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Foreword

7(E)

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 tech
committee has been established has the right to be represented on that committee. Internat

nical
ional

organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
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electrotechnical standardization. N

Y Y4
The procedures used to develop this document and those intended for its further maintenanc

rs of

P are

described in the ISO/IEC Directives, Part 1. In particular the different approval criteri{h&ded for the

different types of ISO documents should be noted. This document was drafted in atcardance wit
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

-
[
1

»

Attention is drawn to the possibility that some of the elements of this document’'may be the subje
patent rights. ISO shall not be held responsible for identifying any or allsjiéh patent rights. Deta
any patent rights identified during the development of the document wilkbe in the Introduction ay
on the ISO list of patent declarations received (see Www.iso.orgzlgatg{t‘s). :

Any trade name used in this document is information given for tb’e,convenience of users and doe
constitute an endorsement. >

A »

.

For an explanation on the voluntary nature of standards,’the meaning of ISO specific terms
expressions related to conformity assessment, as wellgs information about ISO’s adherence t
World Trade Organization (WTO) principles in the Teé¢hiical Barriers to Trade (TBT) see the follo
URL: www.iso.org/iso/foreword.html. . <‘

o

This document was prepared by Techni€ali’Committee ISO/TC 265, Carbon dioxide cay
transportation, and geological storage. N
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Introduction

This document is intended to serve as a reference document for future development of any technical
standards that could be approved by TC 265 for the quantification and verification (Q&V) of greenhouse
gas (GHG) emissions and emission reductions from CCS projects. This document is a review of current
practices and requirements, for the Q&V of carbon dioxide captured, transported and geologically
stored; as well as for direct and indirect GHGs that can arise from integrated CCS project activities

assogiated—with-injectionof carbondioxide-intogeotogical formationsfor-thepurposes—of-isotation
from| the atmosphere (and ocean) over the long term. While carbon dioxide (CO2) is the primary target
of thie capture process, other GHGs (such as methane, CH4) may be entrained in the capture stxgan,
and emissions can include GHG’s other than COz. This document includes limited discussion.ofother
environmental impacts. \Z

This|document integrates the various aspects of Q&V adopted by other ISO/TC 265 Working Groups
(WG$) into a comprehensive project framework. ‘

NY

The UNFCCC Paris Agreement (adopted on 12 December 2015) lays the foundafidn for countries to
worlf cooperatively to limit the increase in global average temperature to between,1,5 °C and 2 °C above
pre-industrial levels, by reducing emissions of greenhouse gases (GHGs) intouthe atmosphere and by
incrdasing removals of GHGs from the atmosphere. Many of the climate nfodel$ considered by the IPCC
in their most recent assessment report (IPCC, 2014) suggest that keepinéaverage global temperature
rises|to less than 2 °C will require large scale deployment of carbon diox"ﬁe capture, transportation and
geolggical storage technologies (CCS) in order to reduce anthropogetiic emissions from the electrical
sectgr and from industries where there are no viable alternat'iy,qs."l‘he IPCC (2014) also suggest that
CCS yith bio-energy (BECCS) will be required to remove carbgn/dioxide from the atmosphere to meet
medjum term emission objectives. In the longer term (i.e.‘.zﬁ- to 100 years), it may be necessary, and
viable, to further reduce harmful concentrations of COgsifythe atmosphere by capturing CO; directly
the atmosphere for injection into geological formagions (DACCS).

many countries have existing domestic.\G{I}G emission reporting requirements, the Paris
Agreement emphasizes “robust accounting” fO{‘ all countries (UNFCCC, 2015, Article 6, paragraph 2),
coveling both anthropogenic emissions of @réenhouse gases by sources and removals of greenhouse
gasef by sinks (Article 4, paragraph 2): ‘Th‘e' key principles for accounting and reporting identified
in the Paris Agreement are transpareng’y (to ensure that actions are shared and equitable, and that
outcpmes are real), accuracy, copipleteness, comparability and consistency, and the avoidance of
double accounting (UNFCCC, 2015,-Article 4, paragraph 13). Environmental integrity (i.e. no harm to
ecosystems or biodiversity) is afundamental principle for all activities, as are issues relating to the
socideconomic impacts of a prﬁjeét.

ISO/T'C 265 was established to develop technical standards for the design, construction, operation,
envifonmental plapfifi]g and management, risk management, quantification, monitoring and
veriffcation, and related activities in the field of CCS. Six working groups (WGs) have been established.
They all report thizough to the Technical Committee (TC) and are charged with focusing on particular
aspefts of the QC technology chain.

WG1|- Cpiure

WG2|-<Fransport

WG3 - Storage

WG4 - Quantification and Verification

WG5 - Cross-cutting Issues

WG6 - CO; storage through Enhanced Oil Recovery (EOR)

This document established under WG4 is intended to provide a credible foundation for future standard
approaches for the quantification and verification (Q&V) of GHGs associated with CCS projects (for
geological storage or for EOR). Future standards developed in this area will improve understanding

vi © ISO 2017 - All rights reserved
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and confidence in CCS related GHG mitigation by regulatory authorities, investors and civil society, as

well as enhance validation processes underpinning project compliance obligations.

The development of this document complements the development of other CCS and non-CCS,

but

relevant, ISO standards and TRs, including in particular the whole ISO/TC 265 catalogue. Documents
are referenced from the EU, UNFCCC, IPCC, and various government bodies. As CCS Q&V is an ever-
evolving area of examination, this document has been based on the best available information at the

time of its release.

The principal GHG considered within this document is carbon dioxide (CO3), other GHG’s (as list
Chapter 5), are included in the Q&V of CCS projects, but are not usually significant. To somf;\e)s
GHG and CO; are used somewhat interchangeably and the reader is invited to consider he,dontd
the terms. Most of the GHG captured through the CCS system will be a relatively pur s eam of]
perhaps mixed with other gases such as Ny, but in an Enhanced 0il Recovery (EOR) s.ystem the rec
COz could also include methane (CH4). Emissions from fossil-fired industrial actiyity €ould also co
some NO. /
NY
This document aims to provide a transparent and non-prescriptive body gfjinformation relating to

processes for CCS projects. \D
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Carbon dioxide capture, transportation and geological
storage — Quantification and verification

1+—Scope
\
1.1 General L)) o
2\
This document presents a review of publicly available literature identifying materially\r«élevant i

sues

and options relating to “good practices” for quantifying and verifying GHG emissien$.and reductions at

the project level. Its scope covers all components of the CCS chain (e.g. capture transport, storage
includes a lifecycle assessment approach to estimating project level emissions. &nd emission reduc
from project assessment, construction and operations, through to completlon and post-clc
activities. This document considers the following at the projectlevel: ¥

>
— avariety of Q&V related boundaries applicable to all components\of'a CCS project;

— the composition of the CO; stream, including its purity, \aﬁd" requirements for measuring
verifying the physical and chemical state of the CO2 streandini CCS projects;

and
tions
sure

and

)
— identification and quantification of GHG emissions anggedﬁctions acrossintegrated CCS componfents;

— monitoring objectives, methodologies, and samg‘h.ng strategies, including locations, periods
frequencies; o

— GHG data collection and reporting; Y

— verifying GHG expectations with agregd\verification criteria;
A\
— life cycle assessment (LCA) of CC§projects.

1.2 Limitations Q¥

Q&V approaches to measuging and verifying GHG emissions, reductions and removals for CCS prg
continue to evolve. Thig/document identifies the gaps and limitations in current levels of knowled
empirical methodologje‘s and application of good practices for CCS Q&V.

This is a Technigal;Report and so does not seek to recommend technical standards for any specific
method. Thi¢/ddeument cites existing ISO standards and other good-practice protocols that have
developed, tohuantlfy and verify GHGs from integrated CCS projects.

AN

1.3\« St\clkeholders' requirements

and

jects
be, of

Q&V
been

Tlps document aims to inform all stakeholders who influence, or are directly or indirectly invplved
9 the reporting of emissions and emission reductions, or removals, for CCS projects. Stakehoners

may include, for example, CCS project developers and operators, policy makers, regulators and other
government oversight bodies, verifying entities, the financial community, equipment manufacturers,

owners of other resources (e.g. water, coal, oil and gas), and members of the general public.

1.4 Review of the references

This document makes reference to a variety of sub-national, national and international laws applicable
to CCS projects; current Q&V practices to measure GHG emissions and reductions, or removals, by CCS
projects; existing ISO standards that are directly and/or indirectly relevant to CCS projects; identified

stakeholder requirements; and the anticipated outcomes of other ISO/TC 265 WGs.

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=6e1a36c144552fcf08b3fbe7fcd7f07f

Single user license - Pro Tem Committtee on CCUS - No reproduction or circulation

ISO/TR 27915:2017(E)

The discussion of Q&V is applicable to both onshore and offshore environments. At this stage, the
offshore experience is from two Norwegian projects, Sleipner and Snohvit, while the onshore experience
draws on an expanding range of storage, and COy EOR projects, in North America and China; and from
a cumulative body of research, pilot and demonstration projects, in Algeria, Australia, Canada, Europe,
Japan and the USA.

References are cited throughout this document, including relevant standards and protocols. These
references are listed in alphabetic order in the Bibliography.

1.5 | Nomenclature N

BEC(S Bio-energy with CCS \‘;\

CCS Carbon Capture and Storage (or Carbon dioxide Capture, transportation and geological
Storage) 4

CbM Clean Development Mechanism "}\ v

CEMp Continuous Emission Monitoring System ,"': '

CMS Continuous Measurement System \.‘\ ’

COp.-¢ Carbon dioxide equivalent d j‘

DAC(CS Direct air carbon dioxide capture and (geological),s\tofllge

EIA Environmental Impact Assessment ‘.\\\ ‘

EOR Enhanced Oil Recovery . 3

EU E[T'S European Union Emissions Trading.S\QVlT'er.ne

GHG Greenhouse Gas - W

[EA GHG International Energy Agen'c‘y C;r,eenhouse Gas R&D Programme

[PCC Intergovernmental Pan‘el‘cs)n Climate Change

[PCC[SR [PCC Special Repor\t“on CCS (2005)

LCA Life Cycle Assé;s\ment

MRR Monitqr}ﬁ:éj f{eporting Regulation (ref. EU)

Mt 1‘}Qﬂ'liog(metric) tonnes

Q&V \«\'\Quantification and Verification

tonng (A% ’ 1,000 kg

tCOz-e tonne COz equivalent

TR Technical Report

UNFCCC United Nations Framework Convention on Climate Change

2 Normative references

There are no normative references in this document.

2 © IS0 2017 - All rights reserved
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3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 27917-1 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— ISO Online browsing platform: available at http://www.iso.org/obp

31 N
baseline N
reference basis for comparison against which project status or performance is monltorednr measpired

N’
Note 1 to entry: The IPCC (2014, Annex 1, Glossary, p.1253) defines baseline as “the state/against which change
is measured”. In natural systems, a baseline represents the range of pre-existing natiiyal variation of that
system, which may include a complex range of diurnal, tidal, seasonal, annual, and €limaftically-driven ndtural

fluctuations. R Y
1S

[SOURCE: IS0 21500:2012, 2.3, modified] D

3.2 N

carbon capture and storage \',

CCS >

process consisting of the separation of CO, from industrial aid énergy related sources, transportation

and injection into a geological formation, resulting in its lg\ng erm isolation from the atmosphere
t‘

Note 1 to entry: CCS projects should also provide for the }ng term isolation of CO, from oceans, potable yater
supplies and other resources. \
SN

[SOURCE: IPCC special report on CCS, 2005] 3

3.3 N

client W\

organization or person requesting Valigation or verification
-

Note 1 to entry: The client could be ttfq‘ responsible party or the GHG program administrator or other stakehplder.

[SOURCE: 1SO 14064-1:20062.25]

4

3.4 .
CO2 (GHG) leakage A
leakage .

unintended relKa.se of CO7 (or other GHGs) out of pre-defined containment

Note 1 to eﬁt‘r«f Examples of containment are compressors, pipelines, trucks, ships, wells and geolggical
formatlons\‘ln the context of this document , leakage does not refer to the concept through which efforts to
reduce.e(msswns in one place shift emissions to another location or sector where they remain uncontrolled or
not-counted. Specific regulations at the national or sub-national level may further define leakage within spcific
contexts.
(Y
3.5
CO2 stream
stream consisting overwhelmingly of carbon dioxide

Note 1 to entry: A COz stream is likely to contain impurities such as other GHGs, and may also include substances
added to the stream to improve the performance of the CCS stream or to enable detection of the CO3. The
minimum concentration of CO in the CO; stream is usually subject to regulatory discretion and approval, but
should be overwhelmingly CO>.

[SOURCE: ISO 27917-1]

© IS0 2017 - All rights reserved 3
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3.6
CO3 stream composition
percentage by volume of each component of the CO; stream (3.5)

Note 1 to entry: The CO; stream composition is usually subject to regulatory discretion and approval. It
is less common to report stream composition as a mass fraction.

3.7

COZ stream pu rify

percentage by volume of CO7 as a component of the CO; stream (3.5)

\
3.8 L)) o
detekction limit A\
detection threshold N7

smalllest value of a property of a substance that can be reliably detected by a spec1fled measuring
metHod in a specified context

3.9 N
emigsion factor o\
nornjalized measure of GHG emissions in terms of activity ‘,‘ :

Note [l to entry: For example, tonnes of GHG emitted per tonne of fuel consume lves and other such equipment
mighf have typical leakage rates based on measurement from similar equlpmenk mission factors can be applied
based on experience for such equipment.

»

[SOURCE: Annex II of the [PCC special report on CCS, 2005] CX g
N 4

3.10 W\
GHGYCO2 emission \\
emigsion
totall mass of GHG (i.e. COz or COz-e) released to Qle atmosphere, or surface water bodies, over a
specified period of time SO

Note|1 to entry: Emissions from a geological stpra\ge complex occur at the interface between the ground and
the agpmosphere or at the interface between,the's€éabed and ocean or lake. “GHG/CO2 emission” is equivalent to
the UNFCCC term “seepage” referred to in‘tlie' CDM modalities and procedures for CCS project activities (see
Referlence [75]). Q¥

£

[SOURCE: ISO 14064-2:2006, 2.5, modified]

X

3.11 A\ 4
GHGJ/CO2 emission reduction
calcylated net decreaseef-6HG emissions between a baseline (3.1) scenario and the CCS project output

Note|l to entry: A GHE efission reduction may also be referred to as “CO; avoided”, although CO, avoided may
also gefer to COy, re{novals from the atmosphere.

[SOURCE: 180'34064-2:2006, 2.7, modified]
\\

3.12 N g

GHG|removal

total mass of GHG removed Irom the atmosphere over a specitied period of time

Note 1 to entry: CCS projects could achieve GHG removals through BECCS (Bio-energy with CCS) or by DACCS
(Direct air CO3 capture and geological storage).

[SOURCE: ISO 14064-2:2006, 2.6]

4 © IS0 2017 - All rights reserved
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3.13

fugitive emission

release of GHG from anthropogenic activities such as the processing or transportation of gas,
petroleum or CO;

Note 1 to entry: Fugitive emissions include unintentional releases such as leaks and spills, and intentional releases
such as vents and flares for the purposes of safety, maintenance or to operate specific pieces of equipment (see
Reference [91]).

[SOURCE: Annex II of the IPCC special report on CCS, 2005] ¢
3.14 Y
geological reservoir AN\
subsurface body of rock with sufficient porosity and permeability to contain and“ransmit fluids
(including super-critical phase GHGs) with an overlying impermeable seal (or caprock) which preyents

escape of the fluids 4

e

[SOURCE: Annex II of the IPCC special report on CCS, 2005] X v
3.15 CY
geological storage complex ~

subsurface geological system extending vertically to comprige }torage units, and primary| and
secondary seals, extending laterally to the defined limits of the GQz Etorage project

Note 1 to entry: Limits can be defined by natural geological boufidaries, regulation or legal rights.

3.16 oY

greenhouse gas W\
GHG AN

gaseous constituent of the atmosphere, bothrnatural and/or anthropogenic, that absorbs and gmits
radiation at specific wavelengths within the'spectrum of infrared radiation emitted by the Egrth’s

surface, the atmosphere, and clouds A\

Note 1 to entry: The most common gregnh\ouse gases are carbon dioxide (CO2), methane (CHg), nitrous pxide

(N20), hydrofluorocarbons (HFCs), nitrogen triflouride (NF3) perfluorocarbons (PFCs) and sulfur hexaflupride

(SFe). Emissions from these gases aréreported under the Kyoto Protocol, and aggregated into carbon dipxide

equivalents (CO2-e) using factorsicaliéd global warming potentials (GWPs).
s

[SOURCE: ISO 14064-2:200Q6, 2.1]

X

3.17 A\ 4
greenhouse gas activity data
quantitative meastire of activity that results in a GHG emission or removal

Note 1 to entiy#Examples of GHG activity data include the amount of energy, fuels or electricity consymed,
material p@uced, service provided or area of land affected.

