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Foreword

:2017(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 technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document may be the
fent rights. ISO shall not be held responsible for identifying any or all sugh patent rights.

the ISO list of patent declarations received (see www.iso.org/patents))

1stitute an endorsement.

rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the
L: www.iso.org/iso/foreword.html.

nsportation, and geological storage.
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Details of

y patent rights identified during the development of the document will’be'in the Introduction and/or

y trade name used in this document is information given for the convenience of users andl does not

an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
pressions related to conformity assessment, as wellias information about ISO’s adherence to the

following

capture,

© IS0 2017 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=0cefa55140dd946bf5f7cbc065a7bea3

ISO/TR 27915:2017(E)

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
associated with injection of carbon dioxide into geological formations for the purposes of isolation
from the atmosphere (and ocean) over the long term. While carbon dioxide (CO3) is the primary target
of the cap ; ; i i
and emisgions can include GHG’s other than CO;. This document includes limited discussion of ot
environmgntal impacts.

This docuyment integrates the various aspects of Q&V adopted by other ISO/TC 265 Workihg Groyps
(WGs) intp a comprehensive project framework.

The UNF(CC Paris Agreement (adopted on 12 December 2015) lays the foundationfor countries|to
work cooperatively to limit the increase in global average temperature to between.1,5 °C and 2 °C abgve
pre-indusfrial levels, by reducing emissions of greenhouse gases (GHGs) int¢_the atmosphere and|by
increasing removals of GHGs from the atmosphere. Many of the climate models considered by the IHCC
in their nmost recent assessment report (IPCC, 2014) suggest that keeping-average global temperature
rises to leps than 2 °C will require large scale deployment of carbon digxide capture, transportation and
geological storage technologies (CCS) in order to reduce anthropegenic emissions from the electrigal
sector andl from industries where there are no viable alternatives. The IPCC (2014) also suggest that
CCS with pio-energy (BECCS) will be required to remove carbeh'dioxide from the atmosphere to meet
medium term emission objectives. In the longer term (i.e. 70 to 100 years), it may be necessary, and
viable, to [further reduce harmful concentrations of COyin the atmosphere by capturing CO; diredtly
from the 3tmosphere for injection into geological formations (DACCS).

While m3gny countries have existing domestic_GHG emission reporting requirements, the Paris
Agreemer|t emphasizes “robust accounting” for*all countries (UNFCCC, 2015, Article 6, paragraph |2),
covering both anthropogenic emissions of greenhouse gases by sources and removals of greenhouse
gases by kinks (Article 4, paragraph 2)./The key principles for accounting and reporting identifled
in the Pafis Agreement are transparency (to ensure that actions are shared and equitable, and that
outcomes| are real), accuracy, completeness, comparability and consistency, and the avoidance| of
double acfounting (UNFCCC, 2015,\Article 4, paragraph 13). Environmental integrity (i.e. no harm| to
ecosystenps or biodiversity) is_a fundamental principle for all activities, as are issues relating to the
socioeconpomic impacts of a project.

ISO/TC 265 was establishied to develop technical standards for the design, construction, operatipn,
environmgntal plannihg” and management, risk management, quantification, monitoring gnd
verificatign, and related activities in the field of CCS. Six working groups (WGs) have been established.
They all report threugh to the Technical Committee (TC) and are charged with focusing on particular
aspects of the GES technology chain.

WG1 - Captuare

WG2 - Transport

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 i

S 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 con51dered within this document is carbon dioxide (COZ) other GHG S [as listed in

Chapter 5}3 nded C - .
GHG and COz are used somewhat lnterchangeably and the reader is 1nv1ted to con51der the

ne extent,
context of

the¢ terms. Most of the GHG captured through the CCS system will be a relatively pure(stregm of COp,
perhaps mixed with other gases such as Ny, but in an Enhanced Oil Recovery (EOR) system the recycled

COp could also include methane (CH4). Emissions from fossil-fired industrial activity €ould al
some NO.

50 contain

Thlis document aims to provide a transparent and non-prescriptive body ofdinformation relating to Q&V

processes for CCS projects.

© IS0 2017 - All rights reserved
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Carbon dioxide capture, transportation and geological
storage — Quantification and verification

1 Scope

1;]; General

Thlis document presents a review of publicly available literature identifying materially; relevant issues

anfl options relating to “good practices” for quantifying and verifying GHG emissions-and reductions at

th¢ project level. Its scope covers all components of the CCS chain (e.g. capture, transport, stqrage) and

indludes a lifecycle assessment approach to estimating project level emissions-and emission rleductions

frqm project assessment, construction and operations, through to complétion and post-closure

activities. This document considers the following at the project level:

—| avariety of Q&V related boundaries applicable to all componentsef-a CCS project;

—| the composition of the CO; stream, including its purity, afd requirements for measpring and
verifying the physical and chemical state of the CO, streamxin CCS projects;

—| identification and quantification of GHG emissions andreductionsacrossintegrated CCS components;

—| monitoring objectives, methodologies, and sampling strategies, including locations, pefiods, and
frequencies;

—| GHG data collection and reporting;

—| verifying GHG expectations with agreéd verification criteria;

—| life cycle assessment (LCA) of CCS(projects.

1.2 Limitations

Q&V approaches to measuring and verifying GHG emissions, reductions and removals for CCS projects

continue to evolve. This/document identifies the gaps and limitations in current levels of knowledge, of

en|pirical methodologies and application of good practices for CCS Q&V.

Thiis is a Technical Report and so does not seek to recommend technical standards for any spgcific Q&V

mdthod. This.décument cites existing ISO standards and other good-practice protocols that have been

deyeloped to'quantify and verify GHGs from integrated CCS projects.

1.3 ‘Stakeholders’ requirements

This document aims to inform all stakeholders who influence, or are directly or indirectly involved
in the reporting of emissions and emission reductions, or removals, for CCS projects. Stakeholders
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.

©lI

SO0 2017 - All rights reserved


https://standardsiso.com/api/?name=0cefa55140dd946bf5f7cbc065a7bea3

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

BECCS Bio-energy with CCS

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

CbM Clean Development Mechanism

CEMS Continuous Emission Monitoring System

CMS Continuous Measurement System

COy.e Carbon dioxide equivalent

DACCS Direct air carbon dioxide capture and (geological):storage

EIA Environmental Impact Assessment

EOR Enhanced Oil Recovery

EU ETS European Union Emissions Trading Scheme

GHG Greenhouse Gas

[EA GHG International Energy Agency Greenhouse Gas R&D Programme

[PCC Intergovernmental Panelon Climate Change

[PCC SR IPCC Special Reperton CCS (2005)

LCA Life Cycle AssesSment

MRR Monitoring, Reporting Regulation (ref. EU)

Mt 1 million (metric) tonnes

Q&V Quantification and Verification

tonne 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.
[SO 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
bafelme 1|n
reference basis for comparison against which project status or performance is monitoredrormeasured

Note 1 to entry: The IPCC (2014, Annex 1, Glossary, p.1253) defines baseline as “the state again'st whiich change
is measured”. In natural systems, a baseline represents the range of pre-existing natural variatfon of that
syqtem, which may include a complex range of diurnal, tidal, seasonal, annual, and climatically-driyen natural
fluftuations.

[SQURCE: ISO 21500:2012, 2.3, modified]

3.7
carbon capture and storage
Cccs
process consisting of the separation of CO, from industrial ahd‘energy related sources, trangportation
anfl injection into a geological formation, resulting in its long-term isolation from the atmosphere

Nofe 1 to entry: CCS projects should also provide for the lohg<term isolation of CO; from oceans, potlable water
supplies and other resources.

[SOURCE: IPCC special report on CCS, 2005]

client
organization or person requesting validation or verification

Note 1 to entry: The client could be the responsible party or the GHG program administrator or other stakeholder.
[SOURCE: ISO 14064-1:2006;2,25]

3.
CO2 (GHG) leakage

Nofe 1 to entry: Examples of containment are compressors, pipelines, trucks, ships, wells and|geological
ations.~IH the context of this document , leakage does not refer to the concept through whichj efforts to
requce,emissions in one place shift emissions to another location or sector where they remain uncoptrolled or

not counted. Specific regulations at the national or sub-national level may further define leakage witlllin specific
contexts

3.5
CO3 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 CO2 stream composition is usually subject to regulatory discretion and approval. It
is less common to report stream composition as a mass fraction.

3.7

CO3 stream purity
percentage by volume of CO7 as a component of the CO; stream (3.5)

3.8

detection
detection
smallest ¥
method i

3.9
emission
normalizd

Noteltoe
might havd
based on e

[SOURCE:

3.10

GHG/CO3
emission
total mas
specified

Note 1 to

limit

threshold

ralue of a property of a substance that can be reliably detected by a specified measur
a specified context

factor
d measure of GHG emissions in terms of activity

htry: For example, tonnes of GHG emitted per tonne of fuel consumed. Valves and other such equipm

ng

ent

typical leakage rates based on measurement from similar equipment.Emission factors can be applied

xperience for such equipment.

Annex Il of the IPCC special report on CCS, 2005]

emission

5 of GHG (i.e. CO2 or COz-€) released to the atmosphere, or surface water bodies, ove
period of time

entry: Emissions from a geological storage complex occur at the interface between the ground &

the atmosphere or at the interface between théseabed and ocean or lake. “GHG/CO2 emission” is equivalent

the UNFC(
Reference

[SOURCE:

3.11
GHG/CO2
calculated

Note 1 to 4
also refer t

[SOURCE:

C term “seepage” referred to in the/CDM modalities and procedures for CCS project activities (|
75]).

ISO 14064-2:2006, 2.5, modified]

emission reduction
net decrease ©f\GHG emissions between a baseline (3.1) scenario and the CCS project outp

nd
to
Kee

1t

ntry: A GHG@mission reduction may also be referred to as “CO; avoided”, although CO; avoided may

0 CO2 remiovals from the atmosphere.

[SON\14064-2:2006, 2.7, modified]

3.12

GHG removal
total mass of GHG removed from the atmosphere over a specified period of time

Note 1 to entry: CCS projects could achieve GHG removals through BECCS (Bio-energy with CCS) or by DACCS

(Direct air

[SOURCE:

CO3 capture and geological storage).

ISO 14064-2:2006, 2.6]
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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]

3.1
ge
su
(in
es

S

3.1

ge
Su
se

No

3.1

gr
GH

ga

4

plogical reservoir

pbsurface body of rock with sufficient porosity and permeability to contain andytrans
cluding super-critical phase GHGs) with an overlying impermeable seal (or caproek) whict
ape of the fluids

URCE: Annex II of the IPCC special report on CCS, 2005]

5

plogical storage complex

psurface geological system extending vertically to comprise ‘storage units, and pril
ondary seals, extending laterally to the defined limits of the C@) storage project

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

6

penhouse gas

G

beous constituent of the atmosphere, both ndtural and/or anthropogenic, that absorbs

radliation at specific wavelengths within the Spectrum of infrared radiation emitted by t

Su

No
(N

face, the atmosphere, and clouds

0), hydrofluorocarbons (HFCs), nitregen triflouride (NF3) perfluorocarbons (PFCs) and sulfur hg

(SH

6)- Emissions from these gases are-reported under the Kyoto Protocol, and aggregated into carh

eqtiivalents (COz-€) using factors called global warming potentials (GWPs).

[SQURCE: ISO 14064-2:2006,2.1]

3.17
greenhouse gas aetivity data
qupntitative measure of activity that results in a GHG emission or removal

Note 1 to entry:Examples of GHG activity data include the amount of energy, fuels or electricity
madterial preduced, service provided or area of land affected.

