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Abstract

As action against climate change is territorializeabving from global to local
efforts, the importance of emission inventoriesagdanning, reporting and tracking
tool must also make the transition, adapting tosiecific needs of local authorities.
This paper attempts to better understand the remeaints posed in developing local-
level GHG inventory tools through a use-based apgrdased on the premise that
the utility of GHG inventories that correspond $pl¢éo internal uses by local
authorities is rapidly diminishing due to the nesigsof linking mitigation effort
across all levels of government.

An analysis of how local-scale GHG inventories ased at the local and national
levels reveals a number of use-based trends. L&#G inventories can be
categorized along two principal axes that influetiar structure. First, the division
of inventories into two categories based ioternal or external usesby the local
authority influences the required framing concegrsoope, reporting and verification
Second, theperimeterat which inventories are conducted influences mber of
structural issues related to structure and metlggol Further, the design and
development of inventories is linked to two keydeeoffs to take into consideration:
the first functioning acrosscalesbetweencost and accuracynd the necessity to
avoid second acrossesbetweeraction and comparability.

The results of this analysis indicates that in @oldito the technical issues of
perimeter and use, normative political choices such as how the resibditg for
emissions is attributed play a central role, offefining thesectorsand the emission
scopedo be taken into consideration. Given their infloe on the structure of local
scale emission inventories, it is clear that natiogovernments and international
authorities must develop a consensus on these eleme

In order to be considered as credible actors, lag#dorities must collectively be able
to demonstrate that they are able to make, andhrezedible, transparent and
measurable GHG emission reduction commitments. Tdgates that inventories
that are detailed, transparent and comparablecrenty necessary, but essential.
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Introduction

The anthropogenic greenhouse gas emissions thatheda to climate change are
deeply rooted in many of the processes that atteedbeart of economic and social
development. While the saying “you can only managat you can measure” may
be overly reductive, it provides an important immsignto efforts to reduce
greenhouse gas emissions. Reducing emissions@squuletailed understanding of
their sources that serves as a basis for actiorgh@ve development pathways
less-intense in greenhouse gas emissions. Fortaxwedecades, greenhouse gas
inventory tools have been used to assist privatenpemies and national
governments to both better understand their enmisgoofile as well as conform to
UNFCCC and Kyoto Protocol reporting requirements.

Recently, action against climate change and theictexh of greenhouse gas
emissions has gone through a process of what caariveed “territorialization”.
On one hand, many national governments have madeany cases, binding
commitments to reduce GHG emissions, leading tdrtipgementation of policies
and mechanisms at the federal or national levelth@rother hand, due to a lack of
national engagement on the subject, many sub-rtiegional, state or “local”
authorities have taken action. In both cases, iscale authorities are being
recognized as relevant, if not essential, actospe@ally in terms of diffuse
emissions sources such as transport and buildiggaction against climate change
is “territorialized,” moving from global to locafferts, the importance of emission
inventories as a planning, reporting and trackow must also make the transition,
acquiring the ability to function at reduced scalad adapting to the specific needs
of local authorities.

This paper attempts to better understand the rements posed in developing
local-level GHG inventory tools through a use-baapgdroach, taking into account
three assumptions. Firsthe implementation of local actions requires tools
calibrated to local usesSecond, manyexisting GHG inventory tools were
developed for use at the international / nationadles or for private companies
and thus do not always correspond to local neelisd,Tthe coordination of local
climate policies with national efforts requires ststency between the two systems
of measure

The paper will address two primary questions witd goal of identifying a path
for the numerous efforts to produce local GHG ineentools to adopt common
principles and methodologies to ensure compargbdlitd homogeneity across
levels of government, location and time:

1 “Local” is used, in this paper, in reference tb-sational levels of government, referring primgatib
metropolitan areas in the USA aollectivité territoriale in France. These areas tend to be
characterised by a high level of urbanisation. Tdilowing paper does not treat the question of the
specificities of rural areas.
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* What are the needs of local authorities in termgreénhouse gas inventories as a
tool to inform, implement and evaluate mitigatiasipies?

* How must GHG inventories be structured in ordenepond to the identified needs
of local authorities?

This paper explores these issues by taking a ussdbapproach, focusing on the

potential tradeoffs betweeoost and accuracyon one hand andmeliness of

information to support actioandcomparabilityon the other.

Section | explores the potential needs of locahawities in terms of greenhouse
gas inventories and how they can be deployed adtasgerritory. Section Il
presents a short review of the structural issuetke into consideration in the
development of GHG inventories. Section Il exp®teow needs influence the
structural parameters of inventories and exploeelélssons that can be taken from
this analysis. The paper concludes with Section d¥scribing a possible path
forward in developing an open-architecture invensiructure adapted to local and
national-level needs.

1. The Use and Scales of GHG Inventory Tools at thedcal Level

A greenhouse gas inventory functions principally as informational tool to
provide a profile of the sources of anthropogemeeghouse gas emissions through
the identification and quantification of emissiofi$is information can be used in
light of policies established internally by an @gntr through policy frameworks
established by external bodies. As seen in Figyréhd range of actors and
emission sources found at the local level are stibfe mitigation policies
originating from different levels of governmentt@mational, regional, national,
local). The resulting policies and frameworks caclude actions ranging from the
reduction of operational emissions to the impleragoim of a system of domestic
offset projects. Informational demands of eachgation policy can influence the
overall structure of the inventory required to Baselines, plan actions and track
progress.

Give the complex combinations of policies influenilocal scale actors, it is
relatively surprising that the subject is only arily addressed in the literature on
greenhouse gas inventories. The literature treatmegsubject of local/regional-
level greenhouse gas inventories is limited pripaio a highly-technical grey
literature, either presenting specific approachestemtatively addressing the
methodological difficulties in moving from nationalystems to the local level.
Frequently, the literature focuses more on thetipsliand difficulty of assigning
responsibility for greenhouse gas emissions (Dodn2899; Bastianonet al,
2004) or presents a technical methodology of howawduct the inventory itself
(Kennedyet al. 2009; Parasha#t al, 2009; Ramaswangt al, 2008; Steinberger
& Weisz et al., 2009). While the work is essential in terms oé tpractical
deployment of inventories, relatively little compemsive analysis of the different
inventory approaches and tools is available (B&l&leischwitz, 2009; Corfee-
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Morlot et. al, 2009; Energie-Cités’s 2003). As sumh analysis of the specific uses
of inventories and the impact of this on their stuwe is not readily found in the

existing literature. As such, the following sectiattempts to identify the range of
uses and perimeter of deployment of GHG inventories

Figure 1: Range of Policies Influencing Local-leveEmission Sources
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An analysis reveals a number of used-based tremaseening the needs of local
authorities vis-a-vis GHG inventories. Local GHGentories can be categorized
along two principal axes that influence their stowe. First, the division of
inventories into two categories based internal and externalusesinfluences a
number of elements concerning scope, reporting \erdication. Secondly, the
perimeterat which inventories are conducted can vary depgndn programs
objectives. These divisions are detailed below.

Uses of Inventories

- Internal Uses
0 Baseline & Planning- Identification and quantification of emissiorusces

o Indicator of Progress- Identification and quantification of changes in
emissions totals over time

- External Uses

0 Voluntary- Comparative (Policy Sharing), CommunicationnhNmnding
commitments (ICLEI, EU Covenant of Mayors), Volumtarojects

o Compulsory Programs Registries , External Cap-and-Trade Mechanisms,
Project Mechanisms (CDM, JI - Domestic Offset Petgg
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Perimeter of Inventories

- Project — includes emissions stemming from specific eraisseduction
projects

- Entity — includes the emissions of the local or regigmlernment as a
discrete public entity, thus those related onlheir operatiorfs

- Territory —includes the emissions from ensemble of actiwitind entities
(both corporate and public) located or functionivithin a given geographic
area.

The following sections explore these two divisiarisnventories related to their
use and perimeter of deployment, focusing on lac#horities. This section draws
on an analysis of climate action plans of threeomayban areas (Paris, London
and New York — see Box 1), existing national reipgrstructures and the different
internationally-established requirements for pgéton in existing and planned
market based mechanisms.

