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OVERVIEW

According to the report of the Intergovern-

mental Panel on Climate Change (IPCC - AR6) 

the increase in the concentration of green-

house gases (GHG) in the atmosphere, as a re-

sult of human activities, has caused the aver-

age temperature of the planet to rise and has 

led to a series of problems for all of human-

ity. In light of this situation, the responsibility 

for the reduction of emissions in sectors such 

as energy, industry, agriculture and livestock 

have become evident, as well as the need for 

active participation by government entities and 

society as a whole towards this common pur-

pose. When evaluating the net balance of GHG 

emissions by country for 2018, Brazil accounts 

for 3% of total net emissions, despite being one 

of the top 10 global emitters. Meanwhile, 51.2% 

of global emissions come from China, the 

United States, India and the European Union. 

According to the Brazilian Greenhouse Gas 

Emissions Estimating System - SEEG (2022), 

the national contribution by sector for green-

house gas emissions are agriculture and live-

stock (25%), energy (18%), land use change and 

forestry (49%), industrial processes (4%), and 

waste treatment (4%). The agricultural sector in 

Brazil is responsible for a considerable portion 

of GHG emissions, primarily due to methane 

from enteric fermentation in ruminants. At the 

same time, it is one of the sectors most affect-

ed by the adversities of climate change, in-

cluding: extreme temperatures, altered rainfall, 

increased frequency of flooding, and desertifi-

cation. These adversities threaten agricultural 

production and food supply, and cause other 

social and economic problems. It is essential 

to develop sustainable agriculture that pro-

duces food for humanity while simultaneous-

ly conserving the environment and mitigating 

and adapting to the effects of climate change. 

There is a huge potential for Brazil to sustain-

ably increase its agricultural and livestock pro-

duction.  There are real examples of rural pro-

ducers that produce, conserve and contribute 

to the benefit of the environment. It is essential 

to tell their story, evidenced by facts and data 

in order to engage and stimulate sustainable 

production. With this in mind, a partnership, 

together with Embrapa, the Getúlio Vargas 

Foundation, Unicamp and Minerva Foods, was 

established to develop a project to update 

and adapt the GHG Protocol for Agriculture, a 

methodology for calculating GHG inventories. 

The project aims to calculate the emissions 

and removals of rural properties in Brazil that 

operate cattle grazing and/or confinement in a 

credible and transparent way. This report, de-

veloped by Minerva Foods, demonstrates the 

results of the GHG balance of 23 cattle suppli-

ers of Minerva Foods operations. The objective 

is to provide a better understanding of emis-

sions and removals, in order to improve agri-

cultural and livestock production processes 

and identify unique opportunities for rural pro-

ducers that adopt increasingly sustainable and 

regenerative production technologies..
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01INTRODUCTION 

According to the latest report of the Inter-

governmental Panel on Climate Change (IPCC 

- AR6), the increase in the concentration of 

Greenhouse Gases (GHG) in the atmosphere as 

a result of human activities has increased the 

average temperature of the planet and trig-

gered a number of issues for humankind. The 

report also describes alarming climate change 

risks with devastating impacts if urgent cli-

mate change mitigation and adaptation mea-

sures are not adopted in the various sectors 

of the global economy. Given this outlook, the 

responsibility of reducing emissions from sec-

tors such as energy, industry and, especially for 

Brazil, agriculture and livestock, as well as Land 

Use and Land Use Change, becomes evident, 

in addition to the active participation of govern-

ment entities and society as a whole towards 

this common objective.

In 2019, according to Tubiello et al (2021), 

emissions from global agrifood systems were 

estimated to be around 16.5 billion metric tons

(GtCO
2e yr-1), corresponding to 31% of total 

anthropogenic emissions. Of these, 7.2 Gt CO2e 

yr-1 are a result of agricultural and livestock pro-

duction processes and energy use within the 

rural properties and 3.5 Gt CO2e yr-1 stem from 

emissions arising from land use change and 

deforestation. 

These estimates further reveal significant 

variations among countries in terms of to-

tal emissions, as well as the composition of 

on-farm contributions, land-use change, and 

pre- and post- cessation components, with 

China being the largest emitter (1,9 Gt CO2e yr-

1), followed by India, Brazil, Indonesia and the 

US (1,2 a 1,3 Gt CO2e yr-1). Brazil accounts for 3% 

of global emissions, with emissions stemming 

mainly from agriculture and land-use change, 

while China, the United States, India, and the 

European Union together account for 51.2% of 

global emissions. 
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According to the Brazilian Greenhouse Gas 

Emissions Estimating System - SEEG (2022), in 

2021 the sectoral distribution of Greenhouse 

Gas (GHG) emissions in Brazil was composed 

as follows: 

•	 Land use change and forestry 49%,

•	 Agriculture 25%,

•	 Energy 18%,

•	 Industrial operations 4%, and

•	 Waste treatment 4%. 

Therefore, according to this paradigm, land-

use change, forestry, and agriculture are the 

main sectors responsible for GHG emissions 

in Brazil. Within agriculture, the main source 

of emissions is enteric fermentation of rumi-

nants, accounting for 64.6% of all emissions by 

the sector.

Simultaneously, agriculture is one of the 

sectors most affected by the adversities of cli-

mate change, including: extreme temperature 

risks, shifts in rainfall patterns, increased fre-

quency of flooding, and desertification. These 

adversities can threaten food production and 

supply, as well as cause other social and eco-

nomic problems.

Sustainable agriculture production that pro-

duces food for humanity and conserves the 

environment, mitigating the impacts of climate 

change and adapting to its effects, is of utmost 

importance. There is a huge potential for Brazil 

to sustainably increase its agricultural and live-

stock production.  This has become evident by 

the real-life examples of rural producers that 

have been able to produce, conserve and con-

tribute to the benefit of the environment. It is 

essential that their story be heard, substantiat-

ed with facts and data in order to engage and 

stimulate sustainable production.

Even in the absence of a legally binding reg-

ulatory scenario in Brazil, the beef supply chain 

is generally aware of both the risks and op-

portunities of taking action on climate change. 

Among the opportunities, participation in car-

bon markets and changes in the cost structure 

of operations that result in reduced emissions 

and increased productivity are especially note-

worthy. Regarding risks, attention is drawn to 

corporate image or reputation and uncertain-

ties about changes in the regulatory environ-

ment (Campos and Fischamann, 2014).

This was the reason behind the partnership 

between Embrapa, Fundação Getúlio Vargas, 

Unicamp, and Minerva Foods for the develop-

ment of a Measurement, Reporting and Ver-

ification (MRV) protocol, which required the 

adaptation and updating of the GHG Protocol 

for Agriculture, a carbon accounting tool that 

allows the calculation of GHG emissions and 

removals from rural properties, including the 

diversity of production systems such as agri-

cultural production, reforestation, beef cattle 

(including feedlots) and dairy, as well as emis-

sions from electrical use, inputs and waste. This 

report features the GHG balance results of 23 

of Minerva Foods supply farms, with the aim of 

better understanding emissions and removals, 

to improve agricultural production process-

es, and identify differentiated opportunities for 

ranchers that adopt more sustainable produc-

tion technologies.
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02AGRICULTURE AND THE ENVIRONMENT:
A CONVERGING AGENDA

The Brazilian territory is composed of 8.51 

million km2, equivalent to 851 million hect-

ares, of which 59.8% are made up of forests 

and 31% of agricultural. The share represent-

ed by Brazilin agribusiness corresponds to 

263.1 million hectares divided into pasture, 

agriculture, forestry and a mosaic of farming 

and ranching. 

GRAPH 1 – Land cover and use in Brazil in 2020
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Source: MapBiomas, 2022.
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Historically, Brazilian agriculture has been 

known for its expansion over natural vegetation. 

In recent years, however, this territorial expansion 

has been replaced by the vertical intensification 

of production. For Lopes (2017), the Brazilian ag-

ricultural model, which is strongly based on sci-

ence, knowledge and technology, has promot-

ed a strong transformation of food production in 

the tropics, but there are still challenges to be 

faced, such as increasing the efficiency of soil 

and water use and continuously reducing the 

negative impact on the environment as a strate-

gy to maintain a leading role in meeting the de-

mands of national and international markets.

In this sense, even taking into account the nat-

ural limitations of tropical soil fertility, which re-

quires a systematic compensation and replace-

ment of nutrients to ensure sustainable crop 

production, the joint work of rural producers, aca-

demic research, partnerships between the pub-

lic and private sectors, and public policies for the 

development of the country's agricultural sector, 

through fiscal incentives and investments, make 

Brazil a world player in agricultural production 

and exports. The income generated by exports is 

important for the country's economy, increasing 

the Gross Domestic Product (GDP) and maintain-

ing a positive balance of payments.

