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Translation: 

Brasília, August 10th, 2018 

To His Excellency Mr Alfredo Sirkis 

Executive Coordinator of the 

Brazilian Forum for Climate Change 

 



3 

 

Mr Executive Coordinator, 

 

Considering the content in the Paris Agreement, related to the goal defined in the article 2º, paragraph 

1º, point “a”, in “Keeping the growth of the average global temperature below 2º C in relation to the 

pre-industrial levels, and putting efforts to limit this growth of the temperature to 1,5ºC in relation to 

the pre-industrial levels, recognizing this would reduce greatly the risks and the impacts of climate 

change. 

Considering that scientific studies show that the fulfilment of this goal will demand the neutralization of 

liquid emissions of greenhouse gases in the second half of this century; 

And considering that many countries have already defined long-term strategies for this goal and that 

Brazil has presented one of the most advanced Nationally Determined Contributions – NDC and that 

needs now to be complemented with a long-term strategy that can also promote social and economic 

development, 

I require the Brazilian Forum of Climate Change to prepare within a period of 120 days, a proposal 

assessing what would be necessary for the achievement by Brazil of net zero liquid emission goal on the 

2060 horizon, based on studies and debates between the several sectors of the civil society, from the 

third sector and the academy. 

 

Regards, 

Michel Temer 
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In August of the year 2018, during the ceremony of delivery to the Mr 

President of the Republic of the document, Initial Proposal for the 

Implementation of the Brazilian NDC, developed by the (FBMC), the 

President of Brazil asked the FBMC to prepare a proposal assessing what 

would take for Brazil to become a neutral carbon country - this meaning 

net zero greenhouse gas emission (GHG) - by the year 2060. 

The question of a Long-Term Strategy had already been considered by the 
FBMC. It is preparing a more comprehensive study that goes beyond 
mitigation of emissions and includes adaptation and visions of society. The 
presidential demand focused specifically on an evaluation capable of 
placing our country in the context of national initiatives that have been 
announced from countries defining their readiness to become carbon 
neutral. It is the recent case of Portugal and Spain that pointed to the 
2050 horizon. 
 

The urgency of this type of evaluation was highlighted by the recent IPCC 

report addressing the 1.5 ° C limit and what would be necessary as 

international collective action to do so. Even the traditional target of 2 

degrees depends on a carbon neutral planet somewhere between 2055 

and 2070. 

The technical challenge of meeting the President’s demand was quite 

complex considering the very short time available, 120 days, and it was 

taken upon by the team of Professor Emílio La Rovere from the COPPE / 

UFRJ Climate Center, which had already developed a work evaluating the 

possibility of Brazil reaching, in 2050, per capita emissions on an average 

compatible with a global 1.5 ºC scenario. 

This study was the basis for using a good part of your methodology and 
assumptions. Why the choice for 2060? The mentioned study, for 2050, 
still presented a residual GHG positive balance come that year. On the 
other hand, as this was the first time that the Brazilian government dealt 
with this discussion there were, within it, a variety of views including 
doubts on the country’s very pertinence to offer long-term goals and what 
influence this might have gone out negotiating stand at the UNFCCC. 
Seeking to give greater political comfort to the decision-makers, 
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contributed to the choice for that year. The initial idea of a presidential 
decree to do this through an inter-ministerial working group was 
abandoned in favor of an initial proposal based on a preliminary study by 
the Forum that may evolve over time. The important thing is that, for the 
first time, the Brazilian government indicated, through a request from the 
President of the Republic, its interest in considering the goal of becoming 
a neutral carbon country achieving a situation where GHG will continue to 
be emitted but will be fully compensated by an equivalent carbon 
absorption. The meaning of this study is to formulate and outline for the 
present and future governments assessing how this goal could be 
implemented. 
 
The strategy proposed here for the 2060 horizon not only allows Brazil to 
play its part in containing the climate changes on a non-catastrophic level, 
as suggested, by to promote positive economic opportunities. Our country 
stands singularly well positioned to face, with competitive advantages, the 
challenge of decarbonizing the economies on the global scope. 
 

 

 Alfredo Sirkis  

Executive Coordinator 

Brazilian Forum for Climate Change 

 

 

 

 

 

 

 

 

 

 

Rio de Janeiro, November 30th 2018 
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Presentation 

 

In June 2018, the Presidency of the Republic requested the Brazilian 

Forum of Change (FBMC) "within a period of 120 days, the preparation of 

a proposal, based on studies and debates with government, private 

initiative, third sector and academy, dealing with what would be required 

by Brazil to achieve zero emissions on the 2060 horizon". The FBMC then 

asked the Climate Center of COPPE / UFRJ for this study and promoted its 

discussion, through its Long-Term Technical Chamber (CTLP). 

In view of the short time available to carry out the work, the staff of the 

Climate Center had based on a series of studies on the theme previously 

done (see Bibliography). In particular, the IES-Brazil 2030 Project (La 

Rovere et al, 2015), coordinated by the Climate Center of COPPE / UFRJ, 

within the scope of the Brazilian Forum on Climate Change - FBMC, with 

the support from the Brazilian government through the Ministry of the 

Environment - MMA, and the International Mitigation Action Project, 

Plans and Scenarios - MAPS, used a participatory process to elaborate 

scenarios for the mitigation of greenhouse gas (GHG) emissions from 

Brazil until 2030 and to evaluate its Economic and Social Implications. This 

project, carried out from 2013 to 2015, was a successful experience 

establishing a transparent conversation among about 70 members of 

government institutions, the productive sector, NGOs and scientific 

community working in the area of climate change, meeting in the 

Commission of Elaboration of Scenarios - CEC. In the quantification of the 

scenarios, in addition to technical sectors for AFOLU, Energy, 

Transportation and other sectors, it was used general macroeconomic 

framework, IMACLIM-BR, especially developed by the Center to simulate 

the economic and social implications of reducing GHG emissions from the 

country. The CEC discussed and validated the most pertinent hypotheses 

to be tested in the scenarios elaborated, analyzing the barriers for 

adoption of the proposed mitigation instruments to overcome them. The 

final product of IES-Brasil 2030, a report with the synthesis of the 
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comparative analysis of the three scenarios elaborated, showed the 

possibility of a reduction of Brazil's emissions by 2030 without 

undermining economic growth and the quality of life of the population. 

