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Materials & Methods
Content Analysis of:

- 24 Greenhouse Gas
(GHG) Emissions
Inventories of Brazilian
Cities;

- Climate action plansfor
11 cities;

=

4 N

Carbon Acccounting
Approach Used:

Production-Based Carbon
Accounting

Sectors M easured:

e  Stationary energy +
Electricity (all cities)

«  Transport (al cities)
e Waste (al cities)

e Industrial process and
Product Use (4 cities)

e Agriculture, Forestry
and other Land Use
(7 cities)

/ Gaps | dentified

Gap 01: Incompleteness Gap
(17 reports)

GHG Reports did not account GHG
emissions of al economic

sectors/subsectors. Relevant emission
sources may be neglected.

Gap 02: Lack of Transparency
(20 reports)

It is not possible to assess the
accuracy of the GHG results because
input data, emission  sources
emission factors or caculation
methodol ogies were not disclosed.

N

| mpacts on Climate Plans

No climate action plan considered

mitigation actions regarding
consumption patterns of the city and
initiatives for sustainable
consumption

=

Actions to overcome the gaps
Gap 01

To identify main economic activities,

consumption patterns and emission sources

considering both approaches PBA and CBA;

- To assess the necessary data to emission
caculation;

- To analyze the feasibility of data collection;

- To decide about carbon accounting
approach, boundaries sectors and subsectors
to be measured;

- To use more robust information system that

alow anintegrated production-

consumption.

Gap 02

- To identify clearly boundaries, sectors and
sub-sectors included in the GHG inventory;

- Tojustify any exclusion;

To present clearly assumptions, input data,

source of input data, caculation

methodol ogies and emission factors used for

GHG emission calculation;

To describe limitations and uncertainties of

the report;

- To engage stakeholders on GHG inventory

development with a more transparent and
participatory process.
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Abstract

This paper analyzes the differences among the reaisting carbon accounting
methodologies for cities and identifies the shartogs in carbon inventories typically
used. Data were collected from the GHG inventosies climate action plans from 24
Brazilian cities using content analysis. All citidsveloped their GHG inventories using
Production-Based Approach (PBA), adding at leasttatity and waste emissions that
occurred out-boundaries. Several gaps were idedtifi the cities’ greenhouse (GHG)
emissions inventories that consequently impacted tlimate action plans. Two main
types of reporting gaps were identified: incompletess (Gap 1) and lack of
transparency (Gap 2). Seventeen GHG reports pezsé&wp 1. Brazilian cities’ GHG
reports do not appropriately reflect emissions oweg as a result of activities and
consumption patterns of the city. Twenty reporesspnted Gap 2 with no transparency
about assumptions, input data, source of input, dasaission factors, calculation
methods or accounting limitations. Sixteen citiesasured only (I) stationary energy,
including electricity imported by the grid; (ll)ansport; and (lll) waste. Four cities
reported also Industrial Process and Product URRL) emissions and seven, reported
Agriculture, Forestry and other Land Use (AFOLU) issions/removals. Brazilian
cities did not measure GHG emissions related tswmption of foods, beverages and
imports of manufactured products. As a result, limaate action plan considers actions
towards sustainable consumption. The study providsgghts for academics and
policymakers on how to choose the best methodokyy develop more complete

inventories and low-carbon plans.



Key Words: Carbon accounting for cities; Carbon accounting regghes;
Consumption-based carbon accounting; Productioeebasarbon accounting; GHG

emissions inventories gaps, Climate action plans.



1. Introduction

Several studies show that the approach used imdbeunting of Greenhouse
Gases (GHG) can significantly impact the resultshef GHG inventory in cities (e.g.
Sudmant et al., 2018; Andrade et al., 2018). Deipgndn the carbon accounting
approach adopted, some GHG emission sources magdiected or underestimated.
Thus, the accounting method shapes the provisigheoinformation, and consequently

may limit public policies to combat climate char(gtarris et al., 2012).

Existing studies have suggested that, dependinth@mconomic profile of the
city, the results of consumption-based emissiomsritories (CBA) can be much larger
than those of production-based approach (PBA) itoress (e.g. Sudmant et al., 2018;
Andrade et al., 2018). There are authors that supjp@ use of CBA approach
(Dodman, 2009; Harris et al., 2012; Lombardi et2017; Andrade et al., 2018), while
others argue that PBA should continue to be thedsta given the uncertainties,
technical difficulties and lack of data requiredétiably use the CBA approach (Peters,

2008; Afionis et al., 2017; Franzen & Mader, 2018).

Several authors discuss the impact of the carboausting approach on GHG
results (e.g. Dodman, 2009; Harris et al., 2012nbardi et al., 2017; Sudmant et al.,
2018; Andrade et al., 2018). Some recent resedschpsoposes methods to improve
the comprehensiveness and accuracy of carbon acoguar cities (Li et al., 2017a;

Liao et al., 2017; Shan et al., 2017; Cai et &11& Ottelin et al. 2018; Mi et al. 2019).

Emissions data based on inventories are foundatwihslimate change
mitigation research and actions. However, studiesiding on the quality analysis of

cities GHG reports are rare. It was not found m literature any paper that specifically



analyzes the gaps of the cities GHG accountingrtegbereafter referred as “gaps”)

and their climate action plans.

According to Li et al. (2017b), research and pedirelated to city-level GHG
inventories are relatively limited, especially ievéloping countries. Castan Broto &
Bulkeley (2012) and Van der Heijden (2019) also tienthat existing literature about
cities responses to climate change is focused dinidual case studies or small set of

cities in more economically developed countries.

Brazil is one of the world’s largest economies am& of the top ten highest
GHG emitters in the world (Carbon Brief, 2018) pobwg a good case to examine the
kind of methodologies used by cities and the slontngs of their reports. It is a highly
urbanized country with more than 85% of its popafativing in cities. Twenty-four
Brazilian cities have already developed GHG inveaso representing 27.4% of
Brazilian GDP and almost 20% of Brazilian populationore than 40 million people).
The understanding of how Brazilian cities measuldGGemissions and their GHG
reports gaps can bring lessons to improve the wags collect GHG information and

increase the quality of climate action plans.

This paper has some objectives both to fill thesgapthe scientific literature
and provide useful guidance for practice. Firgtlyntends to contribute to the literature
in comparing the different GHG methodologies fdies in terms of coverage, efforts
and usage. Secondly, the study identifies the lamtcomings of the GHG inventories
in terms of quality and gaps (Mi et al., 2019; Mea al., 2019) by assessing the
inventories developed by Brazilian cities. Thirdllge study analyzes how cities in the
most populous country and largest economy of LAtmerica are combating climate

change. Finally, the paper proposes some actiolsypmakers can take in order to



overcome these gaps and improve the quality otitiess GHG inventories and climate
plans contributing to the academic efforts to reduacertainties in cities emission
inventories (Mi et al., 2019). This helps to broadbe scope of existing examples,
mostly from developed countries as pointed out Iy literature (Castan Broto &
Bulkeley, 2012). The research also advances the they can develop broader and
more complete GHG inventories that may lead to neffective low-carbon plans, as
well as make the city population aware of the intgmace of their production and

consumption choices in relation to the climate.