The adoption of a more modern technol-

ogies and the climatic conditions have al-

lowed agribusiness to achieve successive 

productivity gains over the years. If we com-
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pare the 1990/1991 harvest with the expected 

2021/2022 harvest, we can see that while grain 

production increased by 363%, from 58 million 

tons to 268 million tons, the area under culti-

vation increased at a much lower rate, from 38 

million hectares to 72 million hectares.

In other words, an increase of 103 million 

hectares would have been necessary if cultiva-

tion areas had continued to grow at the same 

rate. Thus, the successive productivity gains 

have had a land saving effect of 103 million 

hectares in grains alone.

GRAPH 2 – Brazilian Grain Production: 1990/91 to 2021/22* Crop

Source: Conab.

Note: *4th Survey - Harvest 21/22 - January/2022.

A similar trend can be observed in livestock 

production. Since 1990, pork production has 

tripled, from 1.05 million to 4.46 million tons.  

Chicken production has increased even more, 

from 2.36 to 14.75 million tons.

Even in beef production, where the animal 

cycle tends to be longer, production increased 

to 9.75 million tons compared to 5.01 million 

tons in 1990.
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SOURCE: USDA.

Note: *Estimates for 2022.

The advancement of animal protein pro-

duction has made Brazil a global player in this 

segment. Currently, the country accounts for 

16.2% of the world's production of beef, 14.5% of 

chicken, and 4.0% of pork, placing it among the 

top five producers of all these proteins.
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GRAPH 4 – World's Leading Animal Protein Producers in 2021

Technological advances, combined with 

the availability of arable land, favorable climat-

ic conditions and skilled labor, have allowed 

Brazil to expand its agricultural production and 
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distinguish itself from the rest of the world. Be-

yond animal protein, Brazil is a world leader in 

meat production, sugar, coffee, orange juice, 

corn, soybeans and cotton. 
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As a result of this performance, the agricul-

tural and livestock sector in Brazil has grown in 

economic importance in recent years. In terms 

of foreign trade, agribusiness has contributed 

to the trade surplus year after year. In 2021, the 

trade balance of other economic sectors was 

negative, in the order of US$43.8 billion, while 

the balance of agribusiness was positive, in the 

order of US$105.1 billion, an overall result that 

guaranteed Brazil a trade surplus of US$61.2 

billion. This same pattern can be observed, 

year over year, since 2015.

GRAPH 5 – Brazilian Position in the World Ranking in 2021
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GRAPH 6 – Brazilian Foreign Trade Performance (US$ Billion)
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The figures demonstrate the importance of 

agribusiness to the Brazilian economy. In 2021, 

the sector accounted for 43% of exports1, 24% of 

gross domestic product2 (GDP) and 20% of jobs1, 

1  Source: MAPA, 2022.
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24% of gross domestic product2 (GDP) and 20% 

of jobs3 created in the country. In the same year, 

the Gross Value of Production (GVP) of agricul-

ture and livestock reached R$ 1.15 trillion, an 

amount 10.4% higher than in 2020. Crops ac-

counted for 68% of this total, while livestock ac-

counted for the remaining 32%.

One of the major challenges facing the sec-

tor is its vulnerability to environmental impacts 

and climate change. This is particularly true in 

Brazil, where agriculture faces a two-front con-

flict: on the one hand, the sector is responsible 

for 26.7% of national emissions4, mainly meth-

ane, and on the other, it is among the sectors 

most affected by climate change, being high-

ly dependent on meteorological phenomena 

such as thermal and hydric cycles. Changing 

2  Source: CEPEA/USP and CNA, 2022.

3  Source: IPEA, 2022.

4  Note: The data presented is based on emissions calculated for 2020, which are the most recent to date. Source: SEEG, 2022.

weather patterns can be destructive to agricul-

tural production (Assad, et al., 2019).

Brazil currently accounts for 3% of glob-

al net greenhouse gas emissions. Neverthe-

less, the country is among the top 10 emitters 

worldwide. However, there is a difference in 

the Brazilian contribution to global emissions. 

While 73.2% of global emissions come from 

the energy sector, 73.0% of national emissions 

come from the Agriculture, Forestry and Other 

Land Use (AFOLU) sector. The AFOLU sector 

generates GHG emissions through a variety 

of activities, including land-use changes that 

alter soil composition, methane generated 

during the digestive processes of ruminant 

livestock, and nutrient management for agri-

cultural practices.

GRAPH 7 - Share of Net Greenhouse Gas Emissions Balance by 
Country in 2018 (Share of CO2e)

Source: Emissions in 2018: Climate Watch (except U.S. and Russia); Inventory of U.S. Greenhouse Gas Emissions and Sinks 
(U.S.); National Report on greenhouse gas emissions (Russia). Prepared by: FGV's Bioeconomy Observatory
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Emissions generated in Brazil are around 

2.16 billion tons of CO2e5, of which 26.7% (around 

577.0 million tons of CO2e) come from agricul-

ture and ranching. Emissions have been stable 

over the years and rank second in the emis-

sions ranking, after land-use change and for-

estry category.

GRAPH 8 – Total Brazilian Emissions by Category

Source: SEEG, 2022.
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The emission sources from agriculture are 

spread across rice cultivation, enteric fermenta-

tion, animal waste management, burning of ag-

ricultural waste, and soil management. Enteric 

fermentation is the largest contributor to emis-

sions in this category, accounting for 64.6% of 

the total in 2020. Soil management, the second 

largest source, accounts for 28.8%. Combined, 

these two categories represent more than 90% 

of agricultural emissions.5

5   Note: The data presented refer to emissions calculated for the year 2020, which are the most current to date. 	
Source: SEEG, 2022. 
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Enteric fermentation, a natural digestive 

process that occurs in ruminants such as cat-

tle, and waste management are processes 

associated with livestock production. The for-

mer releases methane gas, while animal waste 

releases nitrous oxide in addition to methane. 

These processes account for around 70% of 

emissions from livestock.

Although agriculture is responsible for about 

a quarter of Brazil's total emissions, it has signif-

icant potential to contribute to reducing green-

house gas emissions through proper manage-

ment and the adoption of good practices on 

agricultural land.

In an effort to promote an increasingly pro-

ductive sector while reducing its emissions, the 

Low Carbon Emission Agriculture Plan (ABC 

Plan) was developed. Launched in 2010 by the 

Ministry of Agriculture, Livestock and Supply, 

the program aims to promote the adoption of 

sustainable agricultural production technolo-

gies and identifies ways to achieve low carbon 

emission agriculture.

The ABC Plan identifies climate change ad-

aptation measures as part of a set of public 

policies for coping with climate change. The 

strategy is to invest in more efficient agricul-

ture by promoting the adoption of diversified 

systems and the sustainable use of biodiver-

sity and water resource. This includes support 

for the restructuring process, reorganization of 

production, ensuring income generation, and 

research (genetic resources and improvement, 

water resources, customizing production sys-

tems, identifying vulnerabilities and modeling). 

Preliminary results indicate that the ABC Plan 

mitigated between 100 and 154 million tons of 

CO
2e6 over 8 years (from 2010 to 2018) (Manzat-

to et al., 2020). Among the proposals of the ABC 

Plan is the adoption of sustainable production 

systems through consolidated technologies to 

increase productivity and reduce GHG emis-

sions of production systems. Some of these 

include the restoration of degraded pastures, 

integrated Crop-Livestock-Forest systems, no-

till farming and forest plantations.

2.1 AVAILABLE TECHNOLOGIES AIMED AT AGRICULTURAL SUSTAINABILITY

Sustainable agriculture and ranching have 3 

main objectives:

1.	 Efficient use of natural resources and 

environmental protection.

2.	Feasibility, profitability and economic 

sustainability.

3.	Responsibility and social justice.

Adopting appropriate productive practices 

can contribute to the sustainable development 

of the territory. There are opportunities to im-

prove the performance of production systems 

by reducing costs, increasing productivity, bet-

ter control and efficiency in the use of available 

resources, diversifying markets, improving the 

quality of the soil and the productive ecosys-

tem, among others.

The effects of climate change, together with 

the diversity of biomes, the socioeconomic 

conditions of farmers, and productivity gains 

aimed at increasing production and reducing 

costs, underscore the importance of increas-

ing the adoption of sustainable production sys-

6 Note: https://www.gov.br/agricultura/pt-br/assuntos/sustentabilidade/plano-abc
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tems by farmers in response to domestic and 

international market demands, especially in 

livestock (Manzatto e Skorupa, 2019).

 Since the 1960s, Brazil has undergone an in-

tense process of agricultural modernization. This 

has been driven by advances in science, tech-

nology and innovation, assertive public policies 

and the efforts of rural entrepreneurs. Efforts 

aimed at restoring degraded pastures, refor-

estation and planted forests, integrated produc-

tion systems, no-till farming, biological fixation of 

nitrogen and treatment of residues are practices 

that have been adopted and supported as state 

programs. The use of these solutions is essential 

for the sustainability and continuity of the Brazil-

ian agricultural sector, as they not only increase 

productivity, but also reduce greenhouse gas 

emissions and the need to develop new land for 

production, known as the "land saving effect".

