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Introduction

Climate change consists of a gradual increase in global temperature, causing sea levels
to rise and precipitation patterns to change, as well as the frequency, magnitude, and
intensity of extreme weather events such as droughts and floods. Since the initial re-
cording of global warming in 1985 by the World Meteorological Organization (WMOQO), it
has become evident that the cause of this phenomenon is long-standing and a result of
atmospheric concentrations of greenhouse gases. Several gases have this effect, includ-
ing carbon dioxide (CO,), methane (CH,), nitrous oxide (N,O), and hydrofluorocarbons
(HFCs). They all occur naturally but are also produced by human activities, notably the
burning of fossil fuels.

Established in 1988 by the World Meteorological Organization (WMQO) and the United
Nations Environment Programme (UNEP) (IPCC, 2012), the Intergovernmental Panel on
Climate Change (IPCC) has set rules for measuring the emissions of greenhouse gases

* Professor and researcher at the Institute of Economics, Federal University of Rio de Janeiro (IE-UFRJ) and
researcher at the Research Group on Industry and Competitiveness at |IE-UFRIJ. Rio de Janeiro, Brazil. ORCID:
https://orcid.org/0000-0002-9390-0555. E-mail address: kaio.costa@ie.ufrj.br.
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Climate change consists of a gradual increase in global temperature, causing sea levels
to rise and precipitation patterns to change, as well as the frequency, magnitude, and
intensity of extreme weather events such as droughts and floods. Since the initial re-
cording of global warming in 1985 by the World Meteorological Organization (WMO), it
has become evident that the cause of this phenomenon is long-standing and a result of
atmospheric concentrations of greenhouse gases. Several gases have this effect, includ-
ing carbon dioxide (CO,), methane (CH,), nitrous oxide (N,O), and hydrofluorocarbons
(HFCs). They all occur naturally but are also produced by human activities, notably the

burning of fossil fuels.

Established in 1988 by the World Meteorological Organization (WMQO) and the United
Nations Environment Programme (UNEP) (IPCC, 2012), the Intergovernmental Panel on
Climate Change (IPCC) has set rules for measuring the emissions of greenhouse gases
in all UN member states, compiled information, convened meetings of countries - the
so-called Conference of Parties (COP) - to reach agreements, and recommended poli-
cies to address the issue. According to IPCC experts (IPCC, 2012), two central policies are
crucial in the transition to low-carbon economies: mitigation and adaptation. Both poli-
cies are essential to meet the challenges of climate change. Mitigation refers to “techno-
logical changes and substitutions that reduce inputs and emissions per unit of product”
(IPCC, 2007, p. 84).

Brazil's greenhouse gas (GHG) emissions are not strongly related to energy production
but rather to land use change (deforestation) and agriculture, which account for 73%
of the country’s total emissions (Observatdrio do Clima, 2023). While the energy sector
was responsible for 76% of GHG emissions globally, Brazil's energy matrix accounted for
18% of the country’s gross GHG emissions in 2020 (Observatoério do Clima, 2023). Energy
emissions in Brazil reached 393.7 million t€CO2eq' in 2020 (Observatdrio do Clima, 2023).
The sectoral breakdown of energy emissions allows to understand better how each con-
sumption segment contributes to the success of climate targets. Transport (47%), fuel
production (18%), electricity generation (8%), and industry (17%) accounted for almost
90% of emissions from energy use in Brazil in 2020 (Observatdrio do Clima, 2023). Nearly
half of Brazil's energy matrix comes from renewable energy.

All factors causing fuel combustion are related to economic activity in the broadest

'CO, equivalent (CO,eq) is a metric measure to compare the emissions of various greenhouse gases
based on their global warming potential (GWP). It converts the amount of other gases to the equivalent
amount of carbon dioxide with the same global warming potential.



sense: production, trade, and consumption. Designing a mitigation scenario requires
identifying the production sectors that generate GHG emissions first. The Brazilian gov-
ernment launched a green taxonomy based on previous experience in Colombia, Mexi-
co, and Union Europe. The main purpose is to select sectors critical to achieving the cli-
mate neutrality targets in the Nationally Determined Contributions (NDC) (UNCC, 2023).