2. Materials & Methods

A literature review was carried out and empiricaltad were obtained from
documents issued by Brazilian cities and other rs@@xy sources in 2018 and 2019.
Even though no questionnaire was applied, the asitbontacted the Latin American
Secretariat of Local Government for Sustainabi(it$LEI) by phone and e-mail to

collect all GHG inventories of its members citinBrazil in 2018.

Brazil is a good case to advance the literaturearbon inventories in cities in
order to overcome the bias of previous studies tdsvaleveloped countries (Castan
Broto & Bulkeley, 2012). As a developing countryaBil is one of the world’s leading

GHG emitter and the most populous and largest engrad Latin America.

ICLEI shared all GHG reports of Brazilian citiesathdeveloped their GHG
inventory with ICLEI support. Once the reports wemealyzed, the researchers
contacted the Carbon Disclosure Project (CDP) inLamerica to collect data Brazilian
cities submitted to CDP Cities and States & Regibatin America. CDP is a platform

cities can report their emissions inventories. menager of the CDP Cities and States
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& Region - Latin America provided access to answibia had been provided by
Brazilian cities to CDP. Through this platform, easchers could find more detailed
information about the GHG accounting of Braziliatles and emission reduction plans.
All information provided by Brazilian cities to theublic platform Carbonn Climate

Registry was also collected and analyzed.

From 18 GHG inventoriés12 are open to the public. Two reports were share
by ICLEI with researchers (Porto Alegre and Betimijiree (Vitéria, Niter6oi and
Goiania) were obtained through CDP and one (Dugu€akias) was publicly available
at the beginning of the research, but not anymalidive climate action plans analyzed

are publicly available.

The research team then carried out a content asallyall GHG inventories and
climate action plans developed by Brazilian cit®ased on the information from (I) the
GHG inventories, (II) answers from Brazilian citiesCDP and (l1l) data supplied from
Brazilian cities to Carbonn Climate Registry, itsvpossible to identify: (I) Carbon
accounting approach followed by each Brazilian atyd (ll) sectors and emission
sources included in GHG reports. Finally, we idéedi the gaps and limitations of each

GHG inventory and classified the different kindggaps.

3. Theory: Literature Review of Carbon Accounting in Cities

3.1 PBA versus CBA

Existing GHG carbon accounting methodologies hawe thasic distinct

approaches: the production-based approach (PBA)endonsumption-based approach

* http://carbonn.org/
? ABC Region GHG Report comprises 7 cities.



(CBA). While the former allocates GHG emissionsaioere they are generated in the

production processes, the latter allocates thestoms to the final consumer.

Several studies show that the GHG accounting approan significantly impact
its GHG inventory results (Sudmant et al., 2018hakiassiadis et al., 2018). Studies
applying different approaches to GHG emissions nitmges of New York, Paris and
Shanghai found divergent results (Ibrahim et @12). Other efforts also reached the
same conclusion for London and Madrid (Andradel.et2@18), Hong Kong (Harris et
al. 2012) and 45 urban areas in China, the U.K. thedU.S. (Sudmant et al., 2018).
Recently, several studies have discussed the ingp#cése methodologies on city-level
carbon inventories and sub-national climate actiems (e.g. Larsen & Hertwich,
201QHarris et al., 2012; Dahal & Niemala, 2017; Sudmetrdl., 2018; Andrade et al.,

2018; Athanassiadis et al., 2018).

Lombardi et al. (2017) define PBA as the methodpldbat includes all
emissions from economic activities by resident canis and households. The PBA
considers embodied emissions derived from the éxpity’s activities. It assigns

responsibility for emissions at the point where é¢h@ssions are produced.

Alternately, CBA measures the carbon emissions céssal with the final
consumption of goods and services. GHG emissioasalculated by subtracting the
emissions associated with exported goods and ssnfrom PBA and adding those
generated to produce imported goods and services$G, 2016; 2017; Andrade et al.,
2018; Sudmant et al., 2018). The CBA consists ofssions generated from the
consumption of goods and services within an argardéess of where emissions from
production of such goods and services have happédatal & Niemeld, 2017).

Therefore, this method includes emission sourcasdhe beyond the boundary of the



city (Lombardi et al., 2017). Example of estimasousing CBA approach include
Ottelin et al. (2018) and Liao et al. (2017). Thestf mapped consumption-based
household carbon footprints to estimate carbon soms of urban zones within
Helsinki Metropolitan Area. The latter used an iputput model to measure the

economic contribution of sectors and household3@® emissions of Beijing.

Although the PBA is the most commonly used apprdagttities around the
world, several authors defend the CBA methodoldgpgth approaches have positive
and negative aspects (see in Table 1). The keyn#ayes of CBA include (I)
eliminating carbon leakage, (ll) covering more esiuss, (Ill) consistency between
consumption and environmental impacts and (IV)aasing mitigation options (Peters,
2008; Afinois et al., 2017; Andrade et al., 2018gveral authors agree that it is
technically more difficult and uncertain to use CBaAstead of PBA (Peters, 2008;
Grasso, 2016; Franzen & Mader, 2018; Sudmant g2@l8). CBA method requires
more complex calculations, assumptions and estmatfPeters, 2008; Dodman, 2009;
Afionis et al., 2017), while the PBA is much closerthe statistical sources. It includes
domestic activities and is more consistent with ¢bacept of gross domestic product

(GDP) (Peters, 2008).

However, the two methodologies are not competingther, they are
complementary. lbrahim (et al., 2012), Lombardiakt(2017), Andrade et al. (2018)
and Athanassiadis et al. (2018) agree that a cahbmof these methods can be used.
This combination would measure GHGs within city bdaries, plus indirect emissions
deriving from infrastructure and non-infrastructis@pply chains that serve the entire

community.



Table 1: Main Advantages and Disadvantages of Ed¢6G Accounting Approach

GHG Advantages Disadvantages References

Accounting

Approach

PBA -Established reporting and widespread use; - Coverage of only emissions generated insiBeters (2008); Dodman
- Information used is closer to statistical souyces | the territory; (2009); Grasso (2016);
- Straightforward calculations; - Lack consideration of emissions related| &fionis et al. (2017);
- Less uncertainty; imported products and goods; Franzen &  Mader
-Consistency with political and environmentalMotivation for carbon leakage; (2018)
boundaries; - Guiding ineffective mitigation policies.
- Government has more easily the authority| to
implement policies over the emissions.

CBA - Elimination of carbon leakage; - Increase uncertainties; Peters (2008); Dodman

- Coverage of emissions related to (I) impor
products, materials, goods and services and

logistics of consumed products, materials and goo
-Consistency between
environmental impacts;

- Responsibility and fairness over consumption;

- More precise diagnosis about the main emis
sources of the cities;

- Highlighting the impacts of a consumption lifdsty

tedrechnical complexity;
(IWider range of goods and services across
deconomy and across the borders should

consumption ammonsidered,;

- Mitigation options can require politic

siamd political influence.

decisions outside the administrative boundariesal. (2018); Andrade ¢

(2009); Larsen &
thertwich (2010); Grass
(@€16); Afionis et al,
(2017); Franzen &
aMader (2018); Sudmar

[®)

~ —+

al. (2018)

Source: Developed by the authors
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Some recent publications have proposed ways fostamting GHG emissions
for cities using a combination of both approact&isan et al. (2017) proposes a PBA
approach that estimates GHG emissions from Chic#égs through energy balance
table. Li et al. (2017a) suggests a PBA approachdiyg sampling surveys, enterprise
GHG reports and the spatial distributions. Caile2918) estimated emissions, using a
PBA approach, establishing high spatial resolutiataset of C® emissions of 286

Chinese prefecture-level cities in 2012.