2.1.1	 Restoring Degraded Pastures

Most of Brazil's arable land, about 160.9 

million hectares, is occupied by pastures. One 

of the greatest threats to the territorial occu-

pation of Brazilian agribusiness is the deg-

radation of these areas. According to LAPIG 

(2021), while about 45.9% of the total pasture 

area (73.9 Mha) shows no signs of degrada-

tion, 39.4% (63.4 Mha) exhibit an intermedi-

ate level of degradation, and the remaining 

16.0% (25.7 Mha) suffer severe degradation. 

Degraded pastures can be characterized as 

systems featuring low tech and inadequate 

management, such as lack of maintenance 

fertilization and livestock overcrowding. The 

precariousness of this management leads to 

widespread degradation and poor yields, re-

sulting in low productive performance (Stras-

sburg et al., 2014).

FIGURE 1 – Map of Brazilian Pasture Quality by Level of Degradation

Source: Lapig, 2022.
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The likelihood of durability and sustainable 

maintenance in a system where pastures are 

at a certain level of degradation is margin-

al. Pasture recovery is a viable practice, both 

technically and economically. According to 

Oliveira et al. (2005), if recovery practices were 

applied to every hectare of degraded pasture, 

it would be possible to double the average 

stocking rate in Brazil from about 1 to approxi-

mately 2 AU/ha (AU = Animal Unit, 450 kg live 

weight), effectively making it possible to dou-

ble the national herd without cutting down a 

single tree.

Under this scenario, there is a significant 

opportunity to reduce the impacts of cattle 

ranching, primarily through restoration tech-

niques on degraded rangelands and integrat-

ed production systems. These techniques 

offer a combination of increased productivity 

and GHG mitigation potential, while also con-

tributing to reduced deforestation to expand 

cattle ranching.

2.1.2	 Forests: planted and native

The cultivation of planted forests on rural 

properties has four basic objectives:

•	 Implement a long-term source of income;

•	 Increase the supply of wood for industrial 

purposes (pulp and paper, furniture and 

wood panels), energy (charcoal and fire-

wood), civil construction and other uses;

•	 Reduce the pressure on native forests to 

meet the demand for wood; and

•	 Help mitigate the effects of climate 

change by removing CO2 from the atmo-

sphere.

In addition to the climate change mitigation 

benefits of forests, native forests also provide 

benefits related to the permanent water re-

gime, in which vegetation retains rainwater. 

Therefore, forest conservation is essential for:

•	 Preserving springs;

•	 Regulating the flow of water sources that 

supply cities and towns;

•	 Regulating the climate;

•	 Regulating temperature and soil quality;

•	 Protecting slopes and hillsides. 

One of the objectives of the established 

ABC Plan is to promote efforts towards reduc-

ing forest deforestation resulting from the ad-

vances in agricultural.

2.1.3	 Integrated Systems

Integrated systems, also known as Inte-

grated Crop-Livestock-Forestry (ICLF), are 

one of the most important practices for miti-

gating and adapting to climate change. ICLF 

combines agricultural, livestock, and forestry 

production systems and can be done in in-

tercropping, in succession, or in rotation, cre-

ating mutual benefits for all its components 

(BALBINO, 2011; OLIVEIRA, 2018). As a result 

of this integration, the technology also aims 

to increase agricultural and livestock produc-

tivity. Furthermore, ICLF has the potential to 

reduce GHG emissions through the recovery 

of degraded areas, thus reducing the pres-

sure to open up new areas (CORDEIRO, 2015; 

FIGUEIREDO, 2017). 

Unlike conventional agriculture, the man-

agement practiced in the ICLF system pro-

motes long-term improvements in soil quality 

through crop diversification, permanent veg-

etative cover, and reduced tillage (MORAES, 

2014; SALTON 2014). This management can 

promote an increase in soil organic carbon 

and offset N
2O and CH4 emissions (CON-

CEIÇÃO, 2017).
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2.1.4	 No-till System (NT)

The no-tillage system (NT) is a conserva-

tionist system with specific practices to in-

crease productivity, so that the presence of 

mulch protects the soil from erosive effects of 

rain and wind, thus avoiding pollution and deg-

radation of rivers and springs due to the load of 

fertilizers and chemical products (HERNANI & 

SALTON, 1998). The main features of this sys-

tem are:

•	 No soil disturbance,

•	 Crop rotation and

•	 Permanent soil cover from crops or crop 

remains. 

NT has the function of integrating a set of 

interdependent techniques that support the 

improvement of the environment, the quality 

of human life, as well as socio-economic con-

cerns and the sustainability of agricultural ac-

tivities (HERNANI & SALTON, 1998).

Today, Brazil is one of the countries with the 

largest no-till farming areas in the world, with 

337 million hectares under no-till cultivation. 

Studies indicate that productivity gains are as 

much as 30% over conventional systems, and 

as much as 50% during the rainy season.

2.1.5	 Biological Nitrogen Fixation (BNF)

Biological nitrogen fixation (BNF) is the use of 

legumes as green manure or as a crop rotation. It 

is a biological process in which microorganisms 

convert atmospheric nitrogen (which cannot be 

used by plants) into ammonia in the soil, which 

can then be absorbed by the commercial crop.

BNF is the primary pathway for nitrogen 

fixation in the biosphere and, aside from pho-

tosynthesis, the most important biological 

process for plants and fundamental to life 	

on Earth.

Some studies have shown that BNF is an im-

portant mechanism to increase the positive ni-

trogen (N) balance in agricultural systems. This 

is because the inadequate or excessive use of 

nitrogen fertilizers in agriculture is of concern, 

both economically and environmentally. Nitro-

gen fertilizers, in addition to being a source of 

N
2O emissions, represent a high cost, since it is 

linked to the cost of oil, whose derivatives are 

used in the production of these fertilizers. In Bra-

zil, approximately 70% of the total nitrogen fertil-

izer used is imported. Therefore, BNF presents 

itself as an alternative to the use of nitrogen fer-

tilizers for some crops, helping to reduce, totally 

or partially, the quantity of fertilizers applied to 

legumes, grasses and other species.

Benefits of BNF are:

•	 Reducing the use of nitrogen fertilizers, 

thus reducing import costs and national 

dependence on fertilizers;

•	 Increased productivity;

•	 Reduction of environmental impacts 

2.1.6	 Environmental and legal compliance in 
rural properties

The Legal Reserve (LR) and the Areas of 

Permanent Preservation (APP) provide environ-

mental benefits necessary for sustainability.

The Legal Reserve (RL) is an area of na-

tive vegetation on rural property that must be 

maintained and conserved in accordance with 

legal requirements. The Forestry Code (Law 

12.651 of 2012) defines the area allocated to 

the RL on each property according to its terri-

torial location:
 7

7 Source: Federação Brasileira do Sistema Plantio Direto, 2022.
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•	 80% for rural properties located in forest 

areas in the Brazilian Legal Amazon (BLA);

•	 35% for rural properties located in areas of 

the Cerrado (savannah) in the BLA;

•	 20% for rural properties located in areas of 

Campos Gerais in any region of the country;

•	 20% for rural properties located in areas of 

forest or other forms of native vegetation 

in all other regions of the country.

The conservation of LR is of paramount im-

portance for the protection of native fauna and 

flora, the maintenance of biodiversity, and the 

sustainable use of natural resources. Therefore, 

sustainable economic use of natural resources 

can take place in LR areas.

APPs, on the other hand, are legally defined 

areas, which may or may not be covered by 

native vegetation, designed to protect water-

courses, the landscape and biodiversity. APPs 

must be established along rivers or other 

waterways, starting from their highest eleva-

tion and within a buffer zone whose minimum 

width on each bank depends on the width of 

the body of water. The Forestry Code (Law 

12.651 of 2012) stipulates that APPs may be 

established in, among other places, springs, 

lakes and natural ponds, watersheds, hilltops, 

motes, mountains, hills, slopes, edges of me-

sas or plateaus, sandbanks, and at altitudes 

above 1800 meters. Any rural property with an 

APP that has been cleared of its native veg-

etation for agricultural or economic activities 

must promote the restoration of these areas 

by legal mandate.

