UdoIv \A\/JASII }Jllud . p
shall include technical considerations and reporting requirements considering all the operating
conditions of a PCC plant defined in Clause 7. The plan shall support the management, data
collection, control and reporting of the evaluation activities as described in Clause 6 to Clause 9.

A basis for the evaluation (i.e. complete design requirements and descriptions of applied design
in various documents and drawings depending on importance of technical items and the project
situation) shall be developed as described in Clause 6 (6.2: process step 1 and 6.3: process step 2).
Additional information on evaluation basis is given in ISO/TR 27912 and ISO 27919-1.

Relevant acceptance criteria for reliability, availability and maintainability targets for both the
novel technological items, if they exist, and overall PCC plant shall be specified in process step
in 6.2. Before quantitative targets are set, the approximate impact of the costs of demonstrating
compliance should be considered.

©1S0 2021 - All rights reserved 11
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d) Screening of the PCC plant technology items shall be evaluated and screened based on analysing
the experience from a reference plant or similar plant and research and development results
to classify items (components, interface conditions, etc.) into proven and novel items. Novelty
suggests involvement of new technical items which include new component types or changes of
critical sizing parameters, or may include the case when known items have not previously been

e) All evidence shall be reported and updated with operational experience after plant cemmis
(typicglly after one year of operation) for the purpose of review or to provide feedback V
tangible evidence as instructed (Clause 7, Clause 8 and Clause 9).

The reguired functions of the PCC plant under given conditions should be evaluated to:

1) copfirm that the plant reaches its expected reliable performance (calculated at the basic de
phlase);

2) make potential adjustments to operation;

3) optimize maintenance activities (Clause 7, 8 and 9: process(step 3).

5 Availability, reliability and maintainability - basic concepts for a PCC plant

5.1 General

This claus¢ provides basic concepts of availability) reliability and maintainability for reporting

evaluation|of reliable performance applied to a*RCC plant. It comprises:

— spatial, temporal and ambient condition evaluation boundary;

12

used within required limits of operation (6.3: process step 2).

For proven technology items, one may refer to engineering practices.

For novel technology items, a preliminary assessment of the reliability may be performed using
available data. If there is insufficient data, the novel technology items may be replaced by proven

techndlogy items.

ion and quantification of availability;

ion and quantification efreliability;

ion and quantification of maintainability;

for avdilahility as KPI (refer ta 5 3)-

bion
vith

bign

and

time availability (TA);

PCC plant capacity availability (PCA);
for reliability (refer to 5.4):

mission reliability (MR);

mean time between failures (MTBF);
time reliability (TR);

starting reliability (SR);
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¢) for maintainability (refer to 5.5):
— mean time to repair (MTTR);
— mean time to preventive maintenance (MTPM).

See Annex F for a calculation example of performance index.

5.2 Spatial and temporal evaluation boundary

The PCC plant spatial evaluation boundary shall be limited to the area intrinsic or essential to a PCC
plaft as specified in ISO 27919-1. However, this will depend on the technology used and] individual
projects.

A typical reference period (RP) for recording operation performance is a period” betyeen plant
conmissioning following a plant-wide maintenance activity and the next shuts<down overhaul-based
maintenance. This shall be carried out repeatedly between plant commissioning and plant|closure, as
reqpired.

5.3| Evaluation and quantification of availability

Avdlilability comprises both used and unused abilities of the PCC plaffto deliver product CO, irJdependent
of the PCC plant load. Availability remains the same as long as thé reduced ability to perform|a required
fungtion is not a consequence of internal faults, or preventivemaintenance.

Avalilability can be quantified as:
a) [ratio of uptime [h] to the RP [h], called T4, expréssed as a percentage;

b) |ratio of the amount of actual available product CO, [t] to the NPC accumulated duringthe RP [h],
expressed as a percentage. This ratio is PEA.

TA is quantified using Formula (1):

Top =T,
TA=-RP__"UTRP . 100 (1)
Trp

where
TA is time availability [%];
Trp is thereference period [h];

Tyrrp <8 )accumulation of the PCC plant UT (i.e. downtime) during the RP [h] calcullated using

Formula (2).

Trp =2 tpreventive T )Y trepair (2)

where

toreventive 1S the time period for preventive maintenance (planned) [h];

trepair is the time period for repair as corrective maintenance (unplanned) [h].

Any availability may be evaluated by substituting the time-based elements defined above with various
forms of element having the basic relationship with time, which may formulate various definitions of
availability. The above can be applied for the production amount-based elements.

PCA is the ratio of the difference between the total amount of NPC accumulated and product CO, amount
not produced due to PCC plant unavailability to the total amount of NPC accumulated during the RP
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and is calculated in Formula (3). PCA is expressed as a percentage in consideration of the temporary
capacity reduction due to internal faults, or preventive maintenance.

PCA=

PCA

PRypc — PRpcy

x100
PRypc

is PCC plant capacity availability [%];

(3)

FU?NPC

PRpcy

PRypc

where

PC

nomi

PRpcy

where

TEUDH

TEPDH

TESEDH

= PC

.1 1s nominal product CO, capacity [t/h].

= PChominal X(Teupn + Tepon + Tesepn )

5.4 Eval

MR is the geliability at a t1me pomt asa functlon of the m15510n time elapsed MR can, for 1nstance

expressed

is amaount [1—] of NPC accumulated r‘nring the RP [1—]’ calculated ncing Eormula fAJ;
e ===

is accumulation of the amount [t] of PCNP due to PCC plant capacity unavailability (exclug
external influences) during the RP [t], calculated using Formula (5).

nominal X TRP

is the total number of hours during the RP [h];

is equivalent unplanned derated hours [h]gdefined as the product of the unplanned redy
capacity hours [h] and the size of the reduced capacity[t/h], divided by the NC [t/h]

mulated during the RP [h]; EUDH mdybe caused by forced outages or capacity reduct

resulting from unplanned repairs;

is equivalent planned derated-hours [h], defined as the product of planned reduced hq
[h] and the size of the redticed capacity [t/h], divided by the NC [t/h] accumulated du
the RP [h]; EPDH may bejcaused by planned outages or capacity reduction resulting f
planned maintenancg;

is equivalent seasonal derated hours [h], defined as the product of the NC [t/h] minus thd
dependable capacity [t/h] and the available hours [h], divided by the NC [t/h] accumulz
during the-RP'[h]; ESEDH may be caused by seasonal weather conditions.

ation'and quantification of reliability

ling

(4)

(5)

ced

accu-

—e

on

urs
[ing
fom

net
ted

using Formula (6) (see Reference [1]).

MR=e M

14
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where

MR is mission reliability;

e isthe base of the natural logarithm;
A is the failure rate in events per hour;
t isthe mission time in hours [h].

The reliability of each item during operation of the entire process can be calculated from MTBF [h]. The
MTBF of a PCC plant is calculated using Formula (7] (see Reference [1]).

w1eE = P~ (Trst *+Tron +Tpon ) _ Tsn

(7)

go Mo

whgre

MTBF is mean time between failures;

Tpy 1is the period hours [h];

Trsy Is the reserve shut-down or service hours [h];
Troy s the forced outage hours [h];

Tpoy is the planned outage hours [h];

Tsy isthe service hours [h];

Ngo is the number of forced outages.

Figlire 3 is to help understanding of timeé-related terms in Formula (7) to calculate the aboye terms by
opefration record.
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10 11

9.
2
3
4 5 6 5

—O_Z_OJ_C =) 1

6 7 6 8 6

R

N NN NN NWEEYS
12 13

17 18
16
Key
1 time atja PCC plant (hour) 10 preventive maintehance hour
2 uptime 11 reserve shutédown hour
3  downtime 12 Tgy (seryicehours)
4 start-up 13 Tgey (reserve shut-down or service hours)
5 forced putage 14 Tgsip(forced outage hours)
6  resumg (restart) 15 5Fpon (planned outage hours)
7  planneg outage 16 " Tpy (period hours)
8 reserveshut-down 17 available hours
9  correct]ve maintenance hour for repair 18 unavailable hours

Figure 3 — Supplementary explanation for Formula (7)

limits during a certain period-¢an be expressed by MR. In this case, a larger MTBF results in higher

Reliability |[defined as the probability that a system will perform a specified function within prescrq\bed

reliability gince the failure fate in MR can be 1/MTBF. Then, MTBF figures are often used to project how

likely a single unit will fail within a certain period of time.

TR can express the-ahbility of a system to perform its intended function during a given intervalg To
calculate T|R, Formula (1) for TA can be modified by excluding the preventive maintenance period [see

Formula (§)).

Note that M EBEisnot-alwavs an apprnpriafn index faor nva]nafing the rn]ia]‘\i]ify of 2 PCC p]anf that is

J
not operating continuously. This is because the chances to perform maintenance during a stoppage can
be used to avoid a forced outage of a PCC plant.

T -T,
g~ ItBeM ~TutTBEM | 140
Trppm

16

(8)
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where

TR is time reliability [%];

Ttgpm is the time [h] between preventative maintenance (TBPM), specifically the period of contin-
uous operation between the shut-down overhaul-based maintenance and the next;

Tyrrepmis the accumulation of PCC plant UT [h] during TBPM (excluding the time period for preven-

tive maintenance).