1.1. Uses of Inventories

While there is a wide range of possible uses of GH&ntories, uses can be
grouped principally by whether they correspondiriternal uses by the local
authority or to external uses, either by the entity itself or other actors
institutions. It should be noted that, in practiemissions data is often used for a
number of purposes and do not have a single useeriieless, a number of trends
can be identified.

1.1.1. Internal Use

Greenhouse gas emission inventories, when apptelyrizalibrated, can be
powerful tools for local authorities in the ({@anning of mitigation policieand (2)
serving asndicators of progresgowards established emission reduction goals.

Baseline and Planning

Inventories established for the purpose of estaiblgsan emissions baseline for a
project, a city government or a territory are ugamthcipally for identifying
opportunities for emissions reductions. These itorégs function as a snapshot of
current emissions disaggregated by a given settefia (usually corresponding to
the IPCC sectors). This information can be usetthatcity level to identify cost-
effective actions such as through comparison ofntlzeginal cost of abatement
across different sectors and between policy choiBessuch, it is important that
these inventories are comprehensive in order tly fwhderstand the complete
emission profile.

% This can equally include the emissions of sub@miors and concession operations under direct or
financial control by the local authority entity. Wever, consensus must be reached concerning how
responsibility for these emissions are attributed.
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Indicators of Progress

Inventories developed for policy evaluation focusmarily on tracking the
progress of policies that have been put into plageen through the use of a
planning-focused inventory. A tracking-based ineeytwould collect emissions
data from the sectors upon which the local authohas chosen to focus,
attempting to evaluate progress towards mitigagioals and, if possible, relate this
to specific policy measures. While it is normallffidult to establish direct links
between many mitigation policies and total emissi@uuctions, a tracking
inventory can be used more generally in evaluattegeffectiveness of emission
reduction investments and actiohs.

Box 1 : Internal Uses of GHG Inventories — Exampl®f Built Environment

goals and evaluating the effectiveness of diffemaetsures taken. Stemming from
analysis of the Climate Action Plans of Paris, Néark City and London, a wide rang
of mitigation policies for implementation have bedantified. Table 1 presents the rar
of actions planned to address emissions from egstuildings in the three cities.

Table 1 : Local-Level Policy Measures: Existing Bui Environment

Built Environment - Existing Structures

Energy efficiency schemes within municipal
buildings (such as schools) X
Thermal renovation of public buildings X
Rehabilitation of social housing X
Marketing and behavioral change campaigns X X
Information provision and counseling X X
Social housing and fuel poor program X
Professional skills training X X

Subsidized energy efficiency measures X X
Source: City of New York, 2007; Mairie de ParisD20Greater London Authority, 2007.

X X

Emission inventories are an important tool to helphoosing not only between econon
sectors, but also between various policies therasedg they often allow an evaluation
their potential. While it is often difficult to ideify the exact contribution of a single poli
to overall emission reductions, inventories carnvigled GHG panel data when conduc
across time, useful in the evaluation of policyeefiveness.

As described above, GHG inventories can serve th b in the process of planning
GHG mitigation actions as well as an indicator adgress towards meeting mitigation

he
e

ge

nic
of
Ly

ed

% 1t is difficult to track the direct effects of mamolicy instruments to reduce GHG emissions ag the
are usually only one factor among many influenddtdG intensity of certain activities as well as the
frequency that the activity is performed. Whilésipossible to accurately quantify the GHG redutdio
from, for example, the retrofitting of public buitd)s using physical data, it is more difficult to
calculate the impact of improved financing optidos renewable technology deployment over the
entire territory.

8
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1.1.2. External Use

External usegepresent the second grouping of GHG inventorg.usecal-scale
emission inventories can be used externally Ymluntary comparativeor
compulsory reportingpurposes regionally, nationally, or internatiopalWhile
serving different purposespluntary andcompulsoryapplications share a number
of methodological requirements: both require a Hegrel of homogeneity in both
how they are conducted (inclusion of scopes antbsequantification) as well as
in the data reporting framework.

Voluntary Uses

The voluntary uses of GHG inventories typically wcahrough formal and
informal networks between local authorities. Thesetworks promote the
comparison of GHG inventories across local areasmrasmportant means of
information sharing, creating opportunities forlabbration. Comparisons allow
cities to assess their progress and to compardtgesod cost-effectiveness of
emissions reductions at the sector level with otagions. Cities can also use these
comparisons to informally rank themselves with otheban areas with similar
characteristics, for example wealth, population,agerage climate, etc., and to
understand how and why major changes in emissicosroover time (Corfee-
Morlot et al, 2009). These can occur formally through initiavsuch as the
Covenant of Mayorand networks such as ICLEIGities for Climate Protection
program, or through informal exchanges.

Compulsory Uses

Compulsory uses of greenhouse gas inventorieshaxge twhere, either through
voluntary “opting-in” or required participation, dal authorities must follow
specific prescriptive guidelines in establishingd amaintaining information on
GHG emissions. Two broad categories of compulsosgsuexist: national-
government programs and carbon-finance-based prsgrdn the first case,
whether in the interest of territorializing natibiHG reduction commitments or
in using inventories as a basis for allocating geneince-based subsidies, local-
scale inventories are a key tool for relevant meticagencies to track and assist
sub-national mitigation progress. When implementdkly, they can potentially
be used to understand how different national-I@@adicies influence local GHG
emissions, target promising mitigation actionsffoancing and track progress. In
the second case, inventories, and more generalbyrate data on baseline
emissions and mitigation potential, are key elemeior access to financing
through carbon finance, such as the Kyoto Protecdél’'or CDM mechanisms, or
through structured voluntary markets.
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Box 2 : Market-Based Mechanisms and GHG Inventories

At the local level, market-based mechanisms holastuntial potential to play a
role in the financing of greenhouse gas reducti&nsission inventories play a key
role in these efforts as they serve as a meang, established, to gain access to
carbon finance mechanisms.

Project-Based Mechanisms — CDM & JI

Through the project-based Kyoto Flexibility Mechem, emission inventories are
key components of gaining access to funding forigaiion projects. As these
types of project lead to the generation of emissiffsets that can be used against
the emissions cap, inventories are key in evalgatime emission reductions
generated by the projects and ensuring that theyndb infringe on the
effectiveness of the emissions cap. Verificationabyindependent third-party is| a
necessary part of ensuring the accuracy and qualigHG inventories used fd
project mechanisms.

=

Local Cap and Trade Inventories: The Case of Tokyo

While traditionally established nationally or regaly, a movement to local or
urban-based cap-and-trade systems in major meitapareas may lead to locally
established GHG emission inventories for cap-aaderpurposes. In 2009, the
Tokyo Metropolitan Government announced its plansnplement a cap-and-trade
GHG emissions system at the scale of the metrepoéitea. Designed to target the
GHG emissions of large-scale commercial properttas, largest and fastest-
growing emissions sector in the metropolitan ared3 million inhabitants, the
system’s goal is to reduce emission by 25% from028@ission levels by 2020.
The system requires that the owners of large-saalk commercial properties
submit information on past emission in order taabksh a cap at 6% below the
base year (2008). Trading will occur between caveneners. With a start date pf
April 1, 2010, it represents the first urban cap-tnrade program of its kind.

17

Source: Tokyo Metropolitan Government (2009) Presentation to Tokyo Workshop 2009 on Urban Cap & Trade
Towards a Low Carbon Metropolis, 3/9/2009.

1.2. Perimeter of Inventories

As indicated above, GHG inventories are accountingls used to better

understand the emissions related to a groupingffefent emission sources. In the
context of local authorities, these inventories ¢amction to regroup emission
sources at different scales. An analysis of then@ieé Action Plans of Paris, New
York and London demonstrates a broad range of dios®00 different policy

actions that can be taken by local authoritieseduce GHG emissions. These
policies address both city operations as well asthissions of the entire territory.
From this analysis, it appears that local autresithave three principal options
available in meeting emission reduction commitmetitey can reduce emissions
through the implementation of specific projecteytitan reduce emissions from

their own operations as an entity or owner; or cedamissions through policies
10
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targeting the entire territorial/ administrativei@n over which they have influence
as a regulator, policy-making body, or informatiprovider. In all three cases,
inventories have an important role in this process.