2.2 SUSTAINABILITY IN BEEF PRODUCTION

Sustainability of agricultural and livestock pro-

duction depends directly on the conservation of 

soil, water resources, forests and other forms of 

native vegetation on rural lands. Failure to com-

ply with environmental legislation and legislation 

governing agricultural activities puts the produc-

er at risk of fines, loss of funding, loss of business 

opportunities and, above all, being forced to pay 

for the damage caused by the loss of biodiversi-

ty and the changes in the climate regime.
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The Agricultural Sector Plan for Mitigation 

and Adaptation to Climate Change for the Con-

solidation of a Low Carbon Economy in Agricul-

ture (MAPA, 2010) provides guidance to farm-

ers on sustainable agricultural management 

that promotes environmental, economic and 

social improvements.

Many guidelines are provided that address 

the agricultural production system to be used, 

soil and input management, preservation of na-

tive vegetation, animal management, waste han-

dling, and reduction of GHG emissions, among 

others. The Sector Plan also contains significant 

recommendations for the livestock sector, such 

as the adequate handling of waste and effluents 

generated by animal husbandry, which is an 

important factor for the environmental sustain-

ability of rural properties. The proper treatment 

of these effluents and wastes contributes to the 

reduction of methane emissions and enables 

The producers to gain new sources of rev-

enue, either through the production of organic 

compost or by energy production through the 

use of biogas.

Many issues arise in managing the day-to-

day operations of a livestock operation. In ad-

dition to managing the operation "inside the 

gate," the rancher faces concerns "outside 

the gate" that influence his decision making. 

These concerns are driven by the demands 

of the beef consumer market, such as phy-

tosanitary issues, animal welfare and cattle 

traceability.

The journey towards sustainable meat pro-

duction must be accompanied by a maturing 

relationship with the environment, which is be-

coming increasingly requested by the markets, 

especially with regard to climate issues, prod-

uct traceability and the fight against deforesta-

tion. Products destined for the market must be 

guided by a vision of sustainability that unites 

commitment to the planet, commitment to the 

well-being of society, product quality and re-

spect for life. This is the goal of Minerva Foods, 

a company that has distinguished itself both for 

its ability to face the challenges of the sector 

and for its achievements, thanks to its strategic 

initiatives to combat climate change and pro-

tect ecosystems, with an emphasis on the en-

vironmental efficiency of its operations and the 

fight against illegal deforestation throughout 

the supply chain..
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03MINERVA FOODS 

Minerva Foods is the leading beef exporter 

in South America as well as operating in the 

processed foods segment, marketing its prod-

ucts in over 100 countries. In addition to Brazil, 

Minerva has operations in Paraguay, Argentina, 

Uruguay and Colombia. It also has facilities in 

Australia specializing in sheep production. In 

total, Minerva employs more than 20,000 peo-

ple, making it possible to provide beef, lamb 

and their derivatives across five continents, 

through its 32 industrial units, 11 international 

offices and 14 distribution centers. 

FIGURE 2 – Map of Minerva Foods industrial and processing units, 
and branch offices

  Minerva Foods has an extensive base of 

cattle suppliers and a network of offices and 

operations that connect growing markets, such 

as Asia, with beef production centers in South 

America. At the end of 2020, the company re-

corded net revenues of R$19.4 billion, of which 

68% came from exports. In 2021, it recorded net 

sales of R$ 26.9 billion, an increase of 39%.

 Furthermore, Minerva has established its 

practices in its Animal Welfare Policy, which 

stipulates a strict zero-tolerance policy for the 

abuse, neglect or mistreatment of animals, 

striving to implement best management prac-

tices, training of personnel and constant moni-

toring at all stages of production.

Presence of industrial units and
processing or offices
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With investments in tracking technolo-

gies, control of deforested areas and moni-

toring of protected areas and indigenous ter-

ritories, the company has under its umbrella 

some 9,000 suppliers in the Amazon region, 

covering a radius of more than 9 million hect-

ares. Among several other initiatives, Minerva 

Foods is also the first company in the industry 

to take significant action to evaluate the chain 

of indirect suppliers in the Amazon. In 2020, 

the company went beyond the Amazon and 

extended its geographic monitoring of sup-

pliers to the Cerrado, a biome suffering from 

alarming rates of deforestation that has al-

ready lost 50% of its original size. The concern 

for the preservation of the Cerrado is also a 

direct reflection of the pressure from investors 

and multinationals seeking supply chains that 

have a lower impact and a greater commit-

ment to the environment.

According to its most recent Sustainability 

Report (2021), the company is committed to 

achieving zero illegal deforestation through-

out its supply chain in South America by 2030, 

through initiatives such as geographic monitor-

ing of suppliers in Latin America and the de-

velopment and implementation of an indirect 

supplier monitoring program for all countries of 

operation in South America. Through this mon-

itoring it is possible to determine if the rural 

property is involved with deforestation, burn-

ing, occupation of legally areas, in addition to 

socio-economic compliance.

In view of the global threat of climate 

change, the company has integrated the value 

of sustainability as one of its pillars for contin-

ued growth and market positioning. Minerva 

Foods is committed to becoming carbon neu-

tral in Scopes 1, 2 and 3 by 2035. In response, 

the Renove program was created in 2021 to 

support the reduction of emissions in the sup-

ply chain.

Recently, Minerva also announced its new 

sustainability strategy with a commitment to be 

carbon neutral and achieve zero net emissions 

by 2035, 15 years ahead of the Paris Agree-

ment. The Company will invest in projects that 

will help reduce emissions throughout the pro-

duction chain by the announced date. Its first 

commitment is to ensure an end to illegal de-

forestation throughout the South American 

supply chain.

3.1  GHG PROTOCOL TOOL FOR AGRICULTURE AND RANCHING: 
PARTNERSHIP BETWEEN EMBRAPA, FGV AND MINERVA FOODs

The World Resources Institute (WRI), a re-

search organization, in partnership with the 

World Business Council for Sustainable De-

velopment (WBCSD), a consortium of com-

panies with a global presence, developed the 

GHG Protocol methodology, which provides 

the necessary guidelines for calculating and 

accounting for GHG emissions and removals 

from economic activities in various sectors, en-

abling the development of emission reduction 

targets and changing the production paradigm 

to meet these targets.

In 2012, WRI Brazil, in partnership with Em-

brapa and Unicamp, developed a project to 

create and adapt the guidelines for calculating 

agricultural emissions to tropical conditions, in 

order to better measure and manage agricul-

tural emissions in line with Brazilian realities. 
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The project became known as the Agricultural 

GHG Protocol.

In the period between 2012 and 2013, the 

project developed two technical resources: the 

Brazilian Agricultural Guidelines and the Agri-

cultural GHG Protocol Calculation Tool.

Together, these features make it possible to:

•	 Identify opportunities to reduce agricul-

tural GHG emissions;

•	 Track progress toward reduction goals;

•	 Communicate results to investors and 

end consumers; and

•	 Respond to national and international de-

mands for lower carbon products.

Minerva Foods partnered with Embrapa and 

the Getúlio Vargas Foundation to update the 

latest version of the Agricultural GHG Proto-

col with the latest emission factors published 

in Brazil's Fourth National Communication to 

the United Nations Framework Convention on 

Climate Change (UNFCCC).

This made it possible to account for GHG 

emissions from cattle grazing in pastures and 

feedlots in a way that is more consistent with 

the reality of suppliers to Minerva Foods in 

Brazil. It is worth noting that this updated ver-

sion did not change the content (inputs and 

outputs of the calculation), but rather updated 

the emission factors.

Accordingly, the sources of emissions con-

sidered by the GHG Protocol for Agriculture 

and Livestock are:

•	 Organic Fertilization;

•	 Limestone application;

•	 Application of synthetic nitrogen fertilizer;

•	 Urea application;

•	 Electricity consumption;

•	 Rice cultivation;

•	 Enteric fermentation;

•	 Emissions from secondary sources (atmo-

spheric deposition and leaching or sur-

face runoff);

•	 Waste management;

•	 Land use and land use change;

•	 Mechanized operations;

•	 Burning of plant residues;

•	 Decomposition of crop residues..

According to the GHG Protocol guidelines, 

the reporting of GHG emissions is classified 

according to the degree of responsibility or 

control of the inventory-taker organization vis-

à-vis the source of the emissions direct sourc-

es (sources that belong to or are controlled by 

the inventory-taker organization) and indirect 

sources (sources that belong to or are con-

trolled by another organization, but result from 

the activities of the inventory-taker organiza-

tion). This structure is represented by Scopes 1, 

2 and 3, as defined below::

Scope 1: These are direct emissions from 

sources owned or controlled by the invento-

ry-taking organization.

Scope 2: Indirect emissions from the use of 

electrical and thermal energy consumed by 

the inventory-taker organization. This catego-

ry includes GHG emissions associated with the 

consumption of electrical energy purchased by 

the organization.

Scope 3: All other indirect emissions not re-

ported under Scope 2. Scope 3 emissions are 

a consequence of the company's activities but 

occur at sources not owned or controlled by 

the reporting organization, generally related to 

its value chain. 