Their results were presented to the MMA and other ministries, and to the 

FBMC plenary, providing valuable elements for the preparation of NDC 

(the Nationally Determined Contribution) presented to the Climate 

Convention - UNFCCC and ratified by the National Congress.  

Brazilian NDC is one of the most ambitious among the developing 

countries, with a GHG reduction of 37% in 2025 and a reduction of 43% in 

2030 in the absolute level of emissions in relation to 2005. The 

development of new decarbonization scenarios in Brazil until the middle 

of the century is fundamental to design strategies revised and more 

ambitious targets that will keep the country's GHG emissions with the aim 

of the Paris Agreement, keeping global warming well below 2 ° C, ideally 

below 1.5 ° C. 

The present study allowed the continuity of these efforts, allowing the 

definition of additional mitigation measures to those already in place in 

the country to enable a compatible scenario with the country's zero 

greenhouse gas emission reduction target of 2060. Its preliminary results 

were presented and discussed at a meeting of the Long-Term Thematic 

Chamber (CTLP) of the FBMC. This report provides inputs for the 

elaboration of a brazilian strategy for the development of low GHG 

emissions in the long term, contributing for its definition, foreseen for 

2020 under the Climate Convention (UNFCCC). 

 

1. Macroeconomic scenario 

 

According to the approach of the scenario methodology, projections are 

not forecasting, which means, its goal is not to provide the future 

that is the most probable. Brazil has faced 

recently one of the most serious recessions in its history. Consequently, it 

was fundamental to update the projections of economic growth to 

this new reality, reducing the high rates of economic growth 

adopted by the government in NDC until 2030. Even with the review 

of growth rates down, this scenario is 
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based on high rates of world economic growth and in the potential growth 

in the long-term of the Brazilian economy, according to the OECD 

(2017) and PWC (2015). Thus, the objective of zeroing the country's 

GHG emissions by 2060 would not be to the detriment of economic 

and social development. On the contrary, the scenario seeks to 

guarantee the achievement of this goal even in the event of a 

sustained pace of economic growth. 

In 2017, with the request of the Climate and Society Institute - iCS and 

WWF-Brazil, the Center developed a scenario of additional 

mitigation of the country's GHG emissions by 2050, in trajectories 

compatible with the global temperature stabilization limited to an 

increase of 1,5ºC above the pre-industrial level. In 2017, two 

meetings were held with 70 members of institutions of government, 

productive sector, NGOs and scientific community active in the area 

of climate change to discuss and validate the hypotheses of a 1.5ºC 

scenario for Brazil, based on technologies already available and to 

evaluate the results obtained from the 

quantitative modelling of this scenario carried out by the Climate Center 

team. 

The economic scenario of the present study is based on that described in 

this IES-Brazil study 2050 (La Rovere et al, 2017), which tells a 

plausible and pertinent future story, from 

hypotheses about the evolution of the Brazilian economy. However, for 

the present study, Brazil Zero Carbon, economic growth rates were 

again updated in accordance with the most recent data. The basic 

macroeconomic scenario adopted very similar assumptions to the 

IES-Brazil 2050 study regarding the economic structure, however, 

considered lower growth rates after 2030. Thus, in this Brazil 

Carbon Zero study, GDP in 2060 is 

equivalent to that observed in IES-Brazil in 2050. 

 

1.1. Description of the Assumptions of the Economic Scenario 
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This section presents the set of assumptions used in the calibration 

of the scenario which has been validated by debates with 

government, private sector, third sector and 

in the IES-Brazil 2050 study (La Rovere et al, 2017). 

GDP declined approximately 7% between 2014 and 2016. In 2017, 

the Brazilian GDP increased only 1%, even after this severe 

crisis. 

The unemployment rate at the end of November 2018, although 

registering a slight fall, was still 11.7%, representing around 

12 million workers without occupation, according to IBGE 

data. It is necessary a great rearrangement of the economy to 

resume sustained economic growth, projected in our scenario 

from 2021 onwards. This scenario assumes the success of the 

public policies applied to overcome the economic crisis in the 

short term. The average annual growth rate of GDP assumed 

for the period 2018-2020 is 2.5%, and for the period 2021-

2030, it is 3.2%. Considering all the projection period (2018-

2030), the average annual GDP growth rate was 3.0%, lower 

than the 3.2% average observed between 1994, when the 

Real Plan was created, and 2014, last year with positive 

growth before this economic crisis. In the long term, between 

2031 and 2060, it was considered a reduction in the average 

annual rate of growth of GDP in relation to the 

IES-Brazil 2050 study (2.0% instead of 3.1%). Thus, in the present 

study, the annual growth rate of GDP between 2021 and 

2060 is 2.0%, compared to 2.7% in the IES-Brazil 2050 

between 2021 and 2050. As a basis for comparing these growth 

hypotheses, in 2030, the brazilian GDP per capita would reach 

the current level of countries with higher average incomes in 

Latin America and Eastern Europe, such as Argentina, 

Hungary and Poland and, by 2060, would reach current levels 

of Portugal and the Czech Republic. 

 

1.1.1. World economic activity 
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The proposed scenario assumes that the level of world economic 

activity should evolve from accelerated in the period 

between 2013 and 2020, at an average annual rate of 

3.8%, driven by the emerging economies, while developed 

countries recover from economic crisis started in 

2008/2009. After 2020, there is a deceleration of the 

the growth rates of China and other emerging markets. During 

the period 2021-2030, global GDP is estimated to grow by 

an average of 3.2% per year. Between 2031 and 2060, the 

average annual growth of world GDP is expected to 

around 2.4%. 