Uncertainties of GHG inventories are high. Mi et(2019) argue that efforts are
needed to reduce those uncertainties. Li et all1BD mentioned problems in the
Chinese cities inventories as incompleteness duelata unavailability, reporting
problems and inconsistencies between the framewanid the contents of the
inventories. Andrade et al. (2018) mentions impdrtgdources of uncertainties
associated to the Madrid's GHG emissions inverdsriack of disaggregated and high-

guality data at a local scale.

Emission data are fundamental for guiding climatange mitigation research
and actions. Although several papers provide meathow improve the
comprehensiveness and accuracy of carbon accoumtingities, there are still
uncertainties in these inventories. However, liifiort has been made to identify and
classify the gaps in a comprehensive manner basethe existing inventories and
plans. The lack of consistent and comparable GH@&soms data at the city level is
one of the four remaining gaps in the urban clinetgons research area (Mi et al.,

2019).

The only study found that explores the quality & disclosures by cities is
Mia et al. (2019). Their paper highlights that prgiudies predominantly focused on

corporate-level GHG disclosure and that there hesnbimited research, exploring

11



cities’ GHG disclosure. The manuscript then anay@HG disclosure of 42 cities
published on CDP platform through the expectatiap gramework. This paper is
focused on reports of cities from C-40 internatlonatwork and just discusses data

provided by CDP. Detalils of cities GHG reports doents are not analyzed.

Castan Broto & Bulkeley (2012) says that reseatobuf cities responses to
climate change has mainly focused on case studigmall sets of cities with a focus on
members of specific transnational networks or eaily pioneers. Van der Heijden
(2019) also concluded that the empirical urban alengovernance literature is still
dominated by studies (and scholars) from the Gldlmath, and it is still dominated by
single-n and small-n studies. This fact has creatgdographical bias towards cities in

more economically developed countries.

3.2 Frameworks and Protocols

All GHG quantification protocols for cities derivéheir approaches and
methodologies from 2006 IPCC guidelines (Andradal.e2018), which is based on the
PBA approach. This methodology measures GHG emmissiombining information of
economic activity (called activity data, AD) (e.glectricity and fossil fuel consumed)
with coefficients that quantify the related emissicor removals per unit of activity

(called emission factors, EF). GHG emissions &erefore, calculated as follows:

Math Formulae 1: GHG Emissions =AD, x EF; for each activity i.

This method requires the reporting of direct emissi from sectors and
subsectors and can also be applied at districtsirwthe city’s boundaries. Emission
sources are generally classified into four sect@ysnergy, (ii) industrial process and
product use (IPPU), (ii) waste, and (iv) agricoétu forestry, and other land use

(AFOLU).

12



Cities have become the object of recently developedhodologies, such as
PAS 2070:2013 (PAS 2070) (Andrade et al., 2018)SRA70 specifies requirements
for the assessment of the GHG emissions of a sitygutwo distinct methodologies: (1)
a direct plus supply chain (PAS 2070-DPSC) methagipbnd (II) a CBA methodology

(PAS 2070-CB).

PAS 2070-DPSC includes PBA emissions plus emissams®ciated with the
largest supply chains serving the cities, includwater supply, food and drink, and
construction materials, specifically cement anclIsteAS 2070-CB captures lifecycle
GHG emissions for all goods and services consunyethé city. The PAS 2070-CB
methodology sets out an approach to calculate th& @missions linked to global and
national supply chains with the use of environmigntaxtended input output (EEIO)

matrices.

Another protocol is the Global Protocol for Commysficale Greenhouse Gas
Emission Inventories (GPC), developed by a parhiersetween the World Resources
Institute (WRI), the Local Governments for Sustaiftity (ICLEI) and the Cities
Climate Leadership Group (C40) in 2014. The GPQuireg cities to measure and
disclose a GHG inventory using both production eadsumption activities within the
city boundary. It includes some emissions releasatside the city boundary. It
categorizes all emissions into 3 “scopes”, dependin where they physically occur

(WRI, 2014), as follows:

* Scope 1: GHG emissions from sources located wittercity boundary.
* Scope 2: GHG emissions from using grid-suppliedteldty, heat, steam and/or
cooling within the city boundary.

» Scope 3: All other GHG emissions that occur outsirgecity boundary.

13



GHG emissions from city activities shall be classifinto six main sectors

according to the GPC: (I) Stationary Energy; (lljafdsportation; (lll) Waste; (IV)

Industrial Processes and Product Use (IPPU); (MWickgure, Forest and other Land

Use (AFOLU) and (V1) Any other emissions occurrmgtside the geographic boundary

as a result of city activities may be reported satedy (WRI, 2014). These sectors are

broken down by subsectors. Table 2 summarizes caabon accounting protocols.

Table 2: Characteristics of carbon accounting fraorks

Characteristics Carbon Accounting Frameworks
IPCC GPC PAS 2070-DPSC PAS 2070-CB
Carbon PBA PBA PBA + largest CBA
Accounting supply chains
Approach
Sectoral Energy Stationary Stationary Food and Drink
division (including Energy; Energy; Utility Services;
Transportation)| Transportation; | Transportation; | Household;
Waste, IPPU Waste; IPPU] Waste; IPPU; Transport
and AFOLU AFOLU and| AFOLU and| Services; Private
Other emissions Goods and Services; Othef
out-boundary Services Good and
Services
Emission No Yes Yes No
Subdivision by
scopes

Source:

4. Results and Discussions

4.1

Developed by the authors

Reports and Methodologies Used

Twenty-four cities reported their GHG inventoriesing the Carbonn Climate

Registry or CDP databases (17 cities plus the A8§ion, see Table 3) by may/2019.

These 24 cities represent 27.4% of the BraziliarP@d account for almost 40 million

people, which is 19.7% of the country’s populatibhese cities are located in 12 Brazil

states (see figure 1). Twelve cities are capitbkheir states (i.e., Vitéria, Jodo Pessoa,

Palmas, Recife, Goiania, Fortaleza, Salvador, Palkegre, Curitiba, Belo Horizonte,

14



Rio de Janeiro and Sao Paulo) and seven form the Afgion, which are part of the
metropolitan area of the city of Sdo Paulo: Diademaud, Ribeirdo Pires, Rio Grande

da Serra, Santo André, Sao Bernardo do Campo an@&tano do Sul.
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LEGEND

* Counties [24]
[ Country boundaries

A 10 0 10 20km
N S

Figure 1 — Brazilian cities that developed the Gid@ntory

Source: Developed by the authors

Figure 2 shows the GDP distribution by economidvégtin each Brazilian city.
There is a predominance of service activities, Wwivary between 52% and 88% of the
GDP. Betim, Maua and Diadema are the cities whedesdtrial activities have higher
GDP shares (48%, 38% and 34%, respectively). Aju and livestock are not

relevant economic activities for any of the 24asti
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Sdo Paulo

Rio de Janeiro
Belo Horizonte
Curitiba
Porto Alegre
Salvador
Fortaleza
Goidnia
Recife

Palmas

Jodo Pessoa

Vitoria

Sdo Bernardo do...