In addition to the emissions reported with-

in the Scopes, biogenic emissions, carbon se-

questration, net emissions and other gases are 

also reported.
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Biogenic Emissions: CO2 emissions result-

ing from the combustion of biomass (biological 

material composed of carbon, hydrogen and 

oxygen). Biomass burning results in emissions 

that are considered climate neutral because 

CO2 is produced through a short biological 

cycle (rather than a geological cycle, as is the 

case with fossil CO2). Burning of native vegeta-

tion as a result of land use change (i.e. defor-

estation) should be reported in scope 1 or 3 as 

it is not considered climate neutral.

Biogenic Removals: Biological carbon fix-

ation is a process of photosynthesis that tem-

porarily reduces the concentration of CO2 in 

the atmosphere. Thus, the increase in carbon 

in plant tissue should be accounted for as bio-

genic removal of CO2. Examples: planted vege-

tation (commercial forestry), increased soil car-

bon stocks, green manure, land-use changes 

that increase carbon stocks, etc.

Land use and land cover change: Land use 

transition to stabilization. For example, area de-

graded to pasture, agriculture, or sugar cane. 

Includes carbon in soil and biomass (e.g. native 

vegetation and other uses).

Net emissions represent the difference be-

tween total emissions and carbon sequestra-

tion (Equation 1). If net emissions are positive, 

the property is considered a GHG emitter; if net 

emissions are negative, the property is consid-

ered a GHG mitigator. In this report, 23 cattle 

suppliers to Minerva Foods were analyzed.

Net Emissions 

Scope 1 Emissions

Scope 2 emissions

Biogenic emission or removal
+

+

+

Land use change
=
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04
To participate in the study, cattle suppli-

ers to the Minerva Foods processing units 

were selected, prioritizing the geograph-

ic diversity of cattle purchasing operations 

RESULTS OF THE GHG  
PROTOCOL - AGRICULTURE AND LIVESTOCK

and also the different animal finishing strat-

egies. As a result, 23 partner suppliers were 

selected, located in 3 of the 5 major regions 	

of Brazil.

. FIGURE 3 – Municipal geographical distribution of the properties participating in the study
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The 23 suppliers operate in the states of 

Mato Grosso (MT), Goiás (GO), Minas Gerais 

(MG) and Rondônia (RO). They cover three dif-

ferent regions (Midwest, Southeast and North) 

and include at least one Minerva slaughter 

unit, strategically located to meet market de-

mand while respecting animal welfare criteria. 

It should be emphasized that the properties 

studied are cattle ranches from which Miner-

va Foods directly purchases cattle, so no GHG 

emissions from indirect suppliers were studied.

Of the total gross value of agricultural pro-

duction in Brazil in 2021 (R$ 1,129.2 billion), 

these 5 states account for 39.5%, about R$ 

445.8 billion (MAPA, 2021). These states also 

contain 47% of the national herd, about 102.4 

million head of cattle (IBGE, Pesquisa da 

Pecuária Municipal, 2020).

Minerva Foods has two meat packing units 

in the state of Mato Grosso, located in the cities 

of Mirassol D'Oeste and Paranatinga. It is cur-

rently the state with the largest cattle herd in 

Brazil (IBGE, Pesquisa da Pecuária Municipal, 

2020), followed by the state of Goiás, which 

also has a meat packing facility in the city of 

Palmeiras de Goiás.

According to data from the Image Process-

ing and Geoprocessing Laboratory (Lapig/

UFG), in 2020 the State of MT had a total area of 

19.7 million hectares of mapped pastures, rep-

resenting 21.87% of the state's area and 12.3% 

of the country's pastures. As for Goiás, this area 

amounted to 13.8 million hectares, represent-

ing 39.58% of the state, corresponding to 8.4% 

of the country's pastures.

Another state where Minerva Foods has a 

processing plant is Minas Gerais, in the munic-

ipality of Janaúba. In this state, pastures cover 

19.9 Mha, or 33.98% of the state's territory and 

12.4% of Brazil's pastures. The state has the 4th 

largest cattle herd in Brazil. In the state of São 

Paulo, the meat processing units are located in 

the cities of Barretos and José Bonifácio, in the 

microregion of São José do Rio Preto, which is 

home to the second largest cattle herd in the 

state of São Paulo. The state of São Paulo itself 

boasts the fourth largest cattle herd in Brazil.

Minerva Foods also has strategically locat-

ed units in the municipalities of Rolim de Mou-

ra, in Rondônia, and Araguaína, in Tocantins, 

whose state herds are the 6th and 10th largest 

in Brazil..



RESULTS OF THE GHG PROTOCOL - AGRICULTURE AND LIVESTOCK

29

MT

TO

GO
MG

SP

RO
1°

2°
4°

6°

8°

10°

32.702.525

10.563.637

22.165.606

9.129.804

23.626.608

14.804.398

M ton CO2 eq.

FIGURE 4 – States with Minerva slaughter units and corresponding  
number of cattle (no. of head) for 2020

Source: Pesquisa da Pecuária Municipal, 2020.

The ranches included in the study supply the 

units in José Bonifácio/SP, Rolim de Moura/RO, 

Palmeiras de Goiás/GO, Mirassol do Oeste/MT. 

These properties differ from each other in that 

they use different management techniques for 

the herd, and different types of finishing (pas-

ture or feedlot). These ranches were responsi-

ble for supplying 12.6% of the volume of heads 

processed in Brazil for the 20/21 crop year - the 

period covered by the GHG Protocol.

4.1. BALANCE OF GREENHOUSE GAS EMISSIONS FOR THE 20/21 PERIOD

The results show that of the 23 properties 

analyzed, 11 have a negative carbon footprint, 

meaning they remove more carbon equiva-

lent than they emit. In other words, these 

ranches are not only offsetting their own 

emissions, but also helping to mitigate car-

bon emissions.

The properties analyzed have different 

characteristics. These include cropland, pas-

ture availability and condition, livestock num-

bers, management techniques, and fertiliza-

tion. The results presented in Graph 11 show 

the aggregate effect of all these practices and 

techniques on GHG emissions.
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GRAPH 11 – Greenhouse Gas Emissions Balance for the properties analyzed

The results obtained take into account fac-

tors such as input application, land use tran-

sition, cattle herd size, animal waste manage-

ment, and energy and fuel consumption in the 

operations carried out during the 20/21 crop 

year. These factors can vary from year to year 

within the same rural property. For example, 

input use may be related to pasture recovery, 

an operation that may not be repeated every 

year. According to Oliveira et al. (2005), a pas-

ture, once recovered and properly managed, 

can last for decades without the need for fur-

ther intervention.

The properties with the highest net emissions 

are those with cattle confinement systems, and 

as a result, their respective GHG mitigating pro-

duction systems cannot offset the emissions 
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from enteric fermentation, the popular "burping" 

of cattle, which represents a critical point in the 

consolidation of sustainable ranching. Graph 12 

A and B below shows the dynamics of emission 

sources for each property.

Graph 12 A presents the absolute contri-

bution of each source to the total emissions. 

It can be seen that the order of the proper-

ties that emit the most differs from the one 

shown in Graph 11, regarding the balance of 

emissions. For example, Ranch 7 has a neg-

ative carbon balance of 4,167 t CO
2e. In other 

words, this ranch emits 30,774.1 metric tons of 

CO2e, mostly from enteric fermentation, and 

removes 36,312.5 metric tons of CO2e from the 

atmosphere through land-use change prac-

tices, resulting in a negative balance. The main 
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source of emissions on this ranch is enteric 

fermentation, a characteristic also found on 

the other ranches. This is due to the fact that 

the balance takes into account everything that 

has been emitted by the ranch, as well as all 

the removals, which are primarily the result of 

changes in land use. As discussed previous-

ly, technologies such as pasture recovery or 

conversion of degraded pastures to integrat-

ed systems have the potential to remove car-

bon from the atmosphere. Graph 12 B shows 

the relative contribution of each source to total 

emissions. Enteric fermentation is the largest 

contributor of emissions sources in the analy-

sis and is also the primary source of emissions 

from the national herd.

GRAPH 12 – Absolute (A) and Relative (B) Contribution of Greenhouse Gas Emission  
Sources for the Properties Analyzed
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Graph 13 illustrates the main sources of 

GHG removals for each property. Using the ex-

ample of ranch 7, it can be seen that although 

the emissions of this ranch reached 36,965.1 t 

CO2e, the removals amounted to 41,132.5 t CO2e. 

This result was achieved due to the conversion 

of pasture land into Crop-Livestock Integration 

areas. The amount of CO2e removed from the 

atmosphere was therefore greater than the 

amount emitted.