3.18-5)
greé&ihouse gas emission or removal factor
(conversion factor relating activity data to GHG emissions or removals

-3

3.19
greenhouse gas information system
policies, processes and procedures to establish, manage and maintain GHG information

3.20

greenhouse gas report

stand-alone document intended to communicate an organization’s or project’s GHG-related information
to its intended users (3.23)

[SOURCE: ISO 14064-2:2006, 2.15]

© IS0 2017 - All rights reserved 5
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3.21

greenhouse gas source
process, activity or mechanism that releases a GHG into the atmosphere

[SOU
3.22

RCE: ISO 14064-2:2006, 2.2, modified; Annex II, IPCC CCS report 2005, modified]

integrated CCS project

proje

ctthatinvolves r‘:\phlring Fﬂz from I:\rgn pninf SOUECES; h-:\ncpnrh'ng Httoa cfnrngn cifnl injnrfing it

into fleep geologic formations (storage complex), and monitoring (3.28) to verify that it remains isolateg

from|

3.23

intended user

indiv

the atmosphere O
) y
P\

\2
idual or organization identified by those reporting GHG related information as belngthe one who

relief on that information to make decisions

Q
N

Note|l to entry: The intended user could be the client, the responsible party, GHG program administrators,
regulators, the financial community or other affected stakeholders, such as local communities, government
depaftments or non-governmental organizations 4

[SOURCE: ISO 14064-2:2006, 2.22] \.‘\ ’

3.24 4 f’.‘

level of assurance )

degr

Note
verif

Note
verif

be of assurance that the intended user (3.23) requires for vgri{icétion

1 to entry: The level of assurance is used to determine the dépth of detail that a verifier designs into their
cation plan to determine if there are any material errors, omlssmns or misrepresentations.

2 to entry: There are two levels of assurance, reas\onable or limited, which result in differently worded

cation statements.
D

[SOURCE: ISO 14064-2:2006, 2.24, modified].” \*

3.25 ol

materiality O

concppt that individual, or the aggfégation of, errors, omissions and misrepresentations could affect
the (

Note
plang
not d

Note
signi
mate

[SOU
3.26

HG assertion and could influe;nce the intended users’ decisions

1 to entry: The concept qﬂr'r\xaferiality is used when designing the validation or verification and sampling
to determine the type-of Substantive processes used to minimize the risk that the validator or verifier will
btect a material discref)an’cy (detection risk).

2 to entry: The’ /}ept of materiality is used to identify information that, if omitted or misstated, would
icantly mlsreprq nt a GHG assertion to intended users, thereby influencing their conclusions. Acceptable
Hiality is detebaiined by the validator, verifier or GHG program based on the agreed level of assurance.

N\
RCE; I§Q‘1’4064-2:2006, 2.28]

.

= )

mea

-5
urement

determination of quantities through physical devices

Note
Meas

1 to entry: Examples of measurements are temperature, flow, concentrations, length, distance, etc.
urement may be direct (e.g. length with a meter) or indirect. Indirect measurements may require two steps,

firstly sampling and then analysis. Indirect measures may also use a model to convert the measurement of a
given quantity into the measurement of another one, for example, from velocity to flow rate, taking into account
the pipe and fluid characteristics.
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3.27

uncertainty (of measurement)

parameter associated with the result of a measurement that characterizes the dispersion of values that
could reasonably be attributed to the measurement property

3.28

monitoring
continuous or repeated checking, supervising, critically observing, measuring, or determining the
status of asystenrtoidentify varfance fromramexpected performarnce tevetor busetime{3-1}

3.29 N\ ’\
GHG quantification -
act of measuring and/or estimating and/or predicting the amount of GHG emissions| €éductiong and

removals associated with a CCS project 4 Y’

3-30 ' »
reporting scope N
physical and temporal boundaries of information reported IS

3.31 NV
responsible party V'

person or persons responsible for the provision of the GHG qu(ﬁuflﬁcatlon (3.29) assertion andl the
supporting GHG information €%

.

[SOURCE: ISO 14064-1:2006, 2.23, modified] J

3.32 W
sampling .\\

selection of a subset from a population to estlmatéﬁlaracterlstlcs of the whole population

3.33 AWV
sampling strategy SO

set of technical principles or steps that@im to establish, depending on the objectives and thq site
considered, the sampling density, dis¢Fjbution, locations, and frequency for each sampling area

3.34 S)
venting .
intended release of GHG from pre-defined containment

3.35 Q

verification of GHG.assertion

systematic, indepéndent and documented process for the evaluation of a GHG assertion against agreed

verification critefia
% . /

Note 1 toengry: A GHG assertion is a factual and objective statement of performance related to GHGs made py an

organiza\ﬁo or project.

[SO&I?IIE: ISO 14064-2:2006, 2.26, modified]
%336

competent and independent person, or persons, with responsibility for performing and reporting on
the verification process

Note 1 to entry: This term can be used to refer to a verification body.

[SOURCE: ISO 14064-1:2006, 2.36]
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4 Principles

4.1

General

Principles are fundamental norms, rules, or values that guide a system or program. In reviewing other
emission quantification programs, a range of potentially relevant principles can be loosely grouped by
their underlying purpose despite the possibility of considerable overlap.

amo
meas
gene
the ¢
that
as a
poin
discy

4.2

4.2.1

The
accu

purp,
Thes

4.2.2

Iden
decis

4.2.3
The {

4.2.4

The
emis

4.2.5

Estal
help

One Eroup of principles relates to the accuracy of measurements. These support the validation of the

nt of stored CO; for compliance purposes. Another group of principles relates to fungibility 6f
urements. These support the facilitation of emission oriented transactions, for examplé; ‘Lth‘e
Fation of a tradable credit for a unit of emissions reduction. The final group of principles relates to
quity and accessibility of measurements. These support cost effective measurement.approaches
hvoid imposing cost-prohibitive Q&V regimes and so encourage broad deployment of CES projects
reduction strategy. The distinctions between the three groups are useful becausé-they help to
out the various objectives that could be considered in developing Q&V progratiis/Each group is

1ssed in more detail in the remainder of this clause. N\
o\
R . P,
Principles relating to the accuracy of measurement N -
. q)
Overview f,\

hpplication of principles is considered fundamental in ensurij\g GHG-related information is an
Fate representation of the actual measurement of emissionegeductions as is desirable on a fit-for-
ose basis. Principles are the basis for, and guide the a@liéation of measurement requirements.
e principles are based on ISO 14064-1. <\

b O

~

Relevance N

ification of the intended user and purpose Qf\}he GHG emissions quantification in order to guide
ions regarding which GHG data and measureément methodologies are appropriate.
(S
Completeness \:“
nclusion of all relevant GHG efhdssion reductions and removals.

4

Consistency and compatrability

use of consistent did rnternatlonally acceptable methods and approaches for measuring GHG
ions across all prqrécts to enable meaningful comparisons of GHG-related information.
l\/
Accurac o

\
plishingsmunimum levels of accuracy or precision in measurement methods and approaches will
to red ce bias and uncertainty.
\
(3

-3

4.2,

Discl
with

Trancnarancy
TanSparcncy

ose sufficient and appropriate GHG-related information to allow intended users to make decisions
reasonable confidence.

4.2.7 Conservativeness

Use conservative assumptions, values and procedures to ensure that GHG emission reductions or
removal enhancements are not over-estimated.
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4.3 Principles relating to the fungibility of emission reductions

4.3.1 Real

The demonstration that actual and sustainable emission reductions occurred over the long-term and
that emission reductions would not have otherwise occurred or been required by law. This principle
has been applied, for example, by setting baselines for reduction by averaging emissions over a period
of years to avoid a potential adverse and perverse incentive of CCS projects ramping emissions up to
inflate emission baselines in an effort to be awarded with more tradable credits. This issue is clpsely
related to the concept of permanence. Baselines should be determined in a conservative way addshould

be justified transparently (see guiding principles above). X ;/\."
P\

4.3.2 Additionality (N
The demonstration that the project results in GHG emission reductions that’are-additional to what
might have occurred under business as usual (reference CDM). N

D
4.3.3 Quantifiable )
The GHG outcome of a CCS project is normally quantified accord1n§¢b transparent and scientifically
sound methodology/ies. <\ )
4.3.4 Permanence :»

The concept of permanence is applied to CO; storage to’i;?dicate the expectation that in well designed
and operated CO; storage projects, injected CO2 withot leak out of the storage complex over thellong
term and, that if such leakage occurs, there will hieado unaccounted CO, emissions to the atmosphere or
ocean and no contamination of regulated resougees. Typically, the concept is operationalized thrpugh
regulatory requirements to use monitoring\risk assessment and modelling results to demonsgrate
that leakage has not been detected for a @efined period after injection operations have ended and that
there is no significant risk of leakage 6¢c¢tirring in the future. See IPCC Guidelines, US EPA UIC Class VI
regulations, EU-ETS as examples. ¢

' 4
]

X

4.3.5 Environmental effectivg;iess

The ability of a project to.result in overall net emission reductions as verified through monitgring,

evaluation, and verification processes.
T~

4.3.6 Enforceable >

The ability t@ lel}ally ensure that the emission reductions remain secure through the life of the program

in which thgy\are created/used, i.e. by compatibility with a robust accounting system.

o

4.3.7<SEconomic efficiency

-

(The extent to which the program rules minimize transaction costs thereby facilitating reductions.

-3

4.4 Principles relating to equity and relationship with stakeholders

4.4.1 Equity

The extent to which any program rules do not impose an unfair advantage or disadvantage to a nation
or economic actors.
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4.4.2 Transparency

Disclosure of sufficient and appropriate GHG-related information provides intended users, and all
stakeholders, with reasonable confidence in the outcomes.

4.4.3 Political acceptability

The extent to which the program impacts are acceptable to participants and other stakeholders.

4.4.4 Consistency with IPCC Guidelines N
Y Y4

The pxtent to which project quantification approaches are consistent with IPCC guidelines inck‘;d’l'ng
Chagter 5 of the 2006 IPCC Guidelines for National Greenhouse Gas Inventories that glves a‘egmplete
accoynting methodology for CCS.

5 Defining the CCS system and boundaries N

5.1 | General 9,

It is hecessary to establish the boundaries of the system and all its sub sgstems in order to carry out
a complete and accurate quantification of project-level GHG emissiofis a\ld emissions reductions (see
the grinciples explained in Clause 4). All GHG flows that are to bg quantlfled are defined in reference
to these boundaries, namely, transfers between sub-systems (withr?n the whole system), outputs (or
leakages) beyond the boundaries of the system, and externaktﬁbuts A clear disclosure of boundary
decigions/conditions is necessary to avoid any omission-0f/double counting of GHG emissions and
remqvals and to carry out quantification in a transparent a@:l replicable way.

The pbjective of this clause is to review the spatial and:temporal boundaries that are typically applied
to a CCS project for Quantification and Verificatio ﬁurposes being consistent with other ISO/TC 265
requjrements, and also recognizing that operatogS'may undertake GHG Quantification and verification
for g variety of purposes (e.g. regulatory approvals, voluntary program or economic reasons). As
concgrns the spatial boundaries, it is consistent with UNFCCC (2012)Y which describes the CCS system
as fol|lows: \;‘

“(a) the installation wheretlte_€arbon dioxide is captured;

(b) any treatment faczlztles

(c) transportation eq‘urp’ment including pipelines and booster stations along a pipeline, or off-
loading faalltlesm the case of transportation by ship, rail or road tanker;

(d) any recept}er facilities or holding tanks at the injection site;
(e) the m]eq?ion facility; and

f) ssturface components, including the geological storage site and all potential sources of seep-
ag\e s determined during the characterization and selection of the geological storage site.

T-he CCS project boundary also encompasses the vertical and lateral limits of the COz geological
St Storage site that are expected when the carbon dioxide plume stabilizes over the long term dur-

ing the closure phase and the post-closure phase.

Due to the technical specificities of a project or a regulatory framework, an operator might be able
to justify other boundaries. An operator may choose to focus on only individual component units,
for example, if different owners operate the various component units. It may also be the case that an
integrated CCS project involves only one boiler within a multi-boiler power station. A pipeline may
carry COz from multiple sources, or that storage may take place in only one part of a field or may accept
combined CO7 from multiple sources (and third parties).

1) Kyoto Protocol’s CDM : CCS Modalities and Procedures
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A power plant, for example, that has mandated CO; emission constraints may account for the emissions
associated with CO; capture through a specific regulatory program and might seek to avoid double
counting by excluding them from the capture system boundary. Finally, when carrying out a life cycle
assessment (LCA), other adjustments may be required to the boundaries.

5.2 Spatial boundaries

E 21 Overviaws
S4r-n OVeTrview

The term “spatial boundaries” describes the physical plant, equipment, and geologic fm%atlons
associated with a CCS project, and in the case of LCA, certain additional CCS project inputs amd outputs.
A typical CCS project boundary is conceptually depicted in Figure 1. It illustrates arklht grated CCS
Project and its main components, or systems that will be detailed in further subclauges.

Emissions and leakages

Raw gas stream
NY
COstream Y
/S CC§, Project
L Capture System e
Gapture Sy S
O
Transport System 4 f;
)

The entry of the ~
Capture %]ystem Storage System -~y

including resery,g\i\r & caprock (=storage complex),

—> (0, storé@awells and surface equipment

-
"M

Figure 1 —CFall range of CCS boundaries
A

(S
5.2.2 CCS Project o

\ Y
The main boundary is the infégrated CCS project. The boundary begins at the point of capture at which
GHG emissions are prevented from entering the atmosphere. It is completed at the point where GH(s are
injected and stored intp the sub-surface where they are expected to remain permanently. When g CCS
operation is added taanémstmg emission source, emissions and emission reductions are quantifigd as
described in this clauSe

All GHG releas’&s out51de the CCS system, be they intentional (venting, flaring) or unintentjonal
(leakage), atan'ﬁ pointin an integrated CCS project are typically quantified as emissions and accoynted
for as such;as illustrated on Figure 1,

In the*c\ase of other production inputs (e.g. fossil fuel and/or fossil resource consumption), they| may
ente} the system at intermediate points, such as pumps or compressors. Specific requirements| may

be imposed on operators such as quantification of CO2 only and/or non-CO2 GHGs may need fo be
ebnsidered either in the context of a carhon reparting scheme or L.CA

In the case of COz injection for EOR purposes or other recycling operation, the CO; that is recycled
within a closed system (i.e. recirculation loop) is not considered leakage as the CO; is re-injected,
however, GHG emissions could occur in the processing and transportation of CO5.

5.2.3 Capture system boundaries

The capture system contains processes and activities used to separate the CO; from (typically)
industrial processes, subsequently prevent it from reaching the atmosphere, and prepare it for
transportation to the storage site. It is usually not feasible to transport and store dilute streams of CO;
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(see Reference [33]) and so the capture system concentrates the COz to a high purity stream. These
processes and activities may include a temporary storage component.

The capture system boundary begins at the point where fluid separation begins. It is easy to
conceptually identify this point, however, in practice, it is highly dependent on the type of source of CO;
and the capture process utilized to separate it from other gas components. There might be a variety of
processes in a capture system. Cleaning and compression of the CO; stream following capture in many
cases will be also considered part of the capture system, upstream of transportation.

Different capture processes are applied to power plants or other industrial CO; sources (such.as
refineries, cement or steel production, etc.). Among this variety of situations, a few examples W?]T
be djscussed here, keeping in mind that a coal-fired electrical generation plant is often quo edifor
illusgration of CCS projects. In the basic case where a post-combustion capture process is pi d to
such|a coal-fired power plant, the capture system boundary may begin at the location at'w lich the
as is diverted from the stack or at the location at which contaminants are removed/ftem the flue
t would be useful to consider whether pre-treatment of the flue gases is requlred by regulation
ether it is simply necessary for the capture technology. If removal of critical aif contaminants
is mgndated, then the boundary might begin at the point at which the flue gas enters the COz capture
m following this treatment. '

.

on-power CO7 sources, such as refineries and upgraders, the captures Stem boundary might begin
e the duct work joins the capture facilities to processes such as for,ctzk\ing or hydrogen production.
ment plants, the capture system boundary might begin where thegas stream from the calcination
lows to the capture unit. Steel plants would be similar, with{capture system boundary beginning
e the gas stream CO3 from the blast furnaces or coking fac'lll.pes enters the capture facilities.
N 4

uel combustion (see Reference [56]) and gasification {or pre-combustion) (see Reference [65])
systdms raise more complex issues. In the case of oxy-fuel c@mbustion, the capture process is integrated
with|the combustion process and there is a partial str.gém of CO2 because of the internal looping for
dilutjon of the oxygen. In such cases, the boundary N

AN
ight begin after the boiler, e.g. at the pomt a,t'whlch the COy rich stream is polished and enters the
ompression system, or

.
— :Inight include the entire system sifige=an air separation unit (ASU) is considered integral to the
ntegrated electrical generation,dnd)€0, capture processes.

QS

In bdth cases, it is good practice tgaccount for CO2 emissions from recirculation.

In the case of gasification, the, €0, may be captured at several different points depending on the nature
of thp process. If the syn<gasi¥s burned in a turbine, the capture may be after the turbine (conventional
posticombustion captupe)}*f hydrogen (Hz) is the combustion fluid, then the entry point will be the
point at which the COz}nd H; are separated following the shift conversion process.

The fownstream®Botndary of the capture system is located at the point where CO; is delivered to the
tran portatlo,n\system Typically, this would be the entry valve (upstream isolation valve) into the
tran portagbh'mechamsm either by pipeline or by another means, such as ship, truck or rail.

There may “be a variety of processes between the entry point and the entry valve for the transportation
system,/including O- distillation, stripping, purification, post-combustion compression, and buffer

storage. More detail is provided in ISO 27912.