 

 

Sourde: EPA  (2015)  

Worde GPD yearly average  

 

 

1.1.2. International oil price 

 

The hypothesis of the international price of oil is based on the 

scenario of low World Energy Outlook, which estimates 

the price of a barrel of below US$ 80 per barrel by 2030, in 

line with recent EPE projections. Throughout the period 
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2016-2050, the price of a barrel of oil (Brent) is around 80 

US$ / barrel. This average level was considered in our 

scenario until 2060. Among its 

determinants, are: i) recovery of world economic growth; (ii) 

project maturation of E&P of oil and gas (particularly with 

non-conventional resources); (iii) peak of 

production of north-american shale / tight oil, estimated around 

2020; (iv) increased competitiveness of other substitute 

sources (including renewable sources and non-

conventional natural gas, especially shale / tight gas); (v) 

reducing the share of the oil as speculative financial asset, 

(vi) a gradual increase in energy efficiency and the 

replacement by other sources. 

 

1.1.3. National population 

 

There is a growth rate deceleration trend expected to intensify in 

brazilian population, a function of lower fertility rates, 

which has already been observed in 

decades. In 2030, the population reaches the level of 223 million 

people (IBGE, 2014). 

By 2060, an adjustment was made in the estimation of the 

national population to reconcile the new projection of 

IBGE (2018) with the population considered in IES-Brazil 

2050 (based on IBGE 2013). The results can be seen in the 

chart below. 
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Sources: IBGE (2013) e IBGE (2018) 

 

The Brazilian population reaches 231.6 million in 2047 and then falls 

slow to 226.3 million in 2060. 

 

 

1.1.4. Evolution of labor productivity 

 

This economic scenario has as one of its premises that Brazil will 

continue to reduce the inequality among the different 

income classes, through investments in education in order 

to increase worker productivity and 

consequently, Brazilian competitiveness - the increase in income 

and a greater investment in education that 

contributes to making the workforce more qualified and 

therefore more productive. The hypothesis of evolution of 

the average worker productivity by sector is consistent 

with the growth of the sectoral production presented in 

the IES-Brazil 2050 study, corrected, however, for 

lower growth rates, as explained above. 
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1.1.5. Brazil's GDP growth rate in the studied horizon 

 

The domestic macroeconomic scenario is characterized in the 

medium term by the "Custo Brasil", based on the 

improvement of the infrastructure, contributing to the 

reduction of transport cost and increase of the 

competitiveness of the productive sectors. Progress is also 

expected in the educational sphere, with greater 

investments in this area, part of them coming from the 

of oil exploration in the Pre-Salt layer, in addition to a pension 

reform, in order to stabilize spending on GDP by 2005. 

These policies contribute to a greater productivity of the 

Brazilian economy. In terms of economic policy, the 

country is expected to maintain the so-called 

macroeconomic tripod, based on floating exchange rates, 

inflation targets and primary surplus. In this way, it is 

estimated that Brazil will grow at rates lower than the 

world average until 2020, when it would leave the current 

crisis. Between 2021 and 2030, reaping the fruits of the 

reforms initiated at the end of the previous decade, Brazil 

would grow in the average of the rest of the world: 3.2% a 

year. In the long term between 2031 and 2060, Brazil 

would have had a little reduced growth rate, influenced, 

among other things, by the stabilization of the population 

and reduction of the working-age population from the 

mid-2040s. The following table presents the average 

annual growth rates 

of GDP per period. 

 

Figure 3 shows the real GDP growth rate between 1950 and 

2017 and the projection of growth between 2018 and 

2060. 
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Average yearly growth of GDP (yearly real variation) – Historic average and projection 

Period Average annual GDP Growth 

1950-1993 5,7% 

1994-2014 3,2% 

2015 -3,8% 

2016 -3,6% 

2017 1,0% 

2018-2020* 2,5% 

2021-2030* 3,2% 

2031-2060* 2,0% 

2021-2060* 2,3% 

 

Source: IPEADATA (2018) e BACEN (2018). 

* Projection 
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Figure 4, below, presents a comparison between selected 

indicators of the studies Brazil 2060 and IES-Brazil 2050, as 

the GDP, GDP per capita and the Brazilian population 

between 2005 and 2060, using base 2005 = 1. 

 

 

 

 

As it can be seen, due to the great recession of recent years, the 

Brazilian GDP only would return to 2014 (peak) levels by 

2022. GDP per capita would be even more affected by 

increase of the population and would only return to the 

level of 2013 (peak) in 2024. As mentioned previously, by 

construction, the GDP of Brazil in 2060 in the present 

study is identical to the Brazilian GDP in 2050 and in the 

IES-Brazil 2050 study.  

 

The level of income inequality, which fell between 2000 and 

2010, rose again between 2015 and 2020, due to the deep 

economic crisis, although it does not reach the levels in 

the beginning of the 2000s. From 2021, with a higher 

economic growth, a progressive improved educational 

level of the population, and the tendency to formalize the 

work, the inequality in the country will slowly decline until 

the end of the horizon studied, arriving in 2050 at a Gini 

coefficient of 0.45, approaching the level observed in 2005 

in some countries such as Portugal. 
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As well as in the IES-Brazil 2050 project, we considered in this 

study a constant exchange rate of 3.15 R$ / US$ during the 

analyzed period (both currencies in 2015 values). 

 

1.1.6. Sectoral assumptions 

 

The composition of the economy was projected in line with the 

hypotheses already adopted in the study IES-Brazil 2050. 

The solution of bottlenecks, the reduction of social 

inequalities and the increase in factors (labor, capital, 

land), as well as a higher income per capita contribute to 

change the participation profile of the sectors in the 

economy. 

There is continuity in the loss of participation of the base 

industry in the economy, but in a slower way than that 

described in PNE 2050, adopting a premise that is more 

aligned with that of the PDE 2026. Taking into account the 

high comparative advantage of Brazilian agriculture and 

livestock compared to the rest of the world and the 

maintenance of the high price of agricultural commodities, 

this sector rises its participation in the Brazilian economy 

in the analyzed period. In addition to the agricultural 

sector, the Petroleum, Natural Gas, Electricity, Energy 

Biomass, Paper and Mining grow more than the rest of the 

economy, because they have natural competitive 

advantages than the rest of the world. 