SR is _calculated using Formula (9) and is used to evaluate the transient performance of a PCC plant
whgse operation includes frequent start-up (see Reference [1]).

wheére

Suc
exp|

A st
a sy

5.5

n n
SR=—>235 =-55x100
Ngs +Ngg  Ngp

SR is starting reliability [%];
ngs is the number of successful start-ups;
Ngs is the number of failures to start-up;

ng, is the number of starting attempts.

prt of the product CO, or reliable operation of theé.System through a starting attempt.

arting attempt is action intended to bring a.PCC plant from shut-down to the on-stream s
ecified time limit and both two (starting and ending) conditions should be defined clear

Evaluation and quantificatiofvof maintainability

9

Cessful start-ups are when the PCC plant is on-stream within a specified period as evidenced by the

fate within
y.

Maintainability is the aspect of maintenance that takes downtime into account and can be mleasured as

the
tim
pro
Thd
int

In ¢
req

5.6

probability that a failed PCE-plant can be restored to an operational effective condition

redures and resources,

n, maintainability\is‘quantified by the MTTR [h] through corrective maintenance and thg
he case of long<term operation.

lirement:Jn such case, logistic and administrative delays should be removed from the ey

Combined aspect of availability, reliability and maintainability

within the

e interval given by a maintenance action, performed under stated conditions and using specified

MTPM [h]

bvaluating ‘maintainability, MTTR and MTPM may be affected by factors other tham technical

aluation.

Ava

ilability is generally calculated as a percentage using Formula (10):

T
Availability=——MBM___ 100
Tvirem +TvpT

where

Tyrem 1S mean time between maintenance [h];

(10)

Typr  is MDT comprised of Tyrrr, Tmrpms Tmap @nd Ty p in the case of long-term operation [h].

NOTE This availability is called “operational availability”.

©IS
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MTBM and MTBF are indicators for reliability. Because a PCC plant is a maintainable system, availability
is affected by MDT.

Therefore, availability may be improved if maintainability and reliability are improved. Those
relationships are shown in Figure 4.

(_\
—_
\_
Ul
N
w

1
) \
1
| 6 :
7 : !
.
lity
ty
nability
br MTBF
addition with MAD and MLD

igure 4 — Relationships between-availability, reliability and maintainability

yailability (three categories)

ity comprises the following hierarchy of events. These can be improved by design knowld
process and monitoring, especially in cases of processes without enough operati
as explained in a) 6£822.

lability that isforeseen (planned).
lability that'is unforeseen but with optional postponement (unplanned postponable).

labilityrthat is unforeseen but with infeasible postponement (unplanned not postponabl

dge
nal

).

Key
1 availab
2 reliabil
3  mainta
4 MTBM
5 MTTR
6 MTPM
7  MDT in
F
5.7 Una
Unavailabi
of applied
experience
a) Unava
b) Unava
c¢) Unava
Unavailabi

ity) which may have the minimum time limit notice required to complete all necesg

ary

preparations should be classified as foreseen (planned). An unplanned postponable event can have an
optional minimum hour notice to be ready for the job work order. These values, which may be time
available for preparation indicated in 8.1 a) and 8.1 b), should be defined by the user or operator based
on its project characteristics.

6 Defining reliability, availability and maintainability in the basic design phase

6.1 General

The evaluation procedure starts at the design phase and consists of PCC plant definition (process step
1) and basic design phase (process step 2) according to 4.4 and 4.5.

18
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PCC plant description

The description of a PCC plant should include basic design requirements and its application
conditions, including definition governed by the following information needed for design:

1) PCC plant configuration, the evaluation boundary and each interface location;

erators and

b)

6.3

Bas
in 4

NOTE 1 Process units and components allocated within each train.

NOTE 2 Interfaces with other technical systems, physical environment, other op
persons.

NOTE 3 Refer to ISO 27919-1:2018, Figure 1.

2) design conditions at each interface;

as illustrated in Annex G.

3) performance requirements of a PCC plant;
NOTE 5 KPIs, basic performance and utilities consumption défined in ISO 27919-1 a
by the supplier and are listed here as performance targets to be cenfirmed by calculation fr

figures.

4) interface requirements mandated by a regulator$ authority including Health,
Environment.

NOTE 6 This is outside of requirements othier than specified in ISO 27919-1 and is fg
areference load pattern;
NOTE 7  This is a basic operational load pattern considered in the design. The basic load patf
in Clause 7 with respect to the product CQ2)delivery. Load patterns can influence the PCC plan
component selection.

requirements for performance and stability, if any.

NOTE8  Asdescribed in IS©:27919-1:2018 (Annex B).

(normal) load;

2) transienteonditions due to operational load change or start-up and shut-down.

Basic.design phase

ic de§ign herein should be understood as preliminary PCC feed. A basic design shall be
ceordance with the PCC plant (6.2). Different approaches are needed for equipment/c

NOTE 4 Flue gas, utilities, chemicals, atmospheric site conditions and othér heat transfer media

e proposed
m interface

bafety and

r reference.

ern defined
design and

1) steady state operating ranges from minimum load (%) to maximum load (%) inclugling 100 %

conducted
bmponents

tha

are commercialluy auvailahle and for navel cauinment/comnaonents Tho accacemont chag
4 v =4 o v e B o 7 P Tt 2

hld require

evaluation of practical experience and research and development activities. It assumes maintainability
targets are achieved. Subsequently the basic design shall be reviewed resulting in an assessment of
the PCC plant reliability and availability. The method in informative process step in Figure 2 may be
utilised for this purpose. The informative process steps should be followed for the novel equipment/
components.

© IS0 2021 - All rights reserved
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7 Determining reliability and availability in the operational phase

7.1 General

The performance considered while evaluating availability is limited to those periods when the PCC
plant is under controlled operation, without shut-down due to issues with the PCC plant. The availability
performance needs to be specified with the requirements for performance monitoring.

The operating results shall be reviewed using KPIs introduced below. The PCC plant treats flue gas,
whose acceptable composition depends on the operational characteristics of the absorbents used. The

b b t loa ek pa | Lade ol 1 111 el LY oL | ke pa | + L L |
apsorben S SUUJCLT LU UT ST dUAUIULL, WITITID SITUUIU UT TUTITILITICTU a5 4 HTITUHITUTTU Ppal dIITiTh SPTLITITU

Basic load patterns cover the whole process from start-up and off-line conditions and normal gpeérafion
to shut-down.

Availability is the sum of the values of the representative parameters depending on the KPIs in each load
pattern unfler evaluation. Performance during ramp-up is not defined here. In case frequent shutdoywns
occur, starf-up reliability should be evaluated.

However, fpr the PCC plant to meet the operability and economical operatiomrequirements of the ost
power plant, the PCC plant shall meet the requirements of the flue gas source (the host power plant)
and shall not impose constraints on this operation during the transient cendition of the start-up, shut-
down and ¢mergency shut-down with subsequent restart.

7.2 Review of operation result

Availability monitoring on a newly built PCC plant shall berstarted after successful completion of|the
performanie tests.

KPIs related to operation are introduced below in addition to those introduced in the design phase:
a) PCPB ([produced amount basis; refer to 9.2)

b) SC (prpduced amount basis consideriig,excess capacity with use of the allowance to achieve|the
produ¢tion amount target; refer to 9.3)

c) OSF (operating time basis record; refer to 9.5)

The main dctivities are reportifig)actual operation results clearly and uniformly through the metrjc of
KPIs introduced in a), b) and-¢)‘over the RP.

7.3 Basic load patterii for evaluation and reporting of operation

a) The lopd pattern/for a PCC plant is composed of combinations of the different operational mofes,
which [can be-described as follows:

1) normal operation (transient and steady; refer to 7.4);

2) start-up and shut-down (including off-line intervals between these operations; refer to 7.5);
3) emergency operation (refer to 7.6);
4) downtime (for maintenance, modification, repair, etc.; refer to 7.7).

b) Figure 5 gives a typical load pattern and Figure 6 gives the operation diagram where the position
of each operational mode is indicated with the different shaded band below its horizontal axis.

Load patterns may vary, depending on commercial conditions such as CO, demand from the downstream
side and/or reduction of CO, emissions. These conditions are governed by external influences, such
as host power plant load, feed flue gas volume as feedstock, and limitations of utility supply. These
external influences should be made clear.
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If a host power plant load or feed flue gas volume is critical, most commonly a PCC plant will follow the
host power plant load with the PCC plant load pattern being similar to that of the host plant.

Load patterns are listed in 1) to 5) below and conceptually described in Figure 5:

1) full continuous load;

2) demand of the product CO, amount as base load;

3) demand of the product CO, amount as intermittent load;

4-) daily r‘vrling (m“ I')QQ)'

5) |demand of the peak product CO, amount.

There are user specific requirements on the load pattern.