Increased CO, emissions are often a prominent cause of observed warming. Although
one can pinpoint the primary sources of CO, emissions (or key sectors) by ranking vari-
ous emission indicators of industries and imposing emission reduction targets on these
main polluters, a technological threshold exists for how much they can reduce emis-
sions independently. That is a major challenge faced by climate policy. Therefore, it is
crucial to decrease CO, emissions by promoting industrial clusters oriented toward de-
carbonizing the main environmentally important paths, linkages, and key sectors.
Identifying and analyzing the industries that emit the most CO, in Brazil are within the
scope of the present document. This policy brief is part of the research project entitled
“Decarbonization and Industrial Policy: Challenges for Brazil” (DIP-BR), conducted by
the Research Group on Industry and Competitiveness at the Institute of Economics of
the Federal University of Rio de Janeiro, Brazil. Our aim here is to identify the leading
emitting sectors in Brazil, assess their direct and indirect emissions, and discuss the
significance of this approach concerning to the design and implementation of green
industrial policies.

GCreen industrial policies require investments, incentives, regulations, and policy support
to promote and facilitate the development of environmental technologies (Harrison;
Martin; Nataraj, 2017, Rodrik, 2014, 2022). The unique characteristic of green industrial
policies, as opposed to other environmental actions, is their focus on restructuring and
transforming the economy into a green economy. Domestic economic priorities, global
competitiveness pressures, and the desire to secure a better position in global produc-
tion and trade networks are often the driving forces behind such transformation.

Industrial restructuring aims to adjust the proportions of various sectors to meet specific
targets. Effectively reducing CO, emissions requires restricting high-emission sectors
while expanding low-emission sectors. However, reducing emissions through output
restrictions may impact the economic income of certain sectors and potentially hin-
der national economic growth. Therefore, it is paramount to weight both economic
and emission performance when discussing the roles of different sectors in a country.
As countries transition from agriculture to industry, complexity increases, particularly
in medium and high-tech manufacturing, which only sometimes results in more envi-
ronmentally friendly production. Industries with reduced carbon emissions include the



Analysis by sector group: An aggregate
perspective of Brazilian emissions

As shown in Table 1, China, the United States, India, Russia, and Japan are the countries
with the highest emissions in 2020 — a position they have been holding for many years.
In 2015, they signed the United Nations Framework Convention on Climate Change, also
known as the Paris Agreement, along with other participants. The following year, they
confirmed their commitment to annual emissions reduction targets through 2025 in
letters called ‘Intended Nationally Determined Contributions’ (UNCCC, 2016). The United
States’ withdrawal from the agreement in 2017 put the compliance with the commit-
ments made by signatories at risk, especially the largest emitters. As a result, CGHGC emis-
sions continued to grow, despite many countries experiencing a decline in emissions in
2020 due to the Covid-19 pandemic, which severely affected all economies.

Table 1 - GHG emissions in selected countries, 2017/2020

EMISSIONS IN 2017 EMISSIONS IN 2020

(millions)
Kg CO, eq. TCO, eq.
77

1 China 10,877.2 11,6804 8.2 1,448,471.4
2 USA 51074 157 45353 13.68 334,805.3
3 India 24548 18 24117 174 1,406,631.8
4 Russia 1764.9 12.3 1674.2 11.64 145,805.9
5 Japan 1,320.8 104 1,061.8 8.39 125,584.8
6 Iran 6715 8.3 690.2 8.26 86,022.8
7 Germany 796.5 97 636.9 772 83,883.6
8 South Corea 673.3 13.2 6215 12.07 51,329.9
9 SaudiArabia 638.8 19.4 588.8 16.96 35,844.9
10 Indonesia 511.3 1.9 568.3 2.09 279,134.5
11 Canada 617.3 16.9 542.8 14.43 38,388.4
12 Brazil 492.8 24 4518 211 215,353.6
13 South Africa 4677 8.2 4351 741 60,756.1
14 Mexico 507.2 39 4077 3.05 131,562.8
15 Turkey 429.6 5.8 405.2 4.83 85,5662

|
Source: own elaboration based on data extracted from World Population Review (2022).
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Numerous factors play a crucial role in shaping the emissions trajectory of each industri-
al sector under scrutiny. They encompass domestic and international economic growth,
technological advancements, changes in trade patterns, and changes in the composi-
tion of final demand. An analysis of Brazil's emissions profile shows a consistent upward
trend across all industrial sectors (Graph 1). It is worth noting that such upward trajecto-
ries vary considerably in their baseline emissions, acceleration rates, turning points, and
deceleration phases. It shows that each grouping has different dynamics and trends in
its emissions path.