An inventory conducted using tiperimeter of a projeds developed to include all

of the emission sources related to the implememtatif a specific mitigation

project (such as the deployment of district heapngjects or renewable energy
technologies). These projects can range in sizeiartdrms of the number of
emission sources that fall within their operatiopalindaries.

An inventory at theperimeter of an entityserve to better understand the GHG
emissions stemming from the local authority as pa@te entity, regrouping the
emissions stemming from the provision of publio/gxss and operations.

Inventories using th@erimeter of a Territoryare used as a tool to analyze the
emissions of an entire geographical or administategion over which the local
authority has direct, and depending on the juxtdipos between jurisdiction-
geographic perimeters, indirect influence.

These different perimeters are in many ways hiéreatly nested within one

another as a wider perimeter tends to regrouprikerable of the perimeters below
it. For example, an inventory conducted using teanpeter of a territory groups

together the ensemble of projects and entitiestdacavithin the established

boundaries. Moving from one perimeter to another sabstantially influence a

number of structural elements including the nundfeemission sources covered,
the range of actors and institutions involved and lemissions data is estimated
and quantified.

2. Structural Elements of Greenhouse Gas InventoriesTheory and
Definitions

To understand how inventory use influences strecaurd form, this section aims
first to describe the basic structural compondmsindaries and framing elements
of greenhouse gas inventories used at all level@eérnment. Variation of a range
of factors can greatly influence the results ofveey GHG inventory conducted at
any level of detail. Differences iperimeter sectorsand scopes including the
basic question of what gases to include, can skswlts and render homogeneity
difficult, if not impossible. The following sectiobuilds on the analysis by Bader
& Bleischwitz (2009) focusing omwhose emissions andvhat is measured using
which quantification approach (howj.

* For a detailed description of the basic notions amethodological challenges of local climate
footprint measurement, see Balder & Bleischwitz20@0

11
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2.1.Whose emissions are being measured?

The basic purpose of a greenhouse gas inventoty iguantify formally the
emissions of GHGs resulting from an activity or #gmesemble of economic and
social activities. At the heart of this procesthis measuring of emissions resulting
from a single process, or soutcéowever in most cases inventories regroup a
number of processes. Inventories take three pessibims in terms of levels of
aggregation and coverage:

* Activity —regroups the emissions stemming from the vai@d&-emitting processes
related to the function of an economic or sociaivég to allow “project” level
management;

» Entity — regroups the ensemble of activities attributethé functioning and
operations of a given entity (corporate or public);

* Territory — regroups the emissions from ensemble of aa#/@ind entities (both
corporate and public) located or functioning withigiven geographic area.
Depending on the level of aggregation of inventtaya, territory-based inventories
can range in scale from a city block, a metropoléaeea or the entire country.

Figure 2 — Overlap between GHG Emission Scales

Activity Entity Territory

The perimeter chosen fowhose emissions to include in the above categories
typically corresponds to pre-existing geographidmaistrative or jurisdictional
boundaries. The selection of whom and what gas@sctode in the inventory is
often related, firstly, to exogenously-determin@uaf use, and secondly, to data
availability. The existing collection and aggregatiof activity and emission data
often does not correspond directly to the desinedntory perimeter.

®> Emission sources are typically classified as eith@tionary” or “mobile” in reference to its réiee
mobility. For example, a power plant is considet@the a stationary source as it does not “move” and
its emissions can be easily attributed to a sigglegraphic location. Conversely, passenger vehicles
are classified as mobile sources as they often atabe easily attributed to a single geographic
location. The difference between stationary and ilaadburces introduces complications concerning
data collection, quantification and assigning af@nsibility of GHG emissions.

12
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As each category represents a larger scale anédaegrnumber of sources, the
complexity of quantification typically increasesedio increased data demands.

2.2.What is being included in the measuring?

2.2.1. Basic Principles: Scopes and Sectors

The decision of what to include in the inventory eary greatly. The “what” of an
inventory can refer to (1) the greenhouse gasdadad tracked in the inventory,
often corresponding to the six principal gasestiget! in the Kyoto Protoc8IOr,

(2) the sectors to include in inventories can vaifjen following the framework
established in the IPCC national Common Reportirggriework’ The inclusion of
emission sources and sectors can be based arowodnsiog thresholds. The
WRI/WBCSE? outlines two methods of accounting thresholds:ndeimis and
materiality. De minimus thresholddefine the quantity of emissions that can be
excluded from an inventory where emission sourepsasenting less than a given
percentage of total emissions can be excluded fterinventory’ However this
approach is often rejected due to concerns of cetapéss. The second approach is
based omateriality thresholdsind is evaluated during inventory verificationisTh
threshold, in the form of a percentage of totalssions, is used to determine if an
omission or error will significantly skew inventorgsults. In both cases, the order
of magnitude of emissions heavily depends on the ef entity in consideration
such that both percentage and real-emission st@sdaay need to be put into
place. Further, both cases are complicated by ¢eel for rough estimates of the
sectors and sources not included in order to utatedgheir potential weight vis-a-
vis total emissions.

The larger issue of inventories is (3) that of whatission scopew® include. As
developed by the World Resource Institute and trerl®dvVBusiness Council on
Sustainable DevelopmenitGreenhouse Gas Protoc@IVRI/WBCSD, 2004), there
are three principal emission scop&sope lincludes the direct emissions from a
project, entity or territory.Scope 2includes the direct and indirect emissions
produced elsewhere linked to electricity, steangting and cooling used by the
project, entity or territory in questioscope 3orresponds to direct, indirect and
up-stream and embodied emissions of goods andcssreither consumed in the
project, by an entity or within a territory (carbfwotprint approach). The choice of
what is included in an inventory is linked to itsogenously-established purpose. If
an inventory is designed to support managementntf those emissions over
which an entity has direct operational or financahtrol, a more limited approach

® The Kyoto Protocol includes the following gase©,CN,0O, CH,, SF; (sulphur hexafluoride), HFCs
(hydofluorocarbons) and PFCs (perfluorocarbons).

" The IPCC 2006 guidelines include five principalctses: Energy (including Transportation);
Industrial processes and product use; Agricultimesstry and other land use; Waste; and Other.

8 Measuring to Manage: A guide to designing GHG acting and reporting programs<Chapter 4.

° With the condition that the sum of all of theselaged sources is not greater than the de minimus
threshold

13
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will be taken (principally Scope 1 and Scope 2).wdwer, if the goal is to
understand and manage the carbon footprint, otdtaé GHG emission content

(both direct and indirect) of all goods and sersipeoduced and consumed by a

given person, entity or over an entire territorynach broader definition afhatto

include will be adopted (mixture of all three scepe

Figure 3 - Overview of Scopes and Emission Sources

€O, SFs CH; N,0 HFCs PFCs

Source: WRI/WBCSD (2004).

Box 3: IPCC Common Reporting Framework

The IPCC Common Reporting Framewonkost recently updated in 2006,
provides guidance for reporting complete, conststen transparent national
greenhouse gas inventories, regardless the mesentito produce the data
(IPCC, 2006). The guidelines and reporting framéwestablishes and
resolves what is included, and what must not blideal, in order to produce
comparable information across applications by difé countries. In
addition to defining what gases should be included how different
anthropogenic emissions sources should be tredted CMF presents a
method of aggregating and reporting GHG estimats five categories:
Energy (including Transportation); Industrial preses and product use;
Agriculture, forestry and other land use; Waste] @ther. Each category is
then disaggregated into a number of sub-categoaessponding to specific
sources, classified by type of activity.
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Box 4: GHG Emissions Scopes - The Example of a Hythetical City Hall

The example of a theoretical “City Hall” is usedHletter understand how emissigns
sources can be separated into emission scopes.

Scope 1corresponds to all direct emissions under thectlicentrol of the City Hall
This includes categories such as stationary, @p-sdmbustion of fuels in boilers and
furnaces for heating, the combustion of fuels by public vehicle fleet, along wit
process and fugitive emissions if applicable.