Performance during the steady state comes after transient conditions as described in 7.4.

c) |The reference or typical load pattern for a PCC plant shall be défined in the degign phase.
Measurement of the actual pattern is necessary, since it influences availability and reliability by
changing stress levels and environmental conditions, if these difféer remarkably from [the design
conditions. The following parameters shall be determined fer the characterisation ¢f the load
pattern in addition:

1) MTBF;
2) first start and/or ramp up rate requirement;
3) annual number of the PCC plant forced outage;
4) MDT for the preventive maintenance.
A PCC plant that operates only at low capacity due to low load operation of the power plant is fonsidered
fully available in terms of time, while PERB defined in Formula (11) relates to the amount of PCP.
100 %] Al 5.
3
To ] | N A 4
21 25
~1

Key

1 [time'ata PCC plant 21 full continuous load

3 PCCU plantload 44 demand oI product LUZ amount as base load

4 minimum load [%] 23 demand of product CO, amount as intermittent load

5 nominal load [%] 24 daily cycling (or DSS)

25

demand of the peak product CO, amount

Figure 5 — Typical load pattern for a PCC plant
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Key
1 time af
2 referer
3 PCC pl
4 minim
5 nomin
6  actual
7 actual
power
being d
[%]
8 downt
9
10 norma
7.4 Norl
Normal op

Normal op

a)

b)

22

100 %

b

a PCC plant

ce period

int load

im load [%]

hl load [%]

PCC plant load [%]

Capacity of CO, provided from the host
plant expressed as percentage after
ivided by the nominal capacity of a PCC plant

me (for maintenance)

start-up or restart

The tdlerance-r€quirement (the allowable fluctuations range) of performance should be cle
1 and'\énumerated at the time of evaluation depending on each project and be satisfied du
state conditions at typical stable full and partial load operation.

define
steady

operation (transient and steady)

mal operation (transient and steady)

bration requifements are as follows.

11
12
13
14
15
16

18
19

Figure 6 — Typical load pattern for a PCC plant

shut-down

emergency shut-down

stoppage due to external influence
product CO, export start

product CO, export stop

some technical anomaly or sign relating
trouble which.forces reduction of the PCC ¢
load detected

host power plant trip

emergency trip

preparation start of host power plant to outagg

pration is the PCC ptant producing the product CO,, as indicated by the shaded time pey
correspondling to key 10 in‘Figure 6. This includes both steady states and typical transient states.

vith
lant

od

— e

hrly
ing

The PCC plant should operate at the minimum load specified that satisfies the stability according to
the requirement of the flue gas supply source. At this time, it may be necessary to solve the issues of
a lower operating threshold such as a liquid distribution balance within the system.

Regarding operation under transient conditions, it shall be confirmed that the PCC plant can be
operated without problems when PCC plant load (by 1.3.27) changes from minimum to 100 %
and vice versa. The operational load of the PCC plant should be adjusted according to the speed of
change in the maximum load (for example, 5 %/min) on the host power plant.

KPIs on energy requirement shall be determined as described in ISO 27919-1.
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7.5 Start-up and shut-down

Start-up and shut-down are indicated by the shaded time period corresponding to keys 9 and 11
respectively in Figure 6.

Start-up includes the acceptance of the flue gas and preparation of the product CO, for transportation.
Captured CO, produced during start-up but before confirmation of stable production is not considered
product CO,.

PCA during start-up should be interpreted based on the reason for the previous shut-down (internal
faults or external influences), since start-ups are inevitably required after shut-down and product CO,
canpot be exported in this period.

Shujt-down of a PCC plant should be performed according to the safe minimum circuldtion fo be ready
for re-start depending on the circumstances.

Figiire 7 defines the off-line condition according to the readiness (or process temperature) fpr start-up,
conkidering the operating time required to achieve the goal. It also defines\various start-yp patterns
(actiivation patterns) of the PCC plant. As an example, the above start-up conditions can be described in
terins of in turbine operation regarding start-up and shut-down.

The above definitions of the starting point and the end point are also necessary to clarify the required
ranjping speed and start-up time according to various start-up pattéerns of the PCC plant in Higure 7. SR
[Formula (9)] is determined by the off-line condition of the PCC plant in Figure 7. When evalluating SR,
thestarting point may be the hot (stand-by) state, and the goal may be the normal operation qtate where
a PCC plant load should be specified between minimum.and nominal. The starting point is|quantified
with the time period required by the above starting attempt.

A A R — 4 —— — @— —@
5 6 7 10 |9 8
- 3 —
Q9— — —i— 2 __________ A2
-\ — — —. —. 1 — v
Key
1 cold condition (Long term off-line condition) 6 warm start
2 warin-up state (Short term off-line condition) 7 hot start
3 hot (Stand-by) state (off-line condition) 8 shut-down to cold condition
4 “normal operation state 9 shut-down to warm-up state
5 cold start 10  shut-down to stand-by state

Figure 7 — Typical start-up and shut-down diagram for a PCC plant

7.6 Emergency operations

Emergency operations are confined to aspects of safety that are controllable by adequate design of
emergency shut-down, such as sudden shut-down of the PCC plant from the load by stopping the power
and steam supply and emergency vent of CO, to achieve safe status.
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An example of emergency operation is indicated by the shaded time period corresponding to key 12 in
Figure 6. This represents a sudden shut-down operation, not requiring corrective maintenance, and is
followed by immediate plant restoration. Corrective maintenance is needed if the PCC plant operation
cannot be resumed after an emergency shut-down.

Control systems shall be designed to prevent unsafe conditions and provide alarm signals to warn
operators of unsafe operating conditions. They shall have suitable safety trips of its components and,
if it is critical, that of a PCC plant as emergency shut-down finally to protect plant personnel and/or
equipment.

The impact of the emergency shut-down on the source of steam and flue gas supply should be considered
as a part of the safety aspects.

7.7 Downtime

For the constituent elements of downtime relating to corrective and preventive maintenance, refgr to

Table 1 in (lause 8.

If the trans
to a cold d
maintenan
amount ba

ient time periods from a cold condition (see Figure 7) to the nominaldead and the shut-dgwn
ondition can be shortened, the impact of a maintenance-relatedCPCC plant shut-down| for
ce on product CO, transportation can be reduced. This can increase availability of prodyced
5is, since during the above transient period no or reduced preduction of product CO, occfirs.

7.8 Plant operator organization and training

ills
ion,

Other imp¢rtant factors that affect the reliability and the availability of PCC plant are operator sl

(including
maintenan

The most g

To cultivat
courses as

dq

NOTE
awareness
enhancing i

8 Implications for maintenance

8.1 Gen

This clausg
maintenan
standards

analysis skills). Personnel shall be qualified and~competent before working on operat
ce and/or analysis of the PCC plant to ensure satisfactory operations and outcomes.

ritical resource of a performance monitoring programme is the personnel.

b qualified personnel, staff shall be trained periodically by attending expert or manufactur
a part of internal training programines.

uccessful programmes involve operations, maintenance, and management personnel and pron

f the operating context, functienal requirement and failure modes of a PCC plant and what affec
hcentives for improving ayailability.

bral

provides’maintenance aspects considered during the design phase and the operation
ce phase. Maintainability targets defined in 5.5 shall be achieved on the premise that exis

er’s

hote
[S it,

and
[ing
D-3-

hid practices not specific to a PCC plant are applied as needed. IEC 60706-2 and IEC 6030

P S A QO £

10 are in tl

H % 3 1 PNY ra-datail
ISCatCEoOT y CTICT tO 70 10T THOT COCTarTs:

This clause provides a basis for the exchange of maintenance information between the user,
manufacturer, technology supplier and engineering, procurement and construction contractor for
transparent evaluation purposes.

24
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8.2 Maintainability and downtime

Table 1 shows a breakdown of downtime and maintenance time from IEC 60050-192[3]. Corrective
maintenance time is typically composed of many parameters as described in Table 1 and the typical
execution sequence listed below refers to ISO 3977-9.

a) Complete necessary preparations to include being ready for maintenance during shut-down
operations including technical delay and fault localization time before or after shut-down depending
on the type of unavailability in 5.7.

b) Obtain spare parts, tools and make available qualified maintenance personnel.

c) |Repair or replace any failed component (fault correction time).

d) |[Perform any post maintenance testing including the start-up operation to be ready fpr flue gas
introduction (function checkout time).

The root cause of downtime due to technical failures with associated deldys should be made clear
through failure analysis.

The evaluation of maintenance time should exclude any associated delay or other downtjme due to
ext¢rnal influences including influences other than technical requirement.

The logistic delay is determined by external influences and is not counted in the downtime.

Theg RP should be long enough to cover one or more preventive maintenance cycles.

Table 1 — Detail of downtime/and maintenance time

Totql maintenance time for restoration

Up tjme Down time

Opefat-

. . Non-operating time
ing fime

Time to restoration

Preyentive maintenance time - - -
Corrective maintenance time
Maiptenance time
Fault Admin-
Active preventive maifitenance time |Active corrective maintenance time detectidn |istrative
Logjstic delay |Technical |Freventive Function | .. |Faultlo- |Fault Function |Logistic |time delay
mainténance |checkout calization |correction |checkout |delay
delay . . . delay . . .
actign time time time time time

8.3 Maintenance strategies

intenanee, strategies may define the rules for the sequence of preventive maintenance work as per
IEEE Std+902. Preventive maintenance has two aspects: condition-based maintenance and{shut-down
overhaul maintenance, as further explained in a) and b) below respectively. Preventive mpintenance
incieases operational availability and reduces the frequency of corrective maintenancd MTPM is
decided in the maintenance strategy and is determined by the planned equipment maintainability.
The effectiveness of the preventive maintenance can be measured as the frequency of corrective
maintenance events.