5.2.4 Transportation system boundaries

The transportation system contains all those processes, activities and physical equipment that move
the CO; from its capture location to its storage location. The most common mode for transporting CO2
is by pipeline. In this case, the transportation system boundary would begin where the capture system
boundary ends, typically the pipeline entry valve (see [SO 27913). The transportation system boundary
extends through the pipeline system and ends at the isolating joint with a valve used for delivery to the
storage system boundary. Typically, this will take place at a wellhead or wellhead distribution system
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for onshore storage or at the injection platform for offshore storage. In the case where delivered CO; will
be further divided, the boundary might be located at the isolating valve upstream of the storage field
(see ISO 27913). Any booster stations along the pipeline route are considered part of the transportation
system and any emissions from these stations need to be factored in.

Besides using pipelines, CO; transport can take place by ship, train, or truck. The main differences
between these and pipeline transport are that vessels are likely to be present at loading and unloading
fac111t1es in order to ensure a bufferlng capacity and that emissions are likely to be associated with
ffer
storage that may exist would be allocated to the capture system or to the storage system andndt the
transportation system (ship, train or truck). The same would apply for loading and unloading facillities,
although this may be inconsistent with IPCC guidelines (see Reference [42]). Since the COxiS¥ikely ko be
liquefied cryogenically for such transport, the loss of CO2 from the tanks used in this transport coulld be
accounted for within the transportation system. .
"\ 4
5.2.5 Storage system boundaries 9

)
N

The storage system boundary begins at the isolating joint with a VaLv‘e prior to the wellhedd or
wellhead distribution system (onshore) or the injection platform (ofﬁshore) which is the limit df the
transportation system boundary. The storage system is Composed fufacilities and activities us¢d to
prepare and inject the CO2 and to ensure its long-term storage™t 1ncludes but may not be limited
to, surface facilities, injection wells, and the geological storage’(‘;mplex as defined in Clause 3 and in
ISO 27914. This is also valid in the case of EOR, however, thg. “Storage complex” can be named [EOR
complex”. The storage system may also include monitoring¥wells and production wells, if present.|This

subclause gives further details. Y,

) X

LR

5.2.6 Geological storage complex wd

The storage system primarily includes the Storage complex, composed of two main undergrpund
geological elements: a) the reservoirs or geq\}iglcal systems where CO3 is injected and b) the caprock
(or seals) that is (are) necessary to mamta‘m 'the safety and integrity of the storage. Overlying geolggical
and underlying geological layers are typlcally outside the storage complex (see Reference [42], [55] and
[26]), however, they may be considered for monitoring activities or for the purpose of measuremgnt of
leakages/emissions, as stated in ,(':_\14

The full extent of the storage‘sjétem boundary is defined by the physical presence of the CO; injected,
after its migration and adwection into the rock as an independent phase (gas, liquid or supercrjtical
state), or over a longer period, after its ultimate migration (probably including dissolution in water,
chemical transformatjo\ns, and finally, mineralization). This volume is often called the CO; plume. It
contains lateral and vertical bounds.

The “volumé of\influence" of the storage operations (often simplified to “area of influence”) may be
observed<ove¥ a much greater volume than the physical presence of the CO2, due mainly t¢ the
displacémient of brines and pressure increase. It is, therefore, outside the limits of the storage sysgtem.
Thiselime of influence may be referred to as “Area of Review” (US and Canada) or “surrourding
dentains” (EU; CDM in UNFCCC, 2011). Regulatory bodies may or may not consider this volume of
1n,fl'uence in CCS permitting and/or accounting programs. Similarly, the area of monitoring mgy be
“Wider than the limits of the CO; plume.

5.2.7 Wells

The storage system includes the injection wells. This includes the full set of potential emission pathways
related to these wells such as tubing, casing, exterior cement and, after closure, cement plugs and other
activities to abandon the wells.

If monitoring wells are present, they would typically be considered part of the storage system boundary,
as well as monitoring activities. Even if they are not connected to the CO; plume, in principle these
wells would be considered for GHG quantification purposes.
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If recirculation or fluid production operations are underway, either directly connected to the storage
complex or along the stratigraphic column, the wells producing subsurface fluids would typically be
considered as within the storage system boundary as would pressure relief wells or plume steering wells.

5.2.8 Surface equipment

The storage system boundary will also include the physical equipment and surface facilities used for
injection into storage. This includes the wellhead(s) for injection wells, pipes that are above ground,

unlo
the d
boos
case
reley
thet

In a
intrg
It ma
sepa
forr

NOTH
(incly

hding facilities, buffer storage if any, CO2 compression and preparation units if any (e.g. in
ase of an EOR facility, in case of heating or cryogenically delivered CO3, in case of a necessary,
ting/recompression stage, in case of removal of condensable gases or impurities, etc.). In ;t_l:te
of offshore storage or if offshore EOR is performed, the surface equipment generally includes the
ant facilities between the injection platform and the wellhead on the seabed, since they.areeutside
Fansportation system. \

-

Yy

ddition, the recirculation facilities and their interaction with other operational units (e.g.
duction of “new” CO3y, fluid separation, etc.) are considered as part of the EOR fa?:ili'{y in an oilfield.
y well be determined that it would be better to define a separate Recircha‘tib‘n Unit (gas/liquid
Fation, recompression) and consider the interactions between these compornents of an EOR system
bporting purposes. N

In the context of EOR, the CO; being injected is composed of two\«irh)ﬁ'ts: new COz and recycled COy
ding in situ reservoir CO2). Within the recirculation unit, further work‘is needed within ISO/TC 265 to

specify how these inputs are quantified as well as possible leakages, ahd what difficulties/uncertainties are to

be ad
direc

Figu}
ident
techi
bour
buts

dressed in this respect. Note that the storage complex might als’o‘bg considered an oil reservoir or might be
tly connected to an oil reservoir, it might also be named “EORcomplex”.

e 2 illustrates the elements that are usually consjdé‘red in the storage system boundary and
ifies common elements that remain outside, acco’r\'ding to the description above. Due to the
hical specificities of a project or a regulatory frapaeWork, an operator might be able to justify other
daries. For example, in case a recycling loop ispresent, in Figure 2 it is identified within the system
ite-specific consideration may provide a di\fférent interpretation and separate it out.
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Usual CO, flux

Storage System
Surface facilities Unloadingfacilities Recycling loop
+ Buffer storage (ifany) (in case of EOR)
Distribution pipe, [compression facilities
and other surface or éffshore facilities (ifany) -

V—— N
: &

Iniecti I \
njectionwe A £ Storage Complex (or EORlcomplex) i ¥ ,,\-"
Well head and Main tubing where CO, circulates Caprock G A
- i ” Reservoine¢t,~
Casings,cement, elements of well completion (CO, plume extension)
Monitoring wells or other wells connnected to the o~ A
CO, operations (e.g. recirculation wells) o, !

Exteriorof the system . (Y

Overlying geologicallayers above the caprock}(.ox;erburden)

Underlying geological layers (ur{d'e}burderﬂ

-

. . », . . .

Exterior volume of influence due to ov@ressure or fluidmigration
L

Other wells linked to exterior anth{‘op,égenic activities (e.g. oil production

N

o
e
x
v

A
Flgure 2 — Storage system boundaries
\ Y

-

5.2.9 Life cycle assessment (LCA) boundaries

4

LCA considers both the 1ycreased inputs and the second order effects of the outputs generally without
regard for political, gb jurisdictional boundaries. For CCS projects, LCA would often consider the
embedded emissidns in defined inputs (e.g. electricity, water, fossil energy, raw materials) and outputs
[e.g. increasing production of hydrocarbons, subsequent combustion of the oil and gas produced
(Reference [EB Hence, in this case, the reporting boundaries may be different from the spatial and
time boundaries. Clause 8 discusses these issues in detail and describes relevant inputs and outpyts of
the CCS\s yStem.

N
N . .
5.240 Reference to baseline scenario
)
The primary environmental benefit of CCSis preventing an amount of COy from entering the atmosphere.
Typically the amount of CO; emission reductions will be less than the amount of CO; stored as there are
ancillary or additional emissions associated with the processes of operating CCS projects and there
may be release/leakage events during those processes.

A fundamental difference between CO3 stored and CO; emission reduction is that the latter refers to a
baseline scenario, from which the quantified emissions of the project scenario are deducted to calculate
the emission reduction.

Some programs or regulations governing CCS quantification will establish the specific method that
suits the program objectives, in order to define a baseline scenario (e.g. CDM or ISO 14064-2:2006).
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Another approach might be to use emission factors or “historical emissions” from the emission source
that could be derived from an average over time or from a single year’s emissions.

Projects are commonly required to report annual emissions, but usually not against a quantified
baseline scenario (e.g. EU-ETS, Emissions Trading System). There is only a requirement to report on the
amount of CO3 sent to an approved CCS storage facility and to report on all emissions of CO3 throughout
the CCS project.

5.3 [ Temporal boundaries

Temjporal boundaries refer to the timeframes for quantification. CCS projects tend to have a longlife;
from| start-up through operation to closure. They include several phases that can be schemat{c'ally
gathered into three main periods (Figure 3). \J

.

— Preparation period that includes site screening and characterization, then  project design,
onstruction and commissioning. This period is of interest for LCA considerations:

NY
— (perational period, which includes the capture, transport and injection phaggsiThe length of this
eriod varies, but for industrial scale projects is likely to be in the order of decades (generally 20 to
0 years or more). In the case of EOR, recycling activities will be within the—operatlonal stage.

— Post-injection period: During this period, the capture and tran;;\ovt systems are inactive (or

ismantled), while within the storage complex, CO2 plume mlgratlon, geo-mechanical and chemical
feactions are likely to continue for many years. This period e¢an be divided into Closure and Post-
losure periods: The closure period begins after the cessatign of injection, that generally induces
the decommissioning (dismantlement) of capture and transport facilities (unless re-used in other
EI‘O]eCtS) The post-closure begins after regulated abanclqhment (plugging) of the wells (and transfer
fresponsibility to the designated authority, if applieable).

Many decades (after injection) are likely to be useguds the analytical basis for conducting an LCA,
taking into account the long-term mechanisms tha{t are identified and simulated in existing sites such
as Weyburn or Sleipner. For example, the simulation work on the Weyburn field suggests that pressure
equilibration could take as long as 100 year$ foflow1ng cessation of injection (see Reference [88]).

(S
< \ < o6 \
Site € N Closure and Post-
Characterization, Operation Closure
Project Design and’ (20 to 30 years) (possibly 100 years
Constructi or more)
. '\ "
¢ N Fi 3 — Simplified CCS ject luti
X7 igure 3 — Simplifie project evolution

CCS programs{focused on GHG emissions are typically organized around annual quantification
requlremel\fs‘(’EPA, EU ETS, Alberta Protocols) during the operational stage.

akoF peI‘IOdlC reporting can be required for a longer period, to demonstrate storage securlty over

project Wthh Wlllusually go beyond the fmalm]ectlon of the COz andmto the post-m]ectlon perlod (for
example, Alberta Protocols).

During post-injection, the integrity of the storage complex will be the key focus. Of primary interest will
be CO2 migration, the geochemical changes (e.g. CO2 dissolution and mineralization) and any indication
of leakage or emission. Therefore, monitoring activities are likely to be maintained, to check that CO;
approaches its predicted long-term distribution (see Reference [42]).

The closure period may take a number of years as the reliability of the storage is assessed in anticipation
of the transfer of responsibility to public authorities (if applicable for the jurisdiction).
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Roles and responsibilities for Quantification reporting and Verification may change over temporal
boundaries, as well as responsibilities for implementing monitoring activities (e.g. for the post-closure
period, because of the possibility of transfer of responsibility).

5.4 Use of boundaries for Quantification

5.4.1 Importance of Quantification and verification

The Quantification and verification process is essential for inventory accounting and for cap.and {rade
accounting, but it is also an important part of the legitimization of CCS as a legitimate and\permgnent
emission reduction technology. In principle, all GHGs inputs or outputs should be quantifiéd,inclyding
all activities defined within the physical boundaries. This is the objective of Clause & thut desclibes
the quantification methodology, Clause 7 that describes the measurement strategy and Clause 9 that
describes the verification process. R\

All inputs and outputs need to be quantified at the boundaries of the CCS systemyAs stated in Clayse 6,
two approaches may be considered in this respect: use of emission faetors or direct measurement
associated with a mass balance approach between two end points of a system (or sub-system). Somme of
the CO; emitted to the atmosphere may be detected and quantified directly; but much of it will nepd to
be quantified through emission factors or through a difference ind ma$s balance between the tw¢ end
points. All these data will also go through the verification procegs\'v

Further work is needed within TC 265 to specify the boundaries and principles for quantification jof an
EOR system. It might be assumed that the quantities will-be cﬁrefully measured within the EOR field by
all its surface and subsurface monitoring facilities. The/omly commercial EOR project to be considered
from a storage perspective is the Weyburn projectyin¢Saskatchewan, Canada. Its entry point for|new
COy is the pipeline (transportation system) entry€o'the field facilities. The new CO3 is then blepded
with the existing CO; prior to injection/reinjectidﬁ (see Reference [88]). CO, produced back with the
oil is separated, recompressed in electric drive*compressors and put back into the production ¢ycle.
Other EOR projects are expected to account for GHG storage. For example, US EPA accepted a [MRV
(monitoring, reporting and Verification)\pl»'an for Denver Unit in Wasson field, Texas, that is operatgd for
the primary purpose of EOR.

!

v
5.4.2 Leakage and risk consideration

The primary objective of a €€S project and its regulatory follow-up is to ensure that the CO, remains
confined within the geolegical storage unit, or storage complex. According to the definition of leakage,
any CO3 that migrates.Qutside the entire CCS system boundary is considered as a leakage event. This is
also valid for any snigration outside the storage complex, even though:

— it may take@{loﬁg time for this CO3 to reach the atmosphere or ocean or regulated resource. I may
even remdin trapped in the overburden to the storage complex;
o".
— some}‘egulatory programs do not explicitly prohibit leakage to the atmosphere [e.g. permits ip the
us; 30 long as “Underground Sources of Drinking Water (USDW)” are not contaminated].
\\
Aceording to the principle of permanence in Clause 4, in well designated and operated projects, the
“mjected CO2 will be considered as “stored” as long as it remains within the defined bounds of the
storage complex. However, there might exist potential emission pathways (or leakages) from the
storage system, possibly activated by slow or long-term processes. If leakage out of the storage complex
occurs, the objective is to account for these CO; emissions.

Note that while this TR is focused on GHG accounting, the non-endangerment of resources and the
prevention of adverse impacts (on the environment or on human health) are addressed in many cases
through additional and possibly independent regulatory or other requirements.

Wells that penetrate the seals but are independent of the CO; storage operation (e.g. already-existing oil
production wells) are often not considered to be part of the storage system boundary but they are very
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likely to pose a leakage risk and therefore are typically considered in risk assessments and monitoring
programs (see Reference [42], Reference [26] and its Guidance documents # 1 and 2, 2011).

6 Quantification methodologies

6.1 General

This[cTause Includes Tour parts. 6.Z reviews key elements of GHG accounting approaches for CCS. 6.3
revidws emission sources associated with CCS projects. 6.4 provides a series of case studies illustrating,
the hpplication of GHG quantification approaches. 6.5 provides a discussion of commonalities,
diffefences, and important issues that arise from a comparison of the case studies. The ob]ectxve of
this flause is to provide the background for future standards for quantification. This clauseNitludes
descriptions of programs and rules that are in place and is not intended to propose standards for

quaritification. N\
N
6.2 | Key elements of GHG accounting approaches for CCS )
. '\'
6.2.1 Overview -
N
This|subclause reviews several elements of quantification methodologleS\ln‘cludlng purpose and type of
program, scope and emission quantification methods. &5
)
6.2.1 Program purpose and type Y,

X

One purpose for implementing a quantification programdsito*account for the GHG emissions and GHG
trangfers associated with CCS systems. An additional purp\)se is to quantify GHG emission reductions
assofiated with a CCS project. These approaches sharejtommon methods for quantification and differ
primlarily in the details of boundary and baseline: EOUT designed-for-purpose types of GHG accounting
apprpaches have been identified and briefly descr.lb\ad below.

a) Inventory account is used to develop dp<inventory of emissions, as is the case with national GHG
inventories under the UNFCC, the USEPACHG Reporting program, and programs in Australia (2014)
dnd Canada. These kinds of programs-aim to collect data on emissions and removals to provide an
jccounting of mass emissions.Af the project level, this approach may be used to inform about the
¢ntities’” GHG emissions in absolute terms and to determine the amount of CO; stored using mass
balance equations.

WY,

b) ap and trade account 1sused to quantify and report emissions in compliance with scheme rules. A
¢ap and trade system ‘sets an overall cap for all participants involved in the scheme, with allowances
jo emit being allocated or sold to individual participants. After quantifying and reporting emissions
for a set perlod\partlapants should surrender allowances equal to their emissions. This type of
fystem allows+Or trading by participants where they have a surplus or shortfall in allowances. In
the EUETS\each CCS system (capture, transport and storage) is treated as a separate installation
gnd sheu‘}d quantify and report emissions annually, surrendering allowances equal to those

¢MisSions.
e N

i . : o ) . -\ haseli .
the case w1th the CDM and the ISO standard for GHG management (see ISO 14064- 2) these klnds
of programs calculate the difference between a baseline scenario and actual project emissions to
determine emission reductions.

d) LCAisused toaddressthe environmental aspects and potential environmental impacts of a product
system throughout its life cycle. The scope of a LCA as defined in ISO 14040:2006, depends on the
subject and the intended use of the study. The depth and the breadth of LCA can differ depending
on the goal and purpose of a particular LCA. For CCS, it can be used for different purposes such as
the comparison of a service or product with or without CCS, or to quantify net emissions from the
suite of direct and indirect emissions. As a GHG quantification technique, life cycle inventory study
(LCI study), which does not include the impact assessment phase, is the most comparable although
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LCA can go beyond and include also the evaluation of other potential environmental impacts. The
methodology of LCA is discussed in detail in Clause 8.