=

Scope 2includes the direct and indirect emissions fromcpased electricity or steam
either from a public utility or from a private pnackr.

Scope 3includes the indirect emissions from any otheivdids that are selected for
inclusion in the inventory. This typically can inode the upstream and downstream
emissions embodied in different products and ses/gonsumed or provided, emissions
related to the daily commuting of employees, walated travel not using the official
vehicle fleet as well as outsourced activities, teralssposal, etc.

Figure 4: City Hall Emissions by Scope

Hectricity
Transmission and Other Scope 3**

Distribution Losses 1% Stationary Fuel
7% Combustion- Natural
Long Distance, Work- Gas, Coal and Fuel Oil
Related Travel 21%
3%
Other Scope 1*
0,
Employee Commuting / 1%

2%

Purchased Hectricity
65%

Scope 1 Scope 2 Scope 3 |

* Other Scope 1 emission-source categories: Adgucel) City Hall Fleet Vehicles and
Fugitive Emissions from Refrigeration equipment.

** Other Scope 3 emission source categories: Sedidte and personal vehicle travel
(official City Hall business).

2.2.2. GHG Emission Attribution and Responsibility

The inclusion of different Scopes in inventorieslictly related to the attribution
of responsibility for greenhouse gas emissions. Pphacipal approaches for
attributing responsibility can be divided into eth production-based or
consumption-based. Clearly assigning responsibilityGHG emissions is key in
resolving a number of methodological issues suadtioable counting. However, it
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is rooted in a number of complex normative issasst requires a judgment as to
whether consumers or producers are primarily resiptn for the emissions
stemming from the goods and services. Often, anpasig “middle ground” can be
found when the capacity to actors to mitigate ketainto consideration.

A production-base@pproach allocates the accounting (responsibiitymissions
to the place where they are produced. As such,@migsions generated on a given
territory are attributed to the city in its inventoln this case, the emissions related
to production and transportation of imported goasl services (including
electricity if imported) are not included and theods and services produced, but
exported to other regions, are includ@d.

This accounting method and attribution of respahsitcan be considered valid as
the economy of the given area is structured ardbedproducts producing GHG
emissions. In some cases, urban areas have tlitg thihcentivize the production
of goods and services using less GHG-intensive odsth Normatively,
production-based methods have been blamed for toigeattention from high-
consumption lifestyles as drivers of increased Gef@issions, and practically,
focuses only on territorialized aspects of compf@wduct production chains
(Dodman 2009:195). As such, production-orientedanrlareas are assigned the
responsibility for the production of products comad by service-based urban
areas, which, using these methods, appear to basz bverall GHG emissions.

Conversely, aconsumption-basedpproach of accounting and responsibility
allocates emissions to their point of consumptidhe scope of this accounting
method is variable in application, ranging from imited portion of upstream
emissions to a full life-cycle analysis. As suche temissions related to the
production, transportation, and consumption ofjathds imported into the territory
are included, while those goods and services wdnieproduced for exporare not.

In theory, this approach is valid as the productdrthe goods in the producer
region is dependent upon the demand for the prodiigs responsibility for the
emissions are dependent on the consumers. Byuitgbthese emissions to the
consumers, paired with policies to integrate the33htensity of the product in to
the total cost of consumption, demand-based metlvadis be used to reduce
emissions. Nevertheless, the consumption-basesagprhas inherently a greater
degree of uncertainty as a wider scope of procemsg®mission sources must be
factored into the calculations (Dodman 2009:19&) policy action becomes more
complex.

In practice, as established by the principally itery-based IPCC methodology
developed for application by national governmenpraduction-based approach
dominates most sectors except for the use of copsombased accounting for
Scope 2 emissions (electricity, steam, heat anting)oHowever, as in the end the
attribution of emissions is a normative issuegrhains a political decision.

19 This approach is in many ways in accordance with Rolluter Pays Principleused in
environmental law.
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2.2.3. Concessions and Sub-Contractors

The attribution of responsibility of emissions steing from the concession or
“contracting out” of functions by entities (eithprivate or governmental) equally
poses a complex question. Determining the respiibsifor emissions stemming
from concession-granting or the outsourcing of isesvis increasingly important,
particularly at the local level. For example, wipatcentage emissions should an
entity be responsible for if they use a private iglehservice for work-related
transport needs rather than maintaining their dest of vehicles?

Two principle approaches exist that are rarely, énmv, applied consistently in

practice. Firstly, a financial-based approach atersi the equity share of a given
entity (e.g. publicly-owned energy production) whethe percentage of

responsibility for emissions corresponds to the@atage of equity share, thus, for
example, 40% of emissions for a 40% equity stakeersely, if operational criteria

are taken into consideration, entities are resptaginly for those emissions over
which they have direct control. Thus, the localhauty would be responsible for

100% of the GHG emissions from a contracted serpicwider (e.g. transport

services) over which they can require mitigatiofore$ (i.e. technology changes,
etc.). However, if they do not have this directtcoly they are responsible for 0%
of emissions.

2.3.How are emissions quantified?

While a number of quantification methods exist, thest widespread is that of the
Emissions-factor-basemhethod. TheEmission factor-based methaes average
data samples concerning specific activities tha ased to extrapolate total
emissiong! The quantification of GHG emissions resulting frargiven activity is
characterized by the below function:

Eg,a,t = Aa,t X Fg,a
Where:

E — Emissions of a given gas (g) resulting fromigeiy activity (a) over time
period (t)

A — Quantity of a given activity (a) over time pei(t)
F — Emission factor (GHG intensity) per unit ofiaity (a)

Different means of quantifying A and F, based eitbe estimates, modeling or
physical data, introduce varying degrees of unc#gtaoncerning the accuracy of
results. It is important this uncertainty be comimated in the final results.

This formula can also be an interesting method rafeustanding how different
mitigation actions attempt to reduce GHG emissidosiising either on reducing

Y Four principle approaches can be identified: theisSion factor-based method; the Mass-balance
method; the Predictive emissions-monitoring systeEBMS); or the Continuous emissions-monitoring
system (CEMS) (2009:12).
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overall quantities of a given activity or on redugithe GHG intensity per unit of
activity.’> The accuracy of the emission factor approach iseddent on the

calibration of the emission factor used: as expldoelow, accurate monitoring
may require thatontext-specific or Tier 2mission factors be developed for

activities - taking into consideration the specifiontext and technologies used.
While not all emissions factors will need to be afadi, Tier 3 emission factors
may need to be calculated to ensure accuracy agréemhouse gas intensity of
activities may vary widely over time and acrossalins as well as be directly
modified by policies?

While changing the perimeter of emissions invee®rifrom given activity to

entity for example, does not necessarily changebidmgc calculation used for
quantifying emissions, it does, however, have irtgrdr implications for the

collection and aggregation of activity data usedcalculations. As mentioned
above, moving from one inventory “perimeter” to #rey increases the number of
emission sources involved, whether grouped intgepts, entities or territories.

While bottom-up, highly-detailed and verified ploai data is preferable for
calculations as accuracy is concerned, this datdtémn not available concerning
the different sources (fuel-specific consumptiomsgenger-km, etc.) and can
rapidly increase costs as the number of sourcegases. As such, it is often
necessary to rely on a number of different solgjancluding modeling and/or
downscaling of top-down statistics. A similar oh&gion can be made concerning
different economic sectors as data availability ceamy greatly. While often

necessary, these approaches can introduce adtitimcartainty into the final

results as the margin of error increases. As stleh,question of data quality
demonstrates that a major difficulty in formulatimgentories is finding a balance
between accuracy and cost and the time necessprgdace the inventory.

12 For the purposes of this paper, the IPCC termiyokoncerning emission factor tiers will be used.
In this system, three tiers of emission factorsteXiier 1 factors are taken directly from the IP@@
provide the least accurate estimations as thepftea based on rough global averages. Tier 2 factor
are established at the national level taking intooant national specificities. Tier 3 factors ahne t
most accurate as they take into consideration tte@ah conditions on the ground, including
technologies employed and operating conditions QPZD06).

