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Message from the President 
of Cebds

We are always looking for ways to work with our member companies in creating scenarios 
that come close to and are projected from exponential transformations that we have been 
seeing in technology and sustainability fields. When we released the study “Opportunities and 
Challenges of the Brazilian NDC commitments for the business sector” we had in mind the 
idea of presenting a general view of market trends that would come from the new business 
structures and opportunities that arose from the needs to fulfill the goals pledged by Brazil 
under the Paris Agreement.

This work is, somehow, the logical continuity of that first effort. We used the same five 
sectors we consider to be the most crucial due to their importance and relevance in regards to 
impacting the greenhouse gases emissions (GHG) reduction goals by the Brazilian economy. 
They are energy, transportation, forests, industry, and agriculture. However, what we aim to 
reinforce and answer in this study are the elements of synergy and transversality, how much 
a segment depends on another to achieve the goals and objectives, besides highlighting the 
essential principles to structure a Long-term Strategy for Brazil, indicating the roles businesses 
and several governmental areas should play to achieve that.

This work does not serve, obviously, as a complete recipe with settled formulas to be 
followed. Above all, it aims at indicating pathways and bringing together elements that allow 
strategies to be defined and trends to be discovered.

It works with a 2050 timeframe. There are not any defined goals for this year under the 
climate agreement, but – and this is our goal here – it is possible to have a glimpse of what the 
forces awaken by the goals pursued towards mitigating the negative effects of GHG will bring 
to the market and its economic agents. We reinforce the central role to be played by businesses 
so these efforts really do become reality.

In this paper the reader will not only find relevant elements of reflection about the new 
green economy pathways worldwide, but also the competitive differentials and risks associated 
to these new models. finally, we propose several recommendations for the Brazilian Long Term 
Development Strategy, indicating concrete actions that go from disruptive technologies – which 
will transform entire economic sectors – to financial and economic tools, since no comprehensive 
strategy can succeed without the appropriate financial and supportive structures.

In order to better understand the scenarios described here, I recommend you to read some 
of our previous publications: Action 2020 and Vision 2050, both are available at our website 
and present a general view of projections we aim at detailing and deepening here.

This study had the support of the Institute for Climate and Society (iCS), to whom we are 
thankful for their partnership and collaboration. our goal is to really involve the business sector 
with the idea that it is possible and viable to build a world neutral of GHG emissions, in which 
prosperity is broadly accessible and responsible in face of the planet’s limits. 

Enjoy the reading,

Marina Grossi
President of CEBDS

8 Long-term low-carbon development strategies
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What is Cebds?

founded in 1997, the Brazilian Business Council for Sustainable Development (CEBDS) 
is a civil association that is leading the business sector’s efforts to implement sustainable 
development in Brazil, bringing together government, business and civil society.

CEBDS currently brings together around 60 important corporate groups in the country, 
with a combined revenue of 40% of GDP and responsible for more than one million direct 
jobs. CEBDS was the first institution in Brazil to discuss sustainability in terms of the concept 
of the Triple Bottom Line — which proposes that business action should be based on three 
key pillars: the economic, the social and the environmental. Besides, it is the country’s 
representative of the World Business Council for Sustainable Development (WBCSD) network, 
the most important business sector entity in the world, with almost 60 national and regional 
councils in 36 countries, covering 22 industrial sectors and 200 multinational companies on 
all the continents of the globe.

A pioneer in its field, CEBDS was responsible for the first Sustainability Report in Brazil, 
in 1997, and, as of 2008, has helped to implement, in partnership with the FGV (Getúlio 
Vargas Foundation) and the WRI (World Resources Institute), the main tool for measuring 
greenhouse gas emissions, the GHG Protocol, in Brazil.

The institution has represented its associates at all United Nations Party Conferences on 
Climate Change since 1998, and those on Biological Diversity, since 2000. It is also a member 
of the Sustainable Development Policy Commission and Agenda 21; the Genetic Heritage 
Management Council; the Brazilian Climate Change Forum; the Rio de Janeiro Climate 
Change Forum, the World Water Council and the National Sustainable Consumption Plan 
Steering Committee.

At Rio+20, CEBDS launched Brazil Vision 2050, a forward-looking document that aims to 
present a vision of a sustainable future and the way to achieve it. This platform for dialogue 
with businesses and various sectors of society, built up throughout 2011 with the participation 
of more than 400 individuals and around 60 corporations, has provided a source of inspiration 
for the strategic planning of numerous companies in Brazil.

9CEBDS - Brazilian Business Council for Sustainable Development
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Introduction

The Paris Agreement, signed in 2015 by 195 countries, represents a milestone to 
requalify the socioeconomic development in the world in order to adopt a new low-
carbon economy model. The Agreement has established the goal to keep the increase in 
the global average temperature to below 2oc by the end of the century, indicating efforts to 
limite the increase to 1.5°C, compared to pre-industrial levels.

If greenhouse gases emissions (GHG) continue as business as usual, they may reach 
about 75 billion tons of CO2 in 2050, which would represent an increase of over 4oc 
in global temperature by 2100. To be able to limit the temperature to the 1.5ºC level, 
emissions must remain under 39 billion tCO2e

1annually until 2030, which means 26 billion less 
than the baseline, and net emissions must be zeroed by 2050. Existing climate policies under 
the Paris Agreement may cause a reduction of about 40 billion in 2050 (CAT, 2017).

Therefore, the Paris Agreement requires signing parties to have medium and long-
term planning. When dealing with climate issues, medium and long-term planning and goals 
should be established in order to guarantee a one-way transition path towards a low-carbon 
economy. The first step required by the Paris Agreement was the submission of medium-term 
Nationally Determined Contribution, the so-called NDCs, in which each country stablished its 
own goals for 2025 and/or 2030. These goals will be reviewed every five years. The following 
step requires each country to present its long-term low-carbon development strategy (or 
long-term strategy - LTS) by 2020. The abovementioned planning should present the scenario 
by mid-century, which means, 2050. Brazil has not yet submitted its LTS, which proves to be 
an opportunity to make it ambitious in economical, environmental and social terms.

Projections until 2050 have been carried out for Brazil with the purpose of quantifying 
the potential emission reductions of technologies and practices in each sector, and also 
planning possible long-term mitigation pathways. We highlight the following studies 
Greenhouse Gases Mitigation Options in Key Sectors of Brazil, an initiative by the Ministry 
of Science, Technology, Innovation and Communication (MCTIC); the IES Brasil 2050 study, 
coordinated by the Brazilian Forum on Climate Change (FBMC); and Pathways to Deep 
Decarbonization in Brazil, a global initiative of the Institute for Sustainable Development and 
International Relations (IDDRI, French acronym) and the Sustainable Development Solutions 
network (SDSn).

1 Ton of Co2 equivalent. It is a way to measure the potential global warming of greenhouse gases, having CO2 po-
tential as a reference so emissions of all these gases are added on the same basis.

10 Long-term low-carbon development strategies
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It is essential that the business sector is engaged in the LTS building process so the 
goals and implementation methods reflect businesses’ ambitions, thus guaranteeing 
the necessary conditions and making roles clear. Therefore, CEBDS has been identifying 
pathways, challenges and opportunities, in addition to proposing actions through relevant 
projects for several aspects of low-carbon development in Brazil. Among them we highlight 
the paper “Vision 2050 - A new business agenda” (CEBDS, 2012) and the study “Opportunities 
and Challenges of the Brazilian NDC commitments for the Business sector” (CEBDS, 2017), 
that will serve as starting points for this study.

Hence, this paper complements CEBDS’ previous efforts, bringing a concrete 
contribution to the construction of a long-term low-carbon development strategy in 
Brazil. The document “Vision 2050 - A new business agenda” is the first exercise of national 
long-term projection, identifying priorities in terms of mid-century goals and defining 
pathways to achieve them. The study “opportunities and Challenges of the Brazilian nDC 
commitments for the Business sector” brings an objective perspective of how the medium-
term goals presented by Brazil are reflected in the business sector. This work goes beyond 
and presents elements that should be present in the new requirement to be submitted under 
the Paris Agreement, in addition to indicating directions and concrete actions to conduct 
business and government strategies for long-term low-carbon development in our country.

Therefore, the aim of this work is to highlight and develop the essential elements to 
structure a long-term strategy in Brazil, defining the roles to be played by businesses and 
by different government areas, identifying opportunities and challenges that go beyond 
the timeframe under the NDC, which means, focusing on the time gap between 2030 
and 2050. In addition to the studies already published by CEBDS, the following sources have 
been used: (i) projections carried out for the Brazilian economy and by each individual sector 
until 2050; (ii) lessons learned from international experiences in the creation of Long-Term 
Strategies; and (iii) information gathered from interviews with companies from key sectors in 
Brazil, and also other highly impactful representatives from civil society, such as academics 
and sectorial experts.