GRAPH 13 – Sources of Greenhouse Gas Emissions and Removals  
for the Properties Analyzed

Nevertheless, the in-gate activities identified 
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attributed to the best land use management 

practices of the last 20 years. We have iden-

tified properties where pasture recovery is in 

progress, establishing pastures that are always 

well managed through renovation or the adop-
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adoption of no-till farming. 
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If we separate the in-gate activities, i.e., ag-

riculture and ranching, we can see from Graph 

14 that for most properties, agriculture removes 

and ranching emits. What determines whether 

the emissions balance is negative is how much 

more is removed by agriculture through land 

use change than is emitted from ranching. Be-

cause of their root systems, grasslands and ag-

riculture sequester large amounts of carbon in 

the soil and store a significant amount of car-

bon as biomass (Jansson et al., 2010).

This is because Brazilian agriculture cur-

rently has access to several technologies that 

promote soil carbon storage and increase pro-

ductivity, in addition to representing advances 

in the search for a more sustainable system. 

Forestry integrated systems, direct seeding 

and biological nitrogen fixation are examples 

of these strategies.

Through the use of these techniques on 

the property, the producer begins to contrib-

ute to the reduction of GHG emissions or even 

achieves a negative balance, i.e., the amount of 

GHG stored on the property is greater than the 

amount emitted. In addition, the use of these 

technologies is part of the implementation of 

Good Agricultural Practices8 and enables the 

producer to develop more effective ways to in-

crease profitability throughout the production 

process, avoiding waste.
8

8  A set of standards and techniques to guide the entire process of food production, processing and transport, with 
the aim of increasing agricultural productivity and reducing potential harm to human health, ag workers and the 
environment. 
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GRAPH 14 – GHG Emissions by Source (Agriculture and Cattle Ranching)  
for the Properties Analyzed 

Good agricultural practices are also a way 

of reducing emissions from cattle. In this case, 

as methane emissions from cattle are mainly 

due to the enteric fermentation process, the 

strategy is to adopt practices that offset these 

emissions, such as improving the quality of 

pastures by increasing the amount of carbon 

in the soil, which can also contribute to live 

weight gain and reduce the time it takes for 

the animal to be ready for slaughter, as well as 

more efficient waste management. Graph 15 
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shows emissions per thousand head of cat-

tle from the 23 partner suppliers of Minerva 

Foods, as well as the average for Brazil. Only 

one property registered emissions above the 

national average.

To calculate the average emissions for Bra-

zil, it was necessary to determine the total 

value of emissions generated by the Brazilian 

herd, by state and by animal category9, and to 

measure those emissions against the total size 

of the herd. 9

9  This effort was necessary because the emission factors used to calculate greenhouse gas emissions vary depending 
on the location and age of the animal. The detailed calculation is presented in the Appendix.
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This breakdown allows for a more reliable 

calculation of the emissions of the national 

herd in a given year. Based on this informa-

tion, it is possible to define the "Brazilian aver-

age" of Brazilian herd emissions. This average 

is given by:

Rearranging:

In which: 

=	 Average Brazilian emissions from cattle ranching, thousand 

head of cattle/year

=	 Methane emissions from enteric fermentation, Gg CH4/year

=	 CH4 emissions from animal waste management by animal 

type, Gg CH4/yr

=	 Number of heads by animal type T
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GRAPH 15 – Livestock Emissions per Thousand Heads  
of Cattle for Ranches Analyzed
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The national average for Brazil therefore cor-

responds to all national cattle emissions, as de-

termined by herd size. Therefore, on average, 

Brazil emits 1,524 tons of CO2e per thousand 

head of cattle. Of all the properties analyzed, 

only Ranch 23 emits more than the national 

average. The total amount of emissions from 

this property is 1,725 tons of CO2e per thousand 

head of cattle. A decisive factor is the volume of 

animals in the herd, calculated for the analysis 

of the GHG emissions, which, even when add-

ed to a carbon removal strategy, is still large 

enough to render this production system an 

emitter. Most of the emissions of this property, 

about 92%, come from the enteric fermentation 

of cattle.

It is important to note that the GHG Proto-

col tool calculates emissions at a specific point 

in time, in this case for emissions that occur in 

a crop year. Therefore, the tool does not take 

into account the dynamics of the life cycle of 

methane, a gas with a short atmospheric lifes-

pan. In other words, the tool considers only the 

methane emitted during the specific analysis 

period and does not represent the emissions 

removed from the atmosphere through the ac-

Source: MCTI - Fourth national inventory of anthropogenic 	
greenhouse gas emissions and removals,2020.
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tual biogenic cycle10 of the gas. Nevertheless, 

the tool takes into account all the removals that 

occur in the same period as the emissions ana-

lyzed, resulting in the balance of emissions and 

removals of the property.10

An interesting observation is that of the 23 

properties, 11 report negative emissions, in 

other words, for every thousand head of cat-

tle on each of these ranches, CO2e is removed 

rather than emitted. This is possible due to the 

existence of carbon mitigation practices that 

offset the herd's emissions. In addition, there 

are 3 properties in which the carbon removal 

is higher than the average observed in Brazil, 

i.e., more than 1,524 tons of CO2e per thousand 

head of cattle. This means that these proper-

ties, in addition to removing the equivalent of 

their net GHG emissions, contribute to offset-

ting the average emissions of at least another 

thousand head of cattle. These resources en-

able producers to include reporting and mit-

igation of GHG emissions in their annual pro-

duction strategies and planning.

10  The biogenic methane cycle begins when plants capture carbon dioxide from the atmosphere through photosyn-
thesis. These plants then serve as a food source for grazing animals. During the ruminant's digestive process, the inges-
ted carbon is converted to methane gas, which is then released into the atmosphere by cattle. The methane remains 
in the atmosphere for 12 years before breaking down into carbon dioxide (CO2) and water vapor (H2O). The resulting CO2 

is recycled and returned to the cycle through photosynthesis. Thus, biogenic methane is derived from carbon dioxide 
(CO2) in the atmosphere (PINTO et al., 2022).

We can therefore see the importance of de-

termining the balance of GHG emissions of the 

analyzed properties, their respective sources of 

emission and removal within the boundaries of 

the property. We can also see the importance of 

the efforts made by the analyzed properties to 

use low-emission techniques and/or to remove 

carbon from the atmosphere. A number of them 

are able to offset their own emissions and con-

tribute to the offsetting of emissions from other 

activities, not generated within their own opera-

tions, originating from outside their boundaries.

On a global scale, where the effects of cli-

mate change are already having a devastating 

impact, there is a greater focus on methane, 

and in particular on that emitted by Brazil-

ian livestock. The emphasis of this work is to 

highlight the performance of these suppliers 

to Minerva Foods, which already stand out for 

their superior performance compared to the 

national average.
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05
The Brazilian agribusiness is an economical-

ly representative sector, due to its agricultural 

aptitude, which places it in a globally prominent 

position in terms of food production, conferring 

to the country a key role in global food security. 

Ensuring food security has become a key issue 

for countries with different levels of economic 

development, whereby the agricultural sector 

plays a strategic role in improving the availabil-

ity of these commodities.

The Brazilian agricultural sector is in a posi-

tion to contribute to this agenda, as it has de-

veloped over the years and has shown that it 

is capable of expanding agricultural produc-

tion without increasing the conversion of native 

vegetation and greenhouse gas emissions at 

the same rate. This achievement is a reflection 

of the availability of arable land, skilled labor 

and sustainable tropical techniques.

In addition to enhancing sustainability and 

productivity, these techniques, such as the 

restoration of degraded pastures, integrated 

production systems, no-till farming, and bio-

logical nitrogen fixation, make these systems 

more resilient to the effects of climate change. 

These practices also promote "land -saving 

effect," where production can be increased 

without opening up native vegetation to agri-

cultural production.

These measures to reduce GHG emissions 

from agricultural activities have been stimu-

lated at the federal level by plans aimed at sus-

tainable agriculture, such as the Sector Plan for 

Mitigation and Adaptation to Climate Change 

for the Consolidation of a Low Carbon Econ-

CONCLUDING REMARKS

omy in Agriculture, the ABC+ Plan, which aims 

to reduce carbon equivalent emissions in agri-

culture by 1.1 billion tons by 2030 and facilitates 

some aspects of this process by offering loans 

through the ABC Program, characterized by the 

financing of investments that contribute to the 

reduction of environmental impacts caused by 

agricultural and livestock activities.

It is important to understand the need for 

policies and incentives targeted at the rural 

producer. These policies should facilitate ac-

cess to rural credit, technology transfer, and 

the expansion of technical assistance so that 

the producer is progressively able to increase 

agricultural productivity while reducing green-

house gas emissions from their property.