13 Tier 3 factors will need to be calculated prindip#or those emission factors represented aggeegat
characteristics of the entity in question. Thisresponds principally to electricity (when it variesm
national/regional averages) and the local vehieletf(given high levels non-fossil technology, higibr
biofuels, etc., penetration).

4 For example, due to policies focusing on the dgplent of renewable energy sources, the carbon-
intensity of the local energy mix may vary frominagl and international averages.
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Table 2 — Principal Data Sources by Inventory “Sca” Categories*

Project Territory
» Physical Activity » Physical Activity * Physical Activity
Data** Data** Data**
* Model Outputs*** * Model Outputs***
» Down-Scaled Statistical
Data****

* While all methods of calculating activity datanche used at any scale, this table attempts to
indicate which are most common at each scale.

** Physical data may include: Electricity, fuel,engy consumption, passenger-km,

production values, waste mass, cultivated area,dfiherds, etc.

*** Model Outputs are the estimates of activity du@wed using modeling techniques
calibrated to the territory. For example, transfteamtd-use models can be used to estimate
passenger-km traveled at the scale of the entiriéoty. It is important, however, to establish
the margin of error introduced by modeling techeigju

**** The Down-scaling of statistical data (National International) can be used to estimate
the portion of national activity for which the tigory in question is responsible.

2.4 Verification of GHG Inventories

The verification of the measuring and reportingoess is a key component in
identifying both unintentional errors and intenamanipulation. Verification can
be performed either internally by the entity cortthg the inventory or by an
external governmental or private entity. While fieation is not necessary for all
potential uses, as explained further below, it catch both technical mistakes as
well as deviations from proscribed methodologiestification becomes important
when financing is involved, such as in the casenafional to local financial
transfers to support GHG mitigation policies. Thiéical necessity of verification
is especially present in the case of market-basedhamisms where emission
permits are given a financial value.

3. Impacts of Choices Concerning Use and Perimeter dmventory
Structure

The above section has identified the principal citmal elements of GHG
inventories. Nevertheless, a better understandmgeeof these elements does not
demonstrate why elements often vary between apigitaof the same, as well as
different, inventory methodologies in practice. bhtfinately, the existing literature
cannot respond to these issues as they are les®delo the technical and
methodological questions of how to prepare an itorgras to the issue efhy an
inventory is being conducted, including its ultimgturpose and desired use. This
remains a point of contention often with deeply ifpwzed roots. To better
understand these issues, Section 3 will explore th@wange of potential uses of
GHG inventories identified in Section 1 impact int@y structure.
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3.1.Impacts of Uses on Structural Aspects of Inventore

As noted above, the various uses can have impitsitifor the structure of
inventories. These different uses can imply a numdfe broad demands on
inventory structure, primarily in terms of repogiand verification. These different
structural demands summarized in Table 3 are exqgthugdon below.

Who

While the question o¥Whois principally dependent on the scale of the itogn
(project, entity, territory) as described above tfitroduction of external uses can
potentially add a number of actors. In most caset}) Voluntaryand Compulsory
Usesintroduce an external coordinator. Whether a gavent agency as in the
case of many compulsory financial assistance proagrar non-governmental
organization such as ICLEI and many other voluntasgs, external coordinators
are typically charged with the collection, aggrématand processing of reported
inventory data.

What

As indicated above, the questionwalfiatis included in different GHG inventories
is more related to the normative / political demisi concerning specific programs
than individual uses of inventories themselves.s@ish, it is less important to
discuss what scopes and sectors are included tbastréss the issue of
homogeneity. See Box 5 for a description of inventases, structure and
homogeneity.

How

How emissions are quantified varies between thier@int uses. In the case of
Internal uses, the quantification of emissions, including tata requirements and
emissions factors, is closely linked to the isstiethe scale of the inventory
(project, entity, territory). This holds true f&ixternal uses, however, it is likely
thatVoluntaryuses will have an accompanying recommended melihgylfor the
calculation of activity data as comparative resalts built on homogenous GHG
accounting methodologies and approaches. Equadiyapulsoryuses will require
the use of approved quantification processes. Hewew should be noted that in
terms of quantification, there appears to be léss weed for local authorities to
employ the same techniques. As reported in Kenretdgl. (2009), the use of
different quantification methods (in this case tise of directly-measured physical
data vs. modeled data) can result in comparablessoni totals. However, it will be
important for comparative purposes that variatiim$e noted in any reporting,
especially if different emission factors, globalméng potential values or other
technical details are used.
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Variance occurs when the issudefquencyof conducting inventories is taken into
consideration. While the frequency is likely to pp@gram-specific, a few trends
can be discerned that correspond to different useterms ofinternal uses, it
appears that it is more useful for inventories u$ad Indicator of Progress
purposes to be conducted more often then those fasd8laseline &Planning
purposes. This is not only related to a need fonarable data across time to track
policy progress, but can also stem from the ragiovben the relative expensive of
Planninginventories versumdicator inventories (sectors included, etc.). Equally,
Indicator inventories should be performed at a frequency tbatesponds to the
ability for policies to be modified and progresséwds mitigation targets observed
(often recommended as annuallgxternaluse inventories, particularly in the case
of Compulsoryuses will have a recommended or required frequéagain, often
annually).

Reporting

An aspect in some ways as equally important agjtiaatification of emissions is
the aggregation and reporting of this informatilmngeneral, reporting frameworks
have adopted many of the basic elements of the 18&43ed UNFCCC Common
Reporting Framework. Nevertheless, different levedé aggregating and
disaggregating data can influence the usefulnesk olicy-relevance of the
produced data. As such, there is significant vaaaretweennternal andExternal
uses.

Inventories conducted fdnternal uses, whether planning measures or tracking ex
post, should adapt approaches to the aggregatmicatrgorization of sectors that
respond to specific policy sectors and actionsatdlifate the tracking of progress,
including: buildings; lighting and traffic signalgater delivery facilities; etc. This
type of categorization presents inventory resuitsaiform more conducive to
adjusting locally-controlled policies. As a resuhey may not precisely follow
IPCC-established sectors as they are less usefubdal-level use and action.
Nevertheless, the association of these categoritts the larger IPCC structure
should be indicated. An example can be seen ineféalilom the ICLEI IEAP.

Conversely, homogeneity and comparability are eéritr Externaluse reporting
frameworks (see Box 5). If cities are given thifddity to construct inventories
with different boundariese(g.in terms of reporting direct scopes and sectots3, a
minimum forVoluntaryuses, it will be necessary to report these in agdjeegated,
modular manner such that comparable estimates e@oistructed from elements
with similar perimeters, scopes, sectors and metlogies. This framework will
need to be consistent with the IPCC reporting fraor&, adopted internationally.
As such, local inventories that have disaggregateigsions to meet internal needs
should clearly indicate their relationship to tlegstem.Compulsoryuses will
require a specific framework that is most likelglily adapted to the purposes of
the program.
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Table 3 : Structure of Local-Scale Greenhouse Gasiventories By Use*

Purpose

Internal

Baseline & Planning

* |dentify internal
opportunities for
emission reductions
* Track and
communicate on
overall mitigation
progress

Indicator of Progress

* Track and
communicate on
policy progress on
selected sectors

External

Voluntary Uses

* Compare to similar
urban areas (policy
sharing)

* Track &
Communicate on
progress

Compulsory Uses

* Qualification and
tracking for external
(regional, national,
international) funding
programs

* Partial Integration
into external
inventories

Scale * Project * Entity * Territory

Institutions
Involved

* Perimeter-
Dependent

* Perimeter-
Dependent

* Perimeter-
Dependent

* Voluntary external
coordinator

* Perimeter-
Dependent

* Official External
coordinator

Actors Included

* Perimeter-Dependent

Activity Data

* Perimeter-Dependent

* Recommended
Methodology

Scopes Program-Dependent (Exogenous) However, Interndtidoems Usually Demand:
(WRI WBCSD) * Scope 1 Direct emissions
* Scope 2 Indirect emissions (Electricity, heagash)
* Scope 3 Other indirect emissions
Sectors Program-Dependentill applicable IPCC sectors can be included
How