Two preventive maintenance approaches may be utilized:
a) Condition-based maintenance

This is based on determining emerging failure, also known as on-condition, or condition-directed.
It relies on adequate monitoring of the PCC plant conditions to minimize the impact of or avoid
failure. This is achieved through the reduction of the shut-down period needed for preparation
or execution of corrective actions within the preventative maintenance programme and through
adjustment of shut-down timing thus avoiding unplanned shutdowns.
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b)

9

9.1 General

Shut-down overhaul-based maintenance

This is planned in the design phase aims to the avoidance of failures or unscheduled shutdowns
of a PCC plant in the future. It is usually based on past maintenance history, coupled with results
from performance monitoring programmes and other indicators of equipment condition. This can
facilitate satisfactory performance until the next scheduled examination or identify an emerging
failure state.

KPIs of availability for reporting

This claus¢ provides the following KPIs for “availability reporting” of a PCC plant, as seeh|from|the

operator ((O, producer) viewpoint.

a)
b)
‘)
d)
e)

A general dxplanation of KPIs a) to e) and relevant information ‘ar€ given below.

1y

2)

3)

4)

26

PCA (spe 9.2)
PCPB (see 9.2)
SC (seq 9.3)
TA (se¢ 9.4)
OSF (s¢e 9.5)

Commpn to all, terms relating to the product CO, amotint are defined as follows.
— P(C plantload is defined in 3.1.23.

— N( is commonly utilized as the basis of*the evaluation and is bound for the whole PCC pJant
service life. Until this value is determined at the performance test, the ordered or typical design
value is used in accordance with the manufacturer’s contract agreement.

— N( accumulated during the RP is the basis of the calculation. It is defined by Formula (4).

— Prpduct CO, amount prodiiced is defined as the accumulation of product CO, amount prodyced
[t]|during the RP with GOy-supplied from the host power plant.

The aljove KPIs a) andcd)‘and b), c) and e) can be calculated by Formulae (3), (11), (12), (1) pnd

13), respectively. Edch term in applied formula can be obtained by collecting and summarizipg a
value ¢f each shaded sections or time period of the same definition (tagged with the same ke in
Figure| 8) respectively in the actual operation illustrated in the applied figure among Figure P to
Figure|12 foreach KPI (see Table F.1 in Annex F, where a simplified calculation sheet is shown af an
examplle te calculate each KPI).

Wh 1 | P £l 1 £ 211 dad 43 1 2 ofal 43 | P tad £ i CC
en al\.ula\,uls LIIC vdAdIuT Ul dIl SITdautu STUTLIVUILS, I\Cy J UL LIIU VUT UIUAI dATO 10 LUINIVUT LUU 11T UILIX

plant load [%]" to “PCC plant capacity [t/h]".

In calculating each KPI, PCC plant load change can be regarded to occur stepwise (instantaneously)
although it has a certain ramp up rate if a PCC plant operates for long-term period, and the transient
period by its load change can be considered negligible, compared to the RP.

Figure 8 shows the specific breakdown of amount of NPC accumulated [t] into product CO, amount
of each definition, such as produced or not produced under the different state of a PCC plant with
respect to PCA and PCPB.

In principle, the KPIs a) to e) apply a total of product CO, amount of each definition in its terms
in each Formula. PCA applies equivalent hour of each definition in Formula (5) focusing on its
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unavailability. The equivalent hour means the hours simply needed to achieve the specified product

CO, amount with the NC.

Annex D can help to classify the various modes of the load pattern according to Figure 8, considering
various external influences and the PCC plant state with respect to PCC plant availability and PCPB.

This provides the parameters in each formula of 9.2.

SCrefers to 9.3 for reviewing compliance to the SPC amount [t] in the PCC plant and can
to assess the balance of deviations for the plant’s target during the RP. Shortages to its

be utilized
target can

be filled out by the excess plant load, if the relevant stake holders, such as the flue gas supply and/

or the CO, transport side accept such increase.

7)

8)

9)
10)

9.2
PC4

TA refers to 9.4 to represent the KPIs based on the operating time excluding the impact
influences (see 3.1.7).

of external

OSF refers to 9.5 for evaluation of the period producing the product CO, in a RG€plant, focusing on

the on-stream period.
Each KPI does not include the effect of seasonal derating [ESEDH in Fotimula (5)]].

For PCC plant achievability, refer to Annex E to review the integrityyof PCC plant by rem
external influences and preventive maintenance from the SC.

PCC plant capacity availability and product CO,-producibility
L is expressed by the Formula (3) in 5.3 (all parameters;are accumulated during the RP).

Figuire 8 illustrates the PCA with key 26 and 27 which'eorrespond to PCNP and NPC respect

PCH
by t

whg

B is the ratio of product CO, amount producedto the total amount of NPC accumulated as

he Formula (11).

PR
PcPB="—"CF x100
PRypc

bre
PCPB  is product CO, producibility [%];

PRpcp is product©€®, amount produced [t] (key 24);
PRypc is cal¢ulated by Formula (4) (key 27).

Figlire 8 illustrates the PCPB with key 24 and key 27 corresponding to PCP and NPC re
mula (31 focuses on product CO, amount produced by the PCC plant, which can be supplied to the
tramspertation.

For]

oving both

vely.

expressed

(11)

spectively.
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100 % [t]
7 N N
21 23 26
y X
, 25
20| 22 24| 27
\ y
0 %
Key
20 PC( plant capacity availability [%]
21 PC( plant capacity unavailability [%]
22 profluct CO, producibility [%]
23 profluct CO, non-producibility [%]
24 profuct CO, amount produced [t]
25 profuct CO, amount not produced even though PCC'plant is available [t]
26 profuct CO, amount not produced because PCC(plant is unavailable [t]

27 amq@unt of NPC accumulated (the product ofthre NC [t/h] and the RP [h]) [t]

NOTE All parameters on product CO, amount are accumulation during the RP.
Figure 8 — Diagram of PCA and PCPB

The actual state of a PCC plaft, considering all kinds of load patterns, can be covered by varjous
combinatiqns of each shaded)sections piece defined in Figure 8, as illustrated in Figure 9 where a PCC
plant load |n operation s recorded along with the time elapsed at a PCC plant.

In case of dalculating KPI, refer to 9.1, 2).

In reality the load change will exhibit a steep slope representative of a ramp-up or ramp-down of|the
PCC plant.
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100 %

w
ARFATTAT
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11
12
13
14
15
16
17
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19

Fig

9.3
SCi

time at a PCC plant [h]
reference period [h]

PCC plant load [%]
minimum load [%]
nominal load [%]

actual PCC plant load [%]

actual capacity of CO, provided from the host power plant expressed-as a percentage after bein
the NC [%]

downtime (for maintenance)

start-up or restart

normal operation (transient and steady)
shut-down

emergency shut-down

stoppage due to external influences

product CO, export start

product CO, export stop

some technical anomaly or sign rfelating with trouble which forces reduction of the PCC plant loz
host power plant trip

emergency trip

start of preparation for‘hest power plant outage

of a PRE€C plant (illustrated by various shaded sections defined in Figure 8).

Schedule compliance

5expressed by the Formula (12).

o divided by

id detected

ure 9 — Diagram of product CO, amount produced and not produced in typical load pattern

PR¢pe — PR + PR
SC = SPC SSPC BSPC %100

PRgpc
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where

SC
PRgpc
PRgspc.

PRgspc

is schedule compliance [%];

is scheduled product CO, amount [t] (key 28);

is shortage in product CO, amount compared to the scheduled during the RP [t] (key 30);

is bonus production in excess of the planned capacity to make up the shortage of product
production compared with SPC [t] (key 31).

co,

In case of d

100

alculating KPI, refer to 9.1, 2).

861044444

time at a PCC plant [h]

1

2 refere
3 PCCp
4 mining
5 nomirj
6 actual
28  sched

29  produ
30 shortd
31 bonus|

compd
9.4 Tim

TAis ther
expressed

hce period [h]

ant load [%]

um load [%]

al load [%]

PCC plant load [%)]

hled product CO, amount [t]

ct CO, amount produced (including the shaded sections tagged with key 31) [t]
ge of product CO, amount produced [t}

production in excess of the planned capacity to make up the shortage of product CO, produg
red with SPC [t]

Figure 10 — Diagram of SC

e availability

htio of thie RP length minus the sum of each element of the PCC plant UT to the RP lengt
by the.Formula (1) in 5.3.

RP and elg

tion

1 as

ment of UT are illustrated as key 2 and key 33 respectively in Figure 11. UT in the ac

fual

operation can be obtained by summation of each element (key 33) of UT.
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100 % --

3

low

9.5
OSH

wh

RP
051

time at a PCC plant [h]
reference period [h]

PCC plant load [%)]
minimum load [%]
nominal load [%]

actual PCC plant load [%]

actual capacity of CO, provided from the host power plant expressed as apercentage after being di
NC of a PCC plant [%]

emergency trip
unavailable time (i.e. downtime) [h]

Figure 11 — Diagram of TA for PCC plant

On-stream factor

is as expressed by the Formula (13).