 

Table 2, below, shows the evolution of the participation of large 

sectors in the Brazilian economy. 
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1. – Historic averages of large sectors of the economy (real annual variation - % year) 

 Livestock Industry Services 

2005 5,2% 29,0% 65,8% 

2010 5,3% 28,1% 66,6% 

2020 5,8% 25,9% 68,3% 

2030 5,8% 25,7% 68,5% 

2040 5,8% 25,4% 68,8% 

2050 6,1% 24,3% 69,6% 

2060 6,1% 24,3% 69,6% 

2.  

Further details on sectoral assumptions can be found in La 

Rovere et al. (2017). 

 

 

1.2. Summary of the Assumptions of the Economic Scenario 

 

Demography: 

 

• Projected population adjusted to better follow the new IBGE 

projection (2018) 

• Peak of 231.6 million in 2047 and then slow drop to 226.3 million 

in 2060 

 

• Total working age population reaches a peak of 152.9 million in 

2037 

 

Petroleum: 

 

• Aligned with the International Energy Agency's low-price scenario 
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• Price of oil barrel: it grows almost linearly up to 80 US$/ barrel in 

2020 and remains constant until 2060. 

 

• It makes the pre-salt possible but counts its prescriptions 

conservatively. 

 

 

Macroeconomics: 

 

• Currencies originated from pre-salt exports used to import goods 

 

• Increased productivity of the brazilian economy 

 

• Balanced trade balance (balance close to zero) 

 

• Constant exchange rate at 3.15 R$ / US$ (2015 values) 

 

• Average annual rate of GDP growth: 

 

         • 2018-2020: 2.5% a year 

         • 2021-2030: 3.2% a year 

         • 2031-2060: 2.0% a year 

         • 2021-2060: 2.3% a year 

 

• Evolution of the participation of large sectors in the    Brazilian 

GDP: the economic structure will change slowly along with 

the study of the horizon: 
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• Agriculture and Livestock - its share increased from          5.2% of 

GDP in 2005 to 6,1% of GDP in 2060 

 

• Industry - its share decreased from 29.0% of GDP in 2005 to 24.3% 

of GDP in 2060 

 

• Services - participation increased from 65.8% of GDP in 2005 to 

69.6% of GDP in 2060. 

 

2. Sector of Agriculture, Forestry and Other Uses of the Earth 

(AFOLU) 

 

The Agriculture, Forestry and Other Land Use (AFOLU) sector is the 

main issuer of greenhouse gas emissions from the country. 

On the other hand, it is the one with the greatest potential 

for its gross emissions and carbon sequestration to arrive in 

2060 with negative net emissions. 

The long-term mitigation strategy of the AFOLU sector aimed at 

decarbonizing the economy by 2060 is characterized by the 

greater adoption of mitigation measures contained in the 

Brazilian climate policies (Decree 7,390 / 2010 and the Low 

Carbon Agriculture ABC Plan) and in the government 

commitments scheduled for 2030 (NAMAs and NDC). Some 

measures were adopted with flexibility of the deadlines for 

compliance, due to the delay already observed. Additional 

measures such as forest conservation in private areas 

legally deforested areas and increased protected areas were also 

considered. 

 

2.1. Hypotheses 
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The agricultural, livestock and forestry production over the period 

was projected from technical data and economic aspects of 

the IES-Brasil 2050 project (La Rovere et al., 2017) adjusted to 

the prospects of economic growth considered in this work 

(domestic and world GDP) and demands for agricultural 

products (raw material for biofuels) and forestry 

(biomass for industrial and energy purposes) estimated for the 

supply and demand sectors of (transport, industry, 

commercial / residential and the agricultural sector itself). 

The mitigation measures adopted in the transport, industry and 

energy sectors imply in an increase in the demand of forest 

biomass and biodiesel as well and in the reduction of the use 

of ethanol (by the increase of the electric fleet), being these 

hypotheses incorporated to the projections of the sector 

AFOLU, reflecting directly on the occupation of the areas with 

agriculture and forests. 

 

The hypotheses considered in the modelling are as follows: 

 

Economic forest: homogenous planting of fast-growing species (Eucalyptus and 

Pinus) for commercial purposes. The modelled area is a function of the 

demand for wood for energy sources, for pulp and paper, and growth rates of 

industrialized wood segments (sawn and plywood), wood panels and pellets. 

Besides that, an additional area was included for export production; 

 

Silvipastoril system: integrated cattle and eucalyptus system. The system of 

simulated integration adopts a conservative hypothesis, not including ABC 

Plan to 2020 in 2030 with annual growth rate extended up to 2060); 

 

Restoration of native forest: aim of restoring forest liabilities in the biomes such as 

Amazon, Atlantic Forest, Cerrado, Caatinga, Pampas and Pantanal from 2020: 

21 million of hectares reached in 2060 (potential estimated by Soares Filho, 

2013); 
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Forest conservation in deforested private areas: it was considered that in 2060, the 

area required for the constitution of legal reserve quotas (CRA (4.7Mha) would 

be estimated by the study of Soares Filho et al., (2016) and Rajão et al. (2015); 

 

Reduction of deforestation: In the Amazon, deforestation (including legal) would be 

zero in 2060. In the Cerrado, the reduction in the annual rate of deforestation 

is 97.5%, in the period 1996-2005, that is, the annual deforested area would 

be 39.2 thousand ha, in 2060; 

 

Increase of Carbon in Conservation Unit and Indigenous Lands with 

incorporation of new areas from 2030 onwards: in 2060, 72% of the area 

public forests not destined in Brazil (51.8 Mha); 

 

Direct Planting System: after 2020, it will be considered that the SPD will be 100% of 

the additional soy, corn and rice area; 

 

Biological Fixation of Nitrogen: FBN adopted in 100% of the area of soybean and 30% 

of the areas of corn, rice, beans, wheat and sugar cane starting in 2020, and 

keeping like this until 2060; 

 

Improvement of agricultural practices: 

• Gradual increase in the average stocking rate: from 1.22 to 2.5 head / ha in 2060 (in 

reclaimed areas reaching 60 Mha); 

• Gradual reduction of average slaughter age: from 37 to 27 months, in 2060; 

 

Treatment of pigs' waste: goal of the ABC Plan for 2020 has double reach 

in 2060. 