3.18
greenhouse gas emission or removal factor

mit fluids
| prevents

mary and

hnd emits
he Earth’s

Le 1 to entry: The most common greenhouse gases are carbon dioxide (CO2), methane (CHg), nifrous oxide

xafluoride
on dioxide

consumed,

conversion factor relating activity data to GHG emissions or removals

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]

©lI
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3.21

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

[SOURCE:

3.22
integrate

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

d CCS project

project that involves capturing CO from large point sources, transporting it to a storage site, injecting it
into deep geologic formations (storage complex), and monitoring (3.28) to verify that it remains isolated

from the 3 fmncphnrn

3.23

intended|user

individual or organization identified by those reporting GHG related information as being the one who
relies on that information to make decisions

Note 1 to pntry: The intended user could be the client, the responsible party, GHG program administratgrs,
regulators| the financial community or other affected stakeholders, such as local cofnmunities, governmgnt
departmer]ts or non-governmental organizations

[SOURCE:|ISO 14064-2:2006, 2.22]

3.24

level of agsurance

degree of pssurance that the intended user (3.23) requires for verification

Note 1 to dntry: The level of assurance is used to determine the depth of detail that a verifier designs into their
verification plan to determine if there are any material errors, 0fmissions or misrepresentations.

Note 2 to gntry: There are two levels of assurance, reasenable or limited, which result in differently worded
verification statements.

[SOURCE:|ISO 14064-2:2006, 2.24, modified]

3.25

materiality

concept that individual, or the aggrégation of, errors, omissions and misrepresentations could affgct
the GHG apsertion and could influence the intended users’ decisions

Note 1 to ¢ntry: The concept of-materiality is used when designing the validation or verification and samplfng
plans to ddtermine the type of\substantive processes used to minimize the risk that the validator or verifier yill
not detect p material discrepancy (detection risk).

Note 2 to ¢ntry: The coneept of materiality is used to identify information that, if omitted or misstated, wopld
significant]y misreptesent a GHG assertion to intended users, thereby influencing their conclusions. Acceptalple
materiality is detérmined by the validator, verifier or GHG program based on the agreed level of assurance.
[SOURCE:|ISO, 14064-2:2006, 2.28]

3.26

measurement

determination of quantities through physical devices

Note 1 to entry: Examples of measurements are temperature, flow, concentrations, length, distance, etc.
Measurement 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 a system to identify variance from an expected performance level or baseline (3.1)

3.29

GHG quantification
act of measuring and/or estimating and/or predicting the amount of GHG emissions, tedudtions and
refgnovals associated with a CCS project

3.30
reporting scope
physical and temporal boundaries of information reported

3.31

responsible party
pefson or persons responsible for the provision of the GHG quantification (3.29) assertiop and the
supporting GHG information

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

3.32
sampling
sellection of a subset from a population to estimate‘characteristics of the whole population

3.33

sampling strategy
sef of technical principles or steps that ‘aim to establish, depending on the objectives and the site
considered, the sampling density, distfibution, locations, and frequency for each sampling ar¢a

3.34
venting
inlended release of GHG from_pre-defined containment

3.35

verification of GHG'dassertion
sys$tematic, independent and documented process for the evaluation of a GHG assertion against agreed
verification criteria

Note 1 to entry: A GHG assertion is a factual and objective statement of performance related to GHGs jnade by an
organization or project.

[SQURCE: ISO 14064-2:2006, 2.26, modified]

3.36

verifier

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.

One group of principles relates to the accuracy of measurements. These support the validation of the
amount of stored CO; for compliance purposes. Another group of principles relates to fungibility of
measurenfents. These support the facilitation of emission oriented transactions, for example; Slhe

generatiof of a tradable credit for a unit of emissions reduction. The final group of principles relateq to
the equity and accessibility of measurements. These support cost effective measurement approaches
that avoid imposing cost-prohibitive Q&V regimes and so encourage broad deployment of GES projefts
as a reduftion strategy. The distinctions between the three groups are useful because, they help|to
point out [the various objectives that could be considered in developing Q&V programs, Each group is
discussed|in more detail in the remainder of this clause.

4.2 Pripciples relating to the accuracy of measurement

4.2.1 Oyerview

The applifation of principles is considered fundamental in ensuning GHG-related information is [an
accurate fepresentation of the actual measurement of emissionireductions as is desirable on a fit-fpr-
purpose RQasis. Principles are the basis for, and guide the application of measurement requiremerits.
These pripciples are based on ISO 14064-1.

4.2.2 Relevance

Identification of the intended user and purpose,afjthe GHG emissions quantification in order to gujde
decisions fregarding which GHG data and measurement methodologies are appropriate.

4.2.3 Completeness

The inclugion of all relevant GHG emission reductions and removals.

4.2.4 Consistency and comparability

The use ¢f consistent andJinternationally acceptable methods and approaches for measuring GHG
emissiongacross all projects to enable meaningful comparisons of GHG-related information.

4.2.5 Agcuracy

Establishlﬂlg minimum levels of accuracy or precision in measurement methods and approaches will
help to reduee bias and uncertainty.

4.2.6 Transparency

Disclose sufficient and appropriate GHG-related information to allow intended users to make decisions
with 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 ove

r 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 closely

related to the concept of permanence. Baselines should be determined in a conservative way and should

beljustified transparently (see guiding principles above).

4.3.2 Additionality

Thie demonstration that the project results in GHG emission reductions that are additiong

might have occurred under business as usual (reference CDM).

4.3.3 Quantifiable

GHG outcome of a CCS project is normally quantified according”to transparent and sci
so@ind methodology/ies.

4.3.4 Permanence

concept of permanence is applied to CO; storage to.indicate the expectation that in wel
anfl operated CO; storage projects, injected CO, willmot leak out of the storage complex ovd
terim and, that if such leakage occurs, there will beio unaccounted CO2 emissions to the atmd
ocean and no contamination of regulated resourg¢es. Typically, the concept is operationalize
regulatory requirements to use monitoring; fisk assessment and modelling results to del
that leakage has not been detected for a defined period after injection operations have ende
there is no significant risk of leakage agcurring in the future. See IPCC Guidelines, US EPA Ul
regulations, EU-ETS as examples.

4.3.5 Environmental effectiveness

ability of a project to result in overall net emission reductions as verified through m
evaluation, and verification processes.

4.3.6 Enforceable

ability todegally ensure that the emission reductions remain secure through the life of thy
in pvhich theyare created/used, i.e. by compatibility with a robust accounting system.

4.3.7”~ Economic efficiency

] to what

entifically

designed
r the long
sphere or
d through
monstrate
1 and that
C Class VI

onitoring,

P program

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

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 t
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

The extent to which project quantification approaches are consistent with IPCC guidelines includ
Chapter 5| of the 2006 IPCC Guidelines for National Greenhouse Gas Inventories that gives a-¢empl
accounting methodology for CCS.

5 Defi

5.1 General

It is nece

a completle and accurate quantification of project-level GHG emissions anid emissions reductions (3

ning the CCS system and boundaries

dsary to establish the boundaries of the system and all its sub-$ystems in order to carry

ng
bte

but
ee

the principles explained in Clause 4). All GHG flows that are to be guantified are defined in reference

to these Qoundaries, namely, transfers between sub-systems (within the whole system), outputs
leakages)|beyond the boundaries of the system, and external inputs. A clear disclosure of boundz:
decisionsfconditions is necessary to avoid any omission or ‘double counting of GHG emissions a

removals

The objective of this clause is to review the spatial and-temporal boundaries that are typically appl
to a CCS project for Quantification and Verification.purposes, being consistent with other ISO/TC 2
requirem¢nts, and also recognizing that operater§)may undertake GHG Quantification and verificat
for a varjety of purposes (e.g. regulatory approvals, voluntary program or economic reasons).

concerns

as follows};

hnd to carry out quantification in a transparent and replicable way.

'he spatial boundaries, it is consistent with UNFCCC (2012)1) which describes the CCS syst

(a) the installation where the-carbon dioxide is captured;
(b) any treatment facilities;

(c) transportation equipment, including pipelines and booster stations along a pipeline, or off-
lpading facilities in-the case of transportation by ship, rail or road tanker;

d) any reception’facilities or holding tanks at the injection site;
e) the injéction facility; and

f) subsurface components, including the geological storage site and all potential sources of seé
dge, as determined during the characterization and selection of the geological storage site.

(or

18%
nd

ed
65
on
As
bm

p-

I'he CLS project boundary also encompasses the vertical and lateral imits of the LU, geologica

1

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 CO3 from multiple sources (and third parties).

1) Kyoto

10

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

5.2.1 Overview

The_term “Qpa'ri;ll houndaries” describes the phvci(‘al p];m'r equipment and gpnlngi(‘ formations
asgociated with a CCS project, and in the case of LCA, certain additional CCS project inputs‘and outputs.
A typical CCS project boundary is conceptually depicted in Figure 1. It illustrates ancdnteggrated CCS
Prpject and its main components, or systems that will be detailed in further subclauses|

Raw gas stream Emissions and legkages

CcOo %stream

- }aﬁure System

Transport System

CCS\Project

The entry of the
Capture System Storage System

including reservoir & caprock (=storage complex),
—> (0. stored;wells and surface equipment

Figure 1 — Full range of CCS boundaries

5.2.2 CCS Project

e main boundary is the intégrated CCS project. The boundary begins at the point of capturg at which
GHG emissions are prevented-from entering the atmosphere. It is completed at the point wherg GHGs are
cted and stored into-the’sub-surface where they are expected to remain permanently. When a CCS
oppration is added to@mn-€existing emission source, emissions and emission reductions are quantified as

All GHG releases“outside the CCS system, be they intentional (venting, flaring) or unintentional
akage), at-any pointin an integrated CCS project are typically quantified as emissions and accounted

In [thé ease of other productlon 1nputs (e.g. fossil fuel and/or fossil resource consumptlon) they may

p ennents may

be 1mposed on operators such as quantlflcatlon of COz only and/or non-COz GHGs may need to be
considered either in the context of a carbon reporting scheme or LCA.

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 applled to power plants or other mdustrlal CO2 sources (such as
refineries . 7 3 yill
be discus ed here keepmg in mmd that a coal flred electrlcal generatlon plant is often quoted for
illustratign of CCS projects. In the basic case where a post-combustion capture process is applied| to
such a copl-fired power plant, the capture system boundary may begin at the location at which the
flue gas id diverted from the stack or at the location at which contaminants are removed froem the flue
gas. It would be useful to consider whether pre-treatment of the flue gases is required-by regulatjon
or whethgr it is simply necessary for the capture technology. If removal of criticalajr contaminants
is mandated, then the boundary might begin at the point at which the flue gas entérs the CO; captyre
system following this treatment.

For non-ppwer CO3 sources, such as refineries and upgraders, the capture system boundary might begin
where theg duct work joins the capture facilities to processes such as for ceking or hydrogen productipn.
For cemerjt plants, the capture system boundary might begin where thé-gas stream from the calcinatjon
unit flowq to the capture unit. Steel plants would be similar, with eapture system boundary beginning
where thg gas stream CO3 from the blast furnaces or coking facilities enters the capture facilities.

Oxy-fuel gombustion (see Reference [56]) and gasification {or pre-combustion) (see Reference [6p])
systems rhise more complex issues. In the case of oxy-fuel.combustion, the capture process is integrated
with the ¢ombustion process and there is a partial stream of CO because of the internal looping for
dilution of the oxygen. In such cases, the boundary

— mighfbegin after the boiler, e.g. at the pointatwhich the CO; rich stream is polished and enters the
compfession system, or

— migh{ include the entire system since.an air separation unit (ASU) is considered integral to the
integrated electrical generation and CO2 capture processes.

In both cafses, it is good practice to-aecount for CO, emissions from recirculation.

In the casg of gasification, the €0, may be captured at several different points depending on the natuyre
of the progess. If the syn-gas.s burned in a turbine, the capture may be after the turbine (conventiopal
post-combustion capture)yIf hydrogen (Hz) is the combustion fluid, then the entry point will be the
point at wihich the COzand H; are separated following the shift conversion process.