11CEBDS - Brazilian Business Council for Sustainable Development
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T he Paris Agreement represents a milestone in a new global long-term path to 
face the challenges imposed by climate change. It comprises goals to limit the 

increase in global average temperature by the end of the century, compared to pre-
industrial levels. The limit proposed is 2°C, with efforts to keep it below 1.5°C. For this 
purpose, the agreement claims signing parties to make an effort to reach the second half 
of this century with GHG-neutral economies. For that to happen, the first requirement 
was for parties to present, even before COP21, its Intended Nationally Determined 
Contributions (iNDCs). After each country ratifies the agreement, these intentions will 
actually become commitments. Thus, the iNDCs will no longer be intended and will be 
called NDCs (Nationally Determined Contributions). 

However, the issue of reducing emissions need to be looked at with more ambition. There is 
a considerable difference between what countries are willing to do – as presented in their NDCs 
– and what needs to be done – represented by the safe limit of containing the temperature to 
below 2°C. This difference is known as emissions gap. The platform Climate Action Tracker (2017) 
updated its projections after the USA stated to be leaving the Paris Agreement and concluded that 
the pathway currently followed would cause an average temperature increase between 4.1 and 
4.8°C by the end of the century. These numbers represents more than double of the 2°C goal and 
it is about three times the 1.5°C goal. In a scenario in which all inDCs contributions were actually 
implemented, the increase in the average global temperature is projected to be between 2.6°C and 
3.2°C (CAT, 2017).

Therefore, the Paris Agreement requires signing states to present by 2020 the so-called mid-
century long-term low GHG emissions development strategies, or long-term strategies (LTS). 
These documents should make clear how each country will conduct its development trajectory, 
requalifying it in a way that economic growth becomes neutral for net2 GHG emissions throughout 
time. The LTS should be submitted to the Convention with the purpose of guaranteeing to all parties 
transparency and a more complete view of the Agreement implementation, in addition to moving 
towards neutral net emissions.

Brazil is yet to start elaborating its LTS, which proves to be an opportunity for the business 
sector to be engaged and actively participate with its production. Starting from the exercises 
previously carried out by CEBDS, specially the long-term “Vision 2050” and also the critical analysis 
of long-term projects already carried out for Brazil, it is possible to work with national goals and 
scenarios until the middle of the century.

The aim of this work is, therefore, to make recommendations for the Brazilian LTS. for that 
to happen, we also make use of the lessons learned from international LTS that have already been 
submitted and interviews with professionals from key sectors such as forestry, energy, cement and 
metallurgy industries.

Long-term low-carbon development strategies are different from NDCs because they are 
ways to incorporate the transition towards a low-carbon resilient economy into the structural 
economic planning of all signing parties. In addition to establishing the goals for observed 
emissions mitigation and adaptation to climate change, ideally the strategy should requalify national 
socioeconomic developments in the long run. As exemplified by “Vision 2050”, the Paris Agreement 
requires countries to make the exercise of defining goals and paths to reach mid-century with 
economic growth based on green infrastructure, in which the main economic sectors have maximized 
its competitive potential based on low-carbon technologies.
2 Net greenhouse gases emissions reflect the difference between emissions and removals through carbon sinks, such as forests or 
carbon capture and storage technologies (CCS).
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Even if there is no model for LTSs, it is possible to identify trends and decide on paths so they 
maximize their potential to promote low-carbon development in the long run. Thus, we can take 
the five LTSs so far submitted to the UNFCCC and critically analyze the application of aspects which are 
relevant to the Brazilian case.

By october 2017, six countries had submitted their mid-century LTS: France, United States3, 
Mexico, Germany and Canada4. By reviewing these LTS and identifying points related to relevant issues 
for Brazil, the following conclusions can be drawn:  

• Like the document “Vision 2050”, it is recommended that the LTS follows the backcasting 
approach, which starts with the definition of the desired future and goes back in time identifying 
the necessary policies and programs to achieve the projection desired;

• Ideally, countries present their quantitative absolute goals for emissions reduction for 2050 in 
reference to a base year.

• For that to happen, it is necessary to project quantitative scenarios for the goals to be achieved, 
understanding which measures are necessary;

• It is interesting to project different scenarios to achieve the same goal, being more or less 
optimistic in relation to the adoption of relevant low-carbon technologies, such as renewable 
energy sources and carbon capture and storage (CCS);

• The strategies should be aligned with the Paris Agreement goal to get as close as possible to zero 
net emissions by the end of this century;

• Effective engagement from stakeholders in building long-term strategies is crucial to build a 
coherent and consistent climate policy;

• It is essential that the strategy brings investment and financing directives;  

• The LTS, in general, should have a long-term projection for a deep energy mix transition;

• This includes not only the energy mix itself, but the whole energy system, such as energy produced 
and consumed by the industry as well as the transportation and building sectors;

• Going beyond the energy system, the LTS should take into consideration low-carbon development 
with a large participation of carbon sinks;

• In this sense, the agriculture, forestry and land use sectors would also have relevant roles for all 
long-term strategies;

• As strategies to requalify socioeconomic development, it is important that the LTS incorporates 
the circular economy approach.

When applying this issue to the Brazilian context, it is important to understand that the country 
plays a strategic role in GHG mitigation goals. This is because Brazil is one of the top-10 emitter 
worldwide, having contributed with 2.33% of global emissions in 2016 (WRI, 2017).

In order to take on the role it should have, our country has submitted its economy-wide national 
contributions with absolute5, middle-term mitigation goals. Brazil presented a goal of reducing 37% 
of national GHG emissions by 2025, and the indication of a 43% reduction by 2030, both compared to 
2005 levels. As a possible means of implementation, the NDC presents indications of specific goals for 
the forestry, land use, agrobusiness and energy sectors.

The projections used by the Brazilian government to support the NDC indicate the forestry 
and land use sectors as key mid-term elements. for that to happen, it is essential that the goal 
to eliminate any illegal deforestation in the Brazilian Amazon by 2030 is achieved. The projections 
consider that this sector is capable of remove 11% of total Brazilian emissions this year. Therefore, its 
sectorial emissions would decrease from 66% (1,398 MtCO2e) of total national emissions in 2005, to 
just 12% (143 MtCO2e) in 2030.

3 The USA created their strategy still under the Obama administration and submitted it to UNFCCC in 2016. That is why we are 
using the American LTS here for learning purposes.
4 Benin has submitted its LTS, but it was not included in this work.
5 The so-called economy-wide goals are for the economy as a whole, embracing all sectors, different from the goals applicable to 
certain areas.
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Even if there is no model for LTSs, 
it is possible to identify trends and 
decide on paths so they maximize 
their potential to promote low-carbon 
development in the long run

Long-term projections carried out by the main national studies have concluded that Brazil may get 
to 2050 with considerably smaller emissions than current levels, by reducing deforestation, trying to 
maintain its clean energy mix, and carbon pricing. So far, three projection exercises have been carried 
out in regards to decarbonizing the national economy by 2050, namely: Greenhouse Gases Mitigation 
options in Key Sectors of Brazil, IES Brasil 2050 and Deep Decarbonization Pathways. Projections indicate 
that zero deforestation is, indeed, crucial to have a successful low-carbon development process in the 
long-run and it can be achieved at low costs.  They also show that the participation from hydropower in 
the national energy mix should be reduced and alternatives will be essential to maintain a renewable and 
clean profile. On this issue, it is argued that is necessary to develop projections and take into consideration 
a deeper decrease in the prices of solar and wind energy, with a consequent higher adoption of these 
technologies. finally, projections indicate that carbon pricing can mean a turning point on this matter.

From the lessons learnt from the international experiences of creating LTS, from the projections 
carried out for Brazil and the interview of experts, we came to a series of recommendations for 
our national LTS. Even if the middle of the century is a distant deadline, it is possible to determine a 
structure and principles to be followed, pathways and directions through goals that have previously been 
determined. for such, business and government actions, in all levels, are recommended.

These recommendations are aligned with the main long-term global movements and trends. 
Trends in international public policies are taken into consideration, in special the use of economic and 
financial tools that allow low-carbon development to be economically efficient, promoting consistent 
socioeconomic development with emissions reductions. Moreover, the circular economy model guides 
the proposed actions, as well as the search to achieve the united nations Sustainable Development 
Goals (SDGs).

In this sense, six out of the seventeen SDGs can be achieved through the Brazilian llong-term low-
carbon development strategy. namely6:

6 According to the Ministry of foreign Affairs (2017).
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According to the backcasting approach, fourteen long-term goals are established in the Vision 
2050 document, which are the goals to be achieved by the Brazilian LTS. In addition to requalifying 
the main economic sector, the goals embrace the establishment of a whole regulatory framework and 
flow of financial resources to guarantee low-carbon development in Brazil.

The first recommendation points out by the LTS structure, from the goals and lessons learned, 
should be the following:

GOAL 7. Ensure access to affordable, reliable, sustainable and modern energy for 
all;

GOAL 8. Promote inclusive and sustainable economic growth, employment and 
decent work for all;

GOAL 9. Build resilient infrastructure, promote inclusive and sustainable 
industrialization and foster innovation;

GOAL 12. Ensure sustainable production and consumption patterns; 

GOAL 13. Take urgent action to combat climate change and its impacts;

GOAL 15. Protect, restore and promote sustainable use of terrestrial ecosystems, 
sustainably manage forests, combat desertification, and halt and reverse land 
degradation and halt biodiversity loss.