With the current global discussions on 

food security, climate change and the reduc-

tion of greenhouse gas emissions, such ini-

tiatives are relevant. It is essential to expand 

food production in an increasingly sustainable 

manner. In this respect, the GHG Protocol for 

Agriculture and Livestock is a step forward, as 

it allows the producer to measure the emis-

sions and removals generated by activities 

carried out within the boundaries of the op-

eration, thus supporting decision-making. The 

tool uses methodologies and emission factors 

specific to the Brazilian reality, based on sci-

entific studies, as a means of accounting for 

the emissions generated and evaluating the 

maintenance and/or implementation of miti-

gation technologies.

This type of control at the rural property 

level is effective in addressing issues raised 
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at the global level that have a direct impact 

on Brazilian agriculture. On the one hand, 

there is an expected increase in the demand 

for food due to the growing world population, 

which is expected to reach 9.7 billion people 

by 205011, and on the other hand, an increase 

in consumer and external market demands, 

which are already more rigorous and seek 

assurances of sustainable agricultural prac-

tices. These demands include global debates 

on carbon taxation at the border and carbon 

trading markets.11

Therefore, the adoption of low-carbon 

technologies allows rural producers to re-

spond to new patterns of global demand. This 

study demonstrates the adoption of these 

technologies by ranches located in three dif-

ferent regions of the country (North, Midwest, 

and Southeast) covering three different bi-

omes (Cerrado, Atlantic Forest, and Amazon). 

The results indicate that despite the different 

soil and vegetation characteristics, the last-

ing effects of these technologies remain. For 

example, GHG emissions per thousand head 

of cattle were below the national average in 

22 of the 23 cattle ranches analyzed. The fact 

that only one farm failed to achieve a lower 

GHG emission rate per livestock unit does not 

necessarily mean that there isn't some future 

11  Source: https://www.un.org/development/desa/en/news/population/world-population-prospects-2019.html

emission reduction technology available for 

its production system. Climate targets and the 

growing demand for meat are driving the sci-

entific search for technologies and innovations 

to reduce methane production in livestock 

without compromising productivity. This per-

formance, as well as its monitoring, can benefit 

both producers and society. It can contribute 

to the protection of the environment, respond 

to the demands of consumers and prove to be 

suitable for this external market..



40

REFERENCES

ASSAD, E. D. et al. Papel do Plano ABC e do Planaveg na adaptação da agricultura e da pe-

cuária às mudanças climáticas. Working Paper. São Paulo, Brasil: WRI Brasil. Available online in: 

https://wribrasil.org.br/pt/publicacoes

BALBINO, L. C., et. al. Evolução tecnológica e arranjos produtivos de sistemas de integração 

lavoura-pecuária-floresta no Brasil. Pesquisa Agropecuária Brasileira, 46. 2011.

CAMPOS, J. G. F.; FISCHAMANN, A. A. Visão estratégica das mudanças climáticas na cadeia 

produtiva da carne bovina no brasil. In: SINGEP, n°3, 2014, São Paulo. Anais. Available online in: < 

https://singep.org.br/3singep/resultado/388.pdf >

CENTRO DE ESTUDOS AVANÇADOS EM ECONOMIA APLICADA (CEPEA) E CONFEDERAÇÃO 

NACIONAL DA AGRICULTURA E PECUÁRIA (CNA). PIB do agronegócio brasileiro de 1996 a 2021. 

Available online in: < https://www.cepea.esalq.usp.br/br/pib-do-agronegocio-brasileiro.aspx >.

Climate Watch. 2022. Washington, D.C.: World Resources Institute. Available online in: 	

www.climatewatchdata.org. Access in: january 2022.

CONAB – Companhia Nacional de Abastecimento. Grãos, Safra 21/22. Quarto levantamento, 

janeiro de 2022. Available online in:  www.conab.gov.br. Access in: january 2022.

CONCEIÇÃO, M. C. G. DA et al. Changes in soil carbon stocks under Integrated Crop-Livestock-

-Forest system in the Brazilian Amazon Region. 2017. 

CORDEIRO, L.A.M., VILELA, L., MARCHÃO, R.L., KLUTHCOUSKI, J. AND MARTHA JÚNIOR, G.B. 

Integração lavoura-pecuária e integração lavoura-pecuária-floresta: estratégias para intensifica-

ção sustentável do uso do solo. 2015.

FIGUEIREDO, E.B., JAYASUNDARA, S., DE OLIVEIRA BORDONAL, R., BERCHIELLI, T.T., REIS, 

R.A., WAGNER-RIDDLE, C. AND LA SCALA JR, N. Greenhouse gas balance and carbon footprint 

of beef cattle in three contrasting pasture-management systems in Brazil. Journal of Cleaner Pro-

duction, 142, pp.420-431. 2017.

HERNANI, L.C., SALTON, J.C. Manejo e conservação do solo. Embrapa Agropecuária Oeste-

-Outras publicações técnicas (INFOTECA-E). 1998.

IBGE. Pesquisa Pecuária Municipal 2021. Tabela 3939: efetivo dos rebanhos, por tipo de reba-

nho. [Rio de Janeiro, 2022e]. Available online in: https://sidra.ibge.gov.br/tabela/3939. Access in: 

february 2022.



REFERENCES

41

Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 – 2019. Complete Report U.S. Gov-

ernment to meet U.S. commitments under the United Nations Framework Convention on Climate 

Change (UNFCCC). 2021. Available online in: https://www.epa.gov/ghgemissions/inventory-us-

-greenhouse-gas-emissions-and-sinks-1990-2019. Access in: january 2022.

IPCC, 2022: Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of Work-

ing Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change 

[H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegría, M. Craig, S. 

Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. Cambridge University Press. Cambridge 

University Press, Cambridge, UK and New York, NY, USA, 3056 pp., doi:10.1017/9781009325844.

IPEA – INSTITUTO DE PESQUISA ECONÔMICA APLICADA; Mercado de trabalho do agronegó-

cio. Brasília: Ipea, 2022.

JANSSON, C., Wullschleger, S., KALLURI, U.C., TUSKAN, G. A.. Phytosequestration: Carbon Bio-

sequestration by Plants and the Prospects of Genetic Engineering, BioScience, Volume 60, Issue 

9, October 2010, Pages 685–696, https://doi.org/10.1525/bio.2010.60.9.6

LOPES, Maurício Antonio. Escolhas estratégicas para o agronegócio brasileiro. Revista de Po-

lítica Agrícola, Brasília, DF, ano 26, n. 1, p. 151-154, jan./fev./mar. 2017. Available online in: https://

ainfo.cnptia.embrapa.br/digital/bitstream/item/163235/1/Escolhas-estrategicas.pdf

MANZATTO, C. et al. Mitigação das emissões de Gases de Efeitos Estufa pela adoção das tec-

nologias do Plano ABC: estimativas parciais. 2020.

MINISTÉRIO DA AGRICULTURA, PECUÁRIA E ABASTECIMENTO, MAPA. Agrostat. Brasília: 

MAPA, 2022. Available online in: http://sistemasweb.agricultura.gov.br/pages/AGROSTAT.html. 

Access in: march 2022.

MINISTÉRIO DA AGRICULTURA PECUÁRIA E ABASTECIMENTO, MAPA. Plano Setorial de Miti-

gação e Adaptação às Mudanças Climáticas para Consolidação da Economia de Baixa Emissão 

de Carbono na Agricultura – PLANO ABC. Brasília: [s.n.]. 2010.

MINISTÉRIO DA AGRICULTURA PECUÁRIA E ABASTECIMENTO, MAPA. Plano Setorial de Miti-

gação e Adaptação às Mudanças Climáticas para Consolidação da Economia de Baixa Emissão 

de Carbono na Agricultura – PLANO ABC. Available online in: https://www.gov.br/agricultura/

pt-br/assuntos/sustentabilidade/plano-abc. Access in: january 2022.

MINISTÉRIO DO DESENVOLVIMENTO INDÚSTRIA E COMÉRCIO, MDIC. ComexStat - Sistema 

de Estatísticas do Comércio exterior. Brasília. Available online in: http://comexstat.mdic.gov.br/pt/

geral. Access in: april 2022.

MORAES, A.D., CARVALHO, P.C.D.F., LUSTOSA, S.B.C., LANG, C.R. AND DEISS, L. Research on 

integrated crop-livestock systems in Brazil. Revista Ciência Agronômica, 45, pp.1024-1031. 2014.



REFERENCES

42

OLIVEIRA, B.C.S., DE ARAÚJO, A.C., PINTO, C.A.D., SOUZA, C.D.A., SANTIAGO, A.V. AND TRIN-

DADE, I.A. Caracterização da variação sazonal do CO2 atmosférico em sistema iLPF no Leste da 

Amazônia. 2018.

OLIVEIRA, P.P.A., et. al. Fertilização com N e S na recuperação de pastagem de Brachiaria brizan-

tha cv. Marandu em Neossolo Quartzarênico. Revista Brasileira de Zootecnia, 34, pp.1121-1129. 2005.