The downstream‘boundary of the capture system is located at the point where CO; is delivered to the
transportption{system. Typically, this would be the entry valve (upstream isolation valve) into the
transportption mechanism, 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 Oy 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
facilities in order to ensure a buffering capacity and that emissions are likely to be associated with
loading and unloading operations. For the purpose of the ISO/TC 265, it was decided that any buffer
storage that may exist would be allocated to the capture system or to the storage system and not the

tra
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5.2

The storage system boundary begins at the isolating joint with a valyelprior to the wg¢

weg
trg
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su

5.2

The storage system primarily includes the. storage complex, composed of two main und

ge
(o
an

[26]), however, they may be considered for monitoring activities or for the purpose of measu

leq

The full extent of the storagesystem boundary is defined by the physical presence of the CO
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hough this may be inconsistent with IPCC guidelines (see Reference [42]). Since the CO2.is\
lefied cryogenically for such transport, the loss of CO; from the tanks used in this transpoy
ounted for within the transportation system.

.5 Storage system boundaries

Ilhead distribution system (onshore) or the injection platform (offshere), which is the li
nsportation system boundary. The storage system is composed ©f facilities and activitig
epare and inject the COz and to ensure its long-term storage.dt includes, but may not 1|
surface facilities, injection wells, and the geological storage cemplex as defined in Claus

27914. This is also valid in the case of EOR, however, the “storage complex” can be na
mplex”. The storage system may also include monitoringwélls and production wells, if prg
bclause gives further details.

.6 Geological storage complex

blogical elements: a) the reservoirs or geoelogical systems where CO3 is injected and b) th
seals) that is (are) necessary to maintaip’'the safety and integrity of the storage. Overlying
1 underlying geological layers are typically outside the storage complex (see Reference [42

kages/emissions, as stated in 5.4:

er its migration and advection into the rock as an independent phase (gas, liquid or suj
te), or over a longer period, after its ultimate migration (probably including dissolution
emical transformations, and finally, mineralization). This volume is often called the COj

facilities,
kely to be
t could be

bllhead or
mit of the
bs used to
be limited
b 3 and in
med “EOR
sent. This

lerground
e caprock
seological
, [55] and
rement of

b injected,
bercritical
in water,
plume. It

contains lateral andVertical bounds.
Thie “volume fiinfluence” of the storage operations (often simplified to “area of influencel) may be
obgerved gver a much greater volume than the physical presence of the CO2, due mainly to the

did
T

ains” (EU; CDM in UNFCCC, 2011). Regulatory bodies may or may not consider this

placermient of brines and pressure increase. It is, therefore, outside the limits of the storage system.
s volame of influence may be referred to as “Area of Review” (US and Canada) or “sufrounding

i

olume of

influence in CCS permitting and/or accounting programs. Similarly, the area of monitoring may 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,
unloading facilities, buffer storage if any, CO, compression and preparation units if any (e.g. in
the case of an EOR facility, in case of heating or cryogenically delivered COy, in case of a necessary
boosting/recompression stage, in case of removal of condensable gases or impurities, etc.). [n the
case of offshore storage or if offshore EOR is performed, the surface equipment generally includes' the
relevant facilities between the injection platform and the wellhead on the seabed, since they are-outsjde
the transportation system.

In additign, the recirculation facilities and their interaction with other operational units (¢.g.
introductjon of “new” COy, fluid separation, etc.) are considered as part of the EOR facility in an oilfigld.
It may wdll be determined that it would be better to define a separate Recirculation Unit (gas/liqhid
separatiof,, recompression) and consider the interactions between these components of an EOR system
for reportiing purposes.

NOTE In the context of EOR, the CO; being injected is composed of two irputs: new CO2 and recycled (O,
(including [in situ reservoir CO2). Within the recirculation unit, further work is needed within ISO/TC 265 to
specify hoyw these inputs are quantified as well as possible leakages, and'what difficulties/uncertainties arq to
be addressd in this respect. Note that the storage complex might also:be‘considered an oil reservoir or might{ be
directly cohnected to an oil reservoir, it might also be named “EOR coimplex”.

Figure 2 fllustrates the elements that are usually considered in the storage system boundary and
identifies[common elements that remain outside, accerding to the description above. Due to the
technical ppecificities of a project or a regulatory framiework, an operator might be able to justify other
boundarigs. For example, in case arecycling loop is present, in Figure 2 it is identified within the systgm
but site-specific consideration may provide a different interpretation and separate it out.
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Usual CO, flux

Storage System

Surface facilities Unloadingfacilities

+ Buffer storage (ifany) ecycling loop

(in case of EOR)

Distribution pipe, [compression facilities
and other surface or éffshore facilities (ifany) -

Storage Complex (or EORlcomplex)

Injectionwell k 4

Well head and Main tubing where CO, circulates

Caprock

[

A 4

Reservoir

Casings,cement, elements of well completion (CO, plume extendion)

Monitoring wells or other wells connnected to the
CO, operations (e.g. recirculation wells)

Exteriorof the system

Overlying geologicallayers above the caprogk{overburden)

Underlying geological layers (underburden)

Exterior volume of influence due to overptessure or fluidmigration

Other wells linked to exterior anthrqoppgenic activities (e.g. oil production

Figure2 — Storage system boundaries

5.2.9 Life cycle assessment (LCA) boundaries

LCHA considers both the(increased inputs and the second order effects of the outputs generally without
regard for political~oD jurisdictional boundaries. For CCS projects, LCA would often consider the
enlbedded emissjens'in defined inputs (e.g. electricity, water, fossil energy, raw materials) arld outputs
[e.g. increasing)production of hydrocarbons, subsequent combustion of the oil and gas |produced
(Reference [74H]. Hence, in this case, the reporting boundaries may be different from the spatial and
tinhe boundaries. Clause 8 discusses these issues in detail and describes relevant inputs and putputs of

th¢ CCStsystem.

The primary environmental benefit of CCS is preventing an amount of CO3 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

Temporal[boundaries refer to the timelrames for quantitication. CCS projects tend to nave a long 1ife;
from start-up through operation to closure. They include several phases that can be schematicqlly
gathered Into three main periods (Figure 3).

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

— Operdtional period, which includes the capture, transport and injection phasés-The length of this
periofl varies, but for industrial scale projects is likely to be in the order of decades (generally 20 to
30 yeprs or more). In the case of EOR, recycling activities will be within the operational stage.

— Post-injection period: During this period, the capture and transport systems are inactive [or
dismgntled), while within the storage complex, CO2 plume migration, geo-mechanical and chemifal
reactjons are likely to continue for many years. This period caf be divided into Closure and Pgst-
closure periods: The closure period begins after the cessatioit of injection, that generally induges
the d¢commissioning (dismantlement) of capture and transport facilities (unless re-used in other
proje¢ts). The post-closure begins after regulated abandonment (plugging) of the wells (and transfer
of responsibility to the designated authority, if applicable).

Many dedades (after injection) are likely to be usedzas the analytical basis for conducting an LCA,
taking intio account the long-term mechanisms that-are identified and simulated in existing sites sych
as Weybuln or Sleipner. For example, the simulatioh work on the Weyburn field suggests that pressuyre
equilibratfion could take as long as 100 years following cessation of injection (see Reference [88]).

Site : N Closure and Post-
Characterization, C Operation Closure
Project Design a (20 to 30 years) (possibly 100 years
Construction, . or more)

Figure 3 — Simplified CCS project evolution

CCS progframs\focused on GHG emissions are typically organized around annual quantificatjon
requirem¢nts (EPA, EU ETS, Alberta Protocols) during the operational stage.

Annual or periodic reporting can be required for a longer period, to demonstrate storage security over
time. The regulatory programs or protocols that permit CCS projects typically focus on the life of the
project which will usually go beyond the final injection of the CO2 and into the post-injection period (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 trade

ac

ounting but it is also an impartant part of the ngitimi72finn of CCSasa lpgifima‘rp and I

ermanent
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5.4

Thie primary objective of a.€CS project and its regulatory follow-up is to ensure that the CO

co
an
ald

ission reduction technology. In principle, all GHGs inputs or outputs should be quantifiéd
activities defined within the physical boundaries. This is the objective of Clause 6-that
b quantification methodology, Clause 7 that describes the measurement strategy and Claj
bcribes the verification process.

inputs and outputs need to be quantified at the boundaries of the CCS systen. As stated i
p approaches may be considered in this respect: use of emission factors ‘or direct meg
ociated with a mass balance approach between two end points of a system (or sub-systemn
b CO2 emitted to the atmosphere may be detected and quantified directly; but much of it w|

nts. All these data will also go through the verification process:

Irther work is needed within TC 265 to specify the boundafies and principles for quantifica
its surface and subsurface monitoring facilities. The enly commercial EOR project to be ¢

> is the pipeline (transportation system) entry:to-the field facilities. The new COy is the
th the existing COy prior to injection/reinjection’ (see Reference [88]). COz produced bacl
is separated, recompressed in electric drive compressors and put back into the produc
her EOR projects are expected to account for GHG storage. For example, US EPA accept]

t primary purpose of EOR.

1.2 Leakage and risk consideration

nfined within the geological storage unit, or storage complex. According to the definition ¢
y CO, that migrates-outside the entire CCS system boundary is considered as a leakage eve
o valid for any migration outside the storage complex, even though:

it may take’along time for this CO3 to reach the atmosphere or ocean or regulated resout
even remain trapped in the overburden to the storage complex;

somerégulatory programs do not explicitly prohibit leakage to the atmosphere [e.g. perT]
US, so long as “Underground Sources of Drinking Water (USDW)” are not contaminated].
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According to the principle of permanence 1n Clause 4, in well designated and operated projects, the
injected 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 clause includes four parts. 6.2 reviews key elements of GHG accounting approaches for CCS. 6.3
reviews emission sources associated with CCS projects. 6.4 provides a series of case studies illustrating

the appli:atlon oI GHG quantification approaches. 6.5 provides a discussion oI commonalties,

differencds, and important issues that arise from a comparison of the case studies. The objective
this clausp is to provide the background for future standards for quantification. This clauseyinclug
descriptidns of programs and rules that are in place and is not intended to propose standards
quantificdtion.

6.2 Key elements of GHG accounting approaches for CCS

6.2.1 Oyerview

This subclause reviews several elements of quantification methodologiesdncluding purpose and type
program, scope and emission quantification methods.

6.2.2 Program purpose and type

One purpgse for implementing a quantification program is to account for the GHG emissions and G
transfers pssociated with CCS systems. An additional purpose is to quantify GHG emission reductig
associatedl with a CCS project. These approaches sharelcommon methods for quantification and dif
primarily|in the details of boundary and baseline. Four designed-for-purpose types of GHG account
approachg¢s have been identified and briefly described below.

a) Invenfory account is used to develop andnventory of emissions, as is the case with national G
inventories under the UNFCC, the USEPA'GHG Reporting program, and programs in Australia (20
and Cpnada. These kinds of programs aim to collect data on emissions and removals to provide
accounting of mass emissions. Atithe project level, this approach may be used to inform about {
entitips’ GHG emissions in absolute terms and to determine the amount of CO; stored using m
balanfe equations.

b) Cap aphd trade accountisused to quantify and report emissions in compliance with scheme ruleq.

cap and trade systentsets an overall cap for all participants involved in the scheme, with allowan
to emjt being allocated or sold to individual participants. After quantifying and reporting emissic
for a pet period, \participants should surrender allowances equal to their emissions. This type
system allows.for trading by participants where they have a surplus or shortfall in allowances
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the EPETSjeach CCS system (capture, transport and storage) is treated as a separate installat

and ghould quantify and report emissions annually, surrendering allowances equal to th(i)se

emissiefts:

c¢) Baseline-emission reduction account is used to develop emission reductions from a baseline, as is
the case with the CDM and the ISO standard for GHG management (see ISO 14064-2), these kinds

of programs calculate the difference between a baseline scenario and actual project emissions
determine emission reductions.

to

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 range of
requirements is described below

6.2.3.2 Period of reporting

Thie period of reporting varies among programs. Some focus on annual emissions, ethers on ajnnual and
cumulative emissions, and others focus on project life or specified monitoring periods.