* Official
Methodology

Recommended
Frequency

* Program-dependent
However,
recommended Multi-
Annual

* Program-dependent
However,
recommended Annud

* Program-Dependen

* Program-Dependent

Relative Data
Requirements

* Program-dependent (Exogenous)
* Partially Perimeter-Dependent

Emission Factor

Tier 3 Local emission factors required for sometesc

Attribution of
responsibility

* Program-Dependent

* Choice typically left to entity conducting thevientory

Reporting & Verification

Reporting * Disaggregated to local need * Common Reporting | * Official Reporting
* Re-aggregated for IPCC categories Format (IPCC Format (IPCC
Compliant) Compliant)
Verification * Internal * Voluntary * Official external
* Optional * Internal or External | (third-party)

verification

* Zones shaded in yellow are elements establishéakipally exogenously, representing
political or normative choice.
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Table 4 : Example of Disaggregated Local Reportingramework - ICLEI
International Local Governments GHG Emissions Analgis Protocol

Macro Sector (IPCC) Government Sector (ICLEI)
Buildings and Facilities
Stahuna y Combushon Steel Lighis and Trallic Siguals
Water/Sewer (energy only)
Energy
Vehicle Fleet
Mobile Combustion
Employee Commute
Fugitive emissions Other
Industrial Processes and Product Use Other
Apgniculiure, Forestry and Other Land Use Other
Solid Waste Disposal
Biolugical Tiealment of Sulid Waste
Wastc Wastc
Incincration and Open Buming of Wastc
Wastewater Treatment and Discharge

Source: ICLEI 2009.

Verification

The verification of GHG inventories in an importagstep in confirming its
accuracy and validating its use as a tool for I@#horities. Again, differences
exist between uses. The verificationlmternal use inventories, while a useful step,
is not completely necessary as this document Isetased primarily as an internal
planning and tracking tool. Verification, when apgble, can occur internally and
does not necessarily require a third-party indepehgrofessionaf® In terms of
Externaluses, the necessity of verification depends on ti@weported data will
be used for eithe¥oluntary or Compulsorypurposes will most likely influence
how verification will occur. In the case &foluntary uses, it remains optional,
however recommended, as verification is an impoiséep to ensure accuracy and
comparability. In the case dfompulsoryuses, it is necessary as often these
programs involve the creation of financial resoar@Earbon credits) or the transfer
of funds. As such, verification by either a natiofedy or a third-party is
necessary.

!5 Nevertheless, the verification of inventories ugs@rnally can increase the credibility of actions
taken by local authorities across levels of govesnim

23



CDC Climat Research Working PapeN° 2010 -7

Box 5: Inventory Use, Structure and Homogeneity

Homogeneity is key in assuring comparability ofules between applications of
greenhouse gas inventory methodologies acrossthoéhand between localities. As
seen in Table 5, when inventories are usedternal planning and indicator purposes,
homogenous application is necessary to ensure a@uopaover time in a single
location. Equally, homogeneity is at the hearexternaluses to foster comparability.
When inventories are conducted periodically, homegg is necessary to create
emission profiles that can be faithfully comparedrack changes in profile and policy
progress.

Table 5 — GHG Inventory Use and Required Homogenajt

Homogeneity Internal External

across: Planning Indicator of Voluntary Compulsory
Progress

Applications NA NA Recommended Mandatory

(Location)

Time Necessary Necessary Recommended* Mandatory

* Voluntary reporting is principally based on snlaps comparisons between inventories,
although time-series data may also be compared.

A note should be made, however, that in some cBsgssion Factors will need to be
updated to accurately reflect changes in GHG inien$ activities. A clear differentiation
must be made between the “updating” and the “redating” of emission factors.
Updating emission factors uses current informatanchanges in regional or local GHG
intensity of activities (energy mix, etc.) paireditiwthe hypotheses established previousl
to adjust the factors to current conditions. Upaagmission factors is a normal process (¢
tracking policies that aim at reducing the GHG msiey of a given activity. Emission
factors may need to be recalculated, using new thgges, to better reflect both historig
and current conditions. This is particularly theseavhen local authorities implement
policies focusing on improving vehicle fuel effio®y and increasing the portion of
renewable energies. These policies focus on chgrniggnGHG intensity of a given activity
(electricity generation, heating and transport, gtather than focusing on reducing overa
activity itself.

D
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3.2.Impacts of Perimeter on Structural Aspects of Invetories

As seen above with changes in use, adjustmentswianiory perimeter can
substantially influence a number of structural edats including the number of
emission sources covered, the range of actors restdutions involved and how
emission data is estimated and quantified. Thisrmétion is described in detail
below and summarized in Table 6. As further disedss Section 3.3, while the
definition of perimeter may influence what is indéd in terms of scopes and
sectors, this is more related to the exogenousnaive choices concerning the
attribution of responsibility of GHG emissions atide completeness of the
inventory than to technical aspects.

Who

Moving from one perimeter to another progressivétasts the net wider,”
regrouping a larger number of emission sourcess iffierently means that a wider
range of institutions and actors become involvetthéprocess.

Inventories using @roject-level perimetehave, in most cases, the most limited
number of institutions and actors involved, as theyd to include only those
directly involved in the project itself. This uslyaincludes the participation of the
local government itself and, more precisely, thdéeuant division directly
implementing the project.

Entity-level perimetersnvolve the analysis of emissions from public @iens,
including those actors over which the entity hasatiadministrative or budgetary
control, such as public buildings, services, cosicggries and subcontractors.

The perimeter of derritory-scale GHG inventory in this context is much larger
than that of the entity-scale, including public @i®ns, private companies and
households. While some variation is inevitable, geameter typically includes all
entities over which the local authority can exaréct or indirect influence, which
may extend beyond officially defined jurisdictiotisA region-based approach can
be chosen as well, grouping together the emissibnuultiple interconnected local
jurisdictions®’

What

While the Scopes covered by an inventory is noyregtablished exogenously as
part of a specific program, a number of generaldseconcerning sectors can be
seen due to range of functions normally coveredobgl authorities. Inventories

performed for urbanized areas will most likely mridnated by energy-sub sectors

' For example, in some cases local authorities eanire the adoption of more stringent building
codes, directly affecting the energy efficiency méw construction. Indirectly, they can develop
informational campaigns to educate the public omiouws topics (energy efficiency, alternative
transport options, etc.).

" For an example of this approach, see the GRBPeenhouse Gas Regional Inventory Project
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with the varying inclusion of the full range of $exs (industrial processes and land
use, land-use change and forestry (LULUCF)) whepr@piate (Bader &
Bleischwitz (2009).

How

Perhaps the largest impact of changing inventomimeger is the constraints
placed on data due to the regrouping of an evgetarange of emission sources.
While the calculation of GHG emissions should itledepend on physical data
from each source, the resulting costs of this aggranay outweigh benefits given
budgetary and time constraints. As such, as notedSection 1, different

methodological approaches to the calculating ofvitgtdata are used as the
number of individual sources increases.

As, theoreticall}?, project-level perimeteinventories regroup the smallest number
of emission sources (depending on the project streidtself), they often require
the lowest level of data. Emissions are principatiyculated from direct physical
data with little recourse to modeled or estimatedadusing updated Tier 3
emission factors calibrated to locally specific ggyemixes and GHG intensities.

At the Entity leve] the quantification of emissions can usually bedtected using
principally operations activity data and updatest 8 emission factors calculated
specifically to reflect the GHG intensity of thecdd energy mix, technologies in
use, and vehicle fleet. In general, physical dataelatively available with little
need to rely on modeling or downscaled economitisstaal data to estimate
emissions.

The quantification of emissions at tAerritory levelcan typically be conducted
using activity data and updated Tier 3 emissiontofac reflecting the GHG
intensity of the local energy mix and vehicle fledts it is likely that the
aggregation of physical territorial data on eneugg and other sectors may not
correspond directly to the perimeter of the inveptodifferent methods of
estimating emissions including modeling and ecowcomput-output data can be
used to fill gaps. In some cases, such as thepwatasion sector, modeling can be
used to calculate activity data (traffic flows, ddbteters traveled, and site
categories, for example) used in emission factsedaalculations.