Long-term low-carbon development strategies18

1. Long-term vision: goals to be achieved and the national scenario in 2050.

2. Absolute emissions reductions goal;

3. Official transparent projections for the path to achieve the goal;

4. Action and policies plans to achieve the goals, which should include:

a. Highly relevant role for carbon sinks;
b. Low-carbon production and consumption and circular economy;
c. Energy transition;
d. Redirecting resources towards low-carbon investments.

5. Integration with existing climate and sectorial policies.

In order to be successful, the LTS should also follow three principles:

Transparency:  

clear objectives and supported goals, making public the premises and projections adopted;

Leadership:

establish a well-defined governance to manage the implementation of each aspect;

Prioritization:

identify priority actions to be carried out in each step of the timeframe.

The actions that should be taken by the federal, state and municipal governments and the business 
sector are divided in groups aligned with the action plans observed in LTS’ structure. Namely:

Reducing deforestation, and the role of forest and land carbon sinks

The reduction of deforestation, reaching zero illegal deforestation, is presented as the highest 
priority for low-carbon development in our country. One of the main pressure issues is the existence 
of a whole market for forest and farming products associated with deforestation. Therefore, it is 
recommended to have an approach that, besides the traditional command and control mechanisms, 

TRANSPARENCY PRIORITIzATION

LEADERSHIP
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adopts measures to direct national and international markets towards deforestation-free products. 
Thus, companies in sectors that use goods related to deforestation as inputs should commit to search 
for certified deforestation-free products. Another essential step would be for the Brazilian government 
to sign bilateral trade agreements so countries that may import products associated with illegal 
deforestation start only accepting certified goods.

Moreover, in order to ensure successful results, incentives for local sustainable production should 
be guaranteed in the North and Midwest regions, benefiting locations that have better performance in 
reducing deforestation. Thus, local producers can get together instead of working isolated, improving 
their cities’ performance. The best-performing locations could receive several forms of incentives, for 
instance: (i) easier licensing to operate, (ii) less risk for buyers, which would mean better negotiation terms; 
and, especially, (iii) less risks associated to financing, which would make access to financial resources 
much easier for all landowners of those cities or regions (NEPSTAD et. al, 2014).

Low carbon production and consumption, and circular economy

Bioeconomy and International Trade

Development policies need to focus on requalifying the country’s production, including its exporting 
agenda, moving towards the bioeconomy, an area in which Brazil is highly competitive. Bioeconomy 
brings innovative solutions to the market, mostly with high value added, whose production would 
contribute enormously to the country’s socioeconomic development. It uses biotechnology in order to 
create solutions for the development challenges in several areas such as energy, agriculture and livestock, 
industry, waste management and human health.

Thus, bioeconomy represents a consistent opportunity to requalify the world economy in the long-
run. Moreover, Brazil, with its abundant and historical supply of resources used for several purposes, has 
all the requirements to lead this process. Its biodiversity, low production costs for biomass - both forestry 
and sugar cane-based - and the application of science and technology to tropical agriculture increases 
Brazil’s potential as the main player in the global bioeconomy (CNI, 2013).

However, with the purpose of taking advantage of all these opportunities, it is necessary to have 
a consistent national policy to promote bioeconomy. The government should invest in science and 
technology and also review the regulatory framework applicable to the use of biotechnology and science 
into entrepreneurship. on the other hand, companies should see the disruptive potential brought by 
bioeconomy and should actively try to partner with scientific groups to improve productivity, reduce 
emissions and transform the current business models. They could also form joint ventures with international 
companies to develop disruptive technologies and scale these applications.

In relation to international trade, it is indicated as a necessary governmental measure to make the 
import of low-carbon capital goods easier for the industry and energy sectors. The government should 
also act towards controlling the carbon footprint from imported goods.

Circular economy

Circular economy practices should guide the industry in the long run, allowing the reduction of costs by 
reusing materials that serve as input or fuel. Also as long-term opportunities, companies should consider 
reusing materials and using inputs with lower carbon footprints to foster the low-carbon development 
of the industry. for instance, in the metallurgy sector, the use of scrap reduces the need to produce 
pig iron, ensuring the reuse of materials and reducing emissions.  In the cement sector, the practice of 
co-processing allows the use of waste to substitute fuel and input, taking these residues to the end of 
their energy lives. However, for the adoption of the abovementioned measures to be possible, municipal 
governments need to adjust their current rules, allowing more waste to be reuse. It is also necessary that 
state governments make the interstate transportation of these materials easier.

 The industry should also invest in migrating from higher-intensive production technologies to less 
intensive ones, such as industrialized concrete and mortar. It is also recommended that businesses try to 
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conduct research and development activities on: (i) capture and storage technologies, and industrial use 
of carbon; (ii) adopting measures for land productivity, by controlling its origins and the goals to convert 
pasture areas; and (iii) adopting the water-energy-food approach to drive new integrated business 
models, considering all the externality created.

Energy Transition

The improvement of the renewable and clean profile of our energy system is a probable priority in 
the medium and long terms.  Thus, the first step needed to reduce emissions in the energy sector is to 
eliminate subsidies to fossil fuels. In regards to the structure of the electric system, which is currently 
very fragmented and not fast enough, experts recommend the revision and improvement of the sector’s 
governance system. It is also argued that in order to guarantee a higher share of renewable sources, the 
federal government needs to be more engaged, including proposing a national law for that purpose.

The energy storage capacity is an important issue on which depends the increased scale of alternative 
renewable sources. Even if Brazil is not the forerunner in this movement and does not lead the development 
and maturation of energy storage technologies, the Brazilian government should be attentive to the 
opportunities presented to use and produce them in the country. Therefore, the government should 
follow the technological development and look for cooperation mechanisms with countries that are 
ahead of us in this process, such as Germany, Norway and Japan (IEA, 2014).

Another issue that can be crucial for the low-carbon development of the energy sector in the long 
run is the digital transformation of the energy system, as foreseen in the German LTS, for instance. The 
government can maximize gains from the potential of digitalizing the energy system by using this resource 
in public policy instruments and guaranteeing its security. for the concessionaires, it is recommended to 
carry out tests and pilots with the purpose of investing in intelligent technologies, so they can benefit 
from higher efficiency in the medium term.

Once the renewable and clean profile of the energy mix is guaranteed, companies should invest 
in the electrification of as many activities as possible. On the other hand, the government should 
carry out infrastructure projects to assure this process does come true. Going beyond electric vehicles 
- which are frequently talked about - freight transport should also be electrified through railways. 
finally, companies should invest both in consolidated technologies and in research and development 
to electrify industrial production.

Redirecting resources to low-carbon investments

Economic Tools:

Companies have unanimously stressed out the importance of adopting a pricing mechanism, which 
includes offsets from the forestry sector. In its foreign affairs, Brazil should act to become a leader in the 
international market of emissions transfers, including REDD+. For the mechanism to be implemented 
here, adequate design is crucial to answer to the country’s particularities and bring the expected results. 
In this sense, the so-called revenue recycling, as well as other compensatory measures, has an important 
role in the success of efficient carbon pricing and should be taken into consideration when designing the 

In order to drive low carbon investments, 
international cooperation is needed, 
including financial support and the grant of 
guarantees and premiums for performance
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mechanism. The government should act quickly, seizing the opportunity that the current development 
gap represents. on the other hand, companies should adopt an internal carbon pricing to guide new 
investments and improve their performance regards the mechanism in place, increasing their engagement 
and discussing the implementation of this mechanism with the government.

Financial Tools:

In the long run, Brazil needs to maximize its great potential for international cooperation by attracting 
foreign investment, especially based on performance. This approach should supply resources to several 
tools such as REDD+ and Feed-in Tariffs7 for renewable energy, direct payment for mitigation or the 
creation of tradable emissions certificates. Therefore, it is crucial that the Brazilian government makes 
great efforts in international cooperation, attracting investments based on performance from financing 
sources such as the World Bank. on the other hand, businesses should create bold projects in order to 
seize opportunities from international financing that are looking for this profile.

Another important step, which has been extensively discussed, is the development of a national green 
bond market. The government needs to make it easier for this mechanism to be used as a financing 
source for low-carbon investments. Thus, companies will benefit more and more from the mitigation 
potential their projects provide by getting funding through the emission of these bonds.

It is also essential that companies try to engage investors so they can see the differential these 
investments offer. for that to happen, companies should guarantee more and more transparency, 
opening great amounts of data about climate risks they are exposed to and the benefits associated to 
decarbonization.

finally, in order to have safe investments, it is important that countries like Brazil can have not only 
access, but also flexibility to help reduce the risk of investing in the country, especially in regards to 
capital costs. In order to drive low-carbon investments, international cooperation is needed, including 
financial support and the grant of guarantees and premiums for performance. Another existing example 
that Brazilian businesses and government can have broad access to, is the World Bank’s Multilateral 
Investment Guarantee Agency (MIGA).