T
0SF =-95T %100
Trp

bre

OSF  is on-streamfactor [%];

Tost is thesummation of each element of on-stream time [h] (key 34);
Trp is the reference period [h] (key 2).

hnd theelement of OST are illustrated as key 2 and key 34 respectively, in Figure 12. T
in"the actual operation can be obtained by summation of each element (key 34) of on-s

def

vided by the

(13)

he value of
[ream time

roduction)

ned as the normal operation period (between the start and the stop of the product CO, g

in Figure 12.
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100 %f---

oo

time

it a PCC plant[h]

refer¢nce period [h]
PCC yjlant load [%]
minirhum load [%]

nomi

actu:I:
actu

the N
on-st

hal load [%)]

Feam time [h]

PCC plant load [%)]

capacity of CO, provided from the host power plant expressed as a pércentage after being divided by
C of a PCC plant [%]

Figure 12 — Diagram of OSF for @\ PCC plant
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Annex A
(informative)

Detailed evaluation procedure to assure and maintain stable

performance of a post-combustion CO, capture plant

A.]I Scope
The evaluation procedure consists of 6 process steps which are required to assureand mairtain stable
performance of a PCC plant. Please refer to 4.5, especially Figure 2, to support understanding.
A.2 Process step 1 — PCC plant definition
PC( plant definition is determined by the process configuration, the interfaces with the power plant,
the|external environment, utilities and downstream facilities, anid the performance requirements.
Refer to 6.2.
A.3 Process step 2 — Basic design phases
A.3l1 Introduction
Revliew of design or sizing parameters which" are the base of process flows, main fomponent
sperifications and the other subsystem designs if applied specification is within the ¢perational
experience range or ensured by researchxand development results. It comprises the following and is
sunpmarized in A.3.2 and A.3.3 respectijvely.
— |Basic design phases for review of‘design reliability as a function of the selected parameters.
— |Specification and predictienof availability in design.
A.312 Basic design phases for review of design reliability as a function of the sejected
parfameters
A.3]2.1 Technology description
Technology-specified for use should be described and documented as part of the evgluation as
appropriate in the contract with the supplier. This depends on the uncertainties of the des{gn applied
with the.items from A.2 as follows:
a) Required information for description of items;

1) Detailed technical design information including required data, drawings and other relevant

materials sufficient to evaluate maturity;

2) Description of their functions, intended use, as well as performance expectations;
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3) Acceptance criteria including performance requirements, each design condition parameter

and assumptions relating to selection or calculations.
b) Design information as expressed in the following documents, etc.

1) Preliminary process flow diagrams and Mass & Heat balances (M&HB). The process f

low

diagram shows the relationships of items units selected to perform required functions. The

M&HB table covers stream flow rates, compositions and operating conditions.

2) Preliminary equipment list with sizing. It includes identification of all equipment with main

specifications, providing the total plant footprint based on all major components.

3) Preliminary equipment or machinery data sheets. This summarizes the performance and of

design for fabrication by disciplines of multiple engineering field, or proprietary-equip
suppliers.

A.3.2.2 (Qverall design performance assessment

This is a r¢view to determine if the applied specification of design parameters.is within the rang
previous experience referring to B.1.3.

All informftion from 6.2 will be screened to identify and list the patameter referring to B.1.2.

informatiop is checked for completeness of basic design data afnd)any missing items that cc
operationall needs will be clarified. The parameters to be evaluated are 1) interface conditions an
performanice requirements including parameters recognized in.a)of 6.2.

Each of th¢se items should be compared with successful @perations in the references or in a sim

te¢hnical requirements of an item. This information is also necessary to start the det;r’led

her

ent

e of

The
ver
1 2)

ilar

plant based on evaluation and analysis of results. Overall syStem or component items other than sinpple

components inside of the evaluation boundary should.be specified through functional partitioning.
this, the whole PCC plant should be separated into process units and their boundary conditions V
functional requirements defined for comparison with similar experience.

If a procegs unit level is not enough detailkfor comparison with equivalent parts of the referg
plant, each| item can be further divided intemanageable technical blocks. This may include any n
combinatigqns or integration. This analysis‘'should be done at a level where uncertainty can be asses
according to the following indexes:

— functigns;
— components and their details, if necessary;
— interngl interfacesetween components and conditions that component is exposed to;

— internally integrated system.

For
vith

nce
hvel
sed

A.3.2.3 Design performance assessment of component items

The performance assessment of components items through functional partitioning of the process

includes the following activities.

a) Evaluation of equipment sizing methods to confirm if previous criteria used in the reference plants

are valid. The case of changing sizing parameters from experience should be evaluated.

b) Evaluation of the applied specification of the design parameters to confirm if they are within
range of the previous experience. This includes items supplied by vendors.

the

c) Evaluation of size and scale up ratio of each component that is key to the PCC performance and other
process equipment proven in experience. If the size or scale up ratio is not within the experienced

range, multiple units can be considered.

34 © IS0 2021 - All rights rese

rved


https://standardsiso.com/api/?name=9157b576c392067180360b48720fce99

IS0 27919-2:2021(E)

A.3.2.4 Novel technology items
Novel items are identified and analysed by applying functional partitioning.

The performance of the novel items will be assessed using experience obtained from other non-
PCC applications or through analysis and extrapolation of research and development results. The
performance results obtained will be compared with the performance results from proven technology

items currently applied.

A.3.3 Specification and prediction of availability in design

A3

AP
effi

plants. Where information on availability is lacking, the application of redundancy and/or

the

by ¢lesigns that anticipate the adverse operating conditions expected to occur. Maintenan
dev]

des

stra
appllied with the design procedure in A.3.3.2 c) for calculation.

A3
a)
Ref
b)

PCd

exp

to minimize MTTR, with the required period to re-start and (maintenance strategy nq

inc

Avdlilability at the design phase may be calculated in two ways: TA using Formula (1) and

For|
refe
sho
cha

TA
larg

In P

3.1 General

[C plant should be designed to comply with the availability targetin consideration of pvera
Ciency. Availability can be determined in the design phase using the previous experience

tolerance of items and improvement of maintainability may be used as e0mpensation.

tegy in A.3.3.3 should be prepared. The quantitative availability analysis (Refer to A.5

3.2 Combined aspects of availability, reliability and maintainability
Reliability identification by items

br to B.2.

Availability features

plant availability should be supported by designs that anticipate the adverse operating
ected to occur. In addition, maintehance strategy needs to be developed during the de

rporated in both the design and operating strategies.

mula (3). In general, at.the design phase, engineers use the TA formula. Indeed, the load
rence operation, with-the PCC plant running at nominal capacity and no curtailment of
1ld be the load applicable to the design phase. It is noted these two definitions have th
Facteristics.

s independent of the value of the available capacity and the numerical value of the TA i
er than'R€A. Since the TA is easy to determine, it is suitable to compare it to the other pl

CA tsing Formula (3), the following should be considered for evaluation.

leconomic
from other
increasing
supported
Ce strategy

eloped to minimize MTTR, with the required period to re-start supports operating strategies. The
gn aspects of availability, reliability identification of items in A.3.:3.2 a) and redundancy

/tolerance
should be

conditions
sign phase
eds to) be

PCA using
pattern for
production
e following

s normally
Ants.

— Seasonal influences, such as fluctuations in cooling water temperature, may result in external
circumstances that will affect performance of a PCC plant. In these cases, annual average capacity

is normally applied as the nominal capacity using no external influences.

— To clarify availability during normal operation, excess production above nominal capacity is not
considered in availability calculations. Such production should be evaluated in SC in Formula (12).

c) Application to availability design
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Operator will specify availability targets and the technology supplier will provide guidance as to how
to best meet them consistent with maintenance strategy. The PCC plant availability design procedure is

as follows:
1) Based

— 4dan

on the operator’s maintenance strategy, the following three items should be defined.

availability target;

— duration requirements of preventive maintenance;

— duration requirements of continuous operation.

2) The te

period

3)
proced

suppli
in 1) al

A.3.3.3

chnology supplier calculates availability requirements during the continuous opera
This will define requirements of both reliability and maintainability of a PCC plantitem

To achfieve the availability target set by the operator, the technology supplier should, follow
ure in this document. If it is not technically or economically achievable, ‘the technology

b1 together with the operator may find an optimal combination of the 3 réguirements lig
bove with agreement from the operator.

dundancy/allowance strategy for component capacity and plant performance

e
a) Applijation of redundancy

Some com
so the comn
considerin

Spare
Allowes

Stand-by r
duty item.
items are @

Spare or st
b) Applic

Spare or s
native valu
In this casé
down.

ponents designed with redundancy whereas others should be given operational mar
ponents may deliver more than the required rate as extracted (or calculated) from be
b mitigating effects in failure mode.

br stand-by component.
nce of component capacity or plant perforin@hce margin.

bdundancy is where an item exists on‘stand-by, operating only in the event of failure of
Allowance or performance margin eaft provide the additional ability flexibly when the s
perated according to requirements.

and-by components should bekept to a minimum, depending on the owner’s policy.
htion of spare or stand-by redundancy

and-by componentsyahd subsystems improve reliability and availability, depending of
es under the apphlied conditions, but cause installation and maintenance costs to incre
assumption.in 4.1 c) should be considered, even if trouble in the PCC plant causes itto s

Critical eqipmentnray not be redundant but not limited to the following cases, if it is uneconomicz:

provide a s

pare;\if the manufacturer has no capacity to provide a spare and cannot be substituted;

fion
S.

the

ted

bins
ow,

the
hme

its
pse.
hut-

lto
the

manufactulring period is long, and spares are difficult to obtain.

c) Allowa

nce of component capacity and plant performance

The capacity margin should be set by applicable standards, by industry practice, or by a supplier to
mitigate operational uncertainty. The additional margin should be set by the following agreement by all
parties. These should be controlled in total to avoid duplication throughout the project cycle.