Between 2010 and 2020, agriculture and forestry had the highest growth rate in emis-
sions (30%), followed by water, sewerage, and waste management (22%), services (20%),
electricity, gas, and other utilities (15%), mining (13%), transport (8%), and livestock (3%).
Manufacturing was the only sector with a decreasing growth rate of emissions (-3%),

probably due to the economic downturn that started around 2014-2015.

Graph 1 - Total emissions by group in TCO, eq., Brazil, 2010-2020
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Source: own elaboration based on data extracted from the Sistema de Estimativas de Emissdes e Remocdes de Gases de
Efeito Estufa (SEEG) database (Obsevatorio do Clima, 2023) and input-output tables (Alves-Passoni; Freitas, 2020).
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Concerning the emissions share in total emissions, livestock has consistently been the
leading industry, with a share of nearly 43% in the period. The manufacturing? and trans-
port industries account for about the same share of total emissions. Within the latter3
about 90% of the emissions come from land transport, where subsidies by the Brazilian
government to fossil-fuel-based private cars and trucks are likely to be behind the increase
in emissions (INESC, 2022). IEA (2021) points out that road freight transport is among the

most challenging decarbonizing sectors.

Graph 2 - Emission share by group in % total emissions, Brazil, 2010-2020
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Source: own elaboration based on data extracted from the SEEG database (Observatorio do Clima, 2023) and
input-output tables (Alves-Passoni; Freitas, 2020).

2 It is worth noting that in the manufacturing industry, the manufacture of non-metallic mineral products
and pig iron/iron alloys, steel, and seamless steel tubes are the two leading industries in total emissions,
followed by oil refining and coking.

3 The consumption of various fossil fuels causes the emissions of this sector. Since the consumption of
fossil fuels is the primary source of greenhouse gas emissions, especially CO, emissions, developing relevant
energy and environmental policies requires studying the relationship between economic activity and CO,
emissions in terms of fossil fuel consumption. The transport sector is the largest oil consumer, accounting for
60% of global demand. Oil consumption by private cars (27% of demand) and road transport (3%) recovered
from the effects of the Covid-19 pandemic in late 2021 and early 2022 (IEA, 2023).
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A slightly different pattern emerges when the analysis focuses on emission intensity.
The leading sectors in emission intensity are livestock, water, sewage, and waste man-
agement, transport, electricity, natural gas and other utilities, agriculture, mining, man-
ufacturing and services. The trend in emissions intensity started to break down in 2015
due to the economic crisis in Brazil and remained stable throughout the whole period,
exception made to livestock, the only sector showing an increasing trend in the period.
If this trend in livestock continues, other industries are expected to meet Brazil's govern-
ment target of zero emissions by 2050 (IEA, 2021).

Graph 3 - Emission intensity by group, in TCO2 eq. per million R$, Brazil, 2010-2020
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From industry groups to individual sectors

The analysis by groups of sectors in the previous section gives a general picture of the
sectoral emissions patterns in the Brazilian economy. Typically, green taxonomies use
only the ratio of CO, emissions to gross production value to select critical sectors for de-
carbonizing the economy. The aim of this section is twofold: to show the importance of a
more detailed analysis for specific sectors and use other measures, based on the input-
output methodology, to analyze key sectors regarding GHG.