6.2.3.3 GHG types

Thie full set of GHGs covered by the UNFCCC and its Kyoto Protocol include:
—| carbon dioxide (CO3);

—| methane (CHy);

—| nitrous oxide (N20);

—1| hydrofluorocarbons (HFCs);

—| perfluorocarbons (PFCs);

—| sulfur hexafluoride (SFg);

—| nitrogen trifluoride (NF3).

Fol purposes of reporting nationakinventories under the UNFCC, the above GHGs are conveited into a
common carbon dioxide equivalent (CO3-e). COz.e is calculated using the mass of a given GHG multiplied
bylits global warming potential (GWP), which describes the radiative forcing impact of one mjass-based
unjit of a given GHG relativé to'an equivalent unit of carbon dioxide over a given period of time{ The total
GHG emission is expresSed as a carbon dioxide equivalent mass in tCOz.e (see ISO 14064-1:2006, 2.18
anfl 2.19).

Thie most common emissions associated with CCS accounting is COz (in tonnes); some programs include
other GHGs ininyentory accounting programs that address specific CCS systems (i.e. capture, fransport,
stdrage) butthere is no uniform requirement for CCS projects.

6.2.34. ' Emission sources

Generally, 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 control
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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Figure 4 ifllustrates the potential array of directand indirect emissions associated with CCS projed

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
are a consequence of an organization’s activities, but arise from greenhouse gas sources that are
owned or controlled by other organizations/entities. See ISO 14064-1:2006, 2.10. An example of

this mighf bemethane emissions from the mining ofcoalthat cnpp]inc the electrical gnnﬂraf on

ahd compensation for parasitic load for capture.

related GHG source, sink or reservoir is a GHG source, sink or reservoir that has material
- energy flows into, out of, or within the project. A related GHG source, sink or'feservoir is
bnerally upstream or downstream from the project and can be either on or off theproject sitg. A
blated GHG source, sink or reservoir also may include activities related to design, construction
hd decommissioning of a project (see ISO 14064-1:2006, 2.17).

» =09 O >

n affected GHG source, sink or reservoir is a GHG source, sink or reservoir that is influenged
i a project activity, through changes in market demand or supply“for associated products|or
brvices, or through physical displacement. While related GHG sources or sinks or reservairs
e physically linked to a GHG project, affected sources, sinks orreservoirs are only linked to
GHG project by changes due to market demand and supply)An affected GHG source, sink]or
eservoir is generally off the project site. GHG emission reductions or removal enhancements
ffset by affected GHG sources, sinks or reservoirs arge often referred to as “leakage” (e.g. ag in
DM terminology, but not in the context of this document because it is not a physical leakage)
ee ISO 14064-1:2006, 2.16). An example might b€ transportation related activities that mqve
roducts to or from a CCS project that are influenced by demand for the products which are
hcased by the CCS project.

DT MO0 =Y L VT

—

S.

Most of thle reviewed CCS accounting programsifocus on direct emissions associated with CCS. Building
on the IPGC 1996 GHG Inventory Guideline; WRI (see Reference [90]) provides a concise categorizatjon

of direct gmissions for CCS systems:

statignary combustion;

fugitiye emissions including leaks, spills, vents and other intentional releases for purposes of safgty,

— procelss emissions:
In addition to this list of sources, it is worth noting that this document treats emission flaring ap a
fugitive efnjssion associated with the disposal of waste gas; this approach is frequently but not always

used in other inventory guidelines. Further, this document considers emissions associated with (O»
transport and recycling.

20
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Figure 4 — Typical emission sources associated-with CCS

TE The high order indirect emissions are not specified here[22].

.4 Emission quantification methods

e methods to quantify emissions may be considered*as one of two approaches: use of thg
tor (activity factor) approach or direct measurenient and mass balance approach. The ch
proach can be made depending on the type of emission and the availability of measuremen

mbustion and electricity consumptions‘Jo calculate GHG emissions, the amount of fuel d
terial used, or other activity data is multiplied by an emission factor. To estimate GHG emiss
1 combustion without CO3 capture,-use of emission factors is accurate. However, applying
tors to estimate fugitive emissions is less accurate. The emission factors should be
nsparently, based on appropriate data, and updated in a timely fashion. In addition, t
1lipment specific emissiorns factors (engineering calculations) may be made based on the a
average leakage from spécific pieces of equipment (valves, flanges, meters, etc.). To date,
11-developed factors‘for the capture and transport systems but not for storage systems. 4
berience and data'will be necessary to develop factors for storage systems.

e direct measurement and mass balance approach is also used to measure fugitive emis

ivated by slow or long-term processes. Generally, the quantification approaches for
tem wtilize monitoring, direct measurement, risk assessment, and modelling results to
issiens. A common method for measurement is the use of flow data and mass balance cald

qu
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kages. There could be potential emission pathways (or leakages) from the storage systenj, possibly

a storage
letermine
ulation to

ntify CO2 emissions associated with surface facilities in the transport and the storage sy

tem. The

approaches for quantification of the emissions associated with the storage complex or EOR complex 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

Th

©lI

is subclause reviews the typical sources and emissions associated with CCS projects.
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6.3.2 Capture system

The quantification of GHGs from the capture system may consider the additional energy used for CO;
separation and CO; 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
required due to process upsets.

633 T

The quan
transport|
(currently)
or at inte

pumping.
— fuelc
— fuelc

— leaka

'ansportation system

leakage from pressurized or cryogenic equipment, emissions from loading @nd offload
under discussion within TC 265), and venting that may occur during emekgency relea

[mportant direct emissions in the transportation system typically inclade:

bnsumption for treatment of CO, such as refrigeration;

be.

6.3.4 Storage system

6.3.4.1

General

The quantification of GHGs from the storage system may consider the energy required to pu

or compr
they occu

typically include the following.

6.3.4.2
— leaks

— €Oz 4

fluidsd);

— the a
emiss

6.3.4.3

Underground formation and wells
from the geological formadtion or a well bore (injection or monitoring);

nd other GHGs entitted from production wells (fluid for pressure reduction or product

)’

mount of GO3 injected into the subsurface complex for purposes of mass balance (not
ion).

Surface equipment

bnsumption for the movement of CO2 such as compression, pumping, shipping or vehicle uge;

ification of GHGs from the transportation system may consider the energy required for (O3

ng
bes

Fmediate storage facilities. Indirect emissions may occur in compressjon, liquefaction gnd

np

bss and inject or re-inject the CO2 inte‘the geological formation; any releases or leakagg if
; or any COz emitted from production wells. Important direct emissions in the storage uit

on

an

— fuel consumed in the operation of surface injection or re-injection (and possibly production)

equip

ment;

— 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

— leaks

22

Leakage and risk consideration

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
them will vary across GHG programs. Indirect energy emissions from purchased energy (principally
electricity) are commonly reported (although not in many cap and trade schemes, as these sources
mJy TepOTt thelr enmissions separatety)- Otherimdirect emissions sources that ray be comnsitgred in the
context of CCS include:

—| fuel consumption for construction and decommissioning of facilities;
—| upstream and downstream processes for production of the material used forfacilities;
—| upstream and downstream processes for production of the electricity and fuel consumed;

—| additional activities attributable to CCS outside the project boundary:
6.4 Case studies

6.4.1 General

In [developing this document, seven quantification programs are reviewed that provide mg¢thods for
acgounting for all, or a large part of, the GHG emissjons from CCS projects. The programs include:
IPCCI42], CDMIZ3], EU ETSI[27], Alberta CCS Protocol39], Alberta EOR Protocoll29], US EPA GHG Reporting
Prpgraml80], and LCA (see ISO 14040:2006/1SO14044:2006). LCA as a GHG accounting method is
didcussed in Clause 8.

Eafh case study includes background infotmation, the scope of reporting, and accounting methodologies
that exist in each program. It is important to note that the case study descriptions prefent what
is in the existing programs. Effortsvhave been made to avoid describing the program fdatures as
re¢ommendations for future standards, and any remaining instances of this are unintended. For ease
of fomparison, Table 1 summarizes key features of the programs, including the LCA approgch that is
degcribed in detail in Clause\8!
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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,;\sgsl(‘)H}124O/
feature rotocols rules )
p

Aggregation |Nation Project Installation Project Project, both  |Dependent on

level (note capture, suppliers of assessment

transport and CO3 (capture)

storage treat- and geologic

ed as separate sequestration

installations) of CO2 (storage)
- project based

Purpose Emissions [Emission Emissions Emission Emissions Dependenton

reduction reduction assessmernt
(subpart PP
- amount cap-
tured for use
offsite; subpart
RR - mass bal<
ance to deter-
mine amount
of stored
COgsincludes
reporting of
component CO3
calculations)

Period Annual Self-defined |Annual Annual,based |Annual and Annual and/or
monitoring on accumula- |cumulative cumulative
periods tionvofshorter (dependent
(intervals term’data on assessment)
of a given collection
crediting
period/

(e.g.
7y/10y)

Project Country/ |CCSsystem |CCSsystem by [CCS system Capture and Dependent on

Boundary nation/ Component storage sys- assessment

sector tems

GHG Type$ All Kyoto  |All Kyoto COy CO2 COy All GHGs

GHGs GHGs

Emission All direct |[All-direct All direct All direct All direct Dependent on

sources emissions_~[emissions; emissions emissions; emissions assessment
significant includes grid
indirect electricity,
emissions some up/down
(may include stream emis-
grid electric- sions
ity and mar-

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
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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 is not easy
to identify all emissions associated with a particular CCS project, particularly regarding indirect
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Thie 2006 IPCC Guidelines outlines three tiers for estimating GHG emissions from energy ¢
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Thie general-formula for GHG emissions from fuel combustion in stationary and mobile souy
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1ssions. GHG removal 1s a concept meaning removal of GHGs from the atmosphere toja
blicable to an increase of stock change of carbon pools (above ground biomass, below groun
hd wood, litter, and soil). Technically, the term “removal” does not apply to the capture aj
CO, derived from fossil fuel combustion because such storage does not result in-a-stock
'bon pools. If COz is captured and stored from biomass, the amount of stored ‘€03 is re
emoval, assuming that activity does cause a decrease of stock change of-carbon pools.
moval” may also be applicable to direct capture and geological storage o£€07 from the atm
 technology becomes feasible in the future.

e methodology for CCS does not include indirect emissions, howéwvet, most indirect emi
ptured in other sections of the national inventory. For instan¢e,“indirect CO; emissions|
m the use of grid electricity in a CCS project is included inr CO» emissions from energy
L not specified as a CCS emission. If the indirect emissions/take place in a different countr}
ounted for in that country’s national inventory.