Duque de Caxias
Sorocaba

Niteroi

Santo André

Betim

Londrina

Diadema

Maud

S&do Caetano do Sul

Ribeirdo Pires

Rio Grande da...

S 10y 88%
o 15y 85%
S 18y 82%
L 19% 81%
S 1% 89%
S 1e% 84%
S 18y 82%
L 18y 82%
17y, 83%
[ —T7, 82%
e 79%
17y 82%
gy, 72%
N 73%
7 68%
L 30y 70%
ey 78%
7 Y, 52%
o — 80%
L gy, 66%
L 38y 62%
7y 73%

74%

——5

69%

I

B % Services B % Industry B % Agriculture and Livestock

Figure 2 — GDP by Economic Activity (%)

Source: Developed by the authors from data of IERBE5)

Table 3 consolidates the accounting year, methggalsed and GHG emissions

results by scope according to GPC methodology|dfis. Nineteen cities used GPC

methodology for their GHG inventories. Rio de JamgRio de Janeiro, 2015) and

Goiania (Goiania, 2013) reported their GHG inveie®rusing both GPC and IPCC

methodologies.
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Results of Belo Horizonte (Belo Horizonte, 2009 p03aulo (Séo Paulo, 2013)

and Sorocaba (Sorocaba, 2014) followed IPCC, thes emissions are not presented

by scope. Londrina did not present their resultstype (Londrina, 2017), though its

GHG inventories follow GPC. GHG Inventory Report the ABC Region does not

distribute emissions of each city per scope, justthie aggregate (Consorcio

Intermunicipal do Grande ABC, 2017a).

Table 3: GHG Emissions by Scope Per City

' Base T_ota}l Emissions | Emissions| Emissions
City Year Methodology | Emissions | - Scope 1| - Scope 2| - Scope 3
(tCO2e) (tCO2e) (tCO2e) (tCO2e)
ABC Region 2014 GPC 9.879.437 | 8.451.956| 1.227.278  200.202
Belo Horizonte 2007 IPCC 3.187.983
Betim 2013 GPC 2.250.980 | 1.394.960 856.020
Curitiba 2013 GPC 4.125.853 | 2.686.651 349.791| 1.089.411
Duque de Caxias | 2014 GPC 2.264.578 | 2.001.034| 263.543 244277
Fortaleza 2012 GPC 3.827.521 | 2.162.866 213.992| 1.450.683
GPC and IPCC
Goiania 2012 2006 2.686.640 | 1.890.800 125.520 670.32(
Jodo Pessoa 2014 GPC 2.837.499 | 2.309.846 194.421 333.232
Londrina 2013 GPC 1.105.964
Niteroi 2015 GPC 1.729.602 | 1.134.408 164.574 430.62(
Palmas 2013 GPC 646.478 589.055 36.336 21.087
Porto Alegre 2013 GPC 2.829.128 | 1.917.235 350.704 561.189
Recife 2015 GPC 3.120.426 | 1.687.504| 203.869, 1.229.053
GPC and IPC(C
Rio de Janeiro 2012 2006 22.637.140| 19.344.810 1.413.430| 1.563.040
Salvador 2013 GPC 3.698.963 | 3.242.166 366.395 90.402
Séo Paulo 2009 IPCC 2006 | 15.115.000
Sorocaba 2012 IPCC 2006 | 1.108.205
Vitéria 2015 GPC 2.798.291 | 2.424.305 367.109 6.877

Source: Developed by the authors using data of G@rts of the cities
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4.2 Emission analysis

Content analyses of GHG Reports were carried odt igure 3 shows the
relevance of the scopes for each city. Emissiooi fscope 1 are the most relevant to
all Brazilian cities in this study. Scope 1 covemissions in-boundary related to

stationary energy, transport, waste, IPPU and AFOLU

All cities reported electricity consumed from theatinal Interconnected
System by industries, residences, commercial astitutional buildings, independently
of whether electricity generation occurred in theoundaries. These emissions are
reported as scope 2. Most of the cities also redosbme indirect emissions, which
were mainly emissions related to waste disposaboundaries and transport (e.g., air

travel and maritime freight).
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Curitiba | EY s 260/ 65%
Duque de Caxias 1195L2% 88%
Fortaleza 004 3800 57%
Goiania . 10%
Jo80 Pessoc el 120, 81%
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m Emissions - Scope 01 (tCO2e)m Emissions - Scope 02 (tCO2e)mEmissions - Scope 03 (tCO2e)

Figure 3 — GHG Emissions by Scope (%)

Source: Developed by the authors using data of GH@rts of the cities
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Figure 4 shows GHG emissions by sector. All citiggorted emissions related
to (I) stationary energy, including electricity iomped by the grid; (Il) transport; and
(1) waste. Sixteen cities reported only thesee¢hcategories. Some did so because it
was their first experience in conducting a GHG mteey (e.g., Recife, Fortaleza, ABC
Region, Porto Alegre), while others (e.g., Sdo ®adkecided to focus on the main
relevant emission sources, as suggested by thatlite (Damsg et al., 2016; Li et al.,

2017b)

Four cities reported IPPU (Dugque de Caxias, RioJdeeiro, S&do Paulo and
Palmas), and seven cities (Duque de Caxias, Cayri@niania, Palmas, S&o Paulo,
Sorocaba and Rio de Janeiro) reported AFOLU enmisgiemovals. Emissions related

to consumption are just considered by Duque dedgXuque de Caxias, 2016).
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Figure 4 — GHG Emissions by Sector (%).

Source: Developed by the authors using data of @&@rts of the cities
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As discussed in 4.2.2, transport is the most rele@&HG emission source. The
only exceptions are Duque de Caixas, Jodo Pessb®R@nde Janeiro. When sub-
sectors are analyzed, it can be seen differencesebr GHG emissions sources

accounted by each city in the same sector, adekbtaelow.

4.2.1 Stationary Energy

Stationary energy includes emissions related to gdweeration of all energy
sources for residential, commercial and institudidouildings; manufacturing industries
and construction, energy industries and agricultanestry and fishing activities (WRI,
2014). There is a certain uniformity of station@nergy emission sources reported by

Brazilian cities as showed by table 4.

Figure 5 shows stationary energy emissions for e#ghand its relevance for
each city GHG inventory. Rio de Janeiro presenghdr stationary energy emissions.
These emissions are mainly related to energy copsom of three thermoelectric
plants that generate electricity from fossil fu@B%o), industries (22%), residential
buildings (16%) and commercial and institutionalldings (14%) (Rio de Janeiro,

2015).

Séo Paulo also shows relevant stationary emissimasly associated to (I)
natural gas and liquified petroleum Gas (LPG) cam=al by residential buildings
(37%); (II) natural gas consumed by industries (228d (Ill) fuels used to generate
electricity (20%) (Sao Paulo, 2013). Industries%®5and residential buildings (21%)
present the most relevant stationary emissione@®BC Region. The most important
fuels are Electricity (45%), LPG (13%) and Natur@as (13%) (Consoércio
Intermunicipal do Grande ABC, 2017a). Jodo Pesgesepts important stationary

emissions due to an oil power plant located inditye (72%) (Jodo Pessoa, 2018) and
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Betim (Betim, 2016) shows relevant stationary emoiss related just to electricity

consumption, as discussed in table 4.
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Figure 5 — Stationary Emissions by City (tCO2e).