 

 

 

 

 

 

2.2. Application of mitigation measures 
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Table 3 shows the evolution of the level of application of mitigation 

measures over the period from 2010 to 2060, according to 

the assumptions described in the previous item 

2. Mitigation measures and its application in the AFOLU sector 

Mitigation Measures 
Level of Application of Measures 

2010 2020 2030 2040 2050 2060 

Expansion of Economic Forest (Mha) (includes 
pellets) 

6,5 6,6 9,1 12,3 15,3 18,5 

Silvopastoral Systems - Forest Livestock 
Integration - IPF (Mha) 

0 1,2 5,0 6,1 10,5 15,0 

Restoration of Native Forest (Mha) 0 1,3 2,4 5,5 13,3 21,0 

Forest conservation in deforested private 
areas (Mha) 

0 0,0 0,3 0,7 1,8 4,7 

Increment of C in UC and TI * (Mha) 191,5 269,2 269,2 286,4 303,6 320,7 

Pasture recovery and improvement in 
agricultural practices (Mha) 

0 7,8 20,0 40,0 60,0 60,0 

Direct Planting System (Mha) 30,8 39,3 49,5 50,1 50,6 49,8 

Biological Fixation of Nitrogen (Mha) 23,3 33,4 52,4 53,9 55,3 56,1 

Treatment of pigs' waste (Million M3) 
0 0,5 2,4 4,6 6,3 8,1 

1.  

Mha = million hectares 

*UC –Conservation Unit e TI – Indigenous Territories.  

Source: own elaboration 

 

 

The total agricultural area decreased by 18% in the period 2010-

2018 thanks to productivity gains, which means, the expected 

growth of the sector's production, mainly in livestock 

production, reducing substantially the pasture area. This 

alleviates pressure on the agricultural border contributing to 

the reduction of annual deforestation rates. Table 4 presents 

the areas occupied by agriculture. 
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3. Evolution of occupied areas by agriculture (Mha = millions hectares) 

Area (Mha) 2010 2020 2030 2040 2050 2060 

Total 229,4 228,1 233,1 219,8 184,1 188,4 

Agricultural crops 51,2 56,0 65,1 67,3 66,9 66,5 

Pastures 171,7 164,3 155,9 134,2 94,39 94,39 

Economic Forests* 6,5 7,8 12,1 18,3 22,8 27,5 

1.  

*Includes area of homogeneous forest for commercial purposes and forest area in crop-
livestock-forest integration. 

Source: own elaboration 

 

2.3. Emissions and GHG removals 

 

The reduction of total GHG emissions of the AFOLU sector in the 

analyzed period is attributed mainly to Land Use Change and 

Forests. The main sources of emission of the sub-sector 

of Land Use Change and Forests are the loss of biomass due to 

deforestation and conversion of one land use into another 

land use (crop exchange, for example). 

On the other hand, the largest removals in this sector occur mainly 

thanks to stock maintenance of carbon in protected areas 

and restoration of native vegetation. The total removals of 

Land Use Change and Forests start to be greater than the raw 

emissions from 2030 onwards, resulting in a negative net 

issuance of this sub-sector in the 2030-2060 period.  The 

removals are more expressive from 2030, when it is 

considered that there would be an increase in protected areas, in 

addition to a higher penetration rate 
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of mitigation measures related to restoration of native forests and 

expansion of native economic forests in a forest-livestock 

integration system. They would also contribute to mitigation 

measures related to the expansion of pellet production and 

forest conservation in deforested private areas. 

As far as the agriculture sub-sector is concerned, emissions are 

increasing until 2030, followed by a decline until the end of 

the period, totalizing 500 Mt CO2e in 2060. The main sources 

of emissions are enteric fermentation (CH4) and agricultural 

soils (N2O). Observe a reduction in emissions from enteric 

fermentation from 2030, thanks to the intensification of 

pasture recovery, improvement of agricultural practices and 

consequent reduction of the cattle herd, even with the 

projected expansion of meat supply. In minor proportions are 

also sources of agricultural emissions, the burning of 

agricultural residues and the cultivation of rice. 

From 2050 onwards, AFOLU's total net emissions start to be 

negative mainly due to the reduction of deforestation rates 

and mitigation measures aimed at increasing the removal of 

carbon. 

Table 5 and figure 5 present the GHG emission results calculated for 

each sub-sector from 2010 to 2060. 

 

 
4. Total emissions and from the subsectors of the AFOLU sector in the period 2010-2060 

(Mt CO2e) 

AFOLU 2010* 2020 2030 2040 2050 2060 

Emissões totais (Mt CO2e) 828  598 342 92  -198  -516  

 Agriculture 139  124  122  135  142  144  

Livestock  333  371  379  379  370  356  

 Soil use (Liquid Emissions)  355  103  -158  -422 -711  -1.016  

 Raw emissions of MUT 1.102 526  377  222  109  37  

Raw Emissions of deforestation  
 

484  339  190  78  8  
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Other raw emissions of MUT and use of 

limestone  
 

42  38  33  30  29  

MUT removals -747 -423  -535  -645  -819  -1.053  

Economic forests not intercropped (pellets 

not included) 
  

-33  -39  -49  -60  

Forests planted for pellets 
  

-30  -23  -23  -30  

Silvipastoral systems (IPF) 
 

-13  -20  -29  -33  -32  

Restoration of native forest 
 

-8  -32  -76  -171  -284  

Forest conservation in deforested private 

areas 
  

-7  -17  -45  -115  

Increment of C in UC and TI * 
 

-382  -382  -415  -448  -481  

Pasture recovery 
 

-20  -31  -45  -51  -51  

5.  