1.2.3  Case Study 1: Quantification methodology.

1.2.3.1 General

Methodological Issues of Volume 2 Energy. The Tier 1 method and the Tier 2 method are {

activity-based. All emissions from fossil fuel combustion activities can be calculated bag
ount of fuel consumed multiplied by an averaged emission factor by fuel type. All fugitive
1 be calculated based on the amount of activity conducted multiplied by an averaged emiss
gas and activity. The relatieniship between the activity level and the GHG emission is dg
a model based on experiences in energy systems. While the Tier 1 method uses defaulf
tors, the Tier 2 method uses country specific emission factors. In contrast, the Tier 3 me
e specific or plant gpecific data, such as monitoring results, direct measurements, and si
delling. Typically,-Tier 3 is employed because of a lack of empirical data to support the sg
ecific emission(factors.

countryrspecific emission factors is given in Formula (1):

EMissionsgHG fuel = FCruel * EFGHG,fuel

sink. It is
1 biomass,
1d storage
change of
carded as
The term
osphere if

bsions are
resulting
ndustries
, they are

ystems in
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ed on the
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ion factor
rtermined
emission
thod uses
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tlection of

ces based

e8]

where
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

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

6.4.2.3.2
The meth

in the 2006 IPCC Guidelines 2.3 Methodological Issues. The formula to quantify uncapturéd CO; i

capture u

Emissi

where
s
Captu
Produ

Emiss|

Capture system

bdology to quantify uncaptured CO3 in a capture system using a Tier 3 method is contair

hit is shown in Formula (3):

onss = Productions — Captures

is the source category or subcategory where capture takes place;

reg is the amount captured;

j0nss is the reported emissions for the source\category or sub-category.

ed
h a

3)

ctions  is the measured or estimated emissions, usingthese guidelines assuming no captulre;

The meth¢dology to estimate fugitive emission associatéd with original activities with or without captire

facilities i

6.4.2.3.3
The meth

[PCC Guidelines Volume 2: Energy and\Chapter 5. For pipeline transportation, Tier 1 emission fact

are prese
COy pipel
leakage qt

factors. For ship transporgation, a Tier 3 methodology to meter the amount of gas during loading a

discharge
buffer stq
transport|

6.4.2.3.4

5 included in the 2006 IPCC Guidelines Chapter 4: Fugitive or Industrial Process volume.

Transportation system

bdology to quantify fugitive emissions in the transportation system is contained in the 20

hted based on data from ‘natural gas pipeline transportation because there is not suffici
ne data available. In addition, the 2006 IPCC Guidelines Volume 2 Chapter 5 stipulates tl
hantification could be.ebtained using a Tier 3 approach based on equipment-specific emiss

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

rage, but it‘simply recommends those fugitive emissions be measured and treated in {
ption system.

Storage system
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specific Tier 3 methodology that takes the long timescale of CO; storage into account in the 2006 IPCC
Guidelines Volume 2: Energy and Chapter 5. In order to understand the long-term fate of CO7 injected
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) athorough 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 sec

ure;

b) modelling of the injection of COy into the storage reservoir and the future behaviour of the
storage system;

c) monitoring of the storage system;

26
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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 CO, Storage Sites

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

Site
Characterization

7

Confirm that the potential for leakage has been evaluated through a
combination of site characterization and realistic medels that predict
movement of CO, over time and locations whereemissions might occur

Assessment of
Risk of Leakage

A4

oo

é Ensure that an adequate monitoring plan is in place. The monitoring plan
.42 should identify potential leakage pathways, measure leakage and/or validate
§ update nigdels as appropriate

[=9]

&=

15 . - .

S Report CO, injected and emissions from storage site

Q
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Figure 5 —)Procedures for estimating emissions from CO3 storage sites

Thie 2006 IPCC Gaidelines methodologies for estimating emissions from CCS systems, includirlg indirect
enfission due tocconsumption of grid electricity and fuel, are summarized in Table 2.
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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) CO; capture efficiency (%)
Associated Tier 2 Amount of fuel consumed
stationary
combustion
Mobile Tier 2 Amount of fuel consumed
combustion
Fugitive Tier 3 Amount of CO; captured
emissions Amount of CO3 transferred to transportation
system (amount of CO inputih'pipeline or ship)
Purchased Tier 2 Amount of electricity used
electricity Amount of steam used.(fuel consumed)
or steam
Transportjation Associated Tier 2 Amount of fuel consumed
stationary
combustion
Mobile Tier 2 Amounteffuel consumed
combustion
Fugitive Tier 1 or 3 (for pipeline) |Ameunt of CO; transferred to transportation
emissions Tier 3 (for ship) unit.
Amount of CO; transferred to injection site.
Purchased Tier 2 Amount of electricity used
electricity
Storage Associated Tier 2 Amount of fuel consumed
stationary
combustion
Mobile Tier2 Amount of fuel consumed
combustion
Fugitive Tier 3 Amount of COy transferred to injection site.
emissions Amount of CO3 injected into underground
reservoir
Geologicatl Tier 3 Monitoring data of geological CO;
leakage containment system
Purchased Tier 2 Amount of electricity used
electricity
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 project
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 “Baseline
and Credit” schemes (such as CDM).
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bcifications with guidance at the project level for quantification, monitoring and reporti
ission reductions or removal enhancements are standardized in ISO 14064-2.¢This Int
ndard is currently under revision by ISO/TC 207. It contains no specific information or req
ated to CCS projects, but nevertheless, the guidance may also fit well for CC§,projects.

1.3.2 Case Study 2: Scope of reporting

" CCS projects under the CDM, a dedicated set of “Modalities and Procedures” were developsg
ich supplements the comprehensive set of rules for the CDM. A-GCS Working Group was e
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than is otherwise used in this document to refer to the emission of GHGs to the atmospherg
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For CCS projects, like for all otherfnon-forestry) CDM activities, the permanence of the
redluction is essential. Therefore,"long term monitoring for at least 20 years after the ¢
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S-Projects linked with"EOR activities are not addressed specifically in the CDM.

1.3.3 Case Study 2: Quantification methodology

emission reduction is defined as the difference between the emissions in a hypothetica
nario (BE)'and the emissions of the real project scenario (PE) over a defined interval
bwn in\Formula (4). The crediting period of a project (e.g. 7 years) may be split up
nitoring periods (e.g. 1 year), but gaps in the time line should not occur to secure compl
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iSSion reporting.

ERy = (Bey) - (PEy)

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.

©lI

SO0 2017 - All rights reserved

(4)

29


https://standardsiso.com/api/?name=0cefa55140dd946bf5f7cbc065a7bea3

ISO/TR 27915:2017(E)

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) the project description, including identified GHG sources, sinks and reservoirs;

b) existing and alternative project types, activities and technologies providing equivalent type and
level ¢f activity of products or services to the project;

c) data 4vailability, reliability and limitations;

d) other|relevant information concerning present or future conditions, such as legislative; technigal,
econdgmic, socio-cultural, environmental, geographic, site-specific and temporalassumptions|or
proje¢tions.

All assumptions, values and procedures being utilized for the baseline are conservative, such that, when
emissiong reductions are applied, the values will not be over-estimated. This allows for the estimatjon
of those rg¢ductions from the implementation of the CCS project in a form ¢hat can be validated (befgre
implemenjtation) and verified (ex-post) (see ISO 14064-2:2006, 5.4).

NOTE The determination of baseline scenarios for CCS projects is-not in the scope and is used here [for
illustrativg purposes.

Under th¢ CDM, the proponent will have created a baseline scenario and be responsible for the
identification of GHG sources, sinks, and reservoirs controlled, related to, or affected by the projgct
and also to identify GHG sources, sinks, and reservoirs relevant to the baseline scenario. This will
also requjre that such relevant GHG sources, sinks-g¥,reservoirs be amenable to regular monitoring
or estimafion. Any relevant GHG source, sink or reservoir not selected will need to be explained (see
[SO 14064-2:2006, 5.7).

6.4.4 Case study 3: EU ETS — Cap and(trade accounting

6.4.4.1 [Case study 3: Background

Cap and tifade schemes have been established as climate policy instruments at national, sub-national gnd
regional levels. The EU EmisSionis Trading System (EU ETS) is the largest scheme in operation, notipg,
however, that China has aftnounced its intention to establish a national scheme beginning in 2017 and
that a nummber of sub-national bodies have developed schemes (for example, Quebec, California, RGGI,
etc.). The EU ETS has.defined requirements relating to quantification for CCS projects, and is theref¢re
the focus pf this clause. At the time of writing this document, no CCS project had been active in the EU
so the requirements discussed had not been tested in practice.

The EU E['§S is*a “cap and trade” accounting approach. A “cap”, or limit, is set on the total amoun{ of
certain G i i Cipatingt i i TON.
The emissions cap reduces over time so that aggregate emissions fall. Every installation should report
its emissions annually and is obliged to surrender a corresponding amount of Emission Allowances 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 CO; emissions are required to be reported.

In the case of EU ETS, each installation reports separately on emissions from their activities, and in this

scheme r‘aphn‘n’ francpnrf and cfnrngn are considered as cnparafn “installations” The. rnqnircments for

qupntification of CO2 in CCS activities are specified in the EU-ETS Regulation (see Reference [27]).

6.4.4.2 Case study 3: Scope of reporting

6.4.4.2.1 Capture system

The MRR identifies two scenarios for types of installations where COz ¢apture occurs, efther as a
deflicated installation receiving CO; by transfer from one or more other\installations, or by] the same
indtallation carrying out the activities producing the captured COyUnder the same pefmit. This
hap important implications in terms of permitting since one industrial site may have mord than one
“irfstallation” as defined in EU ETS, where activities are undertaken by different operators, e.g. a power
plgnt and CO capture plant may be co-located on the samersite, but operated by separate gntities in
which case, they would be classified as separate installations.

Thie MRR states that the operator of a CO, capture activity shall at least include the following potential
solirces of CO2 emission:

a)| COy transferred to the capture installation (i.e. any transferred CO; that is not ¢ventually
transferred on to the transport network bécause of leaks, etc.);

b)| combustion and other associated activities at the installation that are related to the capture
activity, including fuel and input.mraterial use.

6.4.4.2.2 Transport system

Thie EU ETS requires the monitoring and reporting of GHGs from CO; transport by pipeline [to include
all| ancillary plant functionally connected to the transport network, including booster stdtions and
hepters.

Eafrh operator needs’ to consider at least the following potential emission sources for CO; ¢missions:
combustion and-other processes at installations functionally connected to the transpor{ network
indluding boeoster stations; fugitive emissions from the transport network; vented emission§ from the
trgnsporthetwork; and emissions from leakage incidents in the transport network.

6.4.42.3 Storage system

Where leakages from the storage complex are identified and lead to emissions or release of CO3 into the
water column, then, under the MRR, several tasks need to be undertaken:

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
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Uncertainty is limited to 7,5 % underithe EU ETS.

6.4.4.3.4
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equipmenft-based emissions factors.

6.4.4.3.5
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ort network using standardized approaches of CO; emitted, captured and transferred.

Determination of transferred CO>

states that “Each operator shall determine the amount of CO; transferred ffom and to {
hstallation using continuous measurement systems (CMS)”. CMS is a tefm' adapted fr
s environmental monitoring systems (CEMS) because in the case of C€S-it is captured (
sured rather than emissions.

ETS, different tiers should be applied for measurement of activity dafa and calculation factg

s requiring lower uncertainty in measurements.

mining the quantity of CO; transferred from one installation to another, the operator sh
4 (the highest tier), which applies a maximum permissible uncertainty of +2,5 %.

Transport system

htor of transport networks can determineZemissions using one of the following methd
o ensure reliable results and the lower level of uncertainty:

bd A (overall mass balance of all input-and output streams);

pd B (monitoring of emission sourées individually).

Fugitive emissions from the transport network

er similar to USEPA processes, discussed below, fugitive emissions can be based on spec
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vents\in the transportation system may be calculated based on input and output temperat\rre

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 CO; could occur;

b)

)

6.4

Le
br
en|

6.4

6.4
Go

redluctions using baseline, which is quite uniqué;on the point of not requiring functional equi

a(

the flare stack, where emissions might occur due to the application of continuous posif
systems and during depressurization of the hydrocarbon production installation;

plant specific elements where emissions might occur such as the CO; purge system, to 3
concentrations of COy extinguishing the flare.