18 Different program constraints however can leadh®s demand for highly detailed data and the
recourse to modeled data.
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Table 6 — Inventory Structure and Quantification by Perimeter*

Perimeter

Why
Aim

Project (Activity)

Quantify total emissions
from a given mitigation
project

Public Operations
(Entity)

Quantify total emissions
of public operations

Territory

Quantify the total
emissions of a given
territory

Who

Public * Local authority * Local authority * Local authority
Institutions * Regional authorities (if
Involved applicable)

Actors Included

* Division involved in
mitigation project
* Affected private actors

* Public Employees
* Private subcontractors

* Public Employees
* Private subcontractors
* All residents and

businesses

Sectors * Program-dependent, but range included tendsd@ase as perimeter increase

Moderate to Intensive Intensive

Low to moderate

Relative Data
Requirements**

Emission Factors| Tier 3 Local emission factors required for somda@®sc emission factors take

on a more aggregate form as the perimeter of iovestincrease.

* Physical data * Physical data

* Limited modeled data

* Physical data
* Modeled data
* Downscaled data

* Zones shaded in yellow are elements establishedipally exogenously, representing political or
normative choices

** "Relative data requirement” is estimated relatte the number of sources included in the
perimeter of the inventory. Specific program reguoients can, however, substantially increase this
estimate.

Activity Data

3.3. What Lessons Can Be Drawn Regarding Inventory Strcture?

GHG inventories are an important tool for local hewities in the planning,
implementation, tracking and evaluation of GHG gation policies. They also
represent an important means of linking local-seaiton with regional, national
and international mitigation efforts if basic respuments of homogeneity and
comparability are met. As explored above, an amalyd the structure of
greenhouse gas inventories in light of the needsaal authorities indicates that
changes in inventoryse and change in inventorperimeter have important
implications for their design. However, while a ren of characteristics can be
strongly linked to scale and use, there are nowaatiements that are established
exogenously that need to be taken into consideratio
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3.3.1. Variables Structure GHG Inventories

As presented in Table 7, the variables influencimgentory structure can be
divided between those that are normative and esleddl exogenously, and the
technical variables that depend on choices linketh¢ scale of deployment and
internal/external use.

Table 7: Variables Influencing Inventory Structure

Normative (Exogenous) Variables
Attribution of Responsibility
Scopes Included

Sectors + Gases Included
Technical (Endogenous) Variables
Internal / External Use

* Institutions Involved * Reporting

* Frequency » Verification

e Actors » Data Requirements

» Institutions » Activity Data Quantification

Firstly, a number of normative, exogenously-deteedi variables have a central
role in the structuring of inventories. Decisiorssablishing how responsibility for
emissions is attributed; the emission Scopes ircu@nd the sectors and gases
included are at the heart of the structure and badatecture. As such, it seems
clear that further international agreement on thek®ments could represent
significantly important steps towards harmonizatb@approaches and methods.

Secondly, the technical, endogenous, variableststing an inventory are related
to how the information will be used, internally,tesnally or both; and to the
inventory’s perimeter of deployment. Changemiernal versusexternalusescan
influence the frequency at which inventories areduwted, reporting frameworks
as well as the need for verification. Uses can aifgmact the institutions involved
through the addition of an external “coordinatoeither formal or informal,
responsible for data collection and review. Changesnventory perimeter
moving from theActivity or Projectscale to that of the entifieerritory, can lead to
changes in the actors and institutions involvedffssin data requirements as the
number of sources increases, and shifts in the adsthised to calculate activity
data.

3.3.2. The Role of Trade-Offs

The above analysis begins to illustrate the roleade-offs in the development of
inventory tools. As with any policy tool, a carefweighing of the costs and
benefits is necessary to ensure that it is botfuliaed efficient given budget and
time constraints present at all levels of governmdéulditionally, however, the
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structure of inventories in terms périmeteranduse introduce additional trade-
offs.

The first trade-off takes the form of an arbitrdg#weencostandaccuracywhen
moving across scales. Typically, as the numbernoisgon sources, institutions
and actors increases, so does the relative datl@eatents and thus, in most cases,
the cost of data collection and treatment. Thecoa#yi, directly measuring GHG
emissions at their source would in most cases pmedhe most accurate data.
However, this is typically the most expensive, tioomsuming, method that is
often not feasible. As such, a balance betweemtbaracy of emission estimates
and the cost of data collection and processing tmeisarefully established.

There is equally the potential for a second traffieeoemerge betweeaction and
comparability,apparent in different demands resulting from mérand external
uses. While these two uses are not incompatib&enged to produce inventories
whose results allow for local-scas&etion, and thus responding to the needs of
specific uses and policies, is often presented pposition with a need for
comparabilityin terms of the homogeneity of methodologies asnsure the value
of results for external, comparative, purposes.sTinadeoff, however, can be
avoided as the standards and protocols establtshfiedter homogeneity must take
into consideration the needs of all relevant autiesy both local and national.
Care must be given to how comparability is achiet@densure that emission
reductions resulting from local efforts can be teflato national and international
efforts, thus fostering the credibility and recdgm needed while at the same time
providing the data necessary for local-scale action

Finding a means to balance betweestandaccuracyand avoiding the potential
tradeoffs betweeaction and comparabilitywill be an important issue to take into
consideration requiring a close analysis of howemtaries are specifically used in
the policy process at all scales.

3.4. Next Steps for National and Local Authorities

The above analysis points to a few actions vissa&HG inventories that will be
necessary for both national and local authoritidedal GHG mitigation action is
to be measurable, reportable and verifiable.

In order to be considered as credible actors, lecahorities must be able to
demonstrate that they are can make, and reach,bleredransparent and
measurable GHG emission reduction commitments. uks,sit will be necessary
for local authorities to demonstrate collectivdiatt their combined efforts lead to
real GHG reductions. This indicates that inven®tigat are detailed, transparent
and comparable are necessary that can fulfill #ggirements posed across scales
of deployments as well as between internal andreateuses. The utility of
inventories that correspond solely to internal useapidly diminishing due to the
necessity of linking mitigation effort across @&t éls of government.
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However, the onus cannot be placed solely on lagtiorities. Given the range of
normative, exogenous, factors that influence thaecsire of local scale emission
inventories, it is clear that national and inteior@dl governments and
organizations must develop a consensus on theseeels. Clear messages from
these actors on attribution of responsibility, SEgsectors and gases will do much
in homogenizing methodological approaches and impgocomparability across
applications. Equally, given the cost and in maages the non-immediate benefit
to local authorites and communities of producingcuaate, comparable
inventories, national governments must providerteeessary incentives for local
authorities to move in this direction.

A promising pathway is making access to carboarige as well as to financial
subsidies contingent on the production of comparatventories that respond to
both internal and external needs. Access to thgsestof programs typically

requires the types of detailed and comparable tovers described above. Given
the time required for the development and deployroégreenhouse gas inventory
methodologies, this subject must quickly becomeriarify in discussions at all

scales of government.

4. Towards a “Model” Inventory Framework for the Evalu ation of
Existing Methodological Approaches

As many local authorities have begun to conduct Ghi@ntories, it is important
to understand whether existing inventories suffitlie fulfill the requirements
placed on inventory tools for the range of use® @hove sections have layed out
the structural issues to be taken into consideraiio the development of
greenhouse gas inventories and how these are iethagt changes in inventory
scaleand inuse The above analysis can be used to formulate largmary open-
architecture structure to tie all of the potentiskes together with a “core” and
module-based structure, resulting in a “model inoeyi for evaluating the
existing methodological approaches.

4.1. Towards a “Model” Inventory Framework

However, before a “model” inventory framework cae bstablished, a few
normative assumptions must be made to frame therepanalysis.

Firstly, while no norms have been adopted unanitgpitsis often the case that a
production-based approads taken in the attribution of responsibility ofdpe 1
emissions to projects, entities, and territoriesisimed with a consumption-based
approach for the assigning of Scope 2 emissiongh&y Scope 3 emissions tend
to be included as an optional element as it isafi@n possible for the entity in
question to act directly upon those emissions.
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Secondly, the IPCC sectors have been widely acdegst¢he basis for both guiding
what to include and exclude in terms of emissi@w®s as well as establishing an
aggregated reporting framework.