* Data of the III National Communication. Due to the differences between the sources of emissions and removals adopted in 

the National Communication and in this study, gross emissions and MUT removals are not detailed in 2010.**C = carbono, 

UC - Conservation Unit and IT - Indigenous Lands. 

Source: own elaboration 

 

 

Source: own elaboration 

 

3. Transportation Sector 
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The estimates of activity, energy demand and GHG emissions for 

the transportation sector considered the evolution of the 

population, the level of urbanization and economic activity, 

besides the ongoing or announced government planning 

initiatives such as Sector Plan for Transport and Urban 

Mobility for Mitigation and Adaptation to the (PSTM), the 

National Logistics and Transport Plan (PNLT), the 10-year 

Expansion Plan (PDE) 2026, the National Energy Plan 2050 

(PNE 2050), the RenovaBio and Route 2030, successor of the 

Inovar-Auto program. 

 

3.1. Hypotheses 

 

Measures have been proposed to deepen the reduction of the 

emissions, with new incentives and investments. For the 

transportation of passengers, it was considered a bigger 

participation of metro transport, incentive to active transport (not 

motorized), as well as the greater penetration of urban and 

semi-urban hybrid and electric buses. There is also greater 

use of biofuels, such as ethanol in internal combustion, and 

new technologies such as bio-kerosene for aviation. 

Regarding the fleet, it was considered an increase of the 

circulating fleet of shared vehicles. Private automobiles 

moved by ethanol, petrol, or flex-fuel technology would no 

longer be commercialized in 2040, losing share in the total 

fleet. In contrast, there would be intense penetration of 

vehicles with alternative propulsion systems, such as hybrids 

and electric, that would dominate automotive sales at the 

end of the period. 

For cargo transportation, it is proposed to search for the balance of 

the modal split by means of investments in infrastructure and 

public policies, expansion and electrification of railroads. At 

the road transport, light and semi-light and medium trucks 

would be predominantly 
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hybrid and electric. For the cargo transportation over long 

distances, for which the use of plug-in electric vehicles is not 

feasible, the fleet of heavy and semi-heavy trucks would be 

progressively replaced by hybrid vehicles (diesel / electric). There 

would also be logistics efficiency and biodiesel participation 

and introduction of bio-kerosene for aviation and bio-oil for 

water transport. The hypotheses considered are summarized 

below: 

 

Energy efficiency gains in the transportation of passengers and 

freight: according to the maximum limit found in the 

literature; 

 

Investment in railways for freight transport: 10% increase in the 

modal division in 2060, in addition to the electrification of 

existing railways; 

 

Investments in subway, VLT and urban trains: 4.6% increase in the 

modal split in 2060; 

 

Increase in the level of service of public transportation: renewal 

and qualification of the fleet (bus and BRT); 

 

Circulating fleet: increase of the fleet of shared vehicles; 

 

Active transport: incentive to non-motorized transport; 

 

Logistic efficiency: increased efficiency of cargo transport 

operation; 
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Waterway transport: expansion of waterway transportation by 

means of investments and public policies; 

 

Ethanol: increase of the blend of ethanol to gasoline to 27% and 

increase in consumption of hydrated ethanol in flexible-fuel 

engines, reaching 90% in 2060; 

 

Biodiesel: increased biodiesel blend in diesel oil to 30% by 2060; 

 

Bio-kerosene: increase of the mixture of bio-kerosene and aviation 

kerosene to 20% in 2060; 

 

Bio-oil: increase of bio-oil to fuel oil mixture to 15% by 2060 

(water transportation); 

 

Electric and hybrid cars: fleet increase, reaching 39% of the total 

fleet for BEV vehicles and 45% for hybrid vehicles by 2060; 

 

Electric urban buses: fleet increase, reaching 50% of the total fleet 

for BEV vehicles in 2060; 

 

Electric and hybrid trucks: fleet increase, reaching 55% of the total 

fleet for light and semi-light trucks BEV, 15% for medium-duty 

trucks BEV and 30% for trucks in 2060. 

 

 

3.2. GHG Emissions 

 



32 

 

Table 6 presents the GHG emission results calculated for each sub-

sector of 2010 to 2060. 

 

5. Total emissions and subsectors of the Transport sector in the period 2010-2060 (Mt 

CO2e) 

Setor  
2010 2020 2030 2040 2050 2060 

Mt CO2e 

    Transportation 171 192 167 143 122 106 

Road  154 177 147 120 96 76 

Railroad  3 3 3 3 3 4 

Airway  10 10 12 13 15 16 

Waterway  4 3 5 7 8 10 

1.  
Source: from D'Agosto et al. (2018) 

 

4. Industrial Sector 

 

        4.1. Hypotheses 

 

 

GHG emissions from the industrial sector include both energy 

consumption and processes and use of industrial products 

(IPPU). It was analyzed more detailed the industries with the 

highest energy intensity: cement, steel, chemical, non-ferrous 

and Pulp and Paper. The other sectors were treated in an aggregate 

manner. There is great potential for reduction of industrial 

emissions from energy efficiency gains and 

processes and use of industrial products. By the year 2060, 
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it was considered more efficient equipment, improvements in the 

control of processes and recovery of heat, use of additives in 

the segment of cement production, replacement of 

fluorinated gases with less global warming potential, among 

other measures. In addition, emissions can be reduced by the 

exchange of fuels, such as coal in the steel industry and fuel 

oil by natural gas, which is less carbon intensive, in the non-

ferrous sector. 