1.4.3.7.3 Leakage from the storage complex (or EOR complex)
hkage from the storage complex, either to the atmosphere or to water bodies, has been

efly above. Under the Directive, the release needs to be measured-er calculated and repo
ission. As with transportation, the level of uncertainty is given@amaximum value of 7,5 %.

1.5 Case study 4: Alberta CCS protocol — Baseline emission reduction credit accoun

1.5.1 Case study 4: Background

vernment of Alberta (2015)[30] provides another-example of the quantification of CO; emis

CS project. The methodology records the ehanges in emissions to the baseline case of the C

T

enlissions. In the calculation of emissiohs from the extraction, processing and transportatio
th¢ ancillary emissions of NpO and,CHz are included as COz-e, with emissions factors based
regulation (from Environment Canada reports). The protocol is automatically updated every
by|regulation.
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quantification of the reductions, removals and reversals of relevant sources and sinks f
b greenhouse gases are completed using the general methodology outlined below. This ¢
thodology servesCto complete Formula (5) for calculating the emission reductions
mparison of the baseline and project conditions:

Emission Rediiction = Emissionaseline — Emissionsproject

ere

ive purge

ivoid high

discussed
rted as an

[ing

sions and
valence to
LS project.
porting of
n of fuels,
n Alberta
five years

or each of
alculation
from the

(5)

Eiaicciona 1
oo TO M ST T C e CTrrooToTT

the pro-

1
CTEDASCIIIT

;;;;;;

ject condition, but does not include CH4 and N30;

Emissionsproject is the sum of the emissions under the project condition considering con

struction

and well drilling, production and delivery of material inputs, fuel extraction and

processing, off-site electricity generation, off-site heat generation, on-si

te 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

© IS0 2017 - All rights reserved 33


https://standardsiso.com/api/?name=0cefa55140dd946bf5f7cbc065a7bea3

ISO/TR 27915:2017(E)

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

6.4.5.2.1 Capture system

The captufre activities that are included within the baseline and project condition includes all materipls
(productipn and delivery) used in the CO; capture process since the Alberta protocol includes indirgct
emissiond that are not considered negligible. It also includes extraction, processing and transportatjon
of fuels usfed on-site for the capture of CO2. The Alberta protocol, in addition, accounts for théextractipn,
processing and transportation of fuels used off-site for the production of heat or electricity used on-gite
for the prpduction of COy. It does not include any flaring, venting or fugitive emissipns at the captyre
site, which are considered as part of the baseline. The Project Condition (i.e. theybaseline condition
of the prdject) includes the flaring, venting and any other fugitive emissions that occur upstream| of
the injectgd wellhead meter and so these do not influence either the baseliné€ @mission or the projgct
emission $ince the baseline emission is the injected amount of CO5.

6.4.5.2.2 | Transport system

In effect, [the reporting during the transportation is restricted to only the actual CO; transportgd.
All fugitiye emissions are considered to be part of the baselinecondition and, as such, are excluded
from calcplation in the project emissions within the CCS transportation component since they oc¢ur
upstream|of the injected wellhead meter. Reporting will belannual based on monthly averaged recorgds.

6.4.5.2.3 | Storage system

The scopg of reporting includes the CO; injected-at the wellhead less any emissions from equipment
(flanges, $eals, etc.), venting from the well @ *formation (including methane and nitrous oxide) and
any emisgions from the subsurface (well ¢r formation) to the atmosphere based on the approyed
measurenpent, monitoring and verification plan. Reporting is annual based on continuous metering gnd
monthly gveraging.

6.4.5.3 [Case study 4: Quantification methodology

6.4.5.3.1 | General

Under thip scheme, the:Government of Alberta (2015)[30] measures the baseline emissions, which are
projected|back, using the direct measurement of the quantity of gas that has been measured upstreanj of
the injectijon wellheads in the project condition. Simply stated, the baseline emissions are the measufed
amount of COy injected at the wellhead. Then the project emissions are calculated accounting for vent
and fugitive’émissions at the injection well sites and leakage from subsurface to the atmosphere gnd
all significant indirect emissions in a full chain of CCS. The emissions reductions are calculated by
subtracting 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 measurement,
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1.6 Case Study 5: Alberta EOR protocol — Baseline emission reduction credit accour

1.6.1 Case study 5: Background
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L not all of the tracked emissions may be quantified as seen in Tables 3 and 4.
1.6.2 Case study 5: Scope of reporting

1.6.2.1 General

e source of the capture of COy are classified into two types, oil and gas production pr

other industrial processes. For-the former, it is assumed that fuel consumption for capture, f

ve
co

inj
ba
arg
ing

6.4
Eld

1ting in source gas capture, source gas transport and processing are included within th
ndition and are, therefore; not counted with the exception of CO; from the latter. Fuel consy
bction gas transportation and injection and flaring and venting at injection sites are coun
seline and the preject condition regardless the type of sources. Fugitive emissions and elec
e not counted eonsistently in all processes for this protocol. For gas from industrial sites, th
ludes the retirculation of the CO; and its reinjection into the reservoir for incremental oil 1

1.6.2.2<~Capture system

ofricity used in the process is not included in the quantification process because it is accou

ng based
ved plans

ting

s from oil
f this CO2

proved. It
rement to

e listing of emissions to be tracked is extensive, as-with other measurement systems in this locument,

cesses or
aring and
b baseline
mption of
ted in the
Cricity use
e protocol
‘ecovery.

hted for in

otl

€T greentiouse gas regutations: e fuets used forextractiomamd processing, are htoweve

- included

within the baseline and project emissions. The delivery of this fuel is not included. Reporting is on an
annual basis, although metering is continuous and the composition of the CO7 is averaged monthly.
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.

6.4.6.3 Case study 5: Quantification methodology

6.4.6.3.1 | Capture system

The CO; Is metered into the pipeline system. Flaring and venting, as a result of CO, capture from
industriall sources, is measured based on metering or emissions factors (these are not_eonsidered|as
within thg baseline in this protocol). Similarly, fugitive emissions will need to be tracked'from industtial
capture (§sing engineering estimates), although they may not be accounted if deemed insignificang to
the overall emissions reductions.

6.4.6.3.2 | Transport system

The CO2 moved can be metered and determined as a volume at standard temperatures and pressurfes.
Other fue] used is measured, recorded and emissions factors applied.

6.4.6.3.3 | CO2 EOR storage system

As noted,|the methodology of quantification is accomplished by metering and the use of emissigns
factors and engineering estimates.

6.4.7 Case study 6: US GHG reporting — Inventory accounting

6.4.7.1 ase study 6: Background

US EPA Gfeenhouse Gas Reporting Pregram (GHGRP) found at 40 CFR Part 98 (see Reference [85])
requires the reporting of GHG data@nd other relevant information from large sources and supplierq in
the United States (25 000 tonnes ¢rjmore per year). The GHGRP was established to “collect accurate and
timely GH(G data to inform future policy decisions.” (see Reference [85]).

The general approach is similar to inventory accounting as described in the Case study 1 on the IP(C.
Guidance fis provided fof.estimating or measuring direct emissions to be aggregated at different lev¢ls.
The GHGRP currently €overs 41 source categories and comprises 47 subparts. Each subpart provides
general ryle or specific guidance for emissions quantification and reporting for a source type. Therg is
not a subyjart associated with CCS at the project level, however, there are subparts that cover aspectq of

COy captufre,Anjection and storage, but not transportation.
In generZLW‘%RPmmﬁHﬁmﬂWmWWns.

Inadvertently, the array of source categories covers most of the indirect emissions associated with CCS
but they are not attributed to CCS projects. Further, the subparts that relate to CCS cover only CO».

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
Thie main subparts addressing CO; injection and storage are found in Subpart RR;|“Geologic

Sequestration of Carbon Dioxide,” and Subpart UU “Injection of Carbon Dioxide”. (The Sybpart RR
provisions provide guidance for estimating the amount of CO; that is stored as a result-of COZ injection.
The Subpart UU provisions provide guidance for sources that want to only report'the amouyint of CO;
regeived for injection. Sources operating CO EOR facilities under the UIC Class I permit prqgram can
opf to report under Subpart UU or Subpart RR. Sources operating geologic sequéstration proj¢cts under
the UIC Class VI permit program are required to report under Subpart RR. Both Subparts fogus on the
mdss of COz only. Subpart W of the GHGRP includes provisions for reporting fugitive emisdions from
hyfirocarbon facilities and other subparts of the GHGRP also address other fugitives fron] different
industry sectors.

6.4.7.3 Quantification methodology

6.4.7.3.1 Capture system

Suppart PP is broader than just capture; it calls for<the reporting of the following data:
a) | mass of CO captured from production process units;

b) | mass of CO; extracted from CO; produetion wells;

c) | mass of CO imported;

d)| mass of COz exported.

Onfly the first item on the istis pertinent for this document. Subpart PP uses formulae basgd on data
frdm either mass or volumetric flow meters to derive quarterly (every 3 months) and annugl mass of
COp, captured at individual locations and then summed for a facility.

6.4.7.3.2 Usingmass flow meters

Usjng a madss' flow meter, the annual mass of COz is calculated as the sum of the quagterly CO;
cohcentration (weight % CO2) multiplied by the quarterly mass flow of CO; for each of the foui quarters.

6.4.7.3.3 Using volumetric flow meters

Using a volumetric flow meter, the annual mass of CO; is calculated as the sum of the quarterly CO;
concentration (either volume % CO; or weight % COz) multiplied by the density of CO; (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.

6.4.7.3.6 Storage system

Subpart YU covers CO3 injection for purposes such as COz EOR and requires reporters to estimate the
mass of CQ7 received for injection each year.

Subpart RR focuses on the receipt, injection, and storage of CO;. It requires reporting of the following dqta:
— massfof COz received;

— mass of CO; injected into the subsurface;
— mass of CO7 produced;

— mass fof CO emitted by surface leakage;

— mass of COz emissions from equipment leaks and vented emissions of CO; from surface equipmént
locatgd between the injection flow meter and the injection welthead;

— mass of COz emissions from equipment leaks and vented emissions of CO; from surface equipmént
locat¢d between the production flow meter and the production wellhead;

— mass pf COz sequestered in subsurface geologic formations;
— cumulative mass of CO reported as sequestered in subsurface geologic formations.

The US EPA methodology covers the use of €ither mass or volumetric measurements (see above and
Clause 7)[and converts these back into fmass units for the CO;. The methodology also uses annpial
calculatiops based on intermediate monitoring and recording of mass flow and the aggregate of all the
sources of CO; injected and stored.-Where EOR is undertaken, the flows within the recycle loop are
similarly measured and incorporated’in the aggregate calculations avoiding any double counting of O3
streams.

Also, inclyded in Subpart RR+is the determination of the annual mass of CO; that is emitted throygh
surface lepkage. SubpartRR'does not prescribe methods for this quantification, but requires the facility
to includg the basic approach in the MRV Plan and to document actual methods used in the event df a
leakage eyent.

Other suljparts;-especially Subpart W, provide detailed guidance for measuring or estimating the
amount of fugitive CO emissions leaked during the injection process from injection equipment.

The annual mass of CO; that is sequestered in the underground subsurface formation is calculated by
taking the total annual mass CO; 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 CO; 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.

Su
sequestration under UIC Class VI permits, this is anticipated to be a period of time that)ext
inj
UIC Class 1I, this could be a shorter timeframe that ends before or when a project.closes. In
allf sources subject to the GHGRP should submit a basic monitoring plan a$, part of the
requirements in the early subparts.

6.4.8 Case study 7: LCA

Thiis case study is reviewed in Clause 8.