6.2.3 Scope

6.2.3.1 Overview

The GHG accounting protocols reviewed for this document outlined specific requirements for the
period of reporting, the types of GHG included and their sources within the CCS systems. The raglge of
requirements is described below. ’\
N
6.2.3.2 Period of reporting \;-

The period of reporting varies among programs. Some focus on annual emissions, dthers on annuaf and
cumulative emissions, and others focus on project life or specified monitoring pei‘io S.
\
N\Y

6.2.3.3 GHG types < A S
The full set of GHGs covered by the UNFCCC and its Kyoto Protocol inc\lifde’:'
— carbon dioxide (COy); “‘\'»
— methane (CHy); :
— nitrous oxide (N20); o, ]
— hydrofluorocarbons (HFCs); ) <\\
— perfluorocarbons (PFCs); K N
N

— sulfur hexafluoride (SFg);

— nitrogen trifluoride (NF3).

(S
For purposes of reporting nationakinventories under the UNFCC, the above GHGs are converted ipto a
common carbon dioxide equivalent (CO2-€). COz.e is calculated using the mass of a given GHG multiplied
by its global warming poterftial{GWP), which describes the radiative forcing impact of one mass-Hased
unit of a given GHG relativeto an equivalent unit of carbon dioxide over a given period of time. The|total
GHG emission is expresssd as a carbon dioxide equivalent mass in tCOz.e (see ISO 14064-1:2006,2.18
and 2.19). "
The most commadh emissions associated with CCS accounting is COz (in tonnes); some programs in¢lude
other GHGs ifd \Ventory accounting programs that address specific CCS systems (i.e. capture, transport,

storage) but'ﬂiere is no uniform requirement for CCS projects.

6.2.3.4,) Emission sources
\\

ane'rally, direct emissions are considered to be emissions from sources under the control of the

reporting entity and indirect emissions are emissions from sources that are not under the direct coptrol

of the reporting entity. Some examples of these definitions taken from existing standards include the

following.

— Direct emission:

Direct greenhouse gas emissions are GHG emissions from greenhouse gas sources owned or
controlled by the organization. See ISO 14064-1:2006, 2.8.

— Indirect emission:

ISO 14064-1 provides the broadest concept of indirect emissions and classifies them into four
categories shown below. The third is equivalent to the concept of upstream or downstream emission
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within an LCA. The fourth concept includes idea of “leakage” associated with a CDM project, but it
is not a physical leakage and therefore it is not used in reference to CCS accounting.

— Energy indirect greenhouse gas emissions are GHG emissions from the generation of
imported electricity, heat or steam consumed by the organization/operator/project (see
ISO 14064-1:2006, 2.9).

— Other indirect emissions are GHG emissions, other than energy indirect GHG emissions, which

areaconseguence ofan nrg:\ni7:1h'nn'c activities, butarise from grnnnhnnca gas sources thatare

owned or controlled by other organizations/entities. See ISO 14064-1:2006, 2.10. An example c{
this might be methane emissions from the mining of coal that supplies the electrical generatl
and compensation for parasitic load for capture. Y

1 A related GHG source, sink or reservoir is a GHG source, sink or reservoir that has\rfaterial
or energy flows into, out of, or within the project. A related GHG source, sink 0x reserV01r is
generally upstream or downstream from the project and can be either on or offthe project site. A
related GHG source, sink or reservoir also may include activities related to d&sfgf, construction
and decommissioning of a project (see ISO 14064-1:2006, 2.17). S

1+ An affected GHG source, sink or reservoir is a GHG source, sink or reservoir that is influenced
by a project activity, through changes in market demand or supply*or associated products or
services, or through physical displacement. While related GHG Q?)urces or sinks or reservoirs
are physically linked to a GHG project, affected sources, sinKs/ ‘o reservoirs are only linked to
a GHG project by changes due to market demand and supply An affected GHG source, sink or
reservoir is generally off the project site. GHG emission/eductions or removal enhancements
offset by affected GHG sources, sinks or reservoirs are’often referred to as “leakage” (e.g. as in
CDM terminology, but not in the context of this deguuient because it is not a physical leakage)
(see ISO 14064-1:2006, 2.16). An example might b8 transportation related activities that move
products to or from a CCS project that are infl'uénced by demand for the products which are

-

encased by the CCS project. Ny

Figufe 4 illustrates the potential array of direct@nd indirect emissions associated with CCS projects.
Mos{ of the reviewed CCS accounting programs‘foEuS on direct emissions associated with CCS. Building
on the IPCC 1996 GHG Inventory Guideline,WRI (see Reference [90]) provides a concise categorization
of difect emissions for CCS systems: \:“

- |
o

gtationary combustion; A

4

obile combustion; =\
A\
¢~

ugitive emissions including leaks, spills, vents and other intentional releases for purposes of safety,
aintenance or tg operate specific pieces of equipment;

. . .
rocess emlSSIOKS./

"'i
In addition tolehis list of sources, it is worth noting that this document treats emission flaring as a
fugitive emisSion associated with the disposal of waste gas; this approach is frequently but not always
used|in dther inventory guidelines. Further, this document considers emissions associated with CO3
trangport and recycling.

20
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Figure 4 — Typical emission sources associaQe(j-with CCS

) 4

NOTE The high order indirect emissions are not specified here‘[iQ]“.f
& .

)

-

6.2.4 Emission quantification methods &
The methods to quantify emissions may be considqr\éd as one of two approaches: use of the emigsion
factor (activity factor) approach or direct measugghient and mass balance approach. The choice gf the
approach can be made depending on the typeofientission and the availability of measurement.

The use of emission factors is a commen \p\}'actice in creating emissions inventories for fossil fuel
combustion and electricity consumption:{'l\o calculate GHG emissions, the amount of fuel consumed,
material used, or other activity datais m\ultiplied by an emission factor. To estimate GHG emissions from
fuel combustion without CO; capturéruse of emission factors is accurate. However, applying emigsion
factors to estimate fugitive emis“sions is less accurate. The emission factors should be develpped
transparently, based on apprepriate data, and updated in a timely fashion. In addition, the upe of
equipment specific emissions,factors (engineering calculations) may be made based on the anticipated
or average leakage fromespecific pieces of equipment (valves, flanges, meters, etc.). To date, therg are
well-developed factogs{for the capture and transport systems but not for storage systems. Additjonal
experience and da'ta vyill be necessary to develop factors for storage systems.

The direct meagdvement and mass balance approach is also used to measure fugitive emissiong and
leakages. Therg/could be potential emission pathways (or leakages) from the storage system, pogsibly
activatedbyvslow or long-term processes. Generally, the quantification approaches for a stqrage
systemditilize monitoring, direct measurement, risk assessment, and modelling results to determine
emissions. A common method for measurement is the use of flow data and mass balance calculatipn to
quaﬁt‘ify CO; emissions associated with surface facilities in the transport and the storage system{ The
(approaches for quantification of the emissions associated with the storage complex or EOR complek use
modelling as well as some approaches for direct measurements as inputs to modelling.

6.3 Sources and emissions identified in CCS systems

6.3.1 Overview

This subclause reviews the typical sources and emissions associated with CCS projects.

© IS0 2017 - All rights reserved 21


https://standardsiso.com/api/?name=6e1a36c144552fcf08b3fbe7fcd7f07f

Single user license - Pro Tem Committtee on CCUS (Subgroup A/B) - No reproduction or circulation

ISO/TR 27915:2017(E)

6.3.2 Capture system

The quantification of GHGs from the capture system may consider the additional energy used for CO;
separation and CO3 treatment for transport. The emissions for the capture system typically include:

fuel consumption used for flue gas treatment, separation and compression of CO; for transport;

emissions from the incomplete capture of CO; from the exhaust;

fugitive emissions including: leaks and vents from the onsite piping system and flares or vents

fequired due to process upsets. N
S
e
6.3.3 Transportation system \‘.\
-
The uantification of GHGs from the transportation system may consider the energy required for CO;

tran

port, leakage from pressurized or cryogenic equipment, emissions from loading 'afd offloading

(curtently under discussion within TC 265), and venting that may occur during endéngency releases
or afl intermediate storage facilities. Indirect emissions may occur in compressjo‘n, liquefaction and

pumping. Important direct emissions in the transportation system typically inelticde:
L)
o
fuel consumption for treatment of CO7 such as refrigeration; WV

fuel consumption for the movement of CO; such as compression, pu‘m&pi‘ng, shipping or vehicle use;

— leakage. J
%
6.3.4 Storage system \\
':\i\
6.3.4.1 General "

The

quantification of GHGs from the storage sys\'gém may consider the energy required to pump

or cqmpress and inject or re-inject the CO; inté’the geological formation; any releases or leakage if
they|occur; or any CO; emitted from produqtioh wells. Important direct emissions in the storage unit
typidally include the following. —

X

S}
6.3.4.2 Underground formation‘ghd'wells

leaks from the geological forntation or a well bore (injection or monitoring);

[0, and other GHGs emztl’éd from production wells (fluid for pressure reduction or production
fluids); O

-
~-*

the amount of g(l}ifljected into the subsurface complex for purposes of mass balance (not an

.

¢mission). <.\
L d

o

6.3.43 Surfate equipment
\\

fuel goflsumed in the operation of surface injection or re-injection (and possibly production)
¢quipment;

fugitive emissions including: leaks and venting in the injection or re-injection system such as at
the distribution manifold at the end of pipeline; distribution pipelines to wells and compression or
pumping apparatus; leakage at the production well head;

fuel consumed/energy used for monitoring and measurement devices.

6.3.4.4 Leakage and risk consideration

22

leaks from the geological formation through existing or new fractures or faults;
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— leaks through the cap rock or that migrate beyond the cap rock and then to the surface;

— leaks through existing and or unknown boreholes that penetrate the cap rock but that are not part
of the project.

6.3.5 Other emissions

As discussed above, sources of indirect emissions may be extensive and the requirement to report

—m‘mmrﬁﬂﬁmmmmmm irrcipally
electricity) are commonly reported (although not in many cap and trade schemes, as thesessotirces

may report their emissions separately). Other indirect emissions sources that may be considered ip the
context of CCS include: N

: : S . \7
— fuel consumption for construction and decommissioning of facilities; 4

— upstream and downstream processes for production of the material used for‘fac’ilities;
L4
N
— upstream and downstream processes for production of the electricity §1'r;d fuel consumed;

— additional activities attributable to CCS outside the project boundal;gl.» ’
6.4 Case studies O

6.4.1 General :»

\
In developing this document, seven quantification programs are reviewed that provide methods for

accounting for all, or a large part of, the GHG emi@ions from CCS projects. The programs indude:
IPCCI42], CDMIZ3], EU ETSI27], Alberta CCS Protocell32], Alberta EOR Protocoll29], US EPA GHG Repoyting
Programl80], and LCA (see ISO 14040:2006/159; 14044:2006). LCA as a GHG accounting methpd is

\

discussed in Clause 8. A
\

Each case study includes background infgr’fr;ation, the scope of reporting, and accounting methodolpgies
that exist in each program. It is imiportant to note that the case study descriptions present what
is in the existing programs. Effoyts*}’lave been made to avoid describing the program featur¢s as
recommendations for future staqﬂards, and any remaining instances of this are unintended. For|ease
of comparison, Table 1 summatizes key features of the programs, including the LCA approach that is
described in detail in Clause-8.

4

S
N
% N
-
N>
'\‘/
O‘ |
=
t‘\
N\
N
\\
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Table 1 — Case study summary
Program’s Alberta CCS US EPA GHG
name IPCC CDM EU-ETS and EOR reporting LC,;\S((;Sl(3131240/
feature rotocols rules )
p
Aggregation |Nation Project Installation Project Project, both  |Dependent on
level (note capture, suppliers of assessment
transport and CO3 (capture)
ci—r\rc\gn treat and gnn]ngir‘
ed as separate sequestration A
installations) of CO; (storage)
- project based L)) o

Purpose Emissions |Emission Emissions Emission Emissions Dependerﬁ(‘)}q\

reduction reduction (subpart PP assesstnen
- amount cap- )
tured for use ¥
offsite; subpart 4
RR - mass baly™
ance to deters
mine amiount
of stored”
Cngmcludes
seporting of
Seomponent CO;
4 calculations)

Peri¢pd Annual Self-defined |Annual Annual; bgsgd Annual and Annual and/or
monitoring on acgiiula-  |cumulative cumulative
periods tion Qfshorter (dependent
(intervals tert data on assessment)
of a given ¢ollection
crediting \\
period/ -

(e.g. W
7y/10y) o

Projg¢ct Country/ |CCSsystem _|€CS'system by |CCS system Capture and Dependent on

Boundary nation/ ({}Eémponent storage sys- assessment

sector R tems

GHG|Types All Kyoto  |All Kyoté COy COy COy All GHGs

GHGs GHGs )y
Emigsion Alldirect [aldirect All direct All direct All direct Dependent on
sourges emissions. { emissions; emissions emissions; emissions assessment

N\~ |significant includes grid
,\°/ indirect electricity,
QN emissions some up/down
A (may include stream emis-
R\ grid electric- sions
S ity and mar-
na ket effects)

6.4.2 Case study 1: UNFCCC National inventories — Inventory accounting

6.4.2.1 Case study 1: Background

Under the UNFCCC, all Parties are required to submit periodic emission reports known as national
inventories. Further, the Paris Agreement, in Article 13.7, also requires all Parties to provide a national
inventory report of anthropogenic emissions by sources and removals by sinks prepared by using
methodologies accepted by the IPCC. The 2006 IPCC Guidelines for National Greenhouse Gas Inventories
(hereafter referred to as the 2006 IPCC Guidelines in Case study 1)[42] provide methodologies for
estimating national inventories of anthropogenic emissions by sources and removals by sinks of

24 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=6e1a36c144552fcf08b3fbe7fcd7f07f

Single user license - Pro Tem Committtee on CCUS (Subgroup A/B) - No reproduction or circulation

ISO/TR 27915:2017(E)

greenhouse gases. In particular, the methodology for CO; transport is contained in Chapter 5 Carbon
Dioxide Transport, Injection and Geological Storage and the methodology for CO; storage is contained
in 2.3.4 Carbon Dioxide Capture of Volume 2 Energy. Other portions of the guideline address emissions
associated with capture based on the category and sector in which capture takes place.

6.4.2.2 Case study 1: Scope of reporting

National inventories are designed to report all annual anthropogenic emissions and removals in a
country; therefore, they theoretically include all GHGs associated with CCS. However, it 1s net|easy
to identify all emissions associated with a particular CCS project, particularly regarding™indirect
emissions. GHG removal is a concept meaning removal of GHGs from the atmosphere to:ab\_sink It is
applicable to an increase of stock change of carbon pools (above ground biomass, below grdund biomass,
dead wood, litter, and soil). Technically, the term “removal” does not apply to the capture and stqrage
of COz derived from fossil fuel combustion because such storage does not resultyna stock change of
carbon pools. If CO; is captured and stored from biomass, the amount of stored=€0; is regard¢d as
a removal, assuming that activity does cause a decrease of stock change of€grbon pools. The fterm
“removal” may also be applicable to direct capture and geological storage o{GOz from the atmosphere if
the technology becomes feasible in the future. <

D%
The methodology for CCS does not include indirect emissions, ho Ver most indirect emissionf are
captured in other sections of the national inventory. For 1nsta1})cev 1nd1rect CO2 emissions resulting
from the use of grid electricity in a CCS project is included infG07 emissions from energy indudtries
but not specified as a CCS emission. If the indirect emissions take place in a different country, they are

accounted for in that country’s national inventory. J
~N
N 4
6.4.2.3 Case Study 1: Quantification methodolegy<
)
6.4.2.3.1 General v

-
"M

The 2006 IPCC Guidelines outlines three-tiérs for estimating GHG emissions from energy systems in
3.3 Methodological Issues of Volume 2 E,pérgy The Tier 1 method and the Tier 2 method are fuel-hased
or activity-based. All emissions from: f0551l fuel combustion activities can be calculated based on the
amount of fuel consumed multiplied by an averaged emission factor by fuel type. All fugitive emissions
can be calculated based on the amount of activity conducted multiplied by an averaged emission factor
by gas and activity. The relagiomship between the activity level and the GHG emission is deternjined
by a model based on experiences in energy systems. While the Tier 1 method uses default emigsion
factors, the Tier 2 method uses country specific emission factors. In contrast, the Tier 3 method|uses
site specific or plant,speélflc data, such as monitoring results, direct measurements, and site spegcific
modelling. Typically)Fier 3 is employed because of a lack of empirical data to support the selectipn of
specific emissionsfaetors.

The generalformula for GHG emissions from fuel combustion in stationary and mobile sources Hased
on countr{(-specific emission factors is given in Formula (1):

- \ .
éf\mSSIOHSGHG,fuel = FCtuel * EFGHG,fuel (1)
Swhere
FCryel is the amount of fuel consumption;

EFGHG, fuel is the emission factor by GHG and fuel.
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The general formula for GHG emissions from energy systems is calculate using Formula (2):
EmiSSionSGHG,industry segment = ALindustry segment X EFGHG, industry segment (2)
where

6.4.
The

EFGHG, industry segment is the emission factor by GHG and industry (or facility) segment.