A margin on fouling of a component or degradation of process part along with elapsed time should be
made to maintain its performance during the required period based on the general standards and/or
component or process part specific experience (obtained by a supplier).

The margin allocated for uncertainty, of a technology item with limited operating experience, should be
reduced with increasing operating time.
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If the assessed reliability of an item is not acceptable, then re-design or replacement needs to be started
as early as possible to ensure reliability improvements.

By reliability programme planning and monitoring, the actual margin of a component should be
determined after commissioning. It should be re-evaluated from an optimization viewpoint by the
quantitative availability analysis shown in A.3.3.2 applying measured figures of reliability, referring to
B.2.

In some cases, margins hide component deficiencies or may defer required maintenance to a convenient

time.

A.

Maintenance and monitoring (of the PCC process) to produce the evidence of reliableperform

Process step 3 — Operation phase

ance (refer

to (lause 7, Clause 8 and Clause 9).

Ungvailability analysis used in Clause 9 to identify root causes for deviatiens from the flesign and
may help improve the reliability of a PCC plant through its feedback of expérience to design| operation
or;raintenance. A data base of lessons learned obtained from results(of unavailability anfalysis may
denponstrate the maturity of a technology.

A.§ Process step 4 — RAM analysis

A.511 Outline

Thif step is to determine the optimum availability attainable through a quantitative evaluatjon against

the
reli

RA]
in

RA]

e
studjiy satisfies the initial performance;

target. Subsystem and component design requirements the primary objective define
hbility and maintainability of each component.

sign, or in operation. The details aré-referred to in Reference [5] in the case that the P

M analysis can provide the following contribution in the basic design.

The conclusions can be-demonstrated and verified through the commercial operation, e
itreaches expected availability target., and covering the project cycle of the operational
utilized during operation.

For design af\novel items, suggestions for the definition of reliability and mairy
requirements-for installed components, to achieve specified availability over the specifi

Advice‘on/identification of the items, best possible design changes for overcoming such
and a~gualitative evaluation of the effects of applied design change for items with i
reliability.

best effort

M analysis is a well-established methodoélogy which can effectively assess a PCC plant, whether it is

CC plant in

aluating if
phase to be

tainability
bd period.

criticality
nsufficient

To carry out RAM analysis, the following should be considered.

The above evaluation action assumes that the PCC system is a collection of equipment with a proven
track record to obtain the value and no influence of novel design is possible and that the PCC plant in
study satisfies the initial performance, as the base case and that the PCC plant in study satisfies the
initial performance, as the base case.

If PCA target is specified, related conditions indicated in PCC plant (6.2), basic design information
(A.3), load pattern (Clause 7) and maintenance strategy (Clause 8) be consistent with the
redundancy/allowance strategy for component capacity and plant performance (A.3.3.3) for
possible modification in these strategies of items to overcome the novel items in iterative ways.

If a change of the configuration occurs from a previous experience a check of the parameters in
design is necessary to ensure the reliable performance.
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— A quantitative analysis of PCC plant to confirm fulfilment of the availability target should be carried
out after having solved the technical uncertainties as soon as practicable.

A.5.2 Input data of reliability

RAM analysis models require experience data, such as failure frequencies, fault scenarios and
consequences of the item failures to be fed into.

Enough measured data particular to a PCC plant is generally not available to conduct a RAM analysis, in
the public domain.

nce
pest

Collection
with items

of reliability and degradation data of items should be taken from operational experie
in a PCC plant. Especially for items, it is necessary to evaluate qualitatively based(nl

industrial
be conside

a) Forpr

Proven tec
practice.

The histor
the same p

The data f

malfunctigns are collected from service record related informatien in components of industrial pl4

as explaine
b) Forno
Data for th

If the data
similar ex
conduct a
of novel it

The analydt would have to access different sources of information in order to find the relevant ¢
required fqr the novel item referring to Annex B.

c) Fault scenarios

To establi

bractice, referring to B.2 and information provided by 6.2 and A.3.2 and the following sh
red.

pven items

hnology elements are handled, ensuring compliance with an applicable'standard or indu

rocess should be the base.

r known components is available from a public database Where mechanical and electr

dinB.2.2.
vel items

s category is not readily available.

perience, the gap should be analysed to prepare the input data (including reliability]
AM analysis in process step 6. A valuable source of information for assessing the reliab
is the TQ procedure in Annex C.

fault scenarios attributed to the PCC plant requires a high level of knowledge regard

uld

Sty

cal data of known components and the knowledge from the reference plants with similar or

ical
ints

of a PCC plant design in study deviatés'remarkably from experience in reference planit or

to
lity

lata

ling
b of

the appliedl processes.and equipment. System designs should be examined from the perspectiv
reliability ¢onsidering'many cases of operation. The analyst would also have access to different sou
of information in“order to understand the parameters and failure mechanisms required to assess
applied tedhnology referring to B.3.2.2

ces
the

A.5.3 Analysis

The conclusions of a RAM analysis identify those parts of the installation that are critical in meeting
performance targets. Its actual utility may also depend primarily upon the plant composition of the
proven and the novel technology items, if the collected data from both B.2 and B.3 are applied.

Then the reliability of the novel items should be improved through redundancy and allowance strategy
as well as directly possible many countermeasures referring to B.2.
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4 Contribution of RAM analysis in maintenance

A RAM analysis will provide insight on the optimum maintenance, upon inspection or overhauls that
are required periodically to achieve objectives and maintenance practices required to mitigate plant
performance risks also caused by the novel items.

A.6 Process step 5 — Study of key factors and failure mechanisms

A.6

.1 Outline

Unproven items can be evaluated by related key factors which are typical and may bepir
frequently and the failure mechanisms of each failure mode.

When evidence for management of risks about novel technology cannot be acquired-only f]
seryice experience or similar proven industrial plant experience directly, it can be obtained b
the|differences of the values of related parameters between experience/knowledge and de
stugly. Unproven items should be analysed from the perspective of avoiding risks due to th
of parameter values from experience. The analysis should be conducted-by inderstanding t
failire mechanisms and the countermeasures linked to overcome wsing other informatic

To
reli

NOT
A.6
a)

b)

repare the evidence in Annex B in addition to the conventional ones, it is necessary to

hble and secure information sources.
E Novel items are not necessarily considered unproven inthe context of this step.
.2 Procedure

The data particular to a PCC plant, which may_be insufficient in process steps 2 to 4
studied to find out if such function is intendéd for the novel items, in case that the eval
has not enough experience in a PCC plantand the following are items to be studied to s
above.

Key factors that could impact the reliable performance of a PCC plant and their counte
are taken into consideration t0 fmplement in the actual PCC plant, from the planni
possible, to prevent the occurrence of the corresponding failures.

The consideration of mofitoring locations or checkpoints may be included in the desig
dependable data during.tfhe PCC plant operation and maintenance should be added afte
to assess and respond to events that could lead to degradation or shut-down of the
equipment.

Identify problems typically encountered that would decrease availability and reliability
plant and its‘countermeasures and solutions if possible.

In this'stage, it is necessary to access the reliable and secure information sources to c
is Aot possible to find out the evidence that provide confidence to failure mode conce

vestigated

rom actual
y analysing
sign under
b deviation
he possible
n sources.
access the

should be
llation side
upport the

rmeasures
hg stage if

h to obtain
" operation
PCC plant

of the PCC

onfirm if it
rned, such

should be obtained in process step 6.

A.7 Process step 6 — Qualification study

A7

.1 Outline

This step is a summary of study on novel items not managed through the above process steps to define
and aids in preparing evidence to define its reliability for novel items after analysis of the risk and
failure mechanism relating with countermeasures.
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A.7.2 Procedure

The provision procedure of reliability data, in respect of evidence that functions as required within
specified conditions is shown in Figure C.1 as guidelines, focusing on novel items. This may try to
quantify, and improve, if needed, its reliability from generated evidences, as follows:

information developed in process step 1.

s step 2 should be refined as indicated in Annex C.