6.5

b Discussion — Key commonalities, differences ahd noteworthy issues

There are notable commonalties among the programs-~Across the board, there is a set of
mgthods for quantifying emissions. These methods typically used activity levels and emissi
that have a built-in level of conservatism. Typically the focus is on direct emissions, although
of programs also include the indirect emissions, that are directly affected by CCS operati
programs utilize some kind of a monitoring-plan that is prepared in advance and describe
project will monitor, measure, model, and account for GHG emissions. In the case of LCA, th
of scope is greater than in the other programs. Table 3 and Table 4 compare the direct an|
solirces of emissions by program. In/Table 3 and Table 4, a “Y” indicates that the prograi
relevant feature and an “N” indicates;that it does not.

Table 3 — Direct emissions by case study

bpart RR requires a source to continue reporting until the project is closed. In the case\d

ection until the project demonstrates that CO, storage is secure. In the case of G03'inject

f geologic
ends post-
ion under
addition,
umbrella

essential
bn factors
a number
ons. Most
s how the
e breadth
d indirect
n has the

C

Typeof )’
en%&l

O

US EPA
GHG
reporting
rules

Alberta
protocol

Alberta
EOR

Stage of

cCs IPCC

EU-ETS CDM

LCA
1S0 14040/
SO 14044)

Capture Unecaptured N NAa (see

source
specific
subparts)

Yb

Leak/spill Ya Y

yb

venting x4 Y

Yb

Associated Ya
stationary

combustion

Y

Yb

Mobile
combustion

Ya NAa

Yb

material acquisition, fuel processing, etc. and downstream describe activities that occur after production (downs
product use, disposal in life cycle approaches.

a

Included but not linked to CCS Equipment.
b

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.

tream), e.g.
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Table 3 (continued)

US EPA LCA
YTs” | emiwion | Tec | BuETs | com | SOEE | MEOR | reporting |(S014040/
ISO 14044)
rules
Transportation | Leak/spill Y Y Y N N NAa Yb
Venting Y Y Y N NAa NAa Yb
Associated Ya N Y N NAa NAa Yb
IMopIIe
combustion
Storage Leak/spill Y Y Y Y N Y Yb
Venting N Y Y Y Y Y Yb
Mobile Ya N Y N Y NA2 Yb
combustion
Geological Y Y Y Y N Y Yb
leakage
Monitoring Mobile Ya N Y N N NAa Yb
combustion
Decommissjon |Stationary Ya N N N N Y Yb
combustion
Mobile Ya N N N N NAa Yb
combustion
NOTE Equjipment upstream describes activities that occur prior to production of the product being analyzed (upstream), ¢.g.
material acfuisition, fuel processing, etc. and downstream describe aetivities that occur after production (downstream), ¢.g.
product usq, disposal in life cycle approaches.
a  Includgd but not linked to CCS Equipment.
b Depending on project boundary a project of LCA assumed:-

Table 4 — Indirect emissions by case study

1 .
Type of §&\ Alberta Alberta U(S;IEEA Eea
Stage of CCS s IP EU-ETS CDM . (IS0 14040/
emission protocol EOR reporting
ISO 14044)
rules
Q-
Geological Mobile Ya N N N N N Yc
exploration combustion
Grid Ya N N N N NAa Ye
electricity
consumption
Constructiqn  [Stationary Ya N N N N N Yc
combustion
combustion
Grid Ya N N N N NAa Ye
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 Type of IPcc | EU-ETs | cpm | Alberta | Alberta | GHG 5514040,
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 Ye
upstream cal)
Equipment Yb N N N N NAa Ye
down stream
Transportation | Grid Ya N Y Y N NAa Yc
electricity
consumption
Equipment Yb N N N N NAa Ye
upstream
Equipment Yb N N N N NAa Ye
down stream
Stqrage Grid Ya N Y Y N N Ye
electricity
consumption
Mdnitoring Grid Ya N Y N N N Ye
electricity
consumption
Defcommission |Grid Ya N N N N N Ye
electricity
consumption
Fupl consump- |Upstream Yb N N Y Y N Yc¢
tion
Downstream Yb Ye
Market N N
effects
Elgctricity Upstream Yb Ye
b
COPSUMPHON I 1y o wnstream b N N N N N Ye
Market N N
effect§
NQTE EquipmentapStream describes activities that occur prior to production of the product being analyzed (upgtream), e.g.
mdterial acquisition, fuel processing, etc. and downstream describe activities that occur after production (downgtream), e.g.
prpduct use,disposal in life cycle approaches.
a | Included but not linked to CCS Equipment.
b | dncluded but not linked to CCS and emissions abroad are excluded.
¢ Depending on project boundary a project of LCA 1s 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:

— 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:

The iy
of agg
mark

6.5.2 Issues for further consideration

— Emis{
a) P
At th

long term leakage, if it were to occur. The two key issues include,the selection of a quantificat

meth
does |
framg

As cd
regin
Refer
frequ
plumg

clusion of indirect emissions can have a large impact on delineating the boundary for purpo
regation, especially for upstream emissions such fuel production and grid electricity use'q
bt effect.

ion quantification:
ermanence and long-term leakage from geological reservoir

s time, there is no common agreement on methodologies and ‘procedures to account

pdology and period for monitoring. Annualized accounting,such as in a national inventd
1ot address permanence in a practical sense, although mgstéxisting regulatory and report

ncerns monitoring, there is general agreemeént amongst GHG programs and regulatq
es to carry out a monitoring after site closure, with a limit in time (see Reference [4
bnce [75] and EU). The IPCC (2006)[42] proposes that it may be appropriate to decrease {
ency of monitoring, or to stop monitoring, when monitoring results, e.g. the observed (

bes
nd

for
on
ry,
ng

works state that the potential for emissions needs to:be assessed, essentially by taking ifpto
accoulnt site characterization, risk assessment, modelling and monitoring.

ry
2],
he
02

e, approach the long-term distribution predicted by the simulation model and show evidence
of lor;F-term stability. This principle is widely accepted by most regulatory regimes.

b) Determination of what is tracked and what is reported.
Differlent programs define the (scope of reporting differently. In order to avoid double counting it
will bee important to coordinate these differences.
c) Fgasibility and lack.of definition of methodologies.
Therq are certain ai'eas where methodologies are not well understood (e.g. where the EU ETS refers
to usipng industry.best practice, but an industry best practice has yet to be developed). This may|be
the cdse in relation to methods for quantifying amounts of CO; leaked to the atmosphere.

— Emisdion¢reduction quantification:
Currentiy—theAberta—protocols—appesr—tobetwo—ofthefew prosrams—to—quantify—emission

reductions using baseline methodologies. This approach does not require a functional equivalence
to compare project emissions to baseline emissions and therefore may be difficult to include in
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 methodology for

iddntification and attribution of leakage and the sources of leaked emissions. For examplé
information on flux, concentration, or composition might be used to separate biologically-pro

fra
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ac
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Fo
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m6
sty
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7.1

Th
Q&

fra

m leakage in the soil zone. Monitoring is the repeated checking, supervising, critical ob
asuring, or assessing the status of a system. This process will ensure the integrity-of meas
br time. The objective of monitoring is to determine flows or to identify change from bg
0 provides input into models to confirm that expected performance levels ate attained. Ay
nitoring devices, which are likely to improve with time, form a basis for the measuren

the monitoring technique adopted, including the use of the appropriate point of observat
S systems.

- example, the monitoring and measurement of CO; flow in a’pipeline can be quite acc
hmple, the uncertainty limitation of 2,5 % in the EU Directive for EU ETS), whereas, the use
'veys to measure COy stored in the ground have limitations and a larger acknowledged ur
addition to the appropriate physical devices, sampling strategies (the timing and locat
asurements to be taken) need to complement the goals of the data to be collected. To u
eam purity and quantify the concentration of impurities (including gases), some form of an
hally be required based either on sampling and laboratory analysis or on the use of inline 4

p

Purpose

e purpose for measurement is to collect accurate, current, and repeatable information fo
V. The accurate measurement ofarelevant parameter is required to quantify the emissions
m reaching the atmosphere (captured, transported, stored and released by means of energ

, baseline
Huced CO>
servation,
urements
selines. It
propriate
lents. The

uracy and efficiency of the data generated for use in quantification appfeaches are largely dependent

on within

urate (for
of seismic
certainty.
jon of the
hderstand
alysis will
nalysers.

- effective
brevented
'y use and

leq over time

an

ks). The accuracy of monitering equipment is normally expected to continuously improve
 with experience.

Issociated
evidence
points of

impact of

bgical COy

Thie definitions of quaritification (methodologies used to quantify emissions and removals :
with a CCS project) and verification (confirmation by examination and provision of objectivg
that specified criteria have been met) require that measurement is undertaken with the end
verification in4nind (see Clause 6). Good baseline information is essential to estimate the
other sources\of' GHGs that may exist within the integrated CCS project boundary such as biol
productionin the near surface (the soil zone).

7.3 cReview of monitoring for ccs

For most surface processes within an integrated CCS project, monitoring can use a variety of physical
devices to measure the flow of GHGs. These devices rely largely on flow rates along with pressure and
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 CO; sources by way of examples) and has been injected into the ground for purposes
of enhanced oil recovery (domlnantly from natural sources of C02 https ZZedx netl.doe. gov[groupz
natcarb). i o o o is
Norway’s [Sleipner PrOJect whlch has been operatlonal since 1996 An effective momtorlng program
was an i he

Many sup} he
measure igns
reductionfs j i ificati ificati X rta

2007 profocol Quantification Protocol for Enhanced Oil Recovery, Alberta Environment, Octolﬁ‘er
al
ithin

Countries|which have developed regulations and protocols include the US EPA (Geologic Sequestratjon
of Carbon|Dioxide: Draft Underground Injection Control (UIC) of the*USA) and various US states, Candda
(and several provinces), the EU (EU Directive on Geological Storage of Carbon Dioxide), and some mem}er

nations (the UK'’s Storage of Carbon Dioxide (Licensing, ete.,) Regulations 2010), Australia (Offshore
Petroleunp and GHG Storage Act of 2006 and associated regulations and guidelines), and some states,
Japan (Mayine pollution prevention and control method) and others.

In additipn to national legislation and regulations, some industry, research and consultatjon
organizatjons have attempted to establish monitoring and measurement guidelines and prograis,
such as thie CO2 Capture Project and Det Norske Veritas.

The available monitoring technologies for storage and EOR include many methods that target
atmosphefre, soil, water and geological'stratum. Table 5 serves to illustrate monitoring research on the
application, cost and nature of somé relevant CCS monitoring technologies.

Demonstifation projects like In(Salah (now ceased operations), Sleipner, Weyburn, Otway (a pilot projgct
as opposeld to a commercial. demonstration), Gorgon (an example of the careful preparation for a major
project), dnd others have ‘environmental monitoring systems that generate large amounts of data for
the purpases of quantifying GHGs. Analysis of seismic surveys (see Reference [10]), gravity suryey
(see Reference [1]), groundwater chemical composition data (see Reference [59]) which reflect the (O
plume migration dnd 'storage security has demonstrated the effectiveness of monitoring technology to
confirm sforage,

Table 5 -
Nation/organiza- .
tion/institute Title Content

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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Nation/organiza-
tion/institute

Title

Content

UK Department of
Trade and Industry
(DTI)

Monitoring Technologies for
the Geological Storage of CO2

(1) Geologic storage suggestion and supervise frame-
work; (2) monitoring technology introduction: appli-
cation, performance, detection limit and limitation; (3)
monitoring cost; (4) monitoring practice; (5) summariz-
ing of offshore monitoring practice; (6) onshore moni-
toring deployment; (7) UK status of research and future
research and development.

U{ National Energy
Telchnology Labora-
tory (NETL)

Best Practices for:
Monitoring, Verification,
and Accounting of CO2
Stored in Deep Geologic
Formations

(1) importance, goal and objective of monitoring, moni-
toring practice; (2) monitoring technologyintroduction:
description benefit and challenge; (3) DOE support and
monitoring technology development; (4) monitofring goal
and objective solving; (5) MVA developing of different

scenario.