The assumptions used to reduce energy intensity in 2060 in relation 

to 2010 include a myriad of punctual actions that provide a 

significant contribution and are summarized as follows: 

 

Cement industry: control and optimization, reduction of heat loss, 

improvements in combustion system and use of additives; 

 

Iron and steel: residual heat recovery, variable speed drivers in the 

BOF, coke dry quenching, coal moisture control, furnace heat 

recovery in hot air injection, pulverized coal injection, Scope 

21 coke ovens, heat recovery treatment of the BOF, new 

processes and blast furnaces with top gas recycling; 

 

Ferroalloys: replacement of semi-finished arc furnaces with covered 

ones (20%), recovery of CO in exhaust gases, advanced 

control, heat recovery and electricity and more efficient 

exchangers; 

 

Non-ferrous: reduction of energy intensity in 2060 compared to 

2010 from the optimization of combustion airflow, pressure 

control in furnaces, insulation in furnaces, heat recovery, 

motor control and frequency inverters; 

 

Paper and cellulose: auxiliary boiler with process control, auxiliary 

boiler with steam recovery, auxiliary boiler with return 
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condensate, maintenance of the auxiliary boiler and 

modifications in the lime kiln. 

 

Ceramics: heat recovery, more efficient motors and furnace 

optimization; 

 

Textile: optimization of combustion airflow, heat recovery systems, 

steam recovery, new processes and other efficiency 

measures;  

 

Mining and pelletizing: more efficient electric motors, fleet 

maintenance and heat recovery; 

 

Chemistry: optimization of combustion airflow, heat recovery 

systems, recovery of steam and new processes; 

 

Food and beverages: purger maintenance, insulation improvement, 

recovery combustion gas and more efficient furnaces; 

 

For other industries: optimization of combustion airflow, 

heat recovery, steam recovery and new processes; 

 

For other sources: replacement of HFCs by low GWP refrigerants 

(reduction of 99% of emissions), leakage control and SF6 

collection at the end of life (reduction of 84% of emissions) 

and optimization and process control to reduce 

emissions of PFCs by 28% (levels of reduction that would be 

achieved by 2060 in relation to 2010). 
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4.2. GEE Emissions 

 

Table 7 presents the GHG emission results calculated for each sub-

sector of 2010 to 2060. 

6.  Total emissions and subsectors of the Industry sector in the period 2010-2060 (Mt 

CO2e) 

Sector 
2010 2020 2030 2040 2050 2060 

Mt CO2e 

Industry 162 160 175 186 200 213 

Industry (energy)  71 69 74 82 90 98 

Cement  14 16 16 17 18 20 

Iron and steel 6 6 6 6 6 7 

Iron alloys 0 0 0 0 0 0 

Mining and Pelletizing 7 7 10 11 12 13 

Non-ferrous and other 

metals 
5 4 5 5 5 5 

 Chemistry 14 14 14 17 19 22 

Food and Drinks  6 4 5 6 7 7 

Textile 1 1 1 1 1 2 

Paper and Cellulose 4 4 4 5 5 6 

Ceramics 5 5 5 5 5 6 

 Other industries  8 8 7 8 10 11 

 IPPU  91 91 101 104 110 115 

Mineral industry  31 30 36 41 47 52 

Iron and steel 39 37 35 36 36 37 
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Iron alloys 1 1 1 1 1 1 

Non-ferrous and other 

metals 
4 4 5 5 5 5 

Aluminum 3 6 9 10 11 12 

Chemical industry 4 4 4 5 6 7 

Non-energy products  1 1 1 1 1 1 

 HFCs and SF6  8 9 9 6 3 0 

2.  

Source: From Hebeda (2018) 

 

5. Energy offer 

 

           5.1. Hypotheses 

 

The energy supply sector comprises the emissions from 

electricity sector and energy consumption by the energy sector 

itself, in addition to fugitive emissions and non-CO2 gases 

from charcoal (transformation of wood into charcoal). Thanks 

to the huge competitive potential of renewable sources for 

electricity generation in the country (hydroelectricity, 

biomass, wind and solar), it was considered that all 

thermoelectric plants with a non-renewable primary source 

(except nuclear) would be decommissioned by 2060. There 

would be lower generation of electricity from petroleum 

derivatives and mineral coal, while the use of natural gas as a 

natural heat source in the industry would still be growing. The 

supply of biofuels would be consistent with the demand of 

the transport sector as well as with the agricultural areas 

destined to the cultivation of the respective raw materials 

(sugarcane, soybeans and others). 
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Energy efficiency measures should be implemented in all consume 

power sectors. However, due to the trend of greater 

electrification of the economy, including in the 

transportation, there would be greater demand for 

electricity. Thus, there would be expansion of 

renewables, such as wind and solar photovoltaic (both in 

distributed and centralized form). The guarantee of firm 

energy would be guaranteed by hydroelectric sources, 

thermoelectric sugarcane bagasse and forest biomass, and 

solar heliotherms. In addition, it was considered the 

continuity and deepening of improvements in the control of 

fugitive emissions in the oil and natural gas exploration 

sector, following the best international practices. 

 

 

 

 

The hypotheses considered are summarized below: 

 

Oil and gas projection: extraction of 7.7 million barrels / day in 

2060; 

 

Fossil sources in the electricity sector: no share of non-renewable 

sources in 2060, except for self-production and nuclear; 

 

Nuclear power plants: Angra I reaches the end of its useful life 

along the horizon. In 2060, only the Angra II and III plants are 

maintained (2.7 GW); 
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Renewables in the electricity sector: hydroelectric plants with 

moderate expansion, higher diversification (wind, solar 

photovoltaic and heliothermic), plus thermoelectric 

biomass (bagasse and planted forest), compensating for the 

absence of fossil UTE; 

 

Ethanol production: total production of 44.6 billion litres in 2060; 

 

Fugitive emissions: measures to reduce fugitive emissions in the 

E&P oil and natural gas sector; 

 

 

 

5.2. GEE Emissions 

 

Table 8 shows the GHG emission results calculated for each sub-

sector from 2010 to 2060. 

 

  
7. Total emissions and subsectors of the Energy Sector in the period 2010-2060 (Mt CO2e) 

Sector  

2010 2020 2030 2040 2050 2060 

Mt CO2e 

Energy offer 82 85 96 95 89 81 

 Energetic Ample 61 60 68 63 55 47 

Consumption of the Energy 

Sector 
24 27 31 33 36 39 

Transformations  37 33 37 30 19 8 

 Power stations 37 32 37 29 18 7 
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Charcoal 1 0 1 1 1 1 

Fugitive Emissions 20 25 28 31 33 34 

 E&P  10 14 16 19 20 20 

Refining 7 9 10 10 11 11 

Coal  3 3 2 3 3 3 

3.  