Other Recommendations
In order to be aligned with national and global goals, it is important that businesses establish GHG 

emissions mitigation and/or removal goals based on scientific data. An initiative that can be used by 
companies is science-based targets, which incentivizes the set of goals based on science and offers 
resources to commit to those aims, strategies to calculate plausible and consistent targets with the 
purpose of maintaining the maximum increase in the average global temperature below 2°C, in addition 
to being validated in accordance with the initiative’s criteria.

finally, at state level, governments should create strategies and establish goals which are consistent 
with federal policies. Therefore, all government levels should aim to be fully aligned and integrated in 
their climate actions so companies operating all over the country can receive clear signaling on how to 
meet their commitments.

7 Tariff subsidies to reduce the tariff of the electricity generated by renewable sources (CEBDS, 2016b).
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T he Paris Agreement represents a new milestone that guides the long-term 
planning of its signatory countries and the companies within them. A deeper 

discussion about the construction of a long-term climate vision for the business sector 
should take into consideration an initial analysis of the international scenario on the topic. 
The core issue is the multilateral negotiations under the United Nations, more specifically 
under the united nations framework Convention on Climate Change (unfCCC), which 
had the 1997 Kyoto Protocol as a milestone. However, the Kyoto Protocol had a top-
down approach, in which the goals for each country were externally set, in addition to 
differentiating developed (so-called Annex I) and developing countries (non-Annex I), 
which exempted developing countries from contributing to mitigate world emissions.

The development of discussions led the international community to sign a new treaty: The Paris 
Agreement. It tries to take the world towards neutral net GHG emissions by the middle of the century, 
limiting to 2°C the increase in temperature by 2100, compared to pre-industrial levels. The agreement 
also foresees more ambitions efforts, trying to maintain the increase below 1.5°C. 

The agreement also promoted the transition to a bottom-up approach, in which each country defines 
its own goals and all signatory parties should submit their contributions. This causes broader international 
engagement to achieve the global goals and allows countries to individually evolve within their goals, 
according to their own particularities. Thus, more than a diplomatic agreement between nations, the 
Paris Agreement is a historical catalyst that makes the transformation towards a low-carbon economy 
inevitable, irreversible and irresistible. 

However, there is a difference between the path we are following (called baseline), the existing 
policies, the national contributions submitted under the Paris Agreement and the goals proposed 
by the treaty. This is called emissions gap. As it can be observed in figure 1, according to the Climate 
Action Tracker (2017), the path we are following today would take us - by the end of the century - to an 
average increase in global temperature between 4.1°C and 4.8°C, which means, more than twice the 2°C 
goal and about three time the 1.5°C mark. Existing policies and the goals proposed under the nDCs 
will not be enough either, taking us to an increase in the average global temperature way above the 
goals, and may reach 3.7°C. It is estimated that in order to get to a pathway consistent with these goals 
in 2050, we must zero net global emissions (emissions minus removals). However, the group of existing 
policies would reduce global emissions to about 75 GtCo2e, while the current pathway would take us to 
emissions above 100 GtCo2e (CAT, 2017). We must highlight that these projections come from the last 
update in 2017, after the USA decided to leave the Paris Agreement.

It is essential that all countries take on 
the commitment of a development based 
on a deep reduction of emissions from 
economic activity by mid-century
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It is essential that all countries take on the commitment of a development based on a deep 
reduction of emissions from economic activity by mid-century. The consequences for the planet and 
humanity of not achieving the 2°C goal have been studied and published by the Intergovernmental 
Panel on Climate Change (IPCC) and therefore, are widely known. Because of that, governments and 
companies from all over the world should establish strategies by planning the pathways to guarantee 
their low-carbon or even neutral-carbon growth by mid-century.

Figure 1: Effects of global emissions trajectories on the global average temperature

Source: Climate Action Tracker (2017)

Thus, the Paris Agreement has a central role in guaranteeing we find a pathway towards long-
term socioeconomic development that is consistent with its goals. If implemented, the investment 
policies and models proposed by the Paris Agreement have the power to redefine the 21st century 
global economy, the countries’ development paths and the value chains from companies all over 
the world. The Paris Agreement requires signatory states to present by 2020 the so-called mid-
century long-term low GHG emissions development strategies, or long-term strategies (LTS). These 
documents should make clear how each country will conduct its development trajectory, requalifying 
it in a way its economic growth is neutral for net8 GHG emissions throughout time. The LTS should be 
submitted to the Convention with the purpose of guaranteeing transparency and a more complete 
view of the Agreement implementation to all parties, in addition to directing the world towards 
neutral net emissions.

Although there is no unified international definition about what a LTS is, it usually comprises several 
pieces of information such as data on historical emissions and GHG projected emissions, mitigation 
goals, priority and cost-efficient mitigation actions, as well as concrete mitigation actions for the middle 
and long terms, among other things.

8 Net greenhouse gases emissions reflect the difference between emissions and removals through carbon sinks, such as forests or 
carbon capture and storage technologies (CCS).
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This chapter summarizes the international context that serves as reference to build the national LTS, 
highlighting the main elements of the Paris Agreement and their possible impacts on global emissions, 
as well as the analysis of strategies from countries that have already submitted their documents and the 
lessons we can learn from them. 

Paris Agreement
The Paris Agreement is, since the Kyoto Protocol, the most relevant commitment undertaken by the 

international community to fight anthropogenic climate change - the biggest challenge of the 21st century. 
The agreement was signed by 195 countries and the European union (Eu) in December 2015, during the 
United Nations Conference of Parties (COP21) in Paris, after several decades of intricate negotiations. The 
agreement is being ratified by the parties, which has already been done by 170 countries by November 2017.

The main elements of the Paris Agreement include the following commitments agreed upon by the 
Parties of UNFCCC:

Goals to mitigate GHG emissions

• Keep the increase in global average temperature well below 2oc above pre-industrial levels;

• Make efforts to limit the temperature increase to 1.5oc, since this would significantly reduce the 
risks and impacts of climate change;

• Reach global peaking of GHG emission as soon as possible, recognizing that it will take longer 
for developing countries;

• After peaking, undertake rapid reductions thereafter in accordance with the best available 
scientific knowledge.

Transparency and global action

• Every five years, governments should review and re-submit its contributions, setting more 
ambitious targets to reduce GHG emissions;

• Publicly report how well they are doing to implement their targets;

• Track progress towards the long-term goals through a strict accountability system;

• Submit by 2020 the long-term low-carbon development strategy.

Adaptation

• Strengthen societies’ capability to deal with the impacts of climate change;

• Provide continuous and enhanced international support to developing countries for adaptation 
to climate change.

Loss and damage

The agreement also acknowledges:

• The importance of averting, minimizing and addressing the loss and damage associated with the 
adverse effects of climate change;

• The need to cooperate and enhance understanding, action and support in different areas, such as 
early warning systems, emergency preparedness and risk insurance.

Support

• The developed countries will continue to support climate action to reduce GHG emissions and 
build resilience to climate change impacts in developing countries.

• Other countries are encouraged to provide or continue to provide such support voluntarily;

• Developed countries intend to continue their existing collective goal to mobilize uS$100 billion 
by 2020 and extend this effort until 2025. A new and higher goal will be set after this period.
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The countries that have ratified the Paris Agreement may independently decide the best way to 
reduce emissions. This is the great differential of this agreement: the previous attempts in the climate 
agreements required all signatory parties to take similar measures. However, there are such big differences 
between economies, cultures and nations that it was not easy to define common measures and formats, 
in addition to distinctive realities in regards to implementation capacity and velocity.

Communication of long-term low-carbon strategies (LTS)

With the purpose of assuring and aligning collective efforts to achieve long-term goals, the Paris 
Agreement9 foresees the creation and communication of long-term strategies (LTS) for low-emission 
development from all Parties. These strategies should take into consideration each party’s responsibilities 
and capacities, due to different national scenarios, and they should be submitted to the united nations 
framework Convention on Climate Change’s Secretariat (unfCCC) by 2020.

Long-term low-carbon development strategies are different from NDCs because they are ways to 
incorporate the transition towards a low-carbon economy into long-term planning for all signatory 
parties. In addition to establishing the goals for observed emissions mitigation and adaptation to climate 
change, ideally, the strategy should requalify national socioeconomic developments in the long run. Like 
the document Vision 2050, the Paris Agreement requires countries to define goals and pathways to reach 
the middle of the century with economic growth based on green infrastructure, when the main sectors of 
their economies have maximized its competitive potential based on low-carbon technologies.

Developing low-carbon infrastructure requires goals that range from the medium to the long 
term. By medium term we mean the deadline of NDCs, which is between 2025 and 2030. Long term 
is understood as the period between 2030 and 2050. The timeframe until 2030 can be understood 
as sufficient to adopt immediate incremental measures to mitigate emissions. However, it is not a 
considerable amount of time for more significative measures that involve investing in infrastructure. 
This is because the phasing out of previous investments in infrastructure will only happen in a medium 
to long term.