&
2.3.2 Capture system \' v o
methodology to quantify uncaptured CO2 in a capture system using a Tier 3 method is cofftained

in the 2006 IPCC Guidelines 2.3 Methodological Issues. The formula to quantify uncaptured COz in a
captyire unit is shown in Formula (3):

Hmissionss = Productions — Captures O (3)

wherte 2

The

facili

6.4
The

.4.3.3 Transportation system :

[N

. qi
is the source category or subcategory where captureéakes place;

.

>
[aptures is the amount captured; °)

t‘\
Productiong  is the measured or estimated emissions, us\i.hg’chese guidelines assuming no capture;
U
-

F'missionss is the reported emissions for the sourgesategory or sub-category.

Ilethodology to estimate fugitive emission associ ted with original activities with or without capture
ies is included in the 2006 IPCC Guidelines Ghapter 4: Fugitive or Industrial Process volume.

W
e

‘.‘ . . . . . .
methodology to quantify fugitive-egiissions in the transportation system is contained in the 2006

IPCC|Guidelines Volume 2: Energy dnd:Chapter 5. For pipeline transportation, Tier 1 emission factors

are
COy

dresented based on data from natural gas pipeline transportation because there is not sufficient
bipeline data available. In_addition, the 2006 IPCC Guidelines Volume 2 Chapter 5 stipulates that

leakgge quantification couldibedbtained using a Tier 3 approach based on equipment-specific emission
factgrs. For ship transportation, a Tier 3 methodology to meter the amount of gas during loading and

disc

Harge using flow metering is introduced. Chapter 5 also refers to possible fugitive emissions from

buffgr storage, butt B\mely recommends those fugitive emissions be measured and treated in the
trangportation syste

!
X \‘ 4

6.4.1.3.4 Stoyage system

The

B

[PEC describes an approach for estimating leakage from a geological reservoir using a site-

speclfieFier 3 methodology that takes the long timescale of CO; storage into account in the 2006 IPCC
Guid"llllcb vmume 27 Emrer 128 dllu LIldpLUI D ot UCI LO LlIluUI denu LIIU lUIlg LETIII ldLU Ul LUZ lIlJELLCu

into

geological reservoirs, assess its potential to be emitted back to the atmosphere or seabed via

leakage pathways, and measure any fugitive emissions. The methodology requires the following:

a)

b)

26

a thorough characterization of the geology of the storage site and surrounding strata including
numerical modelling to show how a geologic setting and proper operation will ensure storage
is secure;

modelling of the injection of CO; into the storage reservoir and the future behaviour of the
storage system;

monitoring of the storage system;
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d) use of the results of the monitoring to validate and/or update the models of the storage system.

It should be noted that the IPCC guidelines address the annual reporting duties of national governments
and are not limited in time. Therefore, the government should report on all emissions occurring on its

territory, even many years after the CCS operation ceased and the site has been closed.

The procedures to estimate fugitive emission from CO; storage sites are summarized in Figure 5.

Estimating, Verifying & Reporting Emissions from CU, Storage Sites

Confirm that geology of storage site has been evaluated and that local and\l
regional hydrogeology and leakage pathways (Table 5.1) have been identified

S

Site
Characterization

e
Y

0\3(
N\ 1
"
Confirm that the potential for leakage has been evaluated through a

combination of site characterization and realistic o}Tels that predict
movement of CO, over time and locations where-e{nissions might occur

Assessment of
Risk of Leakage

&g
A
¥

N&9

0 ~
é Ensure that an adequate monitorifigiplan is in place. The monitoring plan
.42 should identify potential leakage pa\t\mﬂays, measure leakage and/or validate
S updatemoédels as appropriate
= N
’l
N ¥
EY
.\\ \/

[=9] X
&= »
15 z . - .
S Report CO, injected and emissions from storage site
Q “
(== X

L ¥4 .

4

Figure 5 =)Procedures for estimating emissions from COz storage sites
S
N

The 2006 [PCC Qg.i;lelines methodologies for estimating emissions from CCS systems, including ind
emission due’goonsumption of grid electricity and fuel, are summarized in Table 2.

- \/
o".
t‘\
< ‘\\
\\
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Table 2 — Examples of emission quantification approaches based on the 2006 IPCC guidelines

System 'Iype_ of IPCC Tier Level Factors
emissions

Capture Stationary Tier 3 Amount of fuel consumed or activity level in
combustion primary source
(uncaptured) CO3 capture efficiency (%)
Assaciated Tier 2 Amount of fuel consumed
stationary !
combustion ™
Mobile Tier 2 Amount of fuel consumed N
combustion ( >\
Fugitive Tier 3 Amount of CO; captured .
emissions Amount of CO3 transferred to transportation

system (amount of CO2 inpugitpipeline or ship)

Purchased Tier 2 Amount of electricity useg}y
electricity Amount of steam used '(fuel consumed)
or steam B

Tranjsportation Associated Tier 2 Amount of fuel c2n§ufned
stationary <
combustion (XD
Mobile Tier 2 Amount of?uel consumed
combustion 4 -

~
Fugitive Tier 1 or 3 (for pipeline) AQ;)\m't of CO7 transferred to transportation
emissions Tier 3 (for ship) ) unut.
_\Amount of CO transferred to injection site.

Purchased Tier 2 \' »~ |Amount of electricity used
electricity A\

Storgge Associated Tier 2 \ 4 Amount of fuel consumed
stationary 4

. .
combustion )
Mobile Tier: 25" Amount of fuel consumed
combustion £y
Fugitive wTier 3 Amount of COy transferred to injection site.
CMISSIONS ','\ Amount of CO3 injected into underground
S reservoir
Geolo\g"ical Tier 3 Monitoring data of geological CO;
leakage” containment system
/ Pl?rtfflased Tier 2 Amount of electricity used
. \[efectricity
6.4.3 (CaSestudy 2: ISO 14064-2 and CDM — Baseline emission reduction credit accounting
%
-
6.4.3.1 Case study 2: Background

An important implementation of the “Baseline and Credit” approach is the CDM defined by article 12
of the Kyoto Protocol, a legal instrument under the UNFCCC. This global mechanism allows for the
generation of certified emission reductions (CER) in countries without a quantified emission limit
under the Kyoto Protocol (Non-Annex I countries) to offset emissions produced by the industrialized
countries listed in Annex I of the UNFCCC. The mechanism is supervised by an Executive Board with
different expert panels as support and infrastructure is provided by the secretariat of the UNFCCC.
The basic rules for the CDM are fixed in the “Modalities and Procedures” which were approved by the
“Conference of Parties” in 2001, and include overarching criteria for baseline setting, monitoring and
independent validation and verification.
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Every project should be registered in advance on the basis of a project design document. The pr

oject

design document should include the determination of a baseline and a monitoring plan, both according
to a pre-approved methodology specific for the type of project under consideration. After registration,
the project may be implemented according to the project design document. On the basis of independently
verified monitoring reports for a specific period of time, the resulting emission reduction is calculated

and certified emission reduction credits (CER) are issued by the Executive Board.

In a practical sense, the quantification of GHG emissions is needed for the implementation of “Bas

eline

*

R Ll RN 1 £ 1 FalaS WAl
dIIU GICUIL SUICIHICS (SUlll 45 WUV .

NOTE Other baseline emission credit programs include the Alberta Offset Scheme and the US Cligpa}e A

Registry. Neither of these two programs was reviewed for this document. \' L

Specifications with guidance at the project level for quantification, monitoring and réporting of]
emission reductions or removal enhancements are standardized in ISO 14064-2,\This Internat

ction

GHG
jonal

Standard is currently under revision by ISO/TC 207. It contains no specific infopmatidon or requirenpents

related to CCS projects, but nevertheless, the guidance may also fit well for CGS"projects.
D
6.4.3.2 Case Study 2: Scope of reporting N
For CCS projects under the CDM, a dedicated set of “Modalities andProeédures” were developed in ]
which supplements the comprehensive set of rules for the CDM.“A\ECS Working Group was establi
for the assessment of proposals for methodologies and CCS grojects. As of the time of this docu
there are no reported experiences with regard to the techhigal solutions for quantifying emissio
CCS projects. Project design documents and monitoring;epofts are generally open to the public.
N 4

Under the CDM, generally all GHG emissions assogidte¢d with a CCS project, regardless whether
are direct/indirect emissions, are quantified. In th@CDM, even emissions occurring outside the pr
boundary via economic relationships to the projep’c activities need to be considered. In the CDM cor
these emissions outside a project boundary ‘are/called “leakage” and the term has a different mez

than is otherwise used in this documentitoxefer to the emission of GHGs to the atmosphere (phy
leakage). Q X

For CCS projects, like for all other @on-forestry) CDM activities, the permanence of the emi
reduction is essential. Thereforgflong term monitoring for at least 20 years after the end o
crediting period is required b@fp}é the liability can be handed over from the project participants t
host country. :

CCS-Projects linked with/E‘OR activities are not addressed specifically in the CDM.

6.4.3.3 Case Study2: Quantification methodology

An emissior;{eﬁ‘uction is defined as the difference between the emissions in a hypothetical bas
scenario fBE) and the emissions of the real project scenario (PE) over a defined interval of tin
showndin-Formula (4). The crediting period of a project (e.g. 7 years) may be split up in se
monitéﬁtng periods (e.g. 1 year), but gaps in the time line should not occur to secure completeng
erhiSsion reporting.

b011,
shed
nent,
ns in

they
oject
text,
ning
sical

5sion
f the
p the

eline
e as
veral
ss of

).

(4)

where

ERy is the emission Reduction in time period y;
BEy is the baseline Emissions in time period y;
PEy is the project Emissions in time period y.

See ISO 14064-2:2006, 5.8.
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Two different quantification outcomes need to be developed by the project proponent: the quantification
of baseline emissions according to a defined baseline scenario (what would happen in the absence of the
CCS project) and the quantification of project emissions.

ISO 14064-2 lays out a process for determining the baseline and how the emissions reductions are
quantified. The responsibility lies with the project proponent to establish the appropriate criteria and
procedures for determining the baseline, which includes the following:

a)
b) ¢xisting and alternative project types, activities and technologies providing equivalent type an?k
evel of activity of products or services to the project; Y
P\
c) dlata availability, reliability and limitations o/

d) ¢ther relevant information concerning present or future conditions, such as legislative, technical,
¢conomic, socio-cultural, environmental, geographic, site-specific and temporal assumptlons or
projections. R
S
All agsumptions, values and procedures being utilized for the baseline are consef‘vatlve such that, when
emiskions reductions are applied, the values will not be over-estimated. This dfows for the estimation
of thpse reductions from the implementation of the CCS project in a formih\t can be validated (before
implementation) and verified (ex-post) (see ISO 14064-2:2006, 5.4). \«,

A A

NOTH The determination of baseline scenarios for CCS projects i§ th 1n the scope and is used here for
illustfrative purposes.
'Yy

Undgr the CDM, the proponent will have created a baselige scenario and be responsible for the
identification of GHG sources, sinks, and reservoirs contmTled related to, or affected by the project
and plso to identify GHG sources, sinks, and reservous ‘Felevant to the baseline scenario. This will
also [require that such relevant GHG sources, sinks$ pTeservoirs be amenable to regular monitoring
or edtimation. Any relevant GHG source, sink ox reservon" not selected will need to be explained (see
[SO 14064-2:2006, 5.7). X

N\

6.4.4 Case study 3: EU ETS — Cap anq‘tré&e accounting
S)
6.4.4.1 Case study 3: Background. )~

Cap 9nd trade schemes have beei established as climate policy instruments at national, sub-national and
regignal levels. The EU Emissions Trading System (EU ETS) is the largest scheme in operation, noting,
howgver, that China has/anhdunced its intention to establish a national scheme beginning in 2017 and
that p number of sub-ndtiohal bodies have developed schemes (for example, Quebec, California, RGGI,
etc.)|The EU ETS haszdefined requirements relating to quantification for CCS projects, and is therefore
the fpcus of this dagﬁe At the time of writing this document, no CCS project had been active in the EU
so thie requirerments discussed had not been tested in practice.

N\

The EU ETQ:iE'a “cap and trade” accounting approach. A “cap”, or limit, is set on the total amount of
certdin-GHGs that can be emitted by the mandatorily participating installations in the European Union.
The ¢misSions cap reduces over time so that aggregate emissions fall. Every installation should report

itS e llibbiUllb dlllludny dlld ib U‘Uthd tosurt eudcx d CUI'l prUlldillg amount Uf ElllibbiUll AHUWdllLEb to
the authority. Within the cap, companies are allocated or required to buy emission allowances, which
they can then trade with one another as needed in case of surplus or shortfall. They can also buy
limited amounts of international credits from emission reduction projects around the world (CDM and
J1) (see Reference [27]). This trading is allowed because the quantification programs have been deemed
comparable, so emission allowances are fungible.

Phase 3 of the EU ETS running from 2013 to 2020 involved several changes from previous phases,
with new sectors being brought in under the scheme, including CCS. A key difference in terms of
quantification requirements for CCS in the EU ETS compared to Carbon Credit emissions reductions
schemes is that operators are not required to set and account a baseline. The incentive for CCS arises
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from allowances not being required to be surrendered in respect of stored CO; that would otherwise be
emitted by an installation. While this benefit is open to operators implementing CCS, certain emissions
sources associated with capture, transport and storage should be reported, and the equivalent number
of allowances surrendered.

For most sectors and activities in EU ETS, only emissions of CO; are reported. Only in certain industry
sectors are non-CO7 process emissions required to be reported (e.g. PFCs in aluminium production). For
CCS related activities, only CO2 emissions are required to be reported.

In the case of EU ETS, each installation reports separately on emissions from their activities, angin this
scheme capture, transport and storage are considered as separate “installations”. The requiremeénts for
quantification of CO2 in CCS activities are specified in the EU-ETS Regulation (see Referel@ {27

\4
6.4.4.2 Case study 3: Scope of reporting .

6.4.4.2.1 Capture system NG

h
The MRR identifies two scenarios for types of installations where CO% ‘capture occurs, either|as a
dedicated installation receiving CO2 by transfer from one or more otherjinstallations, or by the fame
installation carrying out the activities producing the captured,GQj . under the same permit. |This
has important implications in terms of permitting since one indu§prial site may have more than one

“installation” as defined in EU ETS, where activities are undeptaken by different operators, e.g. a ppwer
plant and CO, capture plant may be co-located on the samedit€, but operated by separate entities in

which case, they would be classified as separate installationé
n\

The MRR states that the operator of a CO, capture acKYlty shall at least include the following potgntial

sources of CO2 emission:
"\
a) COz transferred to the capture installatipn (i.e. any transferred CO2 that is not eventually
transferred on to the transport network betause of leaks, etc);

b) combustion and other associated a&ivities at the installation that are related to the capture
activity, including fuel and input m,aterial use.

X

6.4.4.2.2 Transport system . \>

o

The EU ETS requires the monltorlng and reporting of GHGs from CO; transport by pipeline to in¢lude
all ancillary plant functlonally connected to the transport network, including booster stationg and
heaters. AV

\
Each operator needs ‘to consider at least the following potential emission sources for CO, emissgions:
combustion am{'dther processes at installations functionally connected to the transport network
including bodster stations; fugitive emissions from the transport network; vented emissions fror the
transpm:c\'{retwork; and emissions from leakage incidents in the transport network.
- \ \
6.4:4:2.3 Storage system

“Where leakages from the storage complex are identified and lead to emissions or release of CO3 intp the

i ] AN | o MDD IS 1 o 1o | ol
vvdlll CUIUILLLL, LIITII, UIITUCTT UIIT IVIININ, STVEL AT LAdSRKS 1TICUU LU UT UITUCTT TAdRNU11.

a) notify the competent authority;
b) include the leakage as an emission source for the respective installation;
c) monitor and report the emissions.

Until corrective measures, in accordance with Article 16 of Directive 2009/31/EC have been taken, and
the results monitored, the emissions will continue to be considered as leaks and should be quantified
and reported.
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EU ETS requires that at least the following potential emission sources for CO; are investigated: fuel use
by associated booster stations and other combustion activities including on-site power plants, venting
from injection or enhanced hydrocarbon recovery operations, fugitive emissions from injection, CO2
produced from enhanced hydrocarbon recovery operations, and leakages.

6.4.4.3 Case study 3: Quantification methodology

6.4.431 (‘nphlrp system

Instdllations should quantify both the amount of CO; emitted, and the CO; captured and transferred for
the tfansport network using standardized approaches of CO2 emitted, captured and transferreds.

~

6.4.4.3.2 Determination of transferred CO2 4 Y’

-

The MRR states that “Each operator shall determine the amount of CO» transferred from and to the
captyire installation using continuous measurement systems (CMS)”. CMS is a t&rm adapted from
contjnuous environmental monitoring systems (CEMS) because in the case of £gSUit is captured CO>
being measured rather than emissions. )

In thg EU ETS, different tiers should be applied for measurement of activity dara and calculation factors.
In the context of determining activity data, this relates to the required agouracy of measurement with
higher tiers requiring lower uncertainty in measurements. €

-
.

“For |determining the quantity of CO; transferred from one installation to another, the operator shall
apply tier 4 (the highest tier), which applies a maximum permis§iple uncertainty of £2,5 %.

) X

LR

A

6.4.4.3.3 Transport system A

The pperator of transport networks can determing ¢missions using one of the following methods
annyally to ensure reliable results and the lowerlewel of uncertainty:

a) ethod A (overall mass balance of all ipput¥and output streams);
(S
b) ethod B (monitoring of emission sources individually).
\ Y
Uncdrtainty is limited to 7,5 % undérthe EU ETS.
6.4.4.3.4 Fugitive emissions{rom the transport network
T~
In a manner similar to US-EPA processes, discussed below, fugitive emissions can be based on specific
equipment-based emissions factors.
Z\
. N
6.4.4.3.5 Emissions from leakage events
Leaklage evengsyin the transportation system may be calculated based on input and output temperature
and pressuresdata from the pipeline.
%
6.4.4.3.6 Vented emissions

The monitoring plan developed under EU ETS regulations covers monitoring for any venting events
that may occur within the transportation boundaries.