Source: Developed by the authors using data of @i@rts of the cities

Emissions calculations were based on fuels soldlenthe city to generate
thermal energy and electricity consumed from th&éddal Grid. When cities followed
IPCC Guidelines (Belo Horizonte, 2009; Sdo Paul@l3 Sorocaba, 2014; Rio de
Janeiro, 2015; Duque de Caxias, 2016), StationadyTaansportation were considered
in the same sub-sector. When GPC was followed,ethesissions sources were

accounted individually.
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4.2.2 Transport

The transport sector included transportation byraad, off-road, railway,
aviation and waterborne navigation (WRI, 2014). Wiigere was no airport or access
to a sealriver, these emissions were not preséatgd ABC region Report). However,
using a CBA approach, even for cities where ther@a airport or port, emissions
associated to air travel and maritime transpomatod products consumed by its

population should be accounted.

In general, these emissions were calculated comsgdéuels sold inside the
cities’ boundaries (e.g. Sorocaba, 2014; Recife]l520Curitiba, 2016; Consorcio

Intermunicipal do Grande ABC, 2017a).

Emissions from transport are the most important Gét@rce for almost all
cities. The only exceptions are (I) Dugue de Caindeere IPPU emissions are the most
relevant (Duque de Caxias, 2016), (I) Jodo Pegkuio Pessoa, 2018) and (Ill) Rio de
Janeiro (Rio de Janeiro,2015), where stationaryssions have the highest numbers.

Figure 6 shows transport emissions and its relev&rceach GHG inventory.
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Figure 6 — Transport Emissions by City (tCO2e).

Source: Developed by the authors using data of @@rts of the cities

23



Séo Paulo, Rio de Janeiro and ABC Region presemthighest transport
emissions numbers. S&o Paulo and Rio de Janeithe@ties with highest population
and vehicle fleet. Diesel consumed by trucks aeentiost important transport emission

source in ABC Region (Consorcio Intermunicipal da@le ABC, 2017a).

4.2.3 IPPU - Industrial Process and Product Use

Sé&o Paulo, Rio de Janeiro, Duque de Caxias andaBane the only cities that
accounted IPPU emissions. In Duque de Caixas (DutpieCaxias, 2016), IPPU
emissions are related to emissions from the DugueCdxias Petroleum Refinery.
Emissions from cement and steel production were atmsidered in this category,
although production plants were not located in dy. This city also estimated

emissions from using refrigerators, foams, aeraogotsair conditioners.

In Rio de Janeiro (Rio de Janeiro, 2015), it wagsoreed leakage emissions
presented in glass, methanol and steel producimnissions related to the use of
lubricants and greases were also considered. Sdo f&fo Paulo, 2013) also reported
emissions leakage occurred due to glass produetiohlubricants and greases use in
addition to the use of substances that cause olayee depletion. Palmas (Palmas,
2017) did not detail information about IPPU emissicsources measured. Figure 7

shows IPPU emissions by city.
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Figure 7 —IPPU Emissions by City (tCO2e).
Source: Developed by the authors using data of @i@rts of the cities

4.2.4 Waste

Waste emissions covered emissions associated wdktewmanagement,
independent of whether these practices occurrdabimdary or out-boundary (WRI,
2014). All cities measured in-boundary waste eraissi Only three cities — Palmas
(Palmas, 2017), Rio de Janeiro (Rio de Janeirol8idd Sao Paulo (Sao Paulo, 2013)
considered all practices of waste management. Tdie gap is the biological treatment
of waste that was just considered by these citregneration was either not always
accounted, thus only nine cities reported, as dsadl in table 4. As the largest cities in
the group, Rio de Janeiro and Sao Paulo presertigiiest emissions from waste as
shown in figure 8. Goiania (Goiania, 2013), Forzal€¢Fortaleza, 2016a) and Londrina

(Londrina, 2017) are the cities where waste emissare the most relevant.
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Figure 8 —~Waste Emissions by City (tCO2e).

Source: Developed by the authors using data of @i@rts of the cities

4.2.5 AFOLU - Agriculture, Forestry, and Other Land Use

AFOLU emissions and removals included agricultdogestry and other land
use. In Palmas (Palmas, 2017) and Goiania (Goi&ta3), AFOLU showed some
relevance due to urban pressures over green amddssastock activities. In Duque de
Caxias (Duque de Caxias, 2016), the carbon capiyrgreen areas produced relevant

carbon removals as presented in figure 9.
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Figure 9 —AFOLU Emissions/Removals by City (tCO2e).

Source: Developed by the authors using data of @i@rts of the cities

4.3 Carbon Accounting Approaches

Brazilian cities are not using CBA approach to dewea GHG inventory. All

cities used a PBA approach, adding emissions agsdcwith (1) electricity consumed

produced out-boundary; (2) waste emissions gercetatehe city but disposed at out-

boundary sites; and in some cases (3) transpodsens that occurred out-boundary

(e.g., air travel, maritime).

This practice is not found in the traditional PBA&ngrally used by cities

worldwide. Cities following the PBA usually do nabnsider these sources, as for

example, when Harris et al. (2012) analyzed Hongdimventories and Andrade et al.

(2018) examined Madrid’s GHG emissions.

Brazilian cities did not account emissions assediatith food, beverages and

manufactured goods consumed by the city but pratiwee-boundary. The city of
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Duque de Caxias (Duque de Caxias, 2016) was theattyglto measure emissions from

cement and steel that was used in the city.

The literature shows that an important share afyaernission can be attributed
to the production and transport of imported progaetd services from outside the city’s
boundaries, such as food, manufactured productscandumables (Dodman, 2009;

Lombardi et al., 2017; Andrade et al., 2018).

The experience of London using PAS 2070-DPSC shothatl goods and
services comprise an additional 18% of emissiorith fwod and drink being the major
contributor (Greater London Authority, 2014). Andeaet al. (2018) showed that
Madrid doubled their total GHG emissions under BBA when using the PAS 2070-

DPSC Standard.

Emissions from the production and transport of irgub products and services
can be patrticularly relevant for the Brazilianestin this study once their economies are
mainly based on services. This implies that fooelydbages, construction inputs and
other manufactured products consumed by the papulatithin the boundaries of those
cities are produced elsewhere. Emissions assocmtedhese products have not been

accounted by these Brazilian cities.

The Brazilian official statistics institutions dotprovide information regarding
products bought or sold from other cities/state8razil. There is no environmentally
extended input output (or EEIO) for Brazilian citieThis fact makes it difficult to
develop a CBA inventory. More complex calculatioasd assumptions would be
needed, increasing uncertainties. These findinge Wwighlighted as a disadvantage by
several authors (Peters, 2008; Dodman, 2009; Gr&3b6; Afionis et al., 2017,

Franzen & Mader, 2018; Sudmant et al., 2018).
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Data obtained from Research of Families Budget Idpeel by IBGE (2009)
shows that food, clothing and personal care condulbyeurban population represent
from 8.4% to 19.4% of the cities’ GDP. Among thessns, expenditures related to
food have the greatest importance in all cities.tiAese cities do not present relevant
agriculture and industrial activities, it is reaable to assume that these items come
from another city, state or country. Therefore,sswins related to their production were

not accounted in the inventories of the cities.