Basis for evaluation (qualification basis in Figure C.1) should be refined mainly based on the

Technology item classification (technology assessment in Figure C.1): a novel item identified in

a)
b)
proces
c) Threat
d) Selecti
plan in
e) Datac
in Figy
Evaluate v
evaluation
conduct an
step 4 and

criteria is g

Novel item
items with
commercig

If the final
to replace
reduce the

A.8 Sup

Accessibili
install com

Maintenan

procedures

testability,
tailored by

Refer to IS
technical 1

assessment succeeded from process step 6

Figure C.1)

re C.1 and see process step 2 and process step 5).

fhether the evidence produced meets the requirements of the @esign basis in Basis
referring to B.3.2.1 and performance assessment in Figure C.1¢By using the gathered d
item/process unit and total of PCC plant availability analysis, feeding them back to pro
compare that with decision criteria. Repeat steps a) to €)\until compliance with deci
chieved, if the performance requirement can be comprofuised with reliability of a PCC pl

s (for which relevant requirements on specification™for success normally do not exist]
high or unacceptable uncertainty levels on failuréto the requirement can be applied to
1 plant, if it meets technical requirements developed by the qualification study.

acceptance of the item's qualification studyHas not been achieved, make recommendat
with proven technology items if the required functions can be achieved or alternatiy
operating range for the technology to ensure adequate performance margin.

porting information on implications for maintenance

'y may be a key factor to.be)considered during the design phase, as will the ability to lift
ponents and to align and-test them.

on of evaluation methods base d on an overall plan for the evaluation process (qualificat

—

on

pllection: The activities (analyses and tests) to collect evidence (refer to execution of the plan

for
ata,
fess
fion
ant.

or
the

ons
rely,

and

ce support systems_or provisions, which includes, technical publications such as ove

maintenance)data acquisition systems and tools supporting maintenance. These shoul
the operatormainly based on information from the supplier.

0 3977-9 regarding respective responsibilities of suppliers and operators, includes
equirements to maintain component expected operational lifetime, coating lifetime and

r
and maintendancée manuals, spare parts, maintenance personnel with their trai%ng,

aul

be

the
the

intervals b

etween inspections to maintain the unit in the safe and reliable condition. These issues

are

to be examined to see how they are influenced by the load pattern and type of fuels in the host power

plant.

The inhere

nt maintainability should be confirmed during manufacturing and operation phases.

Based on collection, analysis and feedback of maintenance data, effectiveness evaluation of maintenance

and design

40

improvement of the PCC plant with supplier advice should be confirmed.
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Annex B
(informative)

The reference plant and its component experience

General
=enera:

B.1

Thi
cony

from pilot to full commercial scale of the applied technology:

a)
b)

‘)
d)

B.1

Iten
be d

b)

d)

.1 Outline

5 clause provides the following a) to d) utilizing the experience from the reference pld
ponents, similar/same proven technologies in the industry and research and.developmer

information for process step 2 (A.3) to identify novel items (see B.1.3);

data utilized for process step 4 (A.5) for RAM analysis (see B.2);

advice to process step 3 (Clause 7, 8 and 9) in performance-tdonitoring (see B.2.3);

information for process step 5 (A.6) and 6 (A.7) (see B:3.1).

.2 Critical parameter list

ative with classification of technological itemsiA.3.2.2, the following analysis for each i
onducted.

Vital parameters governing design‘ affecting key issues in operational and pe
requirements are defined as critical parameters or applied specification of the crit
parameters, if it is information heeded for design. The critical parameter list summ
should cover all items of this kind.

The acceptable range of the given parameters should be determined from the procedursg
to find out novel items where the selected specification of the critical parameters af
current design are gut of this range.

Some of critical-parameters may not be understood depending on technology readines
should be linked with possible failures and failure mechanisms. If a requirement for
item is noteorrect or missing due to lack of data/knowledge about such influences, diffi
arise affecting several performance items.

Critical parameters related with novel items identified in process step 2 (A.3) should be &

nt with its
t activities

fem should

rformance
cal design
arizes and

inA.3.2.2.
fecting the

s level and
h technical
fulties may

stablished.
items and

The specific critical parameter of an individual item may propagate to another related

should be reviewed against the entire PCC plant in the 1terative ways.

Examples are in, Table G.1 and Table G.2, as matrixes for classification of novel items with their locations
(systems) in a PCC plant.

B.1
a)

b)

.3 Access to data

The information, which is collected from report of a PCC plant experience or literatu
similar equipment and operating conditions of concern, may include challenges and un
and should be investigated referring to process steps 1, 2 and 3 to reduce risks.

re relating
certainties

In case that new items are included, numerical checks of the performance before operation should
be done per process step 2 based on generally recognized simulators, handbooks or literature. The
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resultislimited to checking critical parameters related to the capacity, and main design parameters
such as gas or liquid velocity and coefficients of heat and mass transfer.

c) Itis preferable to access precise, dependable data that documents the factors that increase reliable
performance in large-scale commercial plants. Such data which should be provided by operators or
technology suppliers of an actual PCC plant for review are defined or listed, if potentially applicable
to the applied technology.

d) When operational experience of technology is used as evidence of fulfilment of requirements,
then operating conditions, design parameters, environmental conditions or applications (system
characteristics) in which the technology has been used should be referenced. Such experience
should preferably be traceable and accessible to the analyst to avoid incorrect interpretations.

e) Generdlly, the relevant experience data, such as obtained through process step 3, can be-awaluable
source of evidence, if the designs that functioned acceptably in service are considereds

B.2 Guiglelines for use of proven industrial plant component data

B.2.1 Input of critical parameters from proven industrial plant component data

The knowledge and experience in industry with proven technology can®e referred. The operatignal
experience should be analysed based on the procedures in A.3.2.2 andA.3.2.3 to confirm that applied
specificatipn of the parameters is within this range. The following isya.sample of input in consideratfion.
Only somq elements of the novel items may remain due to.additional requirement or diffefent
application] area.

a) The pile-treatment section of a PCC plant is generallysimilar to those of the Air Quality Conjtrol

(AQC) plants, except that there may be a severe resttiction on the concentration of impurities pnd
the treated flue gas. This can be evaluatéd within the experience of the AQC, which |has
many feferences up to a large-scale capacity of a plant (also its component accordingly). The crifical

b) CO, compression has many uses in chemjcal or gas treatment plants up to a large-scale capacitly of
a plang (also its component accordingly). In locations downstream of a regenerator of a PCC plant,
the pre¢duct CO, may entrain a mistias well as trace flue gas components and impacts of these may
not bejclear.

c¢) Towerl|internal specificatioh$ may be common to those in chemical plants where the vendorfhas
considerable experience«and interest in the uniformity of local velocities of both liquid and gasfpnd
the mdthod considering®he change of liquid properties.

d) The dé¢sign of heatiexchangers is covered by chemical industry standards depending on type.
The sgecific congerns are scaled-up in case of larger plants and those common to all capacities.
Count¢rmeasures against those of degradation, fouling and corrosion of related compongnts
changing-with time are technologies such as filter system to mitigate the above concern during
operatjion)

B.2.2 Evaluation of the quality of the databases of proven industrial plant components

This clause provides guidelines on industrial plant component data utilization, cited from public
open databases in addition to specific vendor’s experiences relating with a PCC plant in a technology
evaluation study.

The databases listed in References [6], [11] and [12] in relevant specific industries can be used as a
source for historical data. When using the date bases, all available data should be checked to confirm
that data have not been intentionally excluded without evaluation. More, relevant data can be found
in the plant suppliers having operational experiences or the vendors supplying them the related
equipment.
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When evaluating the quality of reliability data, the following should be considered:
a) Quality of the data available in the database

Data quality depends on many factors related to the data collection process; The analyst can prioritize
data based on completeness of available information.

b) Quality of the database structure

The quality of the database is related to its consistency. More details on best practices and
recommendations for quality databases can be found in ISO 14224. Some vital information that
norpraty-shotddbeavattabltefor-the-databaseto-getahighscoreaccordingto1S644224inetades system
boundaries, failure modes, the number of failures and the operating and the operating-calpendar time
in dddition to description of system characteristics, like design parameters, operational |[conditions
preyentive maintenance and environmental conditions.

c) |The relevance of the data in the database

Both the relevance and the final evaluation of the reliability of data sources of the database should
depend on the intended use of the data. The information that is relevantand sufficient for ohe analysis
may not fit for a more detailed analysis.

Reljability data can differ significantly depending on the specific ddtaset selected with little ipformation
to sppport the selection of dataset among a significant number-of failures in all groups.

B.2l3 Performance monitoring

Performance monitoring can be an overall, long-term.éffort to measure, sustain, and improvg PCC plant
relipbility, capacity and maintenance planning.

ISOfTR 27912:2016 may be used as reference te‘the classification assessment, see 7.6, for example.

ASME PTC-PM-2010[4] can be referred to ‘after the fundamental concept in of the referencg Section 1.
The guidelines are arranged by subsection given below. The description of the components fommon to
a PCC plant can be seen in the sampleé provided in Reference [4], mainly in the balance-of-plgnt portion,
is vplid. Heat rate can be interpreted as the specific heat requirement of CO,.

a) |Programme Planning in §e¢tion 2.1 in Reference [4].
b) [Instrumentation in §egtion 2.2 in Reference [4].
c) |Performance Ménitoring Implementation in section 2.3 in Reference [4].

Each technical characteristic should be imported from a PCC plant.

B.3 Itéms particular to a PCC plant and its components

B-3.1 chcn a}
This clause provides guidelines on the selection of plant component data particular to a PCC plant.