A vision which is restricted to short and medium terms can be inefficient in the long run. As the 
climate change mitigation goals are achieved through incremental short and medium-term improvements, 
especially regarding the GDP’s emission intensity, the remaining reduction of emissions related to 
investments in infrastructure can be maintained for decades. This occurs because the lack of a long-term 
vision (including planning the substitution of existing infrastructure) may take to the adoption of options 
only reasonable in the short-term, but which will negatively affect long-term goals. For instance, the 
substitution of a coal-fueled power station for a gas-fueled one reduced emissions, but it may prevent 
future reductions in emissions depending on the useful life of this new gas plant. Substituting these 
technologies for neutral alternatives before their useful life ends can be expensive, but waiting for the 
natural exhaustion of a gas-fueled plant may risk the goals under the Paris Agreement.

On the other hand, a long-term vision aims to substitute, from now, a high-emission infrastructure 
for low-carbon alternatives. This is specially true for technologies with long useful life, such as power 
plants. In order to prevent lock-in for long-term efficiency, Brazil should, for instance, try to maximize its 
potential of using biomass for energy generation, identifying alternatives to financing as soon as possible 
and carrying out research and development for medium and long-term evolution.

Therefore, it is crucial that countries think about how to conciliate short-term vision of their 
mitigation goals and a future scenario where there is a mutual contribution, and not obstacles, from 
both perspectives.

Building long-term strategies: lessons learned from the LTS already submitted

By November 2017, six countries had submitted their LTS for mid-century, namely: France, United 
States, Mexico, Germany, Canada and Benin10. It is important to highlight that the uSA had created their 

9 Article 4, paragraph 19.
10 However, the strategy submitted by Benin only covers the nDC’s timeframe, which means, by 2025. That is why it was not inclu-
ded in this work.
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strategy still under the Obama administration and submitted it to UNFCCC in 2016. In other words, when 
the country was still one of the active members of the Paris Agreement. That is why we are using the 
American LTS here for learning purposes. We must highlight that, according to the Agreement, signatory 
countries can only submit a withdraw request to the UNFCCC after three years of the agreement, taking 
one more year until its final withdraw. However, it is understood that so far, president Donald Trump has 
no intention of maintaining the country’s climate actions.

Although there is no model or format to build a national LTS, there are clear trends in the long-term 
low-carbon development strategies already submitted to UNFCCC’s Secretariat. Following these trends, 
it is possible to draft recommendations for strategies to be created and submitted in the future. 

Like the document “Vision 2050”, it is recommended that the LTS follows the backcasting 
approach, which starts with the definition of the desired future and goes back in time identifying the 
necessary policies and programs to achieve the projection desired; In this sense, the American LTS 
can serve as an example. The section entitled “A Vision for 2050” did exactly this exercise of establishing 
the characteristics the American economy should have in 2050 and only then scenarios that could be the 
pathways to achieve the desired future by the middle of the century. The elements foreseen for 2050 
include a more efficient energy system, 92% renewables in the electric mix, the electrification of heating 
and steaming systems in buildings, industry and electrification of transportation modals, maintenance 
and enhancement of carbon sinks, development of carbon capture and storage technologies (CCS) and 
reduction of non-CO2 GHG emissions.

Mexico’s LTS also follows this approach, presenting its long-term vision with milestones that should be 
achieved in ten, twenty and forty-years time. This milestone are divided in the following groups: society, 
ecosystems, energy, emissions, production systems, private sector and mobility. 

Ideally, countries present absolute quantitative goals to reduce emissions for 2050 compared to a 
base year. In its LTS, France established the goal of reducing 75% of its emissions of compared to 1990. 
Canada established an 80% mitigation goal for emissions, based on 2005. Germany, in accordance with 
the European Union’s climate goals, set its goals to reduce between 80% and 95% of 1990 numbers by 
2050. Mexico established that will reduce by 50% its emissions compared to 2000, by 2050. 

These goals were not necessarily defined under a specific demand from the Paris Agreement, 
which represents the integration of this strategy with other national policies. for instance two of 
the countries discussed here have already had their goals defined for some years. Mexico, the only 
developing country to having submitted its long-term strategy so far, had established its goals in 2012, 
after passing the General Law on Climate Change. on the other hand, Germany followed the European 
goals established by the heads of state in 2014.

The strategies should be aligned with the goals of the Paris Agreement to get as close as possible 
to zero net emissions between 2045 and 2050. The LTS should take into consideration the IPCC 
scientific reports (2014) which indicate that in order to have a chance higher than 50% of achieving the 
1.5oc goal, net global emissions should reach zero between 2045 and 2050. As for the 2oc goal, this 
should happen between 15 and 20 years later. In other words, any GHG emission after those dates 
should be removed from the atmosphere for the proposal to have a minimal chance of succeeding. 
Therefore, any long-term strategy should carefully consider this issue. For instance, Germany foresees 
that will get very close to achieve neutral net emissions by 2050.

For that to happen, the exercise of projecting quantitative scenarios to achieve the goals is 
essential, understanding which measures are necessary. The use of quantitative tools that provide 
technical and scientific support for the goals is essential, and that help to test the strategy’s consistency 
and solidity, using both top-down and bottom-up analytical tools. In this sense, dialogue and integration 
between all key factors should be promoted in order to achieve the projections which will really reflect 
the economy as a whole. It is also paramount that these projects include scenarios with different 
pathways to achieve the same goal, depending on the assumptions adopted to develop different groups 
of technologies and practices, as done in the American LTS, for example. 

In order to achieve the goals established at that time, the uSA modeled three pathways. first, an ideal 
benchmark scenario, even if it is not the most probable. In this scenario, there would be a continuous 
innovation process driven by low-carbon policies with constant R&D financing. The two non-ideal 



29CEBDS - Brazilian Business Council for Sustainable Development

scenarios would be, respectively, no CCS technologies available, and the non-availability plus limited 
success in maintaining and enhancing forest, land and ocean carbon sinks.

for france’s LTS, experts from the national Debate on Energy Transition (DnTE) have developed four 
scenarios to identify indexes, drivers and obstacles, such as technological lock-in and the public opinion 
about the actions. According to the LTS, this analysis is also necessary to evaluate the gaps between 
predictions and results observed in economic and environmental variables.

Effective engagement from stakeholders in building long-term strategies is crucial to a coherent 
and consistent climate policy. The document “Vision 2050” highlights the importance of an organized 
and active civil society. Therefore, a strategy that plans with adequate space for civil society’s participation 
is crucial. An intensive consulting process with stakeholders assures the strategy is aligned with other 
social or economic goals, thus overcoming potential resistance. Moreover, it can help develop collective 
understanding of the facts and alternatives by stakeholders and decision-makers, as well as make 
clear which tough choices must be made. Canada declares to be one of the key elements of its LTS to 
engage indigenous peoples by consulting their communities and supporting their implementation of 
climate initiatives. on the other hand, france foresees to consult several sectors by establishing local 
participation tools such as debates and public consultation, local representatives, mediators and the 
creation of participative documents, among other things. Beyond these tools, an interesting point of the 
french strategy is the fact that the scenarios predicted were published in a summary and in a language 
accessible to the public. 

It is crucial that the strategy foresees financing and investment directives. As describe in “Vision 
2050”, the financial sector will have a crucial role in consolidating a low-carbon economy. The International 
Energy Agency (IEA, 2015) estimates that the investments needed only for the energy sector nDCs to be 
successful would add up to US$13.5 trillion by 2030. The International Finance Corporation (IFC, 2016) 
estimates that investments in transitioning to a low-carbon economy in the same timeframe may reach 
US$23 trillion. It is clear enough that those amounts will not come from governments, since the promised 
contributions for the Green Climate Fund (GCF) until September 2017 summed to only US$ 10.3 billion, 
from 43 countries (GCF, 2017).

Thus, LTS should establish a strategy to channel financing resources and incentives to low-carbon 
investments in the long run. In this sense, Germany’s LTS states that their national climate policies try to 
create long-term opportunities, with R&D11 and innovation, in order to guarantee that businesses can 
safely invest in long-term low-carbon projects, avoiding the so-called stranded investments12. Moreover, 
the German LTS highlights their national climate goals will be established together with their long-term 
economic and social development goals.

In turn, Mexico states that part of its LTS is a reform in the energy sector. new legal framework will 
allow the private sector to invest in projects previously only reserved to the government. The united 
States, in its LTS submitted still under the obama administration, listed carbon pricing as a driver for 
low-carbon investment in the country. The American government has also pointed out its intention to 
directly invest in R&D to scale carbon-removal technologies, with the purpose of decarbonizing13 the 
economy in the long-term. The USA had also signaled that they intended to double investments in 
renewable energy innovation.