Although a CBA approach would provide more compnsiee results and a
more complete diagnosis of city emissions, manynesés would have to be developed,
which could hinder the accuracy of the results.sThs aligned with the CBA
disadvantages mentioned in the literature (Pe088; Dodman, 2009; Grasso, 2016;

Afionis et al., 2017; Franzen & Mader, 2018; Sudtretral., 2018).

GHG inventories of Brazilian cities have considesmine sources of indirect
emissions, but there is still a long way to go thiave the complete application of
methods such as the PAS 2070-DPSC. For this apiphctn be possible, it is necessary
to improve statistical information at the city léwshich is recommended by Andrade et

al. (2018).

4.4 Differences and Gaps in the GHG inventories

The gaps identified in Brazilian cities GHG reparés be divided into two main

types: incompleteness a lack of transparency.

Gap 1 — IncompletenessThe reported GHG emissions shall appropriately
reflect emissions occurring as a result of aceeitand consumption patterns of the city
(WRI, 2014). Cities shall account for all requiresnissions sources within the

inventory boundary. Some GHG inventories did natoant GHG emissions of all
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economic sectors and emissions sources, indepdyndeitthe carbon accounting
approach chosen. For example, in the report omB@Hetim, 2016), where industrial
sector is the most important economic activity,sooirce of stationary energy neither
IPPU were accounted. The report of ABC region (©@etis Intermunicipal do Grande
ABC, 2017a), where more than 2.7 million people limo emission related to aviation
was considered because there is no airport atdpermr. At these GHG emissions
inventories, relevant emission sources may be ntggleTherefore, GHG results can be
underestimated. Consequently, results can guidéetimactions to combat climate

change within the city.

Gap 2 - Lack of Transparency Data, emission sources, emission factors, and
accounting methodologies require adequate documm@mtand disclosure to enable
verification. The information should be enough towa individuals outside of the
inventory process to use the same source data andedthe same results. All
exclusions shall be clearly identified, disclosed gustified. Several GHG inventories
were not transparent. Some reports did not presgnit data, emission sources
included; emission factors or calculation methodams (e.g. Betim, Recife, Fortaleza,
Porto Alegre, Salvador, Sao Paulo). The lack afgparency of these GHG inventories
limits the reproducibility of their results by airith party . Therefore, it is not feasible to

assess the accuracy of the GHG results of thesetsep

Both gaps are indirectly mentioned in previousrdtere. Croci et al. (2017),
analyzing mitigation options of 124 European cititmund that GHG inventories of
these cities did not cover the same sectors. Mah ¢2019), analyzing GHG disclosure
of 42 mega cities from C-40, also found that GH&@eimtories were incomplete, once
they did not account for all emission sources amtiGGand they present deficiencies

regarding transparency.
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Seventeen GHG reports presented incompleteness1(Gapd twenty presented
lack of transparency (Gap 2). Table 4 presentsildesheach report and a discussion
about sectors and sub-sectors considered by eglnighlighting gaps and limitations

of each report.

In order to close the gaps identified in the regeand seeking to contribute to
the efforts, asked by Mi et al. (2019), of reducimgcertainties of cities emission
inventories, several initiatives could be easilye@&xed, such as identification of the
main economic activities and consumption pattelnas tould generate large emissions
and the presentation of source of inputs. Tableirinsarizes the potential actions to

reduce the emissions.
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Table 4 — Sectors, Sub-sectors and Gaps of EactrRep

_ Sectors and Emission Sources Included in GHG Inveaties Gaps Discussion about subsectors, gaps and limitaitis
City Stationary 1 5
Energy Waste Transport IPPU AFOLU
GHG Report is transparent about assumptipns,
emission factors and some limitations of the report
However, input data used for calculation is notspreed
Residential | Solid waste .
Buildings disposal GHG results cannot be reproduced. The following-sub
(SWD) .
Commercial On Road sectors were not accounted:
and Incineration
ABC - Off-Road 3
Region Insu_tuponal and.open N.A. N.A. Yes Yes |,  Aviation and Waterborne navigation:
Buildings burning of .
aste Railways
. w » Biological treatment of waste;
Manufacturing
Industries and| Wastewater e Oneinci i it t idered due t &
Construction |  treatment ne incineration site was not considered due q
data;
e |PPU and AFOLU emissions.
ITgeus"lg%nt;al GHG Report is transparent about emissions sources,
9 SWD On Road
B_elo Commercial o NA Land Use No No calculation methodologies and limitations. Howevedoes
Horizonte Wastewater| Aviation
and . :
- treatment not present input data used. The following sutiessovere
Institutional
Buildings
* N.A. means Not accounted.
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_ Sectors and Emission Sources Included in GHG Inveaties Gaps Discussion about subsectors, gaps and limitaitis
City Stationary 1 5
Energy Waste Transport IPPU AFOLU
not accounted:

Manufacturing

Industries and o )

Construction * Waterborne navigation, Railway and Off-Road
Fugitive transportation are not mentioned;

Emissions _ _ . . .
from Oil and e Incineration and Open Burning and Biological
Natural Gas

System treatment;
* IPPU;
e Livestock.
Residential GHG Report is not transparent about assumptjons,
Buildings
input data, emission factors and limitations. Isvidentified
Commercial
and that GHG results may be underestimated because:
Institutional
Buildings SWD On Road
» It was considered just electricity in StationaryeEyy.
Betim Manufacturing Railways N.A. N.A. Yes Yes
Industries and Wastewater Betim has relevant industrial sector and no other
. treatment i
Construction Aviation
stationary energy emission was accounted. [This
Energy

Industries emission source could be relevant once industrial

Non-Specified activities represent 48% of the city GDP.
Sources
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_ Sectors and Emission Sources Included in GHG Inveaties Gaps Discussion about subsectors, gaps and limitaitis
City Stationary 1 5
Energy Waste Transport IPPU AFOLU
* Waterborne navigation and Off-Road transportation
were not accounted,;
e |PPU, AFOLU and Open Burning and Biologi
treatment of waste were not considered.
Residential
Buildings
GHG Report is not transparent about assumptlons,
Commercial
and On Road input data, emission factors and limitations. Fugit
Institutional
Buildings Off-Road emissions of HFCs are mentioned but not accounted.
. SWD . . .
Manufacturing Waterborne Biological treatment of waste was not consideredMaste
Curitiba Industries and I N.A. AFOLU No Yes
. Wastewater | Navigation
Construction treatment sub-sector. GHG Report presents result for AFOLW dni
Railways _ . . .
Energy not provide additional information about sub-seespr
Industries .
Aviation
measured.
Agriculture,
forestry and
fishing
activities
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Sectors and Emission Sources Included in GHG Inveaties

Gaps

Discussion about subsectors, gaps and limitatis

City Stationary 1 5
Energy Waste Transport IPPU AFOLU
Residential
Buildings . . J
On Road GHG Report is transparent about assumptions, input
Commercial - .
and Off-Road Industrial _ data, sources of data and emission calculation. @rtke
- SWD Livestock
Institutional Processes i . )
Dugque de Buildings Waterborne (IP) most complete GHG inventory among Brazilian citjes.
) S Land Use and No No
Caxias Navigation . . . . .
Manufacturing Wastewater Product Use Wood . Incineration and Open Burning and Biological treaminof
) treatment . Consumption
Industries and Railways (PL) )
Construction waste were not considered.
Aviation
Energy
Industries
Residential GHG Report is not transparent about assumptjons,
Buildings
SWD input data, emission factors and limitations. Th#ofving
Commercial
and On Road sub-sector were not accounted:
Institutional Incineration
Buildings and open
Fortaleza burning of Off Road N.A. N.A. Yes | Yes|, Railway:
Manufacturing waste Aviation
Industries and * Biological treatment of waste and wastewater treatim
Construction
* IPPU and AFOLU.
Energy
Industries
Residential SWD On Road GHG Report is not transparent about assumptjons,
Buildings Livestock
Goiania Wastewater| Off Road N.A. Yes | Yes |input data and emission factors. Report did nosictar:
Commercial Land Use
treatment -
and Aviation
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Sectors and Emission Sources Included in GHG Inveaties