6.4.4.3.7 Storage system

6.4.4.3.7.1 Vented and fugitive emissions from injection

Emissions from venting and fugitive emissions should be determined.
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Monitoring or an accepted alternative methodology can be used to measure or calculate vented CO5.
Measurement of fugitive emissions can be based on an understanding of possible occurrences and an
appropriate methodology for measurement or calculation.

6.4.4.3.7.2 Vented and fugitive emissions from enhanced hydrocarbon recovery operations

Within an EOR operation, the EU Directive recognizes the increased complexity brought on by recycling
the CO2 and other operations so increased diligence is required to monitor:

*

a) the oil-gas separation units and gas recycling plant, where fugitive emissions of CO2 couldwaccpr;

@

b) the flare stack, where emissions might occur due to the application of continuous pQ'si,tfve fdurge
systems and during depressurization of the hydrocarbon production installation; (&

i\
c) plant specific elements where emissions might occur such as the CO; purge §y%tem, to avoid|high
concentrations of COy extinguishing the flare. \
NY

6.4.4.3.7.3 Leakage from the storage complex (or EOR complex) A

X
- ' ’ - .

Leakage from the storage complex, either to the atmosphere or to,water bodies, has been discyssed
briefly above. Under the Directive, the release needs to be measu;ea\o‘r calculated and reported @s an
emission. As with transportation, the level of uncertainty is givenia Mmaximum value of 7,5 %.

-
.

6.4.5 Case study 4: Alberta CCS protocol — Baseline emi;)sion reduction credit accounting
~N

N 4

6.4.5.1 Case study 4: Background A\

LR

Government of Alberta (2015)[39] provides anot_hé‘P\example of the quantification of CO, emission$ and
reductions using baseline, which is quite uniqllaqfon the point of not requiring functional equivalenice to
a CCS project. The methodology records the\changes in emissions to the baseline case of the CCS project.
This methodology is dominantly for CQ2,¥uit other GHGs are included in the tracking and reportipg of
emissions. In the calculation of emissions from the extraction, processing and transportation of fuels,
the ancillary emissions of N0 and GH# are included as CO3-e, with emissions factors based on Albperta
regulation (from Environment Cafiada reports). The protocol is automatically updated every five years
by regulation. Q¥

o

.

The quantification of the reductions, removals and reversals of relevant sources and sinks for each of
the greenhouse gases‘are-completed using the general methodology outlined below. This calculption
methodology serves'}o complete Formula (5) for calculating the emission reductions fronj the
comparison of thébaseline and project conditions:
Emission Re}ﬁ:c’tion = Emissiongaseline — Emissionsproject (5)

) N

X \‘ 4
D)

N

where

‘}missiongaseune is the emission projected from the measured quantity of CO2 injected in the pro-
), ject condition, but does not include CH4 and N30;

-3

Emissionsproject is the sum of the emissions under the project condition considering construction
and well drilling, production and delivery of material inputs, fuel extraction and
processing, off-site electricity generation, off-site heat generation, on-site heat
and electricity generation, carbon capture and storage facility operation, venting
CO; at injection well sites, fugitives from injection well sites, subsurface to at-
mosphere, loss, disposal or recycling of material inputs.

All data should be available for third party verification (ISO 14065 levels) and should be retained,
with raw data, for seven years following the crediting period. CO; volumes are based on continuous
monitoring to the highest level possible and with daily sampling of CO2 composition averaged on a
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monthly basis. Reporting is annual. All emissions factors are based on annual Environment Canada
reporting. Units of measurement are prescribed within the protocol.

As a final note, the protocol is designed for an integrated project, but can be broken up into component
parts in the same way as other methodologies noted in this document.

6.4.5.2 Case study 4: Scope of reporting

6.4.3.2.1 Capture system (¢
The ¢apture activities that are included within the baseline and project condition includes all matetials
(progluction and delivery) used in the CO capture process since the Alberta protocol includesinuirect
emispions that are not considered negligible. It also includes extraction, processing and transpertation
of fugls used on-site for the capture of CO2. The Alberta protocol, in addition, accounts for the extraction,
procgssing and transportation of fuels used off-site for the production of heat or electricitytised on-site
for the production of CO>. It does not include any flaring, venting or fugitive emissiglis/at the capture
site, which are considered as part of the baseline. The Project Condition (i.e. theybaseline condition
of thee project) includes the flaring, venting and any other fugitive emissions-ghat occur upstream of
the ipjected wellhead meter and so these do not influence either the baseling emission or the project
emiskion since the baseline emission is the injected amount of CO5. V'

6.4.3.2.2 Transport system ¢ o

In efffect, the reporting during the transportation is restricted\to"only the actual COy transported.
All fhgitive emissions are considered to be part of the baseline’condition and, as such, are excluded
from| calculation in the project emissions within the CCS 'g.t;énsportation component since they occur
upstfeam of the injected wellhead meter. Reporting wilkbg\annual based on monthly averaged records.

6.4.3.2.3 Storage system \\ g
N
The pcope of reporting includes the CO; injeCtedvat the wellhead less any emissions from equipment
(flanges, seals, etc.), venting from the well,ay formation (including methane and nitrous oxide) and
any pmissions from the subsurface (we€ll or formation) to the atmosphere based on the approved
meagurement, monitoring and verificatiow plan. Reporting is annual based on continuous metering and

monthly averaging. £

6.4.3.3 Case study 4: Quantif/i(;ation methodology

6.4.3.3.1 General N

Undgr this scheme,’ Q}Government of Alberta (2015)[30] measures the baseline emissions, which are
projgcted back, using'the direct measurement of the quantity of gas that has been measured upstream of
the ipjection wellheéads in the project condition. Simply stated, the baseline emissions are the measured
amoyint of C()'g)njected at the wellhead. Then the project emissions are calculated accounting for vent
and fugitiv®®missions at the injection well sites and leakage from subsurface to the atmosphere and
all sjghificant indirect emissions in a full chain of CCS. The emissions reductions are calculated by
subtlac’ﬁng the project emission from the baseline emissions.

6.4.5.3.2 Capture System

In the CO; capture component of the CCS system, project emissions include emissions from electricity,
heat and transportation fuels produced and used on-site as well as the heat or electricity produced off-
site for use by the production process. As well, the emissions from the process itself in the upstream are
accounted for and can be calculated from the materials used in the project output (electricity, cement,
refined products, etc.).
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6.4.5.3.3 Transport system

Quantification is based on measurement of the CO; transported in the pipeline system from capture
system to Well Head injection. Fugitive emissions and any emissions resulting from the use of
pumping/compression are tracked only. These are based on emissions factors for fuel or emissions
factor estimates.

6.4.5.3.4 Storage system

Quantification is based on the estimates of emissions from fittings (as used in the EPA measwurerpent,
for example) and measurement based on monitoring from the subsurface, with monitgring hased
on an approved plan. Specifics are not provided in the protocol, but rather moved to,apgtoved plans
confirmed by a competent authority. The fluid injected can be metered continuously, \.2

.

6.4.6 Case Study 5: Alberta EOR protocol — Baseline emission reduction cré:ilt/accounting
N

6.4.6.1 Case study 5: Background N

The Alberta EOR Protocol (see Reference [29]) is based on the capture of.0; from waste gases from oil
and gas production processes or other industrial processes and theqtl*ansport and utilization of thig COy
and related GHGs (N20 and CH4) for enhanced oil recovery. ~ LY

As with the storage protocol, the Alberta EOR protocol requﬁre’é a monitoring plan to be approved. It
also outlines the data handling and verification process, Finaﬁy, itincludes the units of measuremgnt to
be applied in the data collection and reporting. e
The listing of emissions to be tracked is extensive, agwith other measurement systems in this docuinent,
but not all of the tracked emissions may be quantiffed as seen in Tables 3 and 4.

-
"M

6.4.6.2 Case study 5: Scope of reporting\\

N\

6.4.6.2.1 General Z

!

The source of the capture of CQz':are classified into two types, oil and gas production processgs or
other industrial processes. Fortlie former, it is assumed that fuel consumption for capture, flaring and
venting in source gas capture, source gas transport and processing are included within the baseline
condition and are, therefere, not counted with the exception of CO; from the latter. Fuel consumption of
injection gas transpo,nt'atAbn and injection and flaring and venting at injection sites are counted ip the
baseline and the ptojeet condition regardless the type of sources. Fugitive emissions and electricity use
are not counted ponsistently in all processes for this protocol. For gas from industrial sites, the progocol
includes the rggi«rc'ulation of the CO7 and its reinjection into the reservoir for incremental oil recoviery.
)
6.4.6.2.2.\‘C};1pture system
N\
Elee{iﬁ:‘lty used in the process is not included in the quantification process because it is accounted for in
other greenhouse gas regulations. The fuels used for extraction and processing, are however, included
Swithin the baseline and project emissions. The delivery of this fuel is not included. Reporting is ¢n an
armuat basts, atthoughr mretering s contimuous andthe compuosition of the €07 s averaged mmonthly.
Fugitive emissions are considered as likely negligible in comparison to other emissions and will not be
reported.

6.4.6.2.3 Transport system

While the volumes of CO; moved by pipe can be metered, other emissions should be tracked by means
of emissions factors for components such as compressors. Fuel used if the CO7 is moved by means other
than pipe will be calculated based on fuel type and emissions factors (CO2, CH4 and N20). Fugitive
emissions are considered as negligible in comparison to other emissions and will not be reported.
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6.4.6.2.4 CO2 EOR storage system

Included in the reporting are emissions resulting from the use of pumps or compressors and other
onsite equipment. These are based on emissions factors. Also included is the flaring and venting from
the site, recognizing that these emissions may include CHy. Fugitive emissions are, however, considered
as likely to be negligible in comparison to other emissions and are not required to be reported (i.e. most
emissions will be routed through flare stacks and can be metered). Reporting of emissions resulting
from the failure to reinject the produced gas will need to be undertaken.

6.4.4.3 Case study 5: Quantification methodology N
S

e

6.4.4.3.1 Capture system >\

7/

The [CO is metered into the pipeline system. Flaring and venting, as a result of CO ‘capture from

induktrial sources, is measured based on metering or emissions factors (these are poticohsidered as

withfn the baseline in this protocol). Similarly, fugitive emissions will need to be track€efrom industrial

captyire (using engineering estimates), although they may not be accounted if de?med insignificant to

the gverall emissions reductions. X

% |
e

6.4.4.3.2 Transport system ¢ WV

-\

The £O2 moved can be metered and determined as a volume at standal:ﬁ‘ temperatures and pressures.
Othef fuel used is measured, recorded and emissions factors appli€d

—~N

6.4.4.3.3 CO2 EOR storage system \\ 4
As npted, the methodology of quantification is accomp]:is‘h\ed by metering and the use of emissions
factdrs and engineering estimates. ¥

\\'{ »
6.4.7 Case study 6: US GHG reporting — Inve.ptbry accounting

A

6.4.7.1 Case study 6: Background <

US EPA Greenhouse Gas Reporting P_rqgl‘*am (GHGRP) found at 40 CFR Part 98 (see Reference [85])
requjres the reporting of GHG datd\@hd other relevant information from large sources and suppliers in
the United States (25 000 tonnes or more per year). The GHGRP was established to “collect accurate and
timely GHG data to inform fu’Eurg\policy decisions.” (see Reference [85]).

The general approach is/similar to inventory accounting as described in the Case study 1 on the IPCC.
Guidpnce is provided fofsestimating or measuring direct emissions to be aggregated at different levels.
The GHGRP currentlg-¢overs 41 source categories and comprises 47 subparts. Each subpart provides
genefal rule or spe'q{c guidance for emissions quantification and reporting for a source type. There is
not d subpart asssciated with CCS at the project level, however, there are subparts that cover aspects of
CO2 ¢apture,dnjection and storage, but not transportation.

In ge¢neralthe GHGRP covers a range of GHGs and requires sources to report direct emissions.
Inadyeéiteéntly, the array of source categories covers most of the indirect emissions associated with CCS

but theyare ot attributedto €€Sprojects- Further, the subparts that retate to €€Stover omy €67
6.4.7.2 Case study 6: Scope of reporting

6.4.7.2.1 Capture system

The main subpartaddressing CO; capture is found in Subpart PP of the GHGRP, which covers “Suppliers of
Carbon Dioxide.” It focuses on the upstream supply of CO3. The source category includes, among others,
facilities that capture CO; for the purpose of supplying the captured CO; for commercial purposes or
for sequestering it. The upstream focus means that this subpart does not include the use, storage, or
sequestration of supplied CO3, these are addressed in other subparts or regulatory programs. Subpart
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W of the GHGRP includes provisions for reporting fugitive emissions from hydrocarbon facilities and
other subparts of the GHGRP also address other fugitives from different industry sectors.

6.4.7.2.2 Transport system

The GHGRP does not include a subpart related to the transport unit of a CCS project. It is not included
in the inventory through this approach. In the US, other regulatory programs govern the construction,
operation, safety and environmental performance of pipelines.

6.4.7.2.3 Storage system ’\
The main subparts addressing CO; injection and storage are found in Subpart ~1§R,L “Gedlogic
Sequestration of Carbon Dioxide,” and Subpart UU “Injection of Carbon Dioxide”.. *he Subpant RR
provisions provide guidance for estimating the amount of CO7 that is stored as a restilf of CO3 injedtion.
The Subpart UU provisions provide guidance for sources that want to only repoft’the amount of CO3
received for injection. Sources operating CO2 EOR facilities under the UIC Class;{ permit program can
opt to report under Subpart UU or Subpart RR. Sources operating geologic s‘equestration projects Under
the UIC Class VI permit program are required to report under SubpartRR:\Both Subparts focus op the
mass of CO2 only. Subpart W of the GHGRP includes provisions for reporting fugitive emissions ffrom
hydrocarbon facilities and other subparts of the GHGRP also address other fugitives from diffg¢rent

industry sectors. AN
6.4.7.3 Quantification methodology "\

<
6.4.7.3.1 Capture system \\

Subpart PP is broader than just capture; it calls fowthe reporting of the following data:
a) mass of CO2 captured from productionpideess units;
b) mass of COz extracted from CO2 pro\dﬁfc\tion wells;

c) mass of COz imported; &
‘

X

d) mass of COp exported. , (L3O

Only the first item on the Jist'is pertinent for this document. Subpart PP uses formulae based on|data
from either mass or velumetric flow meters to derive quarterly (every 3 months) and annual mgss of
CO> captured at indifdudl locations and then summed for a facility.

A
® .

6.4.7.3.2 Usi@m’ass flow meters

Using a ma's?*ﬁow meter, the annual mass of COy is calculated as the sum of the quarterly] CO2

concenttd®on (weight % CO2) multiplied by the quarterly mass flow of CO> for each of the four quarters.
N\

64.%.3.3 Using volumetric flow meters

'U's\ing a volumetric flow meter, the annual mass of CO;y is calculated as the sum of the quarterly CO2
concentration (either volume % CO; or weight % COz) multiplied by the density of CO2 (either metric
tons CO7 per standard cubic meter for volume or for the whole CO; stream if using mass) multiplied by
the quarterly volumetric flow of CO; (standard cubic meters) for each of the four quarters.

6.4.7.3.4 Aggregation at production process units or wells that measure CO; after segregation
or do not_segregate flow

The total annual mass of CO3 is calculated as the sum of all the individual annual mass CO2 calculations
for all of the meters.
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6.4.7.3.5 Aggregation at production process units or wells measure COz ahead of segregation

The total annual mass of CO3 is calculated as the sum of all the annual mass CO3 through the main flow
meter less the sum of annual mass CO; through subsequent flow meters for use on site.

Subpart W of the GHGRP includes provisions for reporting fugitive emissions from hydrocarbon
facilities and other subparts of the GHGRP also address other fugitives from different industry sectors.
Subpart W utilizes factors for equipment and fuel.

6.4.1.3.6 Storage system L

S
Subplart UU covers CO3 injection for purposes such as COz EOR and requires reporters to estim%evche
masg of CO7 received for injection each year. \9

Subplart RR focuses on the receipt, injection, and storage of CO;. It requires reporting of the fpll:owing data:

— 1nass of COy received; N
— 1mass of CO3 injected into the subsurface; b D

— 1nass of CO; produced; \‘." |

— 1nass of CO7 emitted by surface leakage; “‘\.‘

-

— 1nass of COz emissions from equipment leaks and vented emissid,ns’of CO3 from surface equipment
cated between the injection flow meter and the injection’v.vgllh'ead;
N 4
— 1nass of CO2 emissions from equipment leaks and ventediemissions of CO2 from surface equipment
cated between the production flow meter and the phlgauction wellhead;

— 1nass of COy sequestered in subsurface geologic \fgrjhations;

— ¢umulative mass of CO reported as sequesteye}l in subsurface geologic formations.
W\

The S EPA methodology covers the use of€jther mass or volumetric measurements (see above and
Clauge 7) and converts these back intg_mass units for the CO2. The methodology also uses annual
calcylations based on intermediate mon{toring and recording of mass flow and the aggregate of all the
sourfes of CO; injected and stored,MWHere EOR is undertaken, the flows within the recycle loop are
similarly measured and incorpora}ed in the aggregate calculations avoiding any double counting of CO;
stregqms.