Table 2 - Average emission coefficient in Table 3 - Average total emissions in TCO, eq.,
TCO, eq. per million R$, 2010-2020, Brazil 2010-2020, Brazil
: : Average Cumulative . ; Average Cumulative
Rank Indust ° Indust o,
anking naustries 20102020 % Frequency [l Renking naustries 2010-2020 %  Frequency
1 Livestock 5,378.79 40 0.41 1 Livestock 487,259,845.5 42 042
2 Land t t 187,353,822.5 16 0.58
2 estemanogement | 169965 13 o084 —
9 3 Agriculture 81,766,268.96 7 0.65
8 Non-metallic minerals 864.67 7 0.60 Power Generation,
4 gas, and utilities 81,094,262.99 7 072
4 Land transport 838.12 6 0.67
5 SOEICE, SEETEEIR Al 770267227 7 079
Production of pig waste management
5 : : 682.63 5 072 Production of pig
/ lloys, steel
et S, SIES 6 iron/iron alloys, steel SRR 2 D
Power Generation
, . 4 7 N
6 gas, and utilities 490.30 0.75 7 Non-metallic minerals = 50,104,501.87 4 0.88
7 Air transportation 446.43 3 0.79 8 Oil refining and coking ~ 24,180,563.12 2 0.90
8 Water transport 394.18 3 0.82 Oil and gas extraction,
9 including support 21,861,044.94 2 0.92
9 Agriculture 382.45 3 0.85 activities
Manufacture of
Mining coal and non organic and inorganic
10 metalglic lineEls 30373 2 0.87 Ly chemicals, resins and Legede e QR
elastomers
Source: own elaboration based on data extracted from the SEEG Source: own elaboration based on data extracted from the SEEG
database (Observatério do Clima, 2023) and input-output tables database (Observatorio do Clima, 2023 ) and input-output tables
(Alves-Passoni; Freitas, 2020). (Alves Passoni Freitas, 2020).

Tables 2 and 3 show the ranking of ten industries* based on the cumulative frequency
and the share in total emissions and emission coefficient. Interestingly, regardless the
measure used (whether total emissions or emission coefficient), the ranked industries
are practically the same. Six industries emerge as hotspots in GHG emissions: livestock,®
production of pig iron/iron alloys, steel, non-metallic minerals, land transport, agricul-
ture, and power energy. However, the ranking order changes according to the measure

“These ten sectors account for over 80% of Brazil's total greenhouse gas emissions.
5> Livestock is responsible for more than 40% of greenhouse gas emissions.



' From industry groups to individual sectors

used, particularly concerning agriculture, land transport, and non-metallic minerals. The
first two industries gained importance in terms of total emissions, while the latter lost.
Ranking order changes are due to the higher share of agriculture and land transport in
gross production value (over 3%) and non-metallic minerals (less than 1%) ¢

The selected industries have one feature in common: their GHG footprint is significantly
larger than the weighted average of the whole Brazilian economy in 2019 (Table 4). The
emission coefficient of livestock is 32 times bigger than the economy’s weighted aver-
age, followed by non-metallic minerals (5.6 times), land transport (4.7), production of pig
iron (3.9), power generation (2.5), and agriculture (2.3).

Industrial restructuring should prioritize sectoral linkages alongside muiltiple targets. The
close interdependence of sectors in an economy, characterized by complex input-output
relationships, means that any initiatives implemented in a particular industry will likely
impact others. For example, certain high-emitting sectors entail lengthy industrial chains
and assume pivotal roles in the supply chain as primary providers of raw materials and
intermediary goods to other sectors. Curtailing the output of these sectors will not only
restrict its activities but also impact the expansion of associated sectors via complex inter-
sectoral interdependences and potentially the entire production structure.

Table 4 - Emission coefficient deviation from the weighted average 2019, Brazil

Livestock 32.93
Non-metallic minerals 5.61
Land transport 476
Production of pig iron/iron alloys, steel 3.92

Power Generation, gas, and utilities 250

Agriculture 237

Source: own elaboration based on data extracted from the SEEG database (Observatorio do Clima, 2023)
and input-output tables (Alves-Passoni; Freitas, 2020).

It is worth noting that an industry may be critical regarding its share in total emissions but not necessarily
regarding its emission intensity. As such, the growth rate of emissions can be calculated as an elasticity, that
is, the degree of sensitivity to the growth rate of emission intensity and Gross Value-Added (GVA).
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Accordingly, industry restructuring should address distinct sectors' positions and inter-
sectional connections. One should analyze such connections to effectively identify the
necessary direction of industrial restructuring toward a low-emissions economy’

There is mounting concern for reducing carbon dioxide (CO,) emissions, which requires
understanding an economy's production structure. The level and changes in CO, emis-
sions present an intricate relationship through input-output connections in the econ-
omy. Developed by Leontief (1936) and Leontief (1970), the input-output (I0) model has
been thoroughly employed to examine CO, emissions in various industrial sectors. This
model enables the monitoring of direct and indirect emissions in the economy, provid-
ing valuable insight into the overall structure of emissions.