Gaps

Discussion about subsectors, gaps and limitatis

City Stationary 1 5
Energy Waste Transport IPPU AFOLU
Institutional * Railway and Waterborne Navigation;
Buildings
» Biological treatment and Incineration;
Manufacturing
Industries and e« |IPPU.
Construction
Energy
Industries
Residential
Buildings
Commercial
and SWD GHG Report is transparent about assumptions| and
Institutional On Road
Buildings Incineration emission factors but input data are not preseMiézderborng
Jodo and open Off-Road
Pessoa | Manufacturingl  burning of N.A. N.A. Yes | Yes | navigation was not considered due to lack of d&®RU and
Industries and waste Railways
Construction AFOLU were not accounted.
Wastewater | Aviation
Energy treatment
Industries
Non-Specified
Sources
Residential SWD GHG Report is transparent about assumptions| and
Buildings On Road
Incineration input data. However, emission factors and calaofgti
Londrina Commercial and open Off-Road N.A. N.A. Yes Yes
and burning of methods are not presented. GHG Report did not atcou
Institutional waste Aviation
Buildings
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_ Sectors and Emission Sources Included in GHG Inveaties Gaps Discussion about subsectors, gaps and limitatis
City Stationary 5
Energy Waste Transport IPPU AFOLU
Wastewater * Railway and Waterborne;
Manufacturing| treatment
Industries and * Biological treatment of waste;
Construction
* IPPU and AFOLU.
Energy
Industries
Agriculture,
forestry and
fishing
activities
Non-Specified
Sources
SWD
Res_ld_entlal _ _ On Road
Buildings Incineration
_ and_open Off-Road Authors have access just to main results of the GHG
Commercial burning of
and waste Waterborna IP Livestock inventory. It was not possible to assess transpgreh the
Palmas Institutional S No Yes
- . . Navigation - . .
Buildings Biological PU Land Use report because the official report is not public.
treatmente of Railwavs
Manufacturing waste y
Industries and Aviation
Construction | Wastewater
treatment
Residential SWD On Road GHG Report is not transparent about input datajand
Porto Buildings
Alegre Wastewater | Railways N-A. N-A. Yes ves emission factors. GHG report did not account tHe¥ang
Commercial treatment
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_ Sectors and Emission Sources Included in GHG Inveaties Gaps Discussion about subsectors, gaps and limitaitis
City Stationary 1 5
Energy Waste Transport IPPU AFOLU
and Aviation sub-sectors:
Institutional
Buildings o
*  Waterborne navigation;
Manufacturing
Industries and * Incineration and biological;
Construction
* IPPU and AFOLU.
Energy
Industries
Agriculture,
forestry and
fishing
activities
GHG Report is transparent about assumptions| and
Residential input data. However, it does not present emissamofs.
Buildings
g SWD On Road GHG Report did not present:
COH;:SFCIal Incineration Waterborne
N igati « Biological treatment and wastewater treatment
Recife Institutional and open Navigation N.A. N.A. Yes Yes g
Buildings burning of Railways and discharge;
waste
Manufacturing . )
Industries and Aviation IPPU;
Construction
e AFOLU.
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_ Sectors and Emission Sources Included in GHG Inveaties Gaps Discussion about subsectors, gaps and limitatis
City Stationary 1 5
Energy Waste Transport IPPU AFOLU
Residential
Buildings
Commercial
and
Institutional SWD
Buildings . .
Incineration
: and open On Road )
Manufacturing burning of GHG Report is not transparent about assumpt
Industries and
. waste Off-Road ; _ o :
Construction Livestock input data and emission factors. It is one of thest
i IP
Rio de Wastewater | Waterborne ) , o "
Janeiro Energy treatment | Navigation Land Use No Yes | complete GHG inventories among Brazilian cities ey
Industries PU
N Biological Railways Agriculture sector includes Stationary Energy and Transportatio
Fugitive
2 treatmente of
Emissions : .
i waste inthe| Aviation
from Oil and cit
Natural Gas y
System
Agriculture,
Forestry and
Fishing
Activities
Residential SWD
Buildings On Road GHG Report is transparent about assumptions
Incineration
Salvador Commercial and_open Wate_zrbqrne NA NA Yes ves | Sources of data. However, it does not present idptd ang
and burning of | Navigation
Institutional waste emission factors. Biological treatment of wastePWPand
Buildings Aviation
Wastewater

ons,

and
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_ Sectors and Emission Sources Included in GHG Inveaties Gaps Discussion about subsectors, gaps and limitaitis
City Stationary 1 5
Energy Waste Transport IPPU AFOLU
Manufacturing| treatment AFOLU were not accounted.
Industries and
Construction
Energy
Industries
Agriculture,
forestry and
fishing
activities
Residential
Buildings
Commercial SWD
and
Institutional . .
- Incineration
Buildings
and open
. On Road .
Manufacturing burning of _ GHG Report is not transparent about assumpt
) waste Livestock
Industries and Off Road . o
Construction IP input data and emission factors used for calcutatibdoes
Sao Paulo Wastewater Land Use No Yes
treatment Waterborng PU
Energy Navigation : not present Gap 1.
A Agriculture
Industries . .
Biological _
Aviation
" treatmente of
Fugitive .
2 waste in the
Emissions cit
from Oil and y
Natural Gas
System
Non-Specified

ons,
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_ Sectors and Emission Sources Included in GHG Inveaties Gaps Discussion about subsectors, gaps and limitatis
City Stationary 1 >
Energy Waste Transport IPPU AFOLU
Sources
Residential
Buildings GHG Report is transparent about assumptions, input
Commercial SWD On Road Livestock data and emission factors used for calculation. URRP
and
Sorocaba | Institutional |\, ..o | Off Road N.A. Land Use Yes | No |incineration and open burning and biological treattmwere
Buildings
treatment - y .
Aviation Agriculture not considered.
Manufacturing
Industries and
Construction
Ngﬁ?' Authors have access just to answers provided tsetbéies to CDP (CDP, 2019). GHG Reports are nbtigly available. It was just possible to identify
Vitoria emission by sources

Source: Developed by the authors with data of €itBHG Inventory Reports
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Table 5 — Actions to overcome the Gaps

Gap 1: Incompleteness Gap 2: Lack of transparency
To identify main economic activities and consumptiatterns of the city; e To identify clearly boundaries, sectors and suliesecincluded in the GH(Q
To identify emission sources considering both apphes PBA and CBA,; inventory;
To assess the necessary data to emission caleylatio e To justify any exclusion;
To analyze the feasibility of data collection; e To present clearly assumptions, input data, sowtenput data, calculatior

N
To decide about carbon accounting approach, boigsiaectors and subsectors ~methodologies and emission factors used for GHGion calculation;

to be measured; *  To describe limitations and uncertainties of thgore

To use more robust information system that allowiregrated productiont* To engage stakeholders on GHG inventory developmithta more transparent af

consumption approach. participatory process.