X

S

Also}included in Subpart RRAs the determination of the annual mass of CO; that is emitted through
surfgce leakage. SubpargRR does not prescribe methods for this quantification, but requires the facility
to influde the basic qp‘]i'réach in the MRV Plan and to document actual methods used in the event of a
leakdge event. ¢ Y’

D,

Othefr subpal:tg,‘ especially Subpart W, provide detailed guidance for measuring or estimating the
amount of f\Lgitlve CO7 emissions leaked during the injection process from injection equipment.

The annual ‘mass of COy that is sequestered in the underground subsurface formation is calculated by
takingfhe total annual mass CO2 injected and subtracting the total mass CO, emitted through surface

leakage, and the total mass CO; emitted from both categories of equipment leaks.

6.4.7.3.7 Monitoring, reporting, and verification (MRV) plan

Like the IPCC National Inventory approach, Subpart RR requires reporters to submit and gain approval
of a site-specific monitoring, reporting and verification (MRV) plan that describes the following
elements:

— delineation of the maximum monitoring area (MMA) and the active monitoring areas (AMA);
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identification of potential surface leakage pathways for COz in the MMA and the likelihood,
magnitude, and timing of surface leakage through these pathways. A strategy for detecting and
quantifying any surface leakage of CO;

a strategy for establishing the expected baselines for monitoring CO; surface leakage;

a summary of site-specific considerations for the mass balance equations;

facility data (including well identification);

timing.

6.4.8 Case study 7: LCA

This case study is reviewed in Clause 8.

q‘
X

A »

A

-\ Y4
Subpart RR requires a source to continue reporting until the project is closed. In the casg of geqlogic
sequestration under UIC Class VI permits, this is anticipated to be a period of time, that/extends post-
injection until the project demonstrates that CO; storage is secure. In the case of“GQ3-injection ynder
UIC Class II, this could be a shorter timeframe that ends before or when a projeé¢txcloses. In addjtion,
all sources subject to the GHGRP should submit a basic monitoring plan a,s part of the umbrella
requirements in the early subparts.

6.5 Discussion — Key commonalities, differences ali,d noteworthy issues

at are directly affected by CCS operations.

N

There are notable commonalties among the program{ﬁcross the board, there is a set of essgntial
methods for quantifying emissions. These methodsytypically used activity levels and emission faftors
that have a built-in level of conservatism. Typically, {He focus is on direct emissions, although a number
of programs also include the indirect emissions %h

programs utilize some kind of a monitoring lan that is prepared in advance and describes how the
project will monitor, measure, model, and_a¢count for GHG emissions. In the case of LCA, the brgadth
of scope is greater than in the other programs. Table 3 and Table 4 compare the direct and indirect

Most

sources of emissions by program. In-Table 3 and Table 4, a “Y” indicates that the program hap the
relevant feature and an “N” indicates that it does not.
S
Table 3 — Direct emissions by case study
US EPA e
Stage of o pcc | EU-ETs | cpm | Alberta | Alberta | GHG 5014040/
p PoOrting 150 14044)
X, rules
Capture Uh?;'af)tured Y Y Y N N NAa (see Y
n§/ source
S specific
AN subparts)
\“\ .
W y Leak/spill Ya Y Y N N Y
& Venting Ya Y
S |
7 Associated Ya Y
statlonary
combustion
Mobile ya N Y N N NAa Yb
combustion

a

b

Included but not linked to CCS Equipment.

Depending on project boundary a project of LCA assumed.

NOTE Equipment upstream describes activities that occur prior to production of the product being analyzed (upstream), e.g.
material acquisition, fuel processing, etc. and downstream describe activities that occur after production (downstream), e.g.
product use, disposal in life cycle approaches.
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Table 3 (continued)
US EPA LCA
YT | emission | e | BuETs | com | S | YBOR | reporting |1S012040/
ISO 14044)
rules
Transportation | Leak/spill Y Y Y N N NAa Yb
Vemting 2g 2 g 2 g N NA= NA= b
Associated Ya N Y N NAa NAa Yb T
mobile N
combustion s
=\
Storalge Leak/spill Y Y Y Y N Y NeAyb
Venting N Y Y Y Y Y N\Y Yb
Ty
Mobile Ya N Y N Y NA Yb
combustion N
-
Geological Y Y Y Y N Py yb
leakage ! |
Moniforing  |Mobile ya N Y N N NAa yb
combustion -
O
Decommission |Stationary Ya N N N ¢ ¥ f N Y Yb
combustion &\
)
Mobile Ya N N 8§ g N NAa Yb
combustion \" )
NOTH Equipment upstream describes activities that occur prior to prodm}Ton of the product being analyzed (upstream), e.g.
matefial acquisition, fuel processing, etc. and downstream describé ags@vities that occur after production (downstream), e.g.
prodiyict use, disposal in life cycle approaches. -
a Icluded but notlinked to CCS Equipment. ‘\' d
b epending on project boundary a project of LCA assumeel:‘

g

Table 4 — In‘diliéct emissions by case study

é US EPA LCA
Stage of CCS el ipcc{ EU-ETS CDM Eloeiiz - Al GHG | 15014040/
P emission * protocol EOR reporting ISO 14044)
rules
Geoldgical Mobile " v N N N N N ye
explgration combustion #c\h
Grid = Ya N N N N NAa ye
electricity)
cons’ur'(r?p\ion
\ &=
Consfruction S{itli\onary Ya N N N N N Ye
~<heombustion
A
N\ | Mobile Ya N N N N N Ye
e ) combustion
-3
Grid Ya N N N N NA=T YC
electricity
consumption

NOTE Equipment upstream describes activities that occur prior to production of the product being analyzed (upstream), e.g.
material acquisition, fuel processing, etc. and downstream describe activities that occur after production (downstream), e.g.
product use, disposal in life cycle approaches.

a  Included but not linked to CCS Equipment.

b Included but not linked to CCS and emissions abroad are excluded.

¢ Depending on project boundary a project of LCA is assumed.
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Table 4 (continued)
US EPA LCA
Stage of CCS dine a2 IPCC EU-ETS cDM fllbemm |- AUl GHG | 15014040/
emission protocol EOR reporting
1SO 14044)
rules
Capture Grid Ya N Y Y N NAa Ye
electricity
consumption
Equipment Yb N Y Y (chemi- Y NAa \ Y
upstream cal)
¢ \_.)
Equipment Yb N N N N NAa S Y
down stream y)
N
Transportation | Grid Ya N Y Y N - (\yAa Y
electricity =
consumption 4
N\
Equipment Yb N N N ‘N.\ NAa Y
upstream . g
Equipment yb N N N N NAa Y:
down stream N
Storage Grid ya N Y "o N N y!
electricity (XD
consumption k‘ g
Monitoring | Grid Ya N YCX[T N N N y
electricity 4
consumption y X
-\
Decommission |Grid Ya N BN N N N y
electricity 5
consumption \\' X
Fuel consump- |Upstream Yb - P N Y Y N Y
tion N\
Downstream Yh, b
Market ‘:
effects - ‘F
$
Electricity Upstream Yb
consumption Downstreag, Yb N N N N N
Market ': N
effeCts ™\
NOTE Equipment\i'pétream describes activities that occur prior to production of the product being analyzed (upstream|), e.g.
material acquisitioh, fuel processing, etc. and downstream describe activities that occur after production (downstream|, e.g.
product uséxdisposal in life cycle approaches.
a Ingl\de but not linked to CCS Equipment.
b {ﬁ.@u’ded but not linked to CCS and emissions abroad are excluded.
e N L')epending on project boundary a project of LCA is assumed.
-

6.5.1 Key differences

While there is general agreement on methodologies among the various measurement schemes, there
is difference in detail in what is considered and reported. For example, the Alberta protocols call for
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extensive tracking of various emissions, but limited reporting by excluding apparently insignificant
emissions. Other jurisdictions require much more detail in reporting. As a result:

6.5.

42

Purpose:

The purpose of the program governs decisions on boundaries and may conflict with attempts to
create a common standard approach. This means it might be necessary to be able to use something
like a menu approach in creating a standard.

Direct/indirect emission: !
\

he inclusion of indirect emissions can have a large impact on delineating the boundary for purpgsés
of aggregation, especially for upstream emissions such fuel production and grid electricityuse-and

market effect. \J

4 Issues for further consideration
mission quantification: RN

4) Permanence and long-term leakage from geological reservoir N\ V

»

At this time, there is no common agreement on methodologies and pXocedures to account for
ong term leakage, if it were to occur. The two key issues include tb&e $election of a quantification
inethodology and period for monitoring. Annualized accounting, stch as in a national inventory,
dloes not address permanence in a practical sense, although mosplexisting regulatory and reporting
frameworks state that the potential for emissions needs to-be assessed, essentially by taking into
jccount site characterization, risk assessment, modelling\z‘fnd monitoring.

o‘\

As concerns monitoring, there is general agreerien¥ amongst GHG programs and regulatory
[egimes to carry out a monitoring after site elosure, with a limit in time (see Reference [42],
Reference [75] and EU). The IPCC (2006)[42] praposes that it may be appropriate to decrease the
frequency of monitoring, or to stop monitorikg, when monitoring results, e.g. the observed CO;
plume, approach the long-term distributionpredicted by the simulation model and show evidence
of long-term stability. This principle is widely accepted by most regulatory regimes.

]
) Determination of what is tragkedhand what is reported.

Different programs define the s&obe of reporting differently. In order to avoid double counting it
(vill be important to coordinate these differences.

~N
¢) Feasibility and lack @fidefinition of methodologies.

here are certaina£eas where methodologies are not well understood (e.g. where the EU ETS refers
jo using industf st practice, but an industry best practice has yet to be developed). This may be
{he case in rélation to methods for quantifying amounts of CO2 leaked to the atmosphere.

-

o

missiopo\r‘eduction quantification:

Currently, the Alberta protocols appear to be two of the few programs to quantify emission
reduétions using baseline methodologies. This approach does not require a functional equivalence

trading programs.

The concept of COz avoided is theoretically assumed to be the functional equivalence between a
reference plant and plant with CCS in the IPCC Special Report (see Reference [41]); however, it is not
considered in this document.
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7 Measurement and monitoring

7.1 General

Measurement is the determination of the quantity of GHGs emitted through direct measurement or
estimation based on modelling results, or estimation based on emissions factors indicating fuel types,
activity levels, or utilized equipment. The objective for measurement is to collect precise, accurate,
current, and repeatable data for emissions quantification.

Monitoring can provide assurance for measurement data. It can also provide a robust methodbdlogy for
identification and attribution of leakage and the sources of leaked emissions. For examplg,’bas line
information on flux, concentration, or composition might be used to separate biologicallysproduced CO2
from leakage in the soil zone. Monitoring is the repeated checking, supervising, critteal observdtion,
measuring, or assessing the status of a system. This process will ensure the integrity»of measurenpents
over time. The objective of monitoring is to determine flows or to identify change from baselinks. It
also provides input into models to confirm that expected performance levels@a¥e/attained. Appropriate
monitoring devices, which are likely to improve with time, form a basis,for'the measurements| The
accuracy and efficiency of the data generated for use in quantification appfoaches are largely depernident
on the monitoring technique adopted, including the use of the appropriat€ point of observation wjithin
CCS systems. WV

For example, the monitoring and measurement of COy flow, i‘n“é I;ipeline can be quite accuratg (for
example, the uncertainty limitation of 2,5 % in the EU Directivéfor EU ETS), whereas, the use of sejsmic
surveys to measure CO3 stored in the ground have limitatiohs and a larger acknowledged uncertginty.
In addition to the appropriate physical devices, samphhg strategies (the timing and location of the
measurements to be taken) need to complement the<goals of the data to be collected. To undergtand
stream purity and quantify the concentration of imgiirities (including gases), some form of analysis will
usually be required based either on sampling andfaboratory analysis or on the use of inline analygers.

¢ -

7.2 Purpose S

The purpose for measurement is to C,oll:ect accurate, current, and repeatable information for effective
Q&V.The accurate measurement pfa relevant parameter is required to quantify the emissions prevgnted
from reaching the atmosphere (cg-’ptured, transported, stored and released by means of energy us¢ and
leaks). The accuracy of monitgrisig equipment is normally expected to continuously improve over|time
and with experience.

4

The definitions of quamitification (methodologies used to quantify emissions and removals assocjated
with a CCS project)\aid verification (confirmation by examination and provision of objective evidence
that specified critérjd have been met) require that measurement is undertaken with the end points of
verification in“®rind (see Clause 6). Good baseline information is essential to estimate the impdct of
other sources\0f GHGs that may exist within the integrated CCS project boundary such as biological CO>
productiq{.in the near surface (the soil zone).

)
7 .3\1Review of monitoring for ccs

<For most surface processes within an integrated CCS project, monitoring can use a variety of physical
davicac tomaeacura tho flaow of CHCc Thoco davicac ralu laraolyuy an flaw ratoac alana with nraccnr and
devicestomeasure the flow of GHGs- These devicesrely largely on flow ratesalong with pressure
temperature measurements although mass meters are available (see Clause 6, US EPA). The combination
of flow rates with chemical analysis (inline or by sampling and laboratory analysis) of the constituents
of the CO; stream, allows for calculations of the volumes and masses of the various constituents.
Leakage events can be determined not only by pressure drops and visual inspections, but also by the
use of a number of techniques that can also be deployed in the field to look for any potential leaks from
buried pipelines or from storage locations (these are identified below) such as laser systems, infrared
systems and others. This allows for a timely and effective management of related issues.

In addition to direct measurements, it is possible to use indirect measurements. These are identified
in the US EPA CFR Part 98 Mandatory Reporting of Greenhouse Gases: Petroleum and Natural Gas
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Systems; Final Rule, 2010, for example, and discussed in Clause 6. Ancillary emissions associated with
fuel combustion can be calculated from conversion factors developed for different fuel types such as
within a number of protocols that have been proposed to measure GHG emissions related to the CCS
chain (such as mobile sources, recompression in an EOR setting) and can be found in publications like
McCormick (2012)[38] or Blue Strategies (2012)[8] using emissions factors by fuel and by country (see
Clause 6).

CO3 has been captured from multiple sources for many decades (natural gas sweetening, industrial

and food-grade€O7sources by way of examptes)and-tasbeenrinjected-into-theground-for purposes
of erthanced oil recovery (dominantly from natural sources of CO2, https://edx.netl.doe.gov/group/
natcqrb). The first major integrated CO; geological storage project with integrated monitoring is
Norway’s Sleipner Project, which has been operational since 1996. An effective monitoring pragram
was pn integral component of this project as a means of verifying CO2 prevented from reachihg the
atmgsphere for tax purposes and is illustrative of the use of measurement technologies. 7

-

Many supra-national, national and sub-national bodies have created regulations or pr‘oto)cols for the
meagurement of CCS activities to ensure effective collection and calculation of emiss\ioﬁé and emissions
reduftions from CCS projects to provide for quantification and verification (forZexample, the Alberta
2007 protocol Quantification Protocol for Enhanced Oil Recovery, Alberta *Environment, October
2007, or the US EPACFR Part 98 Mandatory Reporting of Greenhouse GasgsZPetroleum and Natural
Gas pystems; Final Rule, 2010, which provides calculations for the calculation of emissions within
petr¢leum and natural gas projects). f‘\ 4

Courltries which have developed regulations and protocols include t‘he’US EPA (Geologic Sequestration
of Carbon Dioxide: Draft Underground Injection Control (UIC) ofthe USA) and various US states, Canada
(and[several provinces), the EU (EU Directive on Geological Sto¥age of Carbon Dioxide), and some member
natidqns (the UK’s Storage of Carbon Dioxide (Licensing, q(c\) Regulations 2010), Australia (Offshore
Petr¢leum and GHG Storage Act of 2006 and associatedw@gulations and guidelines), and some states,
Japan (Marine pollution prevention and control method] and others.

»

In addition to national legislation and regulations, some industry, research and consultation
orgahizations have attempted to establish meonitoring and measurement guidelines and programes,
suchfas the COz Capture Project and Det Notske'Veritas.

.

The [available monitoring technologies:“for storage and EOR include many methods that target
atmgsphere, soil, water and geologic:}l §§ratum. Table 5 serves to illustrate monitoring research on the
application, cost and nature of somé{relevant CCS monitoring technologies.

Dempnstration projects like IncSalah (now ceased operations), Sleipner, Weyburn, Otway (a pilot project
as opgposed to a commercial ﬁ\e?nonstration), Gorgon (an example of the careful preparation for a major
project), and others havetenvironmental monitoring systems that generate large amounts of data for
the purposes of quan\'r(‘iywir’lg GHGs. Analysis of seismic surveys (see Reference [10]), gravity survey
(see Reference [1]),,g{'9undwater chemical composition data (see Reference [59]) which reflect the CO;
plunme migrationjand storage security has demonstrated the effectiveness of monitoring technology to
confirm stora‘g{r.