Table 5 - Direct and indirect emissions in selected industries, 2019, Brazil

Industries Direct and Direct Indirect Direct/indirect
indirect emissions emissions emissions emissions

Agriculture 540.62 395.17 145.45

Livestock 587793 5,479.66 398.27 13.76
Non-metallic minerals 1,223.87 934.31 28956 3.23
Seelieliol of Bl Lo 933.92 653.05 280.86 2.33

/iron alloys, steel

Power Generation, 685.74 415.83 269.91 154
gas, and utilities

Land transport 978.47 792.02 186.45 425

Source: own elaboration based on data extracted from the SEEG database (Observatoério do Clima, 2023) and
input-output tables (Alves-Passoni; Freitas, 2020).

7One of the most significant social impacts of industrial restructuring is emissions, which has attracted
growing attention. In recent times, the literature on sectoral emission patterns has increased considerably.
Emission effects are categorized into direct and indirect impacts based on the relevance of economic
impacts. Take sector j as an example: an increase in final demand for one of its products will increase the
sector’s output as producers react to meet the demand. This boost in output will generate new emissions
within the sector as a direct effect. As the sectors output increases, greater demand for its domestic suppliers
and throughout the supply chain will follow, resulting in increased emissions in these sectors (indirect
effect). Such indirect effect and the direct emission growth will increase emission levels throughout the
whole domestic economy.
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The six selected industries share a common feature often overlooked in the green taxon-
omies drawn up by governments: their pattern is marked by direct rather than indirect
emissions (Table 5).2 Regarding the coefficient of emissions, the leading industry is live-
stock, where direct emissions are 13 times higher than indirect emissions. The second
most prominent sector is land transport, in which direct emissions are four times bigger
than indirect emissions. It is worth noting that these industries are suppliers of agricul-
tural commodities, industrial cormmodities, and services/utilities.

Table 6 shows direct and indirect emissions for a group of manufacturing industries. In
contrast to the selected industries examined in Table 5, indirect emissions dominate the
emissions pattern of manufacturing industries. Some manufacturing industries pose a
notable global challenge for energy and climate change policymakers. Manufacturing
industries act as important geographic hubs for economic activity, clustering medium

Table 6 - Direct and indirect emissions in selected manufacturing industries, 2019, Brazil

. Direct and Direct Indirect Direct/indirect
Industries indirect

emissions

emissions emissions emissions

Manufacture of computer,

electronic and optical equipment 60.94 0459 SO (ool
Manufacture of electrical

machinery and equipment 159.08 8.20 150.88 0.05
Manufacture of machinery and

mechanical equipment e 314 14138 0.02
Manufacture of cars, trucks and 168.86 241 166.45 001
buses, except parts

Manufacture of parts and 191.36 704 184.32 0.04
accessories for motor vehicles ' ' '
Manufacture of other transportation 109.09 317 105.92 0.03
equipment, except motor vehicles

Manufacture of furniture and 123.64 336 120.28 0.03

miscellaneous industrial products
|
Source: own elaboration based on data extracted from the SEEG database Observatdrio do Clima , 2023) and
input-output tables (Alves Passoni Freitas, 2020).

8The most important difference between direct and indirect emissions is that the latter considers the
upstream emissions included in the inputs used in the production process. In contrast, the former only
considers the impacts on the sector itself.
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and large facilities through indirect linkages (backward effects®). Regarding emissions,
manufacturing industries emit less directly or indirectly than the sectors selected' for
examination in this policy brief. The supply chains of manufacturing industries can pro-
mote technological progress, especially in the machinery and equipment sectors, used
in the sectors selected. In this case, the key drivers of CO, emissions in a specific eco-
nomic system can be identified by exploring the carbon linkages between industrial
sectors through supply chains. The design and implementation of green industrial poli-
cies need to consider the role played by manufacturing industries for decarbonization
in the Brazilian economy.