Source: Developed by the authors
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4.5Impacts on Climate Action Plans

Belo Horizonte (Belo Horizonte, 2013), Fortalezar{gleza, 2016b), Recife
(Recife, 2016), Rio de Janeiro (Rio de Janeiro,52@hd the ABC region (Consaércio
Intermunicipal do Grande ABC, 2017b) have climatgoa plans approved by the local
city councils. The climate action plan of the AB&Yion was developed with integrated
actions for all 7 cities. Other cities that develdpGHG inventories are also planning
actions to reduce GHG emissions (Carbonn, 2019)weNer, a structured climate

action plan was not approved by local councils yet.

Climate action plans of these cities follow a samiktructure. They consider
activities in the transport, energy and waste sectéortaleza (Fortaleza, 2016b) and
Recife (Recife, 2016) consider a fourth sector ihatudes actions related to urban
development. Belo Horizonte (Belo Horizonte, 2018%0 considered actions on

sanitation and adaptation to climate change.

In the transport sector, several actions are plnndhe climate action plans:
improvement of public transport with new equipméBRTs, VLTs, Metro Lines);
infrastructure for bicycles and pedestrians; inseeaf biofuels in the public fleet and
bike and car sharing. For the energy sector, astmm public lighting and building
efficiency as well as solar energy use, and ingestior renewable energy have been
proposed. Regarding the waste sector, cities see&duce waste disposal at landfills.
They also plan to implement electricity generatilom biogas and increase recycling
and composting practices. The sector of urban dpwednt considered adaptation
actions and activities to promote green areas,(eapnservation, afforestation and
reforestation) and green building. In Belo Horizgntegarding adaptation the plan

intends to: (I) review local rainwater managemeatv;l (Il) define targets for
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implantation of permeable and light color floor88f) (improve the monitoring and alert
network of extreme weather; and (IV) to establiartmerships to protect and to increase
urban vegetation. For sanitation, the plan aimgréwide 100% of the population with

wastewater treatment and using biogas from waseswaatment station.

The fact that no city used a CBA approach havenapact on their climate
action plans. Reflecting their inventories, no @t action plan considered mitigation
actions regarding consumption of goods and manuwfadtproducts that were produced
out-boundary. Therefore, the climate impact of imgd carbon emissions is not
considered. This may limit the effectiveness ofabkshed local climate policies
(Peters, 2008; Harris et al., 2012; Vetné M6zn@d.32 Grasso, 2017; Afionis et al.,
2017; Andrade et al. 2018), and an opportunity tyage and encourage more

sustainable consumption habits in the local comtyusilost.

5. Conclusions

Several authors (e.g. Dodman, 2009; Harris e28ll2; Lombardi et al., 2017;
Sudmant et al., 2018; Andrade et al., 2018) disthussmpact of the carbon accounting
approach on urban GHG emissions inventories ane senent papers propose methods
to improve the comprehensiveness and accuracy dfogaaccounting for cities.
Through a critical analysis of the literature, tlstudy summarized benefits and
disadvantages of using each carbon accounting agiproAlthough several authors
support the adoption of the CBA approach, the disathges of this approach are also
highlighted by several studies, such as the lacklaih available at the local level
impacting the accuracy of the results (Peters, 2@0®nis et al., 2017; Franzen &

Mader, 2018).
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The research verified that PBA is used by Brazitéres with the aggregation
of indirect emissions of electricity, waste dispbs@ out-boundary landfills, and
emissions from aviation (with few exceptions). Mdst cities uses GPC methodology.
Five cities use IPCC. Brazilian cities have notoagted for GHG emissions from food,
beverages and manufactured products that are ceasbm cities and produced out-
boundary. Thus, the emissions from all cities maybderestimated in agreement with

previous literature (Dodman, 2009; Lombardi et20.17; Andrade et al., 2018).

Literature focusing on the quality of these repats rare (Mia et al., 2019).
Two main gaps were identified in Brazilian citiesHG emissions reports:

incompleteness and lack of transparency.

Seventeen Brazilian cities presented major incotepéss gap. These cities do
not account important sectors and sub-sectorsein @HG reports. Relevant emission
sources in some cities, such as stationary enengy, be neglected. Therefore, GHG

results can be underestimated.

Twenty GHG reports presented lack of transpareAtyhese reports, there are
no transparency about assumptions, input datacsafrinput data, emission factors,
calculation methods and limitations. Without thggees of information, it is difficult to
verify the accuracy of the report and make it difft to replicate the study in future
inventories, as well as to make comparisons amatigs cand changes in carbon
emissions over time, which is important for benchdmy and analysis of the

effectiveness of actions to mitigate climate change

The carbon accounting approach chosen, and theidapsfied in our study

impact the quality of GHG inventories, and consedjyeclimate mitigation plans do
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not consider actions to promote sustainable consam@and to change consumption

patterns of the population.

In order to overcome these gaps, there are sonmnadhat can improve the
qguality of the GHG inventories. Using robust infatmon system that allow an
integrated production-consumption approach woula lp@ssible solution to help cities
to overcome incompleteness gap. Also, developirgg &GHG inventory with more
stakeholder engagement and disclosing clearly bemigg] assumptions, input data,
emission sources included, exclusions and limitatwould eliminate the lack of

transparency gap.

As few Brazilian cities have developed emissionemories and even fewer
cities have enacted low-carbon plans as laws, dicypmakers there is an opportunity
to motivate the development of broader and moreptetm GHG inventories that may
lead to low-carbon plans that involve and makepibygulation aware of the importance

of their consumption choices in relation to thenclie.

This paper has several contributions to fill thpgan the scientific literature and
provides insights for policy makers. Firstly, timsnuscript contributes to the literature
in comparing the different GHG methodologies fdres in terms of coverage, efforts
and usage. Secondly, there is lack of empiricaaeh that investigates the quality of
GHG disclosures at city level as pointed by Miaakt (2019). By assessing GHG
inventories of Brazilian cities, this study idergd the main gaps of city emissions
inventories. Efforts are necessary to reduce uaicgies of GHG inventories result (Mi

et al., 2019) and this manuscript contributes &séhefforts.

Thirdly, it provides a detailed study of invent@im a developing country. As

Castan Broto & Bulkeley (2012) and Van der Heij@2819) argue, the literature about
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city responses to climate change is dominated lon@uically developed countries.
Despite the limitations of the method, this is afie¢he most complete studies in Latin

America.
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HIGHLIGHTS

Greenhouse gas inventories of Brazilian cities gmestwo main gaps:
incompleteness and lack of transparency. Emissiasbe underestimated.

Brazilian cities carbon emissions inventories am@n@ Production-Based
Approach adding indirect emissions of electricityaste disposal in out-
boundary landfills and aviation. The most partha tities uses the methodology
“Global Protocol for Community-Scale Greenhouse Bamsssion Inventories”.

In order to overcome gaps identified in the redeasome initiatives that can
improve the quality of the Greenhouse Gas inveasaare recommended.

Greenhouse gas inventories of the cities that da@masider emission related to
products consumed by cities and produced out-baynat@mote carbon plans
that do not consider initiatives for sustainablastomption.
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