Table 5 —‘\ieports and guidelines addressing containment of injected CO7 in geological storage
S

Nation/organiza- el Cobat
tion/institute IILIT GUIILCIIT
CO2 Capture Project |A Technical Basis for Carbon |CCS monitoring scheme: working guideline and case
(CCP) Dioxide Storage research
DNV Guideline for Selection and |Monitoring, verification, accounting and report (MVAR)
Qualification of Sites and working goal, outline and reasonable working flow
Projects for Geological suggestion
Storage of CO;
US Carbon Sequestra- | Global Status of Geologic Status of monitoring technology development, cost and
tion Council (USCSC) [CO3 Storage Technology in-site application outcome
Development
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Table 5 (continued)
Nation/organiza- .
tion/institute Title Content
UK Department of Monitoring Technologies for |(1) Geologic storage suggestion and supervise frame-
Trade and Industry |the Geological Storage of CO, [work; (2) monitoring technology introduction: appli-
(DTI) cation, performance, detection limit and limitation; (3)

monitoring cost; (4) monitoring practice; (5) summariz-
ing of offshore monitoring practice; (6) aonshore moni-

toring deployment; (7) UK status of research and fatyre
research and development. )
US National Energy |Best Practices for: (1) importance, goal and objective of monit i'ng','mon i-
Technology Labora- |Monitoring, Verification, toring practice; (2) monitoring technologyantroductipn:
tory (NETL) and Accounting of CO2 description benefit and challenge; (3)D0 Support and
Stored in Deep Geologic monitoring technology developmenty(4) monitoring goal
Formations and objective solving; (5) MVA developing of different
scenario. N
British Geological [EAGHG-Monitoring "T
Survey (BGS) Selection Tool “\\
"v
7.4 Measurement and monitoring in CCS systems -‘\
0\.\‘\
7.4.1 General x‘ 4
This subclause reviews the measurement and monitorifg approaches for CCS projects and for |each
system within a CCS project. 9,
. ':\i
7.4.2 CCS projects .
Figure 6 is a compilation of measurement Sints for CO; emissions and leakage based on regulafions
common to CCS projects around the yogld. The key measurement points designate the boundpries
of the project and its component parfts.‘These do not represent the only measurement points, biit do
demonstrate the key links withinthe‘ehain.
v
QP
fas
9, \/\
N
ey
'\/
o".
t‘\
\.\
(Y
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Figure 6 — Overview of requiremernitsfor measurement of full chain CCS project
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.
b 6 shows more detail for CCS measutement and monitoring points for Q&V (other measurements
be necessary for different objectives',‘such as contractual or regulatory constraints, environmental
cts, improvement of models, etc).5”
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7.4.3 Capture system

The potential emission sources within the capture system include direct and indirect emissions from
the additional energy used for CO; separation and CO; treatment for transport, incomplete capture,
and fugitive releases. Physical devices (e.g. sensors, meters) can be used to determine the concentration
of COy, flow rates, pressure, and temperature at various points within the system. The IPCC also allows
the use of Tier 1 and Tier 2 approaches based on accepted factors for determining these emissions. In
commercial transfers of CO3 a higher grade or commercial transfer meter is commonly used at the point

of tramsfer:

There may also be a need to quantify the emissions associated with a baseline scenario. This rpjg};\t
enta]l measuring the emissions from the use of additional fuel for the capture and compression ofi0y. It
may plso include the emissions from the construction of the capture facility and even decomm'Qs;ioning.
Tier [l and 2 approaches using emission factors may be sufficient for this calculation. 4

-

A
7.4.4 Transportation system %
The potential emissions from the transport system may include direct and indirégt Bmissions from the
energy required for CO; transport, leakage from pressurized or cryogenic equl'ﬁment, emissions from
loading and offloading (currently under discussion within TC 265), and ven%iln'g that may occur during
emeigency releases or at intermediate storage facilities. Indirect emissign$ may occur in compression,
liqugfaction and pumping. Most of the measurements may be based on ctﬁi§sion factors.

CO; pmissions from transport systems may be metered by flow amétering the liquid together with
presgure, temperature and fluid composition with the volumes@ad masses of the GHGs calculated from
thes¢ results. The critical measurement points will be the ifilet(s) and outlet(s) of the Transportation
syst¢m or transfer points within the transportation systen\x\particularly where non-pipeline methods
are ysed. BA

The Jmain source of indirect CO2 emissions withih\the transportation system boundary, assuming
pipeline transmission, may be the emissions resultihg from pressure booster stations along the pipeline
rout¢. Emissions can be calculated based on the.flrel used directly or indirectly (i.e. the electricity from
the Ipcal grid based on the fuel mix for that gri,d system) using standard default values accepted for that
regign. In the event that other forms of tyanéport are used, the emissions from boats, trains or trucks
can e calculated based on the quantity'ef fuel consumed. Since non-pipeline transport is likely to be
COy l[iquefied by means of cryogeni€s rather than solely pressure, there will be some venting of the CO;
(perhaps with traces of other GHGs)'as a result of warming of the liquid in spite of the insulation in the
buffér storage and/or transpartation tanks. This leakage can be measured by physical devices and the
volume/mass of each GHG réteased calculated.

N

In addition to the operajioﬁal emissions of GHGs within the transportation unit boundary, there is
the potential for upseds—tequiring the venting of sections of pipelines, tanks, etc. Understanding the
voluines and gas geip@sition within each individual piece of equipment will allow a rapid calculation of
the GHGs emitted:t”

X9

7.4.§ Stotage system

The JP€Cluses Tier 3 approaches for quantifying emission from storage systems in part because there is

ac-o

not dn-extensive-databaseto-supportthedevelopmentefmostfactorsandalseasareflectonthatsite
specific conditions play an important role in emissions measurement and monitoring. This subclause
reviews possible methods for determining this data.

Underground formation and wells

— The amount of CO7 stored is usually determined using mass balance that subtracts the amount of
any possible leakage from the amount injected. Monitoring may be used to demonstrate that the
injected plume is retained in the storage or EOR complex.

48 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=6e1a36c144552fcf08b3fbe7fcd7f07f

Single user license - Pro Tem Committtee on CCUS (Subgroup A/B) - No reproduction or circulation

ISO/TR 27915:2017(E)

— Losses from storage (e.g. extraction, leakage from geologic system, migration out of storage or EOR
complex, losses from wells that fail to isolate) may be determined through direct measurements
and modelling.

— If existing well bores are an important potential leakage pathway, monitoring in wellbores or in the
subsurface above the storage or EOR complex may be useful in detecting and quantifying leaks.

— The amount of CO; emitted at production wells or for other extraction purposes can be measured

usingmeters H:]';n*gn numbersofwells areinvglvedina project, data may be aggrng:\fnr‘] atcollection
points to avoid the propagation of calibration errors at individual wellhead meters. N
Y Y4
e
W
— Theamountof CO; received at the plant gate and injected can be measured with flowmeters at trahsfer

points and wellheads. As with production/extraction, emissions may be aggregated at appropriate
collection points to avoid the propagation of calibration errors for individualwélthead meters.

Surface equipment

— Indirect emissions from the fuel consumed in the operation of surface i'fljection (and pogsibly
production) equipment can be measured using emission factors and'(defers to determine quajntity
of consumed fuel. . %

o

— Fugitive emissions: Including leaks and venting in the injection }57§tem such as at the distribfition
manifold at the end of pipeline; distribution pipelines ta,\/vélls and compression or pumnjping
apparatus, and leakage at the production well head may.bg)determined using direct measurement
or a series of emission, activity, and equipment factors'eolipled with actual data from the projéct.

\
— For COz EOR, the operator may also need to deferniine losses from the production, separdtion,
compression and other fluid handling systems‘a§~well as energy expended by the fluid hanfling
system. b O

— Temporary upsets within an EOR operati{rrére possible. It is likely in such a circumstance thgt the
gas stream will be flared for safety reasons. In this case, the volume of gas redirected to the|flare
stack can be calculated based on the. gas composition and gas volume (mass).

Leakage and risk consideration-, *%

v

— The operator may need,tg @etermine the amount leaked from the geological formation thrpugh
existing or new fracturés‘or faults, the cap rock, migration out of the storage complex, and thrpugh
existing and/or unknéwn boreholes that penetrate the cap rock. The review of programs for this
document suggeststhat there are no commonly accepted methods for quantifying amounts legaked.
Instead, it appeeﬁ:s\that a general approach, using modelling, engineering estimates, and direct
measurements, may be emerging.

— Itmaybe f@igeful to develop a plan to confirm that the predictions made during site characterization
and injé&lon design are correct. It would be desirable for this plan to specify the type of direct
measirements required to confirm the predictions, including frequency, schedule, precision} and
add)racy of measurements as well as mechanisms to record, transmit and archive the data.

==23n addition, it may be necessary to determine emissions from the energy expended duiring
», monitoring.

*

Monitoring technologies are being continuously improved. Rather than present a specific date for state-
of-the-art in monitoring technologies, this document acknowledges that advances are being made and
cites several papers that reviewed the status of monitoring technologies at various points in time. This
include Reference [40], as a general review, and In Salah[591[60], Gorgonl[12], Sleipner(27][10], Snohvit[87Z],
CO,SINKIZ0], RECOPOLIZ0] and Weyburnl[88].

7.4.6 Impurities

The composition of the CO; stream will depend on the source (e.g. steel manufacturing, cement
manufacturing) and the process (oxy-combustion, post-combustion) (see Refence [67]). Measuring the
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exact amount of CO3 in this stream is necessary for quantification but it is also important to determine
the contents of the impurities.

Apart from CO3 itself, usually the main components of the CO; stream are annex gases such as Ny, Oy,
Hz and Argon, possibly CH4 and CO in lesser quantities, and water. Other components can be present
in very low concentrations such as Sulfur oxides (including SO3), Nitrogen oxides (including NO3),
H3S, mercury and other metals, possibly trace organics (e.g. benzene). Dedicated units within the
conversion/separation processes are generally necessary to remove these impurities prior to the CO2

These impurities are likely to have physical or chemical effects on the behaviour of the CO; str'e\a}n;l\,
on syirface facilities or on the storage system. The identification of these effects is outside thezscope
of thjs document; however, in principle the monitoring plans could take into account all kind&o}}isks,
including those related to the impurities. 4

captS[; e unitorpriortortstramrsportation:

Yy
7.4.7 LCA approaches %
WY

Life ¢ycle assessment based on ISO 14040 to ISO 14044 evaluates the full GHG impézts of an integrated
CCS project. This methodology allows for the energy and environmental impa¢ts$ to'be determined over
the full project life cycle, from construction, energy usage, operations, toéid of life of project. LCA
studles would typically use kWh, quantity of raw material or product, 6r EOZ avoided (see Clause 8)
as the functional unit for the measure of impact to ensure consiste v/ of comparison of different
projgcts and their impacts. For this reason, LCA studies will use alicthi¢ measurements taken for the
full ¢CS system and for the individual components within the overall'system and provide estimates of
the ljfe cycle impacts. LCA may also go beyond the GHG calculations of impacts to provide a broader
calcylation of environmental and health impacts from defadltwalues for emissions to the environment
(for ¢xample, particulates, heavy metals and other emissighs from the use of fuel, fuel extraction and
equipment utilization). b

-
"M

8 Environmental impacts of CCS other:than GHG capture/emission
o2

8.1 | Objectives .

While the primary issue of the CGS )}5‘ the GHG captured/emitted, other environmental impacts
resulting from the CCS system, maytalso be considered. The present chapter gives a methodological
framework to assess the environmental impacts of CCS processes using two possible methodologies:
life clycle assessment (LCA) arid-environmental impact assessment (EIA). The LCA goes beyond the GHG
quantification that was desckibed in previous clauses of this document, but follows the same principles.
The ¢nvironmental impdet dssessment (EIA) is an alternative approach that is not as complete as LCA.
Both|EIA and LCA are d\éscfibed in the following subclause.

References: for LCA;\fO 14040 to ISO 14044, for GHG: ISO 14064-1/1SO 14064-2/1SO 14064-3, for EIA:
European Direttive 2014/52/EU.

N
8.2 | Definition of EIA and LCA

e N
LCA,|as™defined in ISO 14040, studies the environmental aspects and potential impacts throughout a

product’s life (i.e. cradle to grave) from raw material acquisition through production, use and disposal.
The general categories of environmental impacts needing consideration include resource use, human
health, and ecological consequences. If the choice is made to use a life cycle assessment (LCA) approach
for a CCS project, the responsible parties are likely to apply the principles of ISO 14040 to ISO 14044
and follow as much as possible the steps identified in these standards.

The LCA treats the “cradle to grave” aspects of a project or provide the necessary information to allow
for the comparison of overall impacts, for example, the use of fossil fuels versus the use of renewable
energy. To accomplish this latter task, a life cycle assessment (LCA) will need to be conducted leading to
a quantitative assessment of factors likely to be significantly affected by the CCS project such as abiotic
depletion, acidification, eutrophication, photochemical oxidation, ozone depletion, toxicity indicators,
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water use, land use, throughout the life of the project from construction to decommissioning within
defined boundaries.

The EIA could be required by the intended user or some regulatory authorities. The prime objective
of an EIA is to study the evolution of the relevant aspects of the environment impacts before and after
the implementation of the CCS project. The EIA informs the intended user and/or the regulator of the
direct or immediate environmental impacts, such as population, human health, biodiversity, land, soil,
erosion, cultural herltage including archltectural archaeological and landscape aspects, and prov1des

8.3 LCA methodological framework

The following elements may serve as basis for the calculation of the life cycle ass(;ssment of CCS.

for

Impact Assessment (IAIA) defines an environmental impact assessment as “the process of identiffying,
predicting, evaluating and mitigating the biophysical, social, and other relevant effects of deyvelopment
proposals prior to major decisions being taken and commitments made.” N

\2

.

N\
N\

Comparisons are made between the initial situation (or baseline referehCe) where CO; is emitted to
the atmosphere and the CCS project where CO3 is captured, transported and stored (see 5.2.7).

Spatial Boundaries, LCA considers both the increased 1nputgaM the outputs generally without
regard for political or jurisdictional boundaries. For CCS pr&jécts LCA would often considef the
embedded impacts in defined inputs (e.g. electricity, watet, fQSSll energy, raw materials) and oufputs
[e.g. increasing production of hydrocarbons, subsequent»combustlon of the oil and gas produced
(see Reference [74])]. Figure 7 illustrates some ofthese elements. The spatial boundary for{ LCA
would therefore begin with the inputs and extend through the outputs. As stated in 5.2, the three
main sub-systems are represented in Figure 7 hey consist of the following:

— Capture system: Pre-processing unit, (;Hemicals production, capture units or boilers, post-
processing units, compression and.putification, etc. In effect, anything upstream of the isolation
valve entering the transportationsystem.

— Transport system: Either by, pip\e or by boat, rail, including the loading and unloading facillities.
In the case of transportation ‘by means other than pipeline, loading facilities and unlogding
facilities will be conside éd note that in the ISO/TC 265 framework, it was decided that bjuffer
storage and loadmg/‘unloadlng facilities would be included in the capture unit or the stqrage
unit, and not the trahsportation unit while the [PCC 2006 guidelines include these compoments
within the transpdrtation unit boundaries.

— Storage systéin\:jkll aspects downstream of the isolation valve between the transportation and
the stordge or EOR site. In the case of storage, this includes the distribution lines to the stqrage
injectieirwells and the underground storage complex. In the case of EOR, the surface facilities
required to recycle the COz produced with the produced oil is considered in the LCA, even if
t{eymay formally be considered outside the CO storage system (see 5.2.5).

'\
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— Functional unit: The functional unit is defined as “a measure of the perfarmance of the functional
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utputs of the system. The primary purpose of a functional unit is to pr\ov'l’de a reference to which
the inputs and outputs are related” (see ISO 14040). In the case of C¢S{the selection of a functional
:ﬁnit will depend on the required outcome of the analysis. The required outcome may be to compare

ifferent CCS technologies with one another, or to concentrate ononespecific CCS technology and/or
ompare CCS routes against alternatives such as renewable enéégy production (see Reference [37]).
Therefore, the functional unit may be expressed as 1 kWh ofe:}ectricity produced, or 1 tonne of steel

r cement or glass, etc. produced, or one tonne of CO; avo'\d‘ed. Within an LCA system, the functional
}nit is considered only within the temporal boundariésidecided for the LCA study. This may not take
into account the long-term storage or permanence qf'the CO;3 stored (that storage beyond the end of

the project as discussed within this TR). N

»

\
NOTE  This “functional unit” is defined in ISO 140497}1 counting unit to present the results. It is to be distinguished
from an “operational unit”, that is industrial equipmerit (e.g. compressor, pipe) that has a given function in order to
berform the CCS objective. 5
" . . 0 0 .
Temporal boundaries: The temporal\boundaries reflect the periods during which the CCS project
;lmpacts on the environment. Aftéeplugging of the well (including removal of all surface facilities

ccording to national or sub-national regulation), the impact of CCS on the environment is likely to
e non-existent or negligible (§ee 5.3) and the risk of leakage normally declines. This stage is defined
s the post-closure stage{’&e@ below). Longer time horizons are possible, if they can be justified.

a
List of stages of the,preject:

1 Building, co@fstruction and dismantlement. It includes the building, settlement and eventually
dismant%[pent of plants, pipes, wells, etc. and the related energy and material consumption.

+ Operational stage. It includes the CO2 production and its injection. During this period, capture,
ttansport and injection are operational. In the case of EOR, the operational stage includes the
(7recycle loop of CO2 and will continue beyond the upstream supply of fresh CO>.

-3

NOTE  Inthe Weyburn study (2004)[8], the estimated time to pressure equilibration is 100 years
from the conclusion of injection, this is probably beyond the expected period of time considered with-
in a CCS Project.

— Closure stage. It takes place after cessation of injection and ends at plugging of the well, when
site closure criteria are met, that provide a high degree of confidence that injected CO will be
retained and that risk associated with the project are de minimis. (See 1SO 27914 Geological
Storage, Chapter 9_Monitoring and Validation and Chapter 10_Closure).
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