Prevailing environmental policies usually regulate the sectors with substantial direct
emissions while overlooking the limitations upon the industries generating consider-
able emissions from other sectors, referred to as indirect emissions. As a result, one fails
to reduce overall emissions effectively. Table 7 shows the normalized effects of the back-
ward linkages in 2019 for the six selected industries.

Table 7 - Normalized backward emissions linkages, 2019, Brazil

N

Livestock 15.90
Non-metallic minerals 331
Land transport 2.65
Production of pig iron/iron alloys, steel 253
Power Generation, gas, and utilities 185
Agriculture 146

Source: own elaboration based on data extracted from the SEEG database (Observatorio do Clima, 2023) and
input-output tables (Alves-Passoni; Freitas, 2020).

2 Generally, backward linkages occur when a sector’s final demand stimulates output in other sectors. On
the other hand, forward linkages occur when an increase in supply in one sector induces other sectors to
use the surplus output and produce additional products. Using both the Leontief and the GChosh models at
the same time are open to debate (Oosterhaven, 1996; Altimiras-Martin, 2022), because of the issues with the
stability of input-output production and allocative coefficients. For the purpose of our study, it is advisable
to analyze linkages from a demand perspective, instead of using the supply-driven Gosh model. As such,
this note will predominantly concentrate on the backward linkages utilizing the Leontief model.

©Industrial restructuring is a crucial step towards a low-carbon transition. Reducing the output of high-emis-
sion sectors can effectively decrease carbon emissions. However, it is essential to consider the socioeconomic
impact on these sectors. Industrial restructuring modifies the distribution of sectors to achieve specific ob-
jectives. CO, emissions can be effectively reduced by restricting high-emission and expanding low-emission
sectors without considering other targets. However, emission reduction through output restrictions may
harm economic income in some industries and hinder national economic growth to some extent.



' From industry groups to individual sectors

Firstly, reducing CO, emissions by adapting the industrial structure will limit the de-
velopment of some sectors, leading to macroeconomic losses. Therefore, to reconcile
the conflict between economic growth and CO, emission reduction, production and
emission linkages should be jointly considered when discussing the role of sectors in an
economy. Furthermore, the sectoral allocation of the emission reduction task by indus-
try is unfair and unworkable because all sectors are correlated in backward and forward
partnerships or supply and demand relationships.

Green taxonomies often use only the indicator of direct emissions from sectors, ignor-
ing industries’ many intersectoral relationships along the supply chain. In other words,
direct emissions show only one side of the complex input-output relationship in a coun-
try's production structure. One needs to consider the essential role of indirect emissions
through (backward and forward) linkages with other industries. For many products, up-
stream supply chains contribute significantly more to environmental emissions than
downstream supply chains. Suppose a sector presents an emissions pattern dominated
by indirect emissions. In that case, it is likely to show a more complex supply chain in
terms of linkages." The transition toward net-zero emissions in 2050 must embrace the

notion of industrial clusters of selected sectors.

Governments must evaluate the present situation and improve sector-specific innovation
systems to unlock green opportunities (UNCTAD, 2023) for environmentally friendly prac-
tices. A “green industrial policy” will certainly open doors to new prospects but will require
involving stakeholders, deploying resources, and directing the upgrading of knowledge
capacities, amidst significant technological, economic, and political uncertainties.

"Indirect emissions are prominent in manufacturing industries, like computers, electronic and optical
equipment, electrical machinery and equipment manufacture, and parts and accessories for motor vehicles.
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The appendix contains the three databases, their specifications, and the data sources
used in the elaboration of this policy brief. One database is the annual input-output ta-
bles at constant prices (year-base 2010) estimated by Alves-Passoni and Freitas (2020)
and the other contains data on national emissions extracted from the Greenhouse Gas
Emissions and Removals Estimation System (SEEG, in Portuguese) published by Obser-
vatorio do Clima (2023). Both databases cover the period between 2010 and 2020 and
provide data for different disaggregation levels: (i) 42 industries and 91 products, and
(i) 67 industries and 127 products. We use a more disaggregate version that allows the
of specific industries, such as agriculture and livestock. This step is important to define
the key-emitting industries and sheds light on the supply chain of CO, emissions in the
Brazilian economy. Since no data about the emissions coefficient is available on open ac-
cess, we used the database compiled by Costa, Costa, and Young (2023) based on data
extracted from IOT and SEEC.
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