Projeto MapBiomas – Coleção da Série Anual de Mapas de Cobertura e Uso da Terra do Brasil. 

Available online in: www.plataforma.brasil.mapbiomas.org/. Access in: april 2022.

PINTO, T. P., DE LIMA, C. Z., ESTEVAM, C. G., PAVÃO, E.M., ASSAD, E. D. (2022). PANORAMA 

DAS EMISSÕES DE METANO E IMPLICAÇÕES DO USO DE DIFERENTES MÉTRICAS. Observatório de 

Conhecimento e Inovação em Bioeconomia, Fundação Getúlio Vargas - FGV-EESP, São Paulo, 

SP, Brasil.

SALTON, J.C., MERCANTE, F.M., TOMAZI, M., ZANATTA, J.A., CONCENÇO, G., SILVA, W.M., RE-

TORE, M. Integrated crop-livestock system in tropical Brazil: Toward a sustainable production sys-

tem. Agriculture, Ecosystems & Environment, 190, pp.70-79. 2014.

SEEG - Sistema de Estimativa de Emissões e Remoções de Gases de Efeito Estufa, Observa-

tório do Clima. Available online in: www.seeg.eco.br. Access in: april 2022.

SKORUPA, L.A., MANZATTO, C.V. Avaliação da adoção de sistemas de integração lavoura-pe-

cuária-floresta (ILPF) no Brasil. 2019.

STRASSBURG, B.B., LATAWIEC, A.E., BARIONI, L.G., NOBRE, C.A., DA SILVA, V.P., VALENTIM, 

J.F., VIANNA, M. AND ASSAD, E.D. When enough should be enough: Improving the use of current 

agricultural lands could meet production demands and spare natural habitats in Brazil. Global 

Environmental Change, 28, pp.84-97. 2014.

TUBIELLO, F., C. ROSENZWEIG, G. CONCHEDDA, K. KARL, J. GÜTSCHOW, X. PAN, G. GRIF-

FITHS OBLI-LARYEA, S. QIU, J. DE BARRIOS, A. FLAMMINI, E. MENCOS CONTRERAS, L. SOUZA, 

R. QUADRELLI, H.H. HEIÐARSDÓTTIR, P. BENOIT, M. HAYEK, AND D. SANDALOW. Greenhouse gas 

emissions from food systems: Building the evidence base. Environ. Res. Lett., 16, no. 6, 065007, 

doi:10.1088/1748-9326/ac018e. 2021.

UNIVERSIDADE FEDERAL DE GOIÁS – UFG. Laboratório de Processamento de Imagens e Ge-

oprocessamento – LAPIG. (2020). LAPIG MAPS. Available online in: https://www.lapig.iesa.ufg.br/

lapig/index.php/produtos/dados-geograficos

USDA - United States Department of Agriculture. Available online in: https://apps.fas.usda.

gov/psdonline/app/index.html#/app/home. Access in: april 2022.



43

01CALCULATION METHODOLOGY FOR THE AVERAGE 
EMISSIONS OF THE BRAZILIAN HERD PER THOUSAND HEAD

APPENDIX

The following is the methodology used to calculate the average emissions of the Brazilian herd 

for each thousand head of cattle.

This average is determined by:

Restructuring:

Where: 

=	Average Brazilian emissions from cattle ranching, thousand 

head of cattle/year

=	Methane emissions from enteric fermentation, Gg CH4/year

= CH4 emissions from animal waste management by animal 

type, Gg CH4/year

= Number of heads by animal type T

The first step to calculate the total emissions from the Brazilian herd was to first determine the 

emissions generated by enteric fermentation12: 

12  Calculations were based on the methodology described in Volume 4, Chapter 10 of the IPCC Guidelines (2006 IPCC 
Guidelines for National Greenhouse Gas Inventories; IPCC, 2006; V.4, C.10, Livestock)
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Where: 

Emissions = Methane emissions from enteric fermentation, Gg CH4/year

EFT = Emission factor defined by animal category, Kg CH4/head/year

NT = Number of heads by animal category T

EMISSIONS FROM ANIMAL WASTE MANAGEMENT

CH4 emissions 

It was also necessary to determine the emissions from the handling of animal waste13. The 

equations take into account the animal population, percentage of use of each type of treatment, 

and climatic conditions. The equations used are:

Where:

Equation (3)

CH4 emissions = CH4 emissions from manure management by animal category, 

Gg CH4/yr

EFMT = emission factor defined by animal category, Kg CH4/head/year

NT = number of heads per animal category T

Equation (4)

VSuf,T = Daily Volatile Solids excreted for T-category animals (Kg/MS/animal/day)

365 = Basis for calculating annual SV production (days/year)

B0,T = Maximum methane production capacity for manure produced by the animal cate-

gory, m3/CH4/kg of VS excreted

0,67 = Conversion factor from m3 CH4 to Kg CH4

13  Calculations were based on the methodology described in Volume 4, Chapter 10, of the IPCC Guidelines (2006 IPCC 
Guidelines for National Greenhouse Gas Inventories; IPCC, 2006; V.4, C.10, Livestock)
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MCFS = Methane conversion factors for each manure management system S by climate 

region K (uf) (%)

MSuf,S,T = Fraction of livestock category T manure handled using manure management 

system S in climate region K (uf)

Volatile Solids

where: 

VSuf,T = volatile solid excretion per day of dry matter (DM), kg SV/day

GEuf,T = gross energy intake, MJ/day

%DE = digestibility of feed in percentage (%)

(UE x GE) = urinary energy expressed as fraction of GE

ASHuf,T = the ash content of manure calculated as a fraction of MS

18,45 = conversion factor for dietary GE per kg of MS (MJ/kg). This value is relatively 

constant across a wide range of forage and grain-based feeds commonly con-

sumed by livestock

N2O Emissions

Methodology used to calculate nitrous oxide emissions from livestock manure handling is the 

same as that used to calculate methane emissions. The quantification of direct N2O emissions 

from manure handling (N2OD(MM)) was done by multiplying the total N excretion (NexT) for each spe-

cies/category of the herd (T), the total number of heads per category (NT), which occurs in each 

type of manure management system (MST,S) by a specific emission factor for the type of manage-

ment system used (EF3,S), as shown below:
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Animal N excretion (NexT) was estimated using Equation 6, which requires data on daily N ex-

cretion rate (NrateT) and live weight (TAM) for each herd category considered in the Inventory. 

During manure management, N losses by volatilization can occur, and the volatilized N can be 

deposited elsewhere, generating N2O, emissions, or indirect emissions. The calculation of indirect 

emissions (N2OG(MM)) was performed by Equation 8, following Tier 1. It was necessary to estimate 

the amount of N volatilized (Nvolatilization-MMS), calculated by Equation 9, using default values for the 

fraction of N in the managed manure that was volatilized (FracGasMS) for each type of handling for 

each herd category.

MAKEUP OF THE NATIONAL HERD

In order to determine the methane and nitrous oxide emissions from enteric fermentation and 

animal waste management it is necessary to classify the cattle population. The cattle population 

can be divided into beef cattle - pasture and confined - and dairy cattle. The main database used 

is the ANUALPEC, 2021 for beef cattle herd, confined cattle and dairy cattle.

A mapping was made between the categories of beef cattle of ANUALPEC (TA) and the cate-

gories of the IV National Inventory (T). This mapping is important to maintain the consistency of the 

results of this study with other publications in the area, such as the IV National Inventory. There-

fore, for the beef herd, we used the T-categories consisting of the following animals: bulls, under 

1 year old, between 1-2 years old, females over 2 years old, males over 2 years old.  Once this 

mapping had been carried out, the shares of each animal category in the state's 2020 ANUALPEC 

cattle herd were established. These shares were applied to the total ANUALPEC cattle herd. Thus, 

we have the beef herd defined by animal category (T).

The next step was to determine the confined cattle herd. This data was obtained directly from 

the ANUALPEC database. Thus, we have the confined cattle herd defined by animal category (T) 

where T = {conf}.

For the dairy cattle herd, information from the IBGE's Pesquisa Pecuária Municipal (Municipal 

Livestock Survey) was combined with data from ANUALPEC. The first step was to identify the total 

number of dairy cows (heads) and milk production (thousand liters) at the municipal level. In line 

with the methodology of the IV national inventory, a threshold of 2,000 liters/head/year was es-

tablished to determine the classification between high or low milk production. Therefore, produc-

tivity greater than or equal to the threshold is classified as high production. At the end of this step, 

using the PPM-IBGE data, it was possible to define the dairy cattle herd by animal category (T), 

where T = {alta, baixa}. The following step determined the state parcels by category in the PPM-

IBGE database. These plots were used for the disaggregation of the dairy cattle herd data from 

ANUALPEC. Thus, the dairy cattle herd is defined by animal category (T) where T = {alta, baixa}.