Source: From Pereira Jr. and Castro (2018) 
 

 

 

 

 

6. Waste Sector 

             6.1. Hypotheses 

 

The reduction of the disposal of waste was considered inadequate, as 

foreseen in the National Solid Waste (PNRS) and the National Policy on 

Basic Sanitation (PNSB), in addition to a higher recycling and composting 

rates in small towns. Despite the GHG emissions in this sector are not 

significant in the total of the country, some methods for final treatment of 

waste emanates biogas, leading to large GHG emissions, which could lead 

to a substantial increase in future emissions from the sector. 

To avoid this, there would be an increase in the collection and burning 

capacity of biogas from landfills (mainly made up of methane), and the 

use of bio-methane produced by the enrichment of biogas and 

replacement of natural gas used in plants for electricity generation or as 

vehicular fuel, which could reduce emissions from the energy sector. 

Additionally, in the two largest metropolitan region areas of the country, 

São Paulo and Rio de Janeiro, thermal and biological characterization of 

Urban Solid Waste (MSW) already dominant in advanced countries, 
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associated with the definitive closure of landfills (from the end of their 

useful lives). 

Similarly, for domestic sewage there would be greater use of bio-methane 

generated in Sewage Treatment Plants (ETEs). The industry would also 

contribute for the reduction of the emissions of effluent treatment 

through increased biogas and bio-methane capture for generation and 

own consumption of electricity. 

The hypotheses considered are summarized below: 

Urban solid waste: universal collection from 2030 with the increase of 

final disposal in landfills reaching 70% of the total collected in 2060. At the 

end of the period, in the landfills there would be destruction of 45% of 

methane generated and energy utilization of 20%; About the waste 

collected, the USW incineration with electricity generation would reach 

8.2% and bio-digestion 10.3%. Aerobic composting units would be 

deployed in cities with less than 100 thousand inhabitants (6.9% of the 

total waste collected in 2060). The recycling fee would be six times greater 

by 2060 than in 2015. 

Treatment of sewage and effluents: the level of sewage collection would 

reach 84% of sewage generated in 2060. Of these, 47% would be treated 

in TEEs, 56% of which in an anaerobic form destroying 80% of the 

methane they would generate. The treatment of industrial effluents in 

anaerobic TEEs would reach 55% of the total generated, in 2060. Such 

ETEs would capture methane for energy use. 

 

6.2. GHG Emissions 

Table 9 presents the GHG emission results calculated for each sub-sector 

of 2010 to 2060. 

 

8. Total emissions and subsectors of the Waste Sector in the period 

2010-2060 (Mt CO2e) 

Sector  2010 2020 2030 2040 2050 2060 
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Mt CO2e 

 Waste 71 80 76 77 73 65 

 Solid Urban and Industrial 

Waste 
37 48 44 44 40 34 

 Effluents 34 32 33 33 32 31 

Household Sewage 16 16 18 18 17 15 

Industrial Effluents 17 16 15 15 16 16 

1.  

Source: From Loureiro and Oliveira (2018) 

 

7. Evolution of Greenhouse Gas Emissions by 2060 

The estimates show that the decarbonization of the economy in 2060 will 

be based on the drastic reduction of Change in Land Use, which would 

become negative as early as 2030, a reduction of 153% in the period 2005-

2060. During this period, emissions were reduced by 26% in the 

transportation sector and increased by 50% in the Industry sector, 17% in 

the sector of energy supply, 10% in the waste sector and 9% in the 

agriculture sector. In other sectors - Residential, Commercial and 

Agricultural (energy demand) for which they have not been tested 

mitigation measures, emissions grow 13%. 

 

Figure 6 shows the evolution of total and sector emissions in the period 

2005-2060. 
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Source : own elaboration 

 

8. Final Considerations 

This work confirms the conclusions of previous studies: 

• the potential of renewable natural resources makes the benefits and 

transition to a low-carbon economy particularly important in the case of 

Brazil, which has a privileged competitiveness in relation to other 

countries, in the context of a global effort to achieve the long-term 

objectives of the Paris Agreement (MCICT / GEF, 2016). 

• a scenario of full implementation of the Brazilian NDC through public 

policies compatible with a marked improvement in economic indicators 

and social benefits of the country, in addition to providing a significant 

reduction of GHG emissions, allowing the fulfilment of the commitments 

assumed by Brazil in Paris (IES-Brazil 2030 Project). 

• a long-term development strategy limiting the global temperature 

increase to 1,5 ° C would not necessarily imply in economic and social 

consequences that are significantly negative for the country, if 

implemented through appropriate public policies (IES-Brazil 2050 Project). 

The scenario designed in the present study is not the only one possible. 

There are several scenarios that can and should be explored, given the 

great uncertainty inherent in the analysis of options over such a long-term 

horizon (2060). The technical progress of mitigation options, behavioral 
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developments, and structural changes in patterns open up even broader 

possibilities for the development of low GHG emissions to be explored. 

Sensitivity analysis therefore essential to assess whether the feasibility of 

the additional mitigation measures identified in this study would remain 

important parameters for the modelling, such as the oil price trajectory, 

vary on the studied horizon. 

The macroeconomic and social implications of the transition to a low-

carbon economy depend not only on the costs of mitigation options, but 

also on the instruments used to make their adoption feasible: economic, 

financial, command and control, or a mixture. To enable the ambitious 

scenario, it is crucial to adopt a GHG emission pricing, pointing out to the 

economic agents the value of reducing their emissions through a carbon 

rate, and/or by other instruments, such as a market for tradable quotas of 

GHG emissions, and favoured credit conditions for mitigation projects. 

These issues should be considered in future studies on the subject. 
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