The French LTS indicates redirecting investments for low-carbon infrastructure as one of its seven 
main recommendations. The first goal is to direct investments for energy transition through programs 
such as a certificate for businesses that are part of the desired transition. Another relevant issue is 
engaging investors, so to alert them about investments subject to climate risks and which ones can 
become stranded. for that to happen, france intends to enhance the example of institutional investors, 
developing carbon footprint analysis in their assets, improving non-financial reports and thus highlighting 
the contribution of assets that have energy transition in their portfolios. This is part of the french Energy 
Transition Law for Green Growth, in force since August 2015. According to the Principles for Responsible 
Investment (PRI, 2016), this law was a pioneer and represented a milestone for emissions reports.
11 Research and Development
12 Stranded investment is when the returns on the investment cease as new regulatory framework or social practices are adopted. 
For instance, investments in fossil-fuel thermal power stations can become stranded if a carbon pricing mechanism is applied to 
those plants.
13 Expression used for low-carbon development and the reduction of carbon use from fossil fuel.
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It is crucial that the LTS, in general, project a deep energy mix transition. This includes not 
only the energy mix itself, but the whole energy system, such as energy produced and consumed 
by the industry, transportation and buildings; In Brazil’s specific case, it is crucial to maintain 
the energy mix renewable and clean, especially regarding electricity, despite the depleted water 
potential. As developed in the next chapter, the main long-term projections for Brazil consider that 
the growth potential for hydropower electricity generation will fade in the medium-term. This occurs 
due to both the changes in rain patterns and the environmental impacts associated to hydropower 
plants’ dams, especially considering that the remaining potential in this sector is in the Amazon. This 
prevents future power plants to have reservoirs, leading them to work run-of-the-river. With that, 
Brazil also needs to give as much attention to this matter as other countries, whose LTS are available, 
have already done.

following france’s example, Germany released its Act on the Digitisation of the Energy Transition in 
September 2016. This framework sets the base for the so-called future infrastructure, with smart grids 
and smart metering, by establishing measures for data security and digital standards to be followed.

Likewise, Mexico also passed its Energy Transition Law in December 2015. The law establishes four 
planning tools: a national strategy with goals for energy efficiency and the share of clean energy in 
their energy mix, and three special programs to implement the abovementioned strategy, one of them 
focused on smart grids (IEA, 2017a). This piece of legislation presents a roadmap to prioritize energy 
efficiency measures to be adopted in the next 30 years, and the following goals for clean energy shares in 
their energy mix: 25% by 2018, 30% by 2021, 35% by 2024, 40% by 2040 and 50% by 2050 (IEA, 2017a).

Going beyond the energy system, LTS should take into consideration low-carbon development 
with large participation of carbon sinks. IPCC (2007, 2014) has pointed out that sustainable forest 
management and conservation are appropriate and cost-effective forms of reducing emissions that should 
have a central role in climate action. This is essential in Brazil, where forests and land use sectors have 
the largest potential to reduce emissions in the long-run. However, countries that have already submitted 
their strategies also followed this trend and show constructive examples. for instance, Germany’s LTS 
identifies that for this sector, the main action for 2050 is to maintain and enhance the capacity of forests 
to serve as carbon sinks. The country has committed to promoting larger use of wood as an input, 
since wood from sustainable forest management can substitute materials that have a substantial carbon 
footprint (in the construction sector, for example) in addition to be an alternative to fossil fuels when used 
for energy purposes. 

On the same trend, the Mexican LTS presents five priority lines of action among them are “sustainable 
agriculture and forests to increase and preserve natural carbon sinks”. The strategy presents milestones 
for this sector for the following 20 years, which include reaching a positive level of removals, to restrict 
deforestation through sustainable forest management and increase productivity, land conservation and 
reduce vulnerability through sustainable management practices in extractive, agrobusiness and forests 
sectors.

Likewise, the American LTS presents three lines of climate action, among which are “capturing carbon 
through forests, land and removal technologies”. The strategy projected that the maintenance and 
increase of carbon sinks may reach 2050 compensating up to 45% of emissions from the American 
economy. This goal should be achieved by expanding the forest area from 16 to 20 million hectares in 
35 to 40 years, from 2015, and 16 million extra hectares to produce biomass. In order to achieve these 
goals in an environmentally and economically attractive way, the American LTS focused on opportunities 
from several products and services being produced in the same planting area. This includes agroforests, 
precision agriculture and the strategy of rotating plantations for energy purposes and pasture.

Likewise, the agribusiness sector also has a crucial role in the long-term strategy. for instance, 
Canada’s LTS intends to maintain their land as net carbon sinks by the middle of the century through 
technological innovation. Moreover, it will evaluate options to reuse solutions from renewable sources 
and agribusiness bioproducts in other sectors. Mexico’s LTS, with a slightly different approach, intends 
to integrate mitigation and adaptation strategies in the sector to reduce climate change threats such as 
spontaneous fires, for example. The strategy also includes the restoration and integrated management 
of drainage basins in order to develop the integrated management of the land, therefore guaranteeing 
water supply for agriculture.



31CEBDS - Brazilian Business Council for Sustainable Development

The American LTS offers a third pathway by having as one of its main goals to reduce non-CO2 GHG 
emissions, among them methane. In this sense, livestock production has a key role. However, just like 
the German LTS, the American strategy counted on the capacity of producing and pasture lands to 
increase its carbon stocks. This would happen through increased agricultural productivity based on 
technological innovation to increase the mass of soil and the depth of the fields, increasing carbon 
removal in their lands.

france’s LTS, as well as Germany’s, is counting on the agribusiness to develop its bioeconomy. This is a 
priority for the french government in regards to driving innovation. for Brazil, this sector also offers great 
opportunities in the middle and long terms, as identified in the study “Opportunities and Challenges of 
the Brazilian NDC commitments for the business sector”, which identified the potential of increase in 
productivity in the national agribusiness. 

As strategies to requalify socioeconomic development, it is interesting that LTS include the circular 
economy approach. for instance, france has set as a priority for the next ten years the consolidation of 
basis for a circular economy in the country to continue this work in the long term, through ecodesign, 
waste recycling, reuse and management. Its priorities by the middle of the century are, in this order: to 
avoid waste production through prevention, increase the capacity to recover non-avoidable waste, using 
non-avoidable and no-recovery waste for energy purposes, reduce methane from landfills and eliminate 
incineration without energy recovery. 

German states in its strategy that the path towards circular economy has already been producing 
results and it will be expanded in the future. According to its LTS, 20% of the national emissions abatement 
under Kyoto (from 1990 to 2012) resulted from the measures implemented for waste management. 
Germany presents the Carbon Capture and utilization (CCu) as a key element that includes carbon 
dioxide in the circular economy, being used to produce carbon-neutral fuels. The country also signals its 
intention to reuse secondary materials extracted from waste, such as aluminum. As a milestone, Germany 
established it will have consolidated its efforts to adopt circular economy practices by 2030. On the 
other hand, Canada intends to evaluate the whole life cycle of options to be adopted, considering all its 
environmental costs and benefits.
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Brazilian NDC
Brazil is currently the seventh largest GHG emitter in the world, according to World Resources 

Institute (WRI, 2017), contributing with 2.33% of total global emissions and having emitted 2,278 
GtCO2e in 2016 (SEEG, 2017). In terms of participation in emissions, it is close to Japan (the eighth 
largest emitter). However, Indonesia (the fifth largest emitter) is a better comparison to Brazil’s 
emissions profile since there is an expressive share of emissions associated to deforestation.

In the context of the 21st Conference of the Parties of the United Nations Framework Convention on 
Climate Change (UNFCCC), COP21, Brazil and all other countries submitted their intended Nationally 
Determined Contribution (iNDC). When a country ratifies the Paris Agreement, the contribution is 
no longer intended and becomes then a national commitment. Therefore, the Intended nationally 
Determined Contributions (iNDC) become Nationally Determined Contributions (NDC). Brazil ratified 
the Paris Agreement in September 2016, transforming its INDC in NDC.

The Brazilian NDC proposes a 37% reduction in national GHG emissions by 2025 (which is 
equivalent to the country’s net emissions of 1,346 million tons of carbon dioxide equivalent -tCO2e), 
in addition, an indication of a 43% reduction by 2030 (which is equivalent to the country’s net 
emissions of 1,208 million tCO2e), both compared to 2005 levels. Table 2, presented by the Ministry of 
Environment (2015) to give transparency to the projections that served as source for the Brazilian nDC, 
shows how emissions and their respective sectorial shares are expected to evolve until 2030. The paper 
“Opportunities and Challenges of the Brazilian NDC commitments for the business sector”, published 
by CEBDS in 2017, analyzes the opportunities and challenges presented by the nDC for the Brazilian 
economy in the same timeframe.

Table 1. Emissions per sector (thousand tCO2e – GWP 100)

Sector 1990 2005 2025 2030

Energy 194 14% 332 16% 598 44% 688 57%

Agrobusiness 356 25% 484 23% 470 35% 489 40%

Forests and Land Use

Emission 826 58% 1,398 66% 392 29% 143 12%

Removal   211 10% 274 20% 274 23%

net   1,187 56% 118 9% -131 -11%

Industrial Processes 48 3% 77 4% 98 7% 99 8%

Waste Treatment 12 1% 54 3% 61 5% 63 5%

Total 1,436 2,133 1,346 1,208

Reduction compared to 2005   37% 43%

Source: Fundamentos para a elaboração da Pretendida Contribuição Nacionalmente Determinada (iNDC) do Brasil no contexto do 
Acordo de Paris sob a UNFCCC. MMA (2015).

In 2005, the sector of Forests and Land Use concentrated the vast majority of national emissions 
(66%) and looking forward to 2030, it shows the largest potential to reduce emissions and increase 
removal. According to projections, this sector will reach 2030 with -11% net emissions compared to 
national levels. This means this sector has the potential of removing 11% of total Brazilian emissions 
in 2030.