Thirdly, it is assumed that the perimeter of GHGvemtories, in terms of
organizational and territorial boundaries, correspto the local authority’s ability
to act and directly or indirectly in any signifidamanner, implement mitigation
actions.

Finally, it is assumed that the objective all integies is to be as comprehensive
and accurate as possible in the face of cost effayi.

Using the above normative assumptions, a numbemnsghts can be drawn
concerning the different elements drawn:

4.1.1. Perimeter:

The organizational or territorial perimeter chosdrould minimally include all
parts of local government under direct operationfioancial control. When
extended territorially, this should ideally includé entities over which the local
authority can exert direct or strong influelitevhich may extend beyond officially
defined jurisdictions.

4.1.2. Attribution of Emissions:

While a consumption-based attribution approach memwlt in a distribution of
responsibility for GHG emissions conform to the reasingly internationally-
accepted “polluter pays” principle, this approastrdduces a level of complexity
when applied generally to all sectors. As suchdpetion-based approaches should
be used for most sectors, except for electricityd dmeat, following the
recommendation of the WRI and IPCC to use a consompased system.
Worldwide, there is a movement towards the adoptibcap-and-trade systems
(European Union, the United States, Australia) tbaver major electricity
producers. In places where such systems are ir pé&ssigning responsibility to
local authorities and territories only for the pamtof electricity emissions they use
more closely matches the overall purpose of emsBigentories: implementing
policies to reduce GHG emissions. Larger cap-aadetrschemes as well as other
policy instruments that are typically beyond theigdictional control of local
authorities are often more suited to promote teldgyo substitutions and the
restructuring of production infrastructure towatds/-emission pathways. While
local inventories should report all emissions stemgnirom controlled and locally-
sited power utilities, responsibility should onlg lassigned in Scope 1 for the
portion of the power consumed either by city operst or by the territory,
depending on the perimeter used.

Y This is particularly the case if mechanisms exist cooperation between the surrounding
communes.
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Further, responsibility for transport-related enwms (city as public transport
service provider, etc.), should be primarily ass@yto municipal authority as, in
general, few national policies directly addressdamand-side component of these
emissions and city officials are usually the mgxgirapriate entities to address this
aspect given their ability to foster the developtradriransportation alternatives.

4.1.3. Emission Sectors:

All applicable anthropogenic emission sectors dmeeé by the IPCC should be
included so that the most accurate and completesssonis profile can be
established within the limits of cost efficiedyln most cases, primary attention
should be given to energy-related (including tramtgiion), waste and industrial
emission sectors as they will most likely conséttite largest portion of urban
inventories.

4.1.4. Scopes:

It is essential for inventories established for plaeposes of planning and tracking
to include both Scope | and Scope Il emissionsh Witiblic Operation emissions
serving as a core for territorial-wide totals. Rasgbility for electricity emissions
should be attributed at the site of consumptioligfong the rationale cited above.
Scope Il emissions should be included, when ptessith reasonable cost, to
understand the full range of emissions from thattey, including those that the
local authority may not be able to influence. Cae®ds to be taken as overlap
exists between Public Operations Scope Il empl@&maissions and Territory-wide
Scope | transport emissions. Further, an over septation of Scope 1l emissions
over which actors have limited to no control coulgotentially be
counterproductive, contributing to inaction, asdauld appear that action could
only influence a relatively small portion of emss.

4.1.5. Methodologies:

Whenever possible, physical data should be usedombination with locally-
updated (Tier Ill) emission factors for energy nsixetc. It is critical that when
emission-factor approaches are used in the quaattdn of emissions, Tier 3 type
emission factors are calculated that accuratelgcefleet composition, fuel mix
and electricity GHG intensiti€.While modeling may be necessary in some cases
(such as estimating territory-wide transportati@e and electricity consumption),

it is essential for the homogenous methodologielet@pplied across updates so

% As seen in the above sections, there is a constate-off between cost and accuracy of inventories

21 This is necessary not only to establish accuratenitories in the first place, but also must be
updated to reflect progress in the deployment néweable energy technologies and changes in GHG
intensity in terms of transport technology.
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that comparable results are produced that can &d as indicators of progress
towards emission goals. If methodologies are chéngemost cases all historic
data sets and emission estimates will also neée tecalculated (often costly and
time-consuming) to allow comparison across timeigost As indicated above,
different methodologies, whether based on physiramodeled data can yield
comparable results, which, depending on the purpbsiee reporting system, may
be sufficiently accurate. However, it is importatitat deviances from any
established methodological norms be clearly ineédafrhis holds true for other
technical details, such as emission factors andadjMvarming potential values.

4.1.6. Homogeneity

Homogeneity in the establishment of the perimeternecessary to ensure
comparability, and when methods diverge, data foath less- and more-inclusive
approaches should be reported in a way that at pessons of inventories can be
useful for comparative/reporting purposes.

4.1.7. Aggregation and Reporting of Results:

Categories should be established that correspolwtad-level policies and actions
to facilitate tracking. Nevertheless, these categoshould be placed within the
larger IPCC-compliant sector divisions to facilgatomparison and integration
with national inventories, as explored below. Thparting format is key to
comparability, thus the IPCC Common Reporting Frnaor&. Data should be
reported in both aggregated and disaggregated f@when methodologies have
varied from norms) following the IPCC sectors aheé WRI/WBCSD Scopes.
Finally meta-data concerning the urban area, inctuohformation on geophysical,
climatic, economic and social characteristics, #hdae included for comparative
purposes.

4.1.8. Verification of Results:

Due the important relationship betweearification and final use of inventory
results, this element will most likely remain pragr-dependent. However, the
above analysis indicates generally that for syrictternal purposes, a third-party or
independent governmental body is desirable, notesszy (see above).
Conversely, the value of these actors becomes uileidie case o¥oluntary and
compulsoryuses, and above all, when market-access is ingdolve
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Table 8: “Model” Inventory Framework

Quantify the total emissions of activities, publioperations and

entire territory

Institutions
Involved

* Local authority
* Regional authorities
* National coordinator

Actors Included

* Public Employees
* Private subcontractors
* All residents and businesses

What

Gases * 6 IPCC-recognized greenhouse gases
Perimeter * Project * Entity * Territory

Scopes * Scope 1 direct emissions

(WRI WBCSD) * Scope 2 indirect emissions (electricity, steasqth

* Optional Scope 3 other indirect emissions
* Care taken to avoid overlap with Scope 3 Pubfierations and
Scope 1 Territorial emissions (transportation)

IPCC Sectors
How

Frequency

All applicable IPCC sectors can be included

Annual (flexible depending on use)

Emission Factor

* Tier 1 factors recognized internationally (IPCC)

* Tier 2 factors for zones that vary greatly frombernational
standards

*Tier 3 Local emission factors required for locatlgpendent
characteristics (heat and electricity, vehicletflegc.)

Activity Data

* Physical data
* Modeled data

* Limited Downscaled data

Attribution of
responsibility

* Production approach for Scope 1 emissions

*Consumption approach (Scope 2 + Transport)

Reporting

Verification

* Disaggregated to local need
* Re-aggregated for IPCC categories

* Third-party involvement necessary to ensure dqualnd
accuracy especially when financial transfers avelired.
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4.2.Next Steps for Research

This research suggests the need for an analysiseohormative and technical
aspects of existing inventory methodologies andr thbility to respond to the

demands of the various uses identified in this pajpeaddition to the technical

analysis of scales and uses on inventory structsiréhe need for a better
understanding of the political economy of the depeient and implementation of
an inventory architecture that caters to the issim#ified above. In the discussion
of local-level greenhouse gas inventories, limitagdital, both in terms of technical
competences as well as the available financialuress has been identified in the
literature, principally leading to a call for nated governments to assist in the
process (Corfee-Morladt al, 2008).

If comparability and coherent national- and loeldl GHG inventory frameworks

is a goal, it appears that national or internafignadance is needed concerning
how the responsibility for emissions is attributedluencing the emission scopes
included, and the perimeter of inventories — botherms of emissions sectors as

well as the appropriate methods of determining adtiative and geographic
boundaries.
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