Bijitish Geological
Survey (BGS)

IEAGHG-Monitoring
Selection Tool

7.4 Measurement and monitoring in CCS systems

7.4.1 General

Thlis subclause reviews the measurement and monitoring approaches for CCS projects and for each
sys$tem within a CCS project.

7.4.2 CCS projects

Figure 6 is a compilation of measurement paints for CO; emissions and leakage based on r¢
common to CCS projects around the world. The key measurement points designate the b
of the project and its component partsi-These do not represent the only measurement poin

demonstrate the key links within theghain.
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Table 6 sh
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Atmosphere

Raw
Gas
Steam
(Includ
ing
CO,

CO, Emission and Leakages

Capture System

CO, Recycling
Transport System (In case of EOR)

CO, Steam

Ground Surface

Underground

Measurement Point I CO, Steanl)’ e

CO, Leakages

Higure 6 — Overview of requirementsfor measurement of full chain CCS project

ows more detail for CCS measutement and monitoring points for Q&V (other measureme
cessary for different objectives,.such as contractual or regulatory constraints, environmental

acts, improvement of models, ete.):

v Storage System

—— > Indireet CO, Emission ———

nts
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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 transfer.

There may—s d—to—gua : oRs-associated—w aba aFio- right
entail medsuring the emissions from the use of additional fuel for the capture and compression of,CQ. It
may also include the emissions from the construction of the capture facility and even decommissionipg.
Tier 1 and 2 approaches using emission factors may be sufficient for this calculation.

7.4.4 Transportation system

The potertial emissions from the transport system may include direct and indirectemissions from the
energy refjuired for CO; transport, leakage from pressurized or cryogenic equipment, emissions from
loading and offloading (currently under discussion within TC 265), and venging that may occur during
emergencly releases or at intermediate storage facilities. Indirect emissions'iay occur in compressipn,
liquefactipn and pumping. Most of the measurements may be based on,emission factors.

CO2 emisgions from transport systems may be metered by flowymetering the liquid together wijith
pressure, femperature and fluid composition with the volumes and'masses of the GHGs calculated from
these restlts. The critical measurement points will be the inlet(s) and outlet(s) of the Transportatjon
system or1f transfer points within the transportation systemgpparticularly where non-pipeline methads
are used.

The main| source of indirect COz emissions within.the transportation system boundary, assuming
pipeline transmission, may be the emissions resulting from pressure booster stations along the pipellne
route. Emjssions can be calculated based on the fuel used directly or indirectly (i.e. the electricity from
the local grid based on the fuel mix for that gnid'system) using standard default values accepted for that
region. In|the event that other forms of transport are used, the emissions from boats, trains or trug¢ks
can be calculated based on the quantity of fuel consumed. Since non-pipeline transport is likely to|be
CO; liqueflied by means of cryogenicssrather than solely pressure, there will be some venting of the O3
(perhaps with traces of other GHGs).as a result of warming of the liquid in spite of the insulation in the
buffer stofage and/or transportation tanks. This leakage can be measured by physical devices and the
volume/mass of each GHG released calculated.

In additign to the operatienal emissions of GHGs within the transportation unit boundary, therq is
the poter;[:ial for upsets-requiring the venting of sections of pipelines, tanks, etc. Understanding the
volumes alnd gas composition within each individual piece of equipment will allow a rapid calculatior] of
the GHGs pmitted:

7.4.5 S1orage system

The IPCC uses Tier 3 approaches for quantifying emission from storage systems in part because there is
not an extensive database to support the development of most factors and also as a reflection that site-
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.
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— 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
using meters. Iflarge numbers of wells are involved in a project, data may be aggregated at collection
points to avoid the propagation of calibration errors at individual wellhead meters.

Sufface equipment

—| TheamountofCOz received at the plant gate and injected can be measured with flow meters gt transfer
points and wellheads. As with production/extraction, emissions may be aggregated at appropriate
collection points to avoid the propagation of calibration errors for individual welthead meters.

—| Indirect emissions from the fuel consumed in the operation of surfacelinjection (an¢ possibly
production) equipment can be measured using emission factors and meteérs to determing quantity
of consumed fuel.

—| Fugitive emissions: Including leaks and venting in the injection'system such as at the diftribution
manifold at the end of pipeline; distribution pipelines to Wells and compression or] pumping
apparatus, and leakage at the production well head may be{determined using direct megsurement
or a series of emission, activity, and equipment factors«<pupled with actual data from the|project.

—| For CO2 EOR, the operator may also need to deteriiine losses from the production, sgparation,
compression and other fluid handling systems as well as energy expended by the fluid handling
system.

—| Temporary upsets within an EOR operatioare possible. It is likely in such a circumstange that the
gas stream will be flared for safety reasons. In this case, the volume of gas redirected t¢ the flare
stack can be calculated based on the gas composition and gas volume (mass).

Lepkage and risk consideration

—| The operator may need totdetermine the amount leaked from the geological formatiop through
existing or new fracturesor faults, the cap rock, migration out of the storage complex, and through
existing and/or unknown boreholes that penetrate the cap rock. The review of programs for this
document suggeststhat there are no commonly accepted methods for quantifying amourjts leaked.
Instead, it appears that a general approach, using modelling, engineering estimates, gnd direct
measurements;thay be emerging.

—| It may bewuseful to develop a plan to confirm that the predictions made during site charadterization
and injection design are correct. It would be desirable for this plan to specify the type of direct
measurements required to confirm the predictions, including frequency, schedule, predision, and
aecuracy of measurements as well as mechanisms to record, transmit and archive the data.

— —Imaddition, it Ay be Tecessary to determrine emissions fromr the energy expended during
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,
Hy 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
capture unit or prior to its transportation.

These impuritiesare like o-have physical or chemical effects on the behaviour of the COs stregm,
on surface facilities or on the storage system. The identification of these effects is outside the §cqpe
of this dofument; however, in principle the monitoring plans could take into account all kindscf risks,
including fhose related to the impurities.

7.4.7 LCA approaches

Life cycle pssessment based on ISO 14040 to ISO 14044 evaluates the full GHG impacts of an integrated
CCS proje¢t. This methodology allows for the energy and environmental impacts\to be determined oyer
the full project life cycle, from construction, energy usage, operations, toend of life of project. LCA
studies wpuld typically use kWh, quantity of raw material or product, or ‘€0, avoided (see Clause|8)
as the fupctional unit for the measure of impact to ensure consistency of comparison of different
projects dnd their impacts. For this reason, LCA studies will use all.the measurements taken for the
full CCS system and for the individual components within the overalV’system and provide estimateq of
the life cyicle impacts. LCA may also go beyond the GHG calculations of impacts to provide a broadler
calculatiop of environmental and health impacts from defaults:dlues for emissions to the environment
(for example, particulates, heavy metals and other emissiofi$ from the use of fuel, fuel extraction gnd
utilization).

8 Environmental impacts of CCS other than GHG capture/emission

8.1 Objectives

While th¢ primary issue of the CCSyis' the GHG captured/emitted, other environmental impafts
resulting ffrom the CCS system, may-also be considered. The present chapter gives a methodological
framework to assess the environmental impacts of CCS processes using two possible methodologies:
life cycle dssessment (LCA) andenvironmental impact assessment (EIA). The LCA goes beyond the GHG
quantificdtion that was descfibed in previous clauses of this document, but follows the same principles.
The envirpnmental impact-assessment (EIA) is an alternative approach that is not as complete as LCA.
Both EIA §nd LCA are deseribed in the following subclause.

References: for LCA®ISO 14040 to ISO 14044, for GHG: ISO 14064-1/1SO 14064-2/1S0O 14064-3, for E[A:
European|Directive 2014/52/EU.

8.2 Defiinition of EIA and LCA

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 heritage, including architectural, archaeological and landscape aspects, and provides
elements for the issuance of appropriate permits for development. The International Association for
Impact Assessment (IAIA) defines an environmental impact assessment as “the process of identifying,

pr
pr

8.1
Th

,diL'Liug, cvalualiug ardt TTitigating tire biuphybiud], soctat,andother retevanteffectsofde
pposals prior to major decisions being taken and commitments made.”

8 LCA methodological framework
e following elements may serve as basis for the calculation of the life cycle assessment of C

Comparisons are made between the initial situation (or baseline reference) where CO; is
the atmosphere and the CCS project where CO; is captured, transported and stored (see !

Spatial Boundaries, LCA considers both the increased inputs and the outputs generall
regard for political or jurisdictional boundaries. For CCS projects, LCA would often co
embedded impacts in defined inputs (e.g. electricity, water,fossil energy, raw materials) af
[e.g. increasing production of hydrocarbons, subsequent.ombustion of the oil and gas
(see Reference [74])]. Figure 7 illustrates some of these elements. The spatial boundar
would therefore begin with the inputs and extendithrough the outputs. As stated in 5.2
main sub-systems are represented in Figure 7 and they consist of the following:

— Capture system: Pre-processing unit, ehemicals production, capture units or boi
processing units, compression and putification, etc. In effect, anything upstream of th
valve entering the transportation system.

— Transport system: Either by pipe; or by boat, rail, including the loading and unloading
In the case of transportation* by means other than pipeline, loading facilities and
facilities will be considered; note that in the ISO/TC 265 framework, it was decided t

unit, and not the transportation unit while the IPCC 2006 guidelines include these co
within the transpertation unit boundaries.

— Storage system: All aspects downstream of the isolation valve between the transpor
the storageor EOR site. In the case of storage, this includes the distribution lines to t}
injection'wells and the underground storage complex. In the case of EOR, the surfac
required to recycle the CO2 produced with the produced oil is considered in the L(
they imay formally be considered outside the CO; storage system (see 5.2.5).
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/ CCS system
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. possible CO
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- Raw materials - Solid waste
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. impacts for EOR
Ly CO, stored, wells and surface equipment

Figure 7 — LCA spatial boundaries

Functional unit: The functional unit is defined as “a measure of the performance of the functio
outpyts of the system. The primary purpose of a functional unit is to provide a reference to wh
the inputs and outputs are related” (see ISO 14040). In the case of CCS, the selection of a functio
unit will depend on the required outcome of the analysis. The requiréd outcome may be to comp:
different CCS technologies with one another, or to concentrate onotte specific CCS technology and
comppre CCS routes against alternatives such as renewable ené€rgy production (see Reference [3
Therdfore, the functional unit may be expressed as 1 kWh ofielectricity produced, or 1 tonne of st
or cerpent or glass, etc. produced, or one tonne of CO3 avoided. Within an LCA system, the functio
uniti$ considered only within the temporal boundaries.décided for the LCA study. This may not tz
into afccount the long-term storage or permanence of the CO; stored (that storage beyond the end
the project as discussed within this TR).

NOTE| This “functional unit” is defined in ISO 14040, a counting unit to present the results. It is to be distinguish
from gn “operational unit”, that is industrial equipment (e.g. compressor, pipe) that has a given function in order to
perform the CCS objective.

Temppral boundaries: The temporal boundaries reflect the periods during which the CCS proj
impadts on the environment. After'plugging of the well (including removal of all surface facilit
accorfling to national or sub-national regulation), the impact of CCS on the environment is likely
be nop-existent or negligible (see 5.3) and the risk of leakage normally declines. This stage is defin
as thg post-closure stage{see below). Longer time horizons are possible, if they can be justified.

List of stages of the project:

— Bluilding, cofistruction and dismantlement. It includes the building, settlement and eventua
djsmantlément of plants, pipes, wells, etc. and the related energy and material consumption
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— erational stage. It includes the CO; production and its injection. During this period, captu
transport and injection are operational. In the case of EOR, the operational stage includes {

he

recycle loop of CO2 and will continue beyond the upstream supply of fresh CO3.

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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