The expectation of achieving the goal presented by Brazil for 2025 was mostly based on a process 
of absolute and relative reductions of emissions from forests and land use existing until 2014. This 
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was presented both by the paper “opportunities and Challenges of the Brazilian nDC commitments for 
the business sector” (CEBDS, 2017) and by the Ministry of the Environment (2015). In 2014, emissions 
from this sector were 64% lower than in 2005 (SEEG, 2017). However, it was exactly in 2014 that according 
to the Brazilian National Institute for Space Research (INPE, 2016) deforestation levels increased again - 
and are continuously doing so.

The middle-term projections for the NDC shows the sector of forests and land use may decrease 
its share of total emissions from 66% to 12%. This emissions reduction causes an increase in percentage 
for all other sectors, especially energy, whose national emissions would dramatically increase from 16% in 
2005 to 44% in 2025, and 57% in 2030. 

Even economy-wide, the NDC sets goals and actions to be developed by each sector and that 
represent different opportunities and challenges both for the forest sector and land use, and also for 
sectors whose shares in national emissions may increase more, namely: energy, agribusiness and industry. 
These issues were developed in the paper previously published by CEBDS and called “opportunities and 
Challenges of the Brazilian NDC commitments for the business sector” (CEBDS, 2017).

For the Land Use and Forests sector, the main issue identified is the end of illegal deforestation. 
for that to happen, a whole production chain should be developed to meet the demand currently 
supplied by illegal sources, forest restauration with native species, creating the bases for the Sustainable 
Management of Forests (MSF), the Payment for Environmental Services (PSA) and the increase of fplanted 
forests for other purposes, in special for energy (CEBDS, 2017). 

For the agribusiness, the main challenge is to gain productivity. The nDC presents a goal to restore 
15 million hectares of degraded pasture and 5 million extra hectares of integrated plantation-livestock-
forest systems. Still, there are projections showing the sector may increase its share of total national 
emissions from 23% in 2005 to 40% in 2030. 

For the energy sector, the goals imposed include achieving a 45% share from renewable sources 
in the energy mix by 2030, which would not be an ambitions goal if the long-term trend were not 
the opposite, since there is a reduction in hydropower participation in the mix. Therefore, the nDC 
presents the goal to increase the share of non-hydro renewable sources in the energy mix from 28% to 
33%, and 23% in the electricity mix by 2030.

The Brazilian electricity mix has seen a rapid growth of solar and wind powers due to costs 
plummeting between 2010 and 2015, 65% and 30% cost reduction respectively (CEBDS, 2017). The 
International Energy Agency (IEA) estimates that these costs will still be reduced by 15% for wind energy, 
and 25% for photovoltaic solar energy by 2021. However, for the energy mix goals in the NDC to be 
easily achieved - as affirmed by some experts - it is necessary to develop the production chain of these 
technologies in Brazil, especially of photovoltaic systems (CEBDS, 2017).

Brazil is currently the seventh largest 
GHG emitter in the world, according to 
World Resources Institute, contributing 
with 2.33% of total global emissions and 
having emitted 2,278 GtCO2e in 2016
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The NDC also presents a goal for an 18% share of sustainable bioenergy in the mix by 2030, and 
10% efficiency gains in the energy sector in the same timeframe, which brings great opportunities 
to the country. There are opportunities and challenges especially in regards to the expansion of the 
installed capacity that will be necessary regarding efficiency in the electricity system. According to the 
study “Efficient Electricity Consumption: An agenda for Brazil” carried out by CEBDS (2016a), this goal 
would be able to reduce by 24% the operational costs of the National Interconnected System (SIN), and 
reduce the need for additional investments in installed capacity by 42%. This study has set scenarios 
that implemented a series of efficiency measures. Thus, the implementation cost of these measures 
are comparable to the eventual costs of expanding supply needed to meet the demand, which is now 
avoided for having adopting these measures. However, there is a lack of ambition in the goal, which 
could reach 23% if mechanisms such as energy efficiency auctions were adopted in substitution to the 
power generation auctions (CEBDS, 2017).

Other sectors such as industry and transport may gain relevance in the national mitigation goals 
from the moment the current NDC goals are achieved, which means, in the medium term. These 
sectors are only superficially involved in the NDC, even if opportunities and challenges for these areas can 
be identified, as done by CEBDS (2017). It is expected that by eliminating illegal deforestation, emissions 
from the agriculture, forests and land use sectors will be significantly reduced and have a smaller share 
of total Brazilian emissions. Therefore, emissions from the energy sector may be responsible for a larger 
share of the national total. With that, as the energy system’s share in total national emissions increases, 
the industry and transport sectors should have more defined and detailed goals in the revisions to come 
in the national commitment.

Existing Long-term Projections
Currently, there are three projects in Brazil14 happening at the same time aiming to help the decision-

making of public actions and policies that may reduce GHG emissions in the country. The first one is 
called “Greenhouse Gases Mitigation Options in Key Sectors of Brazil” (hereinafter Mitigation Options), 
which is an initiative of the Brazilian Ministry of Science, Technology, Innovation and Communication 
(MCTIC). The project has received funding from the Global Environment facility (GEf) and is done 
in partnership with the United Nations Environment Program (UNEP). Its purpose is to help make 
decisions on actions that may potentially reduce GHG emissions in the key sectors of the Brazilian 
economy that were mentioned above.

The project creates GHG emission scenarios in Brazil until 2050, providing an integrated analysis 
to reduce emissions in the transport, industry, waste management, buildings, energy and AfoLu 
(Agriculture, forests and other Land uses) sectors. It also evaluated current and new technologies, 
associated investments and improvement opportunities for public policies to allow emissions reductions. 

Its goal is to enhance the Brazilian government’s technical capacity to implement actions for GHG 
mitigation. The project estimated emissions abatement potential and costs after an integrated economic-
energy analysis for the period between 2010 and 2050 in the different key sectors mentioned. 

As a comparison for projected growth in production and emissions of each sector, the study considers 
three different scenarios for the sectorial economic growth throughout time. This was done with the 
purpose of incorporating perspective changes in the world economy. This also allows decision makers 
to use projections related to the scenario that is considered to be closer to what is becoming true. That 

14 Both the studies “Options” and “IES BRASIL 2050” were being finalized/published when this paper was published, so it uses 
preliminary results that may have suffered alterations, published in a very summarized way.
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is why the approach from the Mitigation Options study has been considered quite adequate and useful. 
The scenarios used can be seen on Tables 2 and 3 below. Notice that the results available so far are 
related to the FIPE III scenario. 

Table 2. Average GDP growth rates (%), used in the Mitigation Options study.

Scenarios / Years
2016-
2020

2021-
2025

2026-
2030

2031-
2035

2036-
2040

2041-
2045

2046-
2050

2016-
2050

FIPE I 3.2 3.3 3.2 3.0 2.8 2.5 2.3 2.9

FIPE II 2.3 2.7 2.5 2.3 2.1 1.9 1.8 2.2

FIPE III 0.6 2.3 2.2 2.0 1.8 1.6 1.4 1.6

Source: Opções de mitigação de gases de efeito estufa em setores-chave do Brasil (MCTIC, 2017).

Table 3. Average GDP growth rates (%) for each sector and year - Scenario FIPE III of the Mitigation 
Options study.

Scenarios / Years
2016-
2020

2021-
2025

2026-
2030

2031-
2035

2036-
2040

2041-
2045

2046-
2050

2016-
2050

Agribusiness 0.5 1.8 1.7 1.6 1.3 1.0 0.8 1.2

Mineral extractive 
industry

2.8 3.0 2.5 2.2 1.8 1.6 1.0 2.1

Processing Industry -0.2 1.9 1.7 1.5 1.4 1.2 1.1 1.2

Commerce 0.4 1.8 1.8 1.8 1.6 1.4 1.2 1.4

Services 0.8 2.6 2.5 2.3 2.1 1.9 1.7 2.0

Source: Opções de mitigação de gases de efeito estufa em setores-chave do Brasil (MCTIC, 2017).

The second study “IES Brasil 2050”, with the support of the Ministry of Environment (MMA) and 
coordinated by the Brazilian forum on Climate Change (fBMC), analyzes the economic and social 
consequences of adopting different GHG emission mitigation measures in Brazil until 2050. The study 
creates hypothesis for the scenarios, selecting mitigation measures in addition to current government 
plans and evaluate the macroeconomic and social impacts in Brazil in case of adopt a global carbon tax 
for fossil fuel use. 

The IMACLIM-BR macroeconomic model was used to simulate in the Government Plan Scenario 
(GPS) under this study. It was specially built to describe the Brazilian economy, and it can be fed by 
sectorial models, combining top-down and bottom-up approaches. This approach allows the evaluation 
of macroeconomic and social consequences of different scenarios, overcoming the limitations of models 
that only use one methodology.

The third study, entitled Pathways to Deep Decarbonization in Brazil (DDPP), is part of an international 
project that mobilized research teams in sixteen of the largest GHG emitting countries to prepare national 
pathways to deep decarbonization until 2050. This study precedes the other two, and served as a source 
for the IES Brasil 2050 project.