B.3.2 Items in each subject for evaluation of reliability and availability

B.3.2.1 Performance evaluation

The objective of this evaluation is to confirm its performance as one part of reliable operations
(excluding target reliability) are as stated in the design basis. The performance evaluation is carried
out to quantify overall performance of the technology, checking the margin against e ach acceptance
criteria in the design basis before and after operation. The performance test procedure should be
defined referring to ISO 27919-1.
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B.3.2.2 Supportive information

This clause provides information on key issues at the current knowledge level. Then in the concerned
area has been generally presented in the public domain as the literature and operator’s report. Table B.1
illustrates topics and check items particular to the PCC plant for process step 5 and 6.

This analysis is designated to discover the failure mechanisms to determine appropriate
countermeasures that recommend access or communication with proprietary information sources.

Table B.1 — Key issues and items to be checked

Key issules Items to be checked Countermeasurges
(if any)
Corrosion Material, location, size, operating condition, operating time with better|Add anti-co1rosion
management of corrosion issues. additives to solvenft.
PCC technologies to reduce solvent degradation and to optimize ab- Charige“solvent.
sorber feed gas composition, which reduces concentration of nitrogen .
: o . . . Check materials off
oxide and sulphur dioxide in flue gas as much as possible, is required. .
¢onstruction.
Note corrosion in the flue gas pre-treatment area and the CO, com;
pression area can belong to the existing plant experience area and
should be referred to the information in the corresponding area:
Measure change in wall thickness of heat transfer tubes of reboiler and
reboiler vessel.
Emission Emission mechanism, measurement method, explanation of influenc- |Add anti-foaming
ing factors and countermeasures for prevention withreference. agent to solvent.
Measure change in wall thickness of heat transfer tubes of reboiler and | Install washing stdge
reboiler vessel. at the outlet part off
absorber/desorber]
Leaks Leak points, reason for leak and countermeasures. Use proper mechani-
Leakage from mechanical seal or gasket. cal seal or gasket.
Absorbent Joss |Explanation of influencing fagtors and countermeasures with refer- Add anti-oxidation
ence. and anti-foaming
Measure composition of‘outlet gas of absorber and SO, ion concentra- additives to solvenf.
tion in solvent. Install high efficiep-
cy DeSOx system
upstream of the
absorber.
Efficiency de- |Filters and other countermeasures may be required to address partic- |Clean heat exchanger
creases du¢ to |ulates ifabsorbents. tube surfaces.
fouling of hleat
exchangerd
Scale-up Reference large size equipment, plant and components, philosophy of
scale-up and its influence on performance.
To achieve large-scale applications of CCS, securing reliability is essen-
tial and appropriate. Criteria must be established for its evaluation.
Key component technologies of a complete PCC plant have been
deployed at scales large enough to meaningfully inform discussions
about CCS on large commercial fossil fired host power plants. This can
be used if there is no large-scale experience.
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Table B.1 (continued)

Key issues Items to be checked Countermeasures
(if any)
Foaming Management system of solvent properties If pressure loss
Foaming in solvent systems may cause system malfunctions by flood- Increases, add an-
. . ti-foaming agent to
ing that leads to an off-spec product, lost production and solvent losses solvent
Measure pressure loss across absorber and desorber. Bleed of used solvent
and feed of fresh
solvent
Exposure to EHS aspects and follows Safety Data (SD) instruction of the applied Masks,safg¢ty goggles
am|nes in work |chemical including absorbent and protedtive gloves
areps EHS aspects Add'engingering
barriers tolavoid
exposure.
CO{ stream Possible adverse effects by changes in one or more operating parame- |Keep them|at set
varfiations ters. values whdn flue gas
durlng' Measure amine concentration in solvent and Liquid to Gas flow (L/G) condition i constant.
opdration o
ratio in absorber.
Staft-up and Adverse effects resulting from start-up and shut-down. Before stafft-up, pre-
shyt-down of Before start-up and shut-down, measure the solyent'temperature in heat the sofventand
process check its tgmpera-
absorber and desorber.
ture.
Before shuf-down,
stop the repoiler
steam and|check the
solvent temiperature.
Relptionship Adverse effects by failure of ogher plants or restrictions to the other
with other plant(s).
areps
Flow and CO, |Acceptable or actual ¥ariations.
qudlity
verffication
Impuritiesin  |A wide variety;of impurities contained in the flue gas, especially emit-
the|flue gas ted by coalxfired plants, may affect reliability and the cost of the PCC
process.depending on their concentrations and types.
Somie“impurities require a long-term assessment for their impact. For
thisreason, a long-term operability and reliability confirmation is use-
ful to demonstrate the efficiency of the process and to determine the
effectiveness of commercially viable countermeasures
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Table B.1 (continued)

Key issues Items to be checked Countermeasures
(if any)
Hardware a) Choose solvent vendor with good test results / references Proper design based
design on operation experi-
b) Duplication of critical equipment (e.g. pumps) ence
c¢) Good/proper knowledge of flue gas composition prior to design
d) Selection of equipment design, e.g. plate heat exchanger is compact
and efficient but more challenging to operate/maintain compared
to shell/tube heat exchanger
e) Location of and choose of emission monitoring instruments and
sample system
f) Proper design of Reboiler dedicated to stripper
g) Don’'t underestimate the utility system/complexity in design
(Electrical system, cooling water system, control system, etc.)
h) Avoid location in potentially explosive atmospheres / explosion
hazardous area
i)  Choice of material
j)  Valve design (leakage in gaskets and drain plugs)
Performan¢e |a) Monitor solvent hot side of plant regards to corrosion
monitoring
location b) Emission monitoring in absorber stack
Problems a) Too many instruments/alarms/trip
typically
encounterdd b) Quality/complexity on electrical and instrument system
c) Leakage due to material/gaskets/design not compatible with
solvent
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Annex C
(informative)

Technology Qualification

TQ is the process of providing the evidence that technology (items) will function within specified
opeFationaltimitswith-an eptablelevel of confidence—There of-the-qualification—eyaluation is

repprted as evidence that the technology meets the specified requirements for the intendéed|operation.

A bpsic TQ process is visualised in Figure C.1. Each step of the process shall be documented making
the|conclusions traceable. The required level of detail for documentation tends to fincreas¢ as the TQ
profess progresses. Feedback loops between the steps imply that the process*is iterative in nature.
Consideration should be given to design modification to improve performahce, safety, longevity and
easg of manufacture or operation, amongst others. Modification of specifidations may also [take place.
Such modification will trigger full or partial iterations of the basic TQ pfocess in order for the TQ basis
to be satisfied. More details about TQ is given in DNVGL-RP-A203 for'eference.

An pxample of application of TQ as described by DNVGL-RP-A203 te a PCC technology may be found in
DNVGL-RP-J201.

Qualification basis
Set the requirements
Technology assessmént (TA)
Novelty and prohibitive obstacles

Threat assessment
Failure.modes and risks

Modifications

Qualification plan (QP)

Select qualification methods

Execution of the plan
Collect evidence
Performance assessment
Verify compliance with requirements

- ™
kTechnology qualified (TQ) )

Figure C.1 — Steps in the basic TQ procedure applied for novel technology items [2].
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Annex D

(informative)

Classification of influences for PCC plant capacity availability and
Product CO, producibility in Clause 9

Regarding
produced,
Table D.1,
causes) th3

PCA and PCPB, terms 1n calculation formula key number, 1.e. the product CO, amd
the product CO, amount not produced) shown in Figure 8 and Figure 9 are illustfate
classifying respective influences within PCC plant load pattern and events (exampl
t cause the above using influences in top column of Table D.1.

Table D.1 — Classification of influences for PCA and PCPB in Clause 9

unt
H in
b of

Shade
[nfluences .
PCC plant designated for
internal capacity PCPB each product Exampleof PCC plant load pattern and eventg
State of || faults/ | Planned/ Akl COz amount in
Availability Fi 8 and
PCC plant ||external | Unplanned lgure & an
influence Figure
N Y Product COz is produced at PCC plant nomina|
N/A N/A 22 [ 1oad
Planned/ 20 *A certain COz supply of upstream to PCC plapt
External Unplanned +I -A certain product COz demand by downstregm
22 23 of PCC plant.
Planned | Load-up, load-down, etc.
Available |[Internal Unplanned 20 | 21 Troubles with some components which force
P reduction of capacity.
No COz2 supply of upstream to PCC plant or ng
Planned product CO2 demand of downstream of PCC
plant, which is noticed before enough to
External Y6 complete preparations.
Any event to cause shut-down of PCC plant thiat
Unplanned occurs upstream or downstream of PCC plan]
such as equipment for transport or store CO2
The required performance cannot be met, sugh
as no-load, operation case such as no-load
Planned 23 operation case, resulting to discharge recoverled
CO2 to atmosphere as it is off-spec, with less
than minimum PCC plant load.
Un The-reqtired-performance-cannotbe-met-such
available Internal | ynplanned 21 as any unstable or transient conditions like
emergency trip, etc, due to off-spec CO2
Planned Modification, preventive maintenance, etc.
Unplanned Unforeseen troubles, repair (corrective
p maintenance), etc.
NOTE For key number 20 to 26, refer to Figure 8 and Figure 9. Multiple key numbers can coexist in the same

load pattern and events case.
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