This chapter summarizes the main assumptions and methods used to project the long-term economic 
and emission scenarios in Brazil.
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Table 4. Comparison between long-term projections done for Brazil 

Mitigation Options IES Brasil DDPP

Methodology Construction of sectorial scenarios (bottom-
up): baseline, low carbon, and low carbon with 
innovative technology, considering three different 
macroeconomic scenarios, with different growth 
rates for sectorial GDP. Integrated inter-sector 
modelling of energy supply and demand with 
multisector macroeconomic modelling. Scenarios 
have been modeled with the following prices per 
ton of Co2: 
uS$10/tCo2 (BC1);
uS$25/tCo2 (BC25); US$50/tCO2 (BC50); US$100/
tCo2 (BC100). Thus, six scenarios have been 
presented: baseline, low-carbon without pricing 
(BC0) and low-carbon with each price.

The macroeconomic scenario of the 2050 
governmental plan was used, based on the 
National Energy Plan (EPE, 2014a). A survey 
was carried out to identify the technologies to 
be studied. Energy demand and supply were 
calculated based on hypothesis formulated 
about the adoption of technologies and GDP 
growth. The multisector model to be used was 
then calibrated to conciliate the macroeconomic 
scenario with levels of sectorial activity in a way 
that sectorial models were adjusted, and then 
results were consolidated. 

The methodology and assumptions are the same as 
in the IES Brasil project. However, it is considered 
the adoption of some technologies by 2030, with 
the addition of several new technologies in the 
period between 2030 and 2050 in the perspective 
of achieving “deep decarbonization”.

Modeling Sectorial projections (bottom-up), OTIMIZAGRO 
projections for land use, MESSAGE modelling for 
energy supply and demand, and EFES multi-sector 
model for computable general balance.

Sectorial projections (bottom-up), LEAP energy 
demand, MATRIZ model for energy supply, 
IMACLIM-BR multi-sector model for computable 
general balance.

Sectorial projections (bottom-up), LEAP energy 
demand, MESSAGE modelling for energy supply 
and demand, and IMACLIM-BR multi-sector model 
for computable general balance.

Main Assumptions Growth rates from different sectors are internally 
determined by the model, considering different 
macroeconomic scenarios. The project takes into 
consideration the real additionality of measures 
through integrated modelling.

Long-term changes in the structure of Brazilian 
society are according to IBGE’s projections, 
growth rates for the Brazilian economy are based 
on the rates presented in the national Energy 
Plan - PNE 2050 (EPE, 2014a). The technologies 
used are those in the government policies, 
projecting they will continue to be executed 
after 2030, until 2050. 

Long-term changes in the structure of Brazilian 
society according to IBGE’s projections, growth 
rates for the Brazilian economy are based on the 
rates presented in the National Energy Plan - PNE 
2050 (EPE, 2014a).

Division by Sector Industry, Energy, Transport, Households and 
Services, AfoLu (Agriculture, forests and other 
Land Uses), waste management and other cross-
sector alternatives.

Land use, land-use change, and forestry (LULUCF), 
Agriculture and Livestock, Energy production and 
use, industrial processes and waste.

Services, Residential, Agriculture, Forests and 
Land use (AfoLu), Transport, Energy, Waste and 
Industry. 

Main Results The nDC goal for 2025 can be achieved by 
implementing 11 measures that have a total cost 
of US$ 1.74 billion. The 2030 goal can be achieved 
through 26 low-carbon measures, with a total 
cost of uS$ 11.1 billion. In 2050, in the baseline, 
emissions would be about 2000 MtCo2e, roughly 
20% smaller in the BC0 scenario, 40% smaller in 
the BC10 scenario, and reaching a 50% reduction 
in the BC1000 scenario. The level of reduction 
depends on carbon pricing and the projected 
scenario.

In 2030 and 2050, respectively, GHG emissions 
would represent 55% and 71% compared to 2005 
- according to the scenario proposed. In 2030 
and 2050, respectively, the intensity of carbon in 
the GDP would be 30% and 23% smaller than in 
2005. 29% reduction in total emissions by 2050, 
compared to 2005. 

In 2050, national emissions would be about 30% of 
2010 emissions. 70% reduction in total emissions 
in 2050, compared to 2010.

Institutional representation and companies’ 
perceptions 

It is an initiative by MCTIC, GEf and the un 
Environment and it has been used by businesses 
as a reference due to the macroeconomic scenario 
used, whose projects are considered realistic. It 
was used as a reference for the Brazilian nDC.

It was coordinated by fBMC and they have been 
using it as a reference. It was used as a reference 
for the Brazilian nDC.

It is part of a global initiative from Institute for 
Sustainable Development and International 
Relations (IDDRI) and the Sustainable Development 
Solutions network (SDSn), whose studies have 
been carried out in several countries. 

fonte: Elaboração própria.
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Main Results The nDC goal for 2025 can be achieved by 
implementing 11 measures that have a total cost 
of US$ 1.74 billion. The 2030 goal can be achieved 
through 26 low-carbon measures, with a total 
cost of uS$ 11.1 billion. In 2050, in the baseline, 
emissions would be about 2000 MtCo2e, roughly 
20% smaller in the BC0 scenario, 40% smaller in 
the BC10 scenario, and reaching a 50% reduction 
in the BC1000 scenario. The level of reduction 
depends on carbon pricing and the projected 
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- according to the scenario proposed. In 2030 
and 2050, respectively, the intensity of carbon in 
the GDP would be 30% and 23% smaller than in 
2005. 29% reduction in total emissions by 2050, 
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In 2050, national emissions would be about 30% of 
2010 emissions. 70% reduction in total emissions 
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perceptions 

It is an initiative by MCTIC, GEf and the un 
Environment and it has been used by businesses 
as a reference due to the macroeconomic scenario 
used, whose projects are considered realistic. It 
was used as a reference for the Brazilian nDC.
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for the Brazilian nDC.
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Sustainable Development and International 
Relations (IDDRI) and the Sustainable Development 
Solutions network (SDSn), whose studies have 
been carried out in several countries. 

fonte: Elaboração própria.
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Projections by Sector
One of the key elements to build a sectorial or inter-sectorial low-carbon development strategy 

is the projection of GHG emissions, considering economic and technological trends, in addition 
to a clear understanding of obstacles that would render the implementation of some mitigation 
measures unfeasible.

The aim of this section is to give an overlook of sectorial analysis that have been developed in 
Brazil with the purpose of reducing GHG emissions. from these references, we can think about the 
elaboration of long-term low-carbon development strategies in these sectors and in the Brazilian 
economy in general. 

This section will collect the summarized information about long-term projections (2050) that have 
already been carried out in the abovementioned projects Mitigation options and IES Brasil 2050 for the 
following sectors: 

• Energy;

• AFOLU, which includes agribusiness, forests and land use; 

• Industrial: represented by the metallurgy, chemical and cement, which are the largest emitters 
among industrial segments according to the System of GHG Emissions and Removals (SEEG, 
2017).

• Transports. 

Moreover, there is a summary of the innovative technologies to be implemented after 2030 and the 
identification of associated investments, as well as the indication of barriers preventing them from being 
feasible.

However, it is important to notice that even though the Mitigation options study developed four 
scenarios for carbon pricing, as shown on Table 4, the results for scenarios with uS$25/tCo2, uS$50/
tCo2 and uS$100/tCo2 as prices had not been published when this paper was finished, and, therefore, 
could not be analyzed.

Energy Sector

from the projections in the studied Mitigation options and IES Brasil 2050, we can identify trends 
for the Brazilian energy mix to be taken into consideration when creating the LTS. Both studies project 
there will be no increase in the share of hydropower energy generation until 2050, which proves to be a 
challenge to maintain the renewable and clean profile of energy generation in Brazil. The results in the 
baseline (REF) of the energy system established in the Mitigation Options study indicate that, without any 
additional abatement measures, Brazil would continue in a conservative path of its energy mix in which 
the share of fossil fuels vary between 50% and 60%, peaking in 2040, when oil and gas productions would 
be at their maximum (MCTIC, 2017).

On figure 8, we can observe that in the baseline, the maintenance of the renewable and clean 
characteristics of the energy mix is not successful, with imported mineral coal having a considerable share 
in the mix. There is only a modest increase in photovoltaic and wind systems, which indicates a market 
obstacle for that technology (MCTIC, 2017). This is an issue that requires attention in the long term, both 
from the government in formulating public policies and the business sector.

In the low-carbon (BC0) and the low-carbon with emissions pricing at US$10/tCO2 scenarios (BC10), 
it is important to observe that there is a reduction in the volume generated compared to the baseline, 
reflecting the integration of the modeling, which include energy efficiency measures. In the last two 
scenarios, the renewable characteristic of the energy mix is sustained, in special due to the increased 
share of sugarcane bagasse and wood biomass, which reflects the perspectives of the business sector.

In this sense, on top of the projects, the study presents an analysis of obstacles to be overcome 
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and the proposition of policies to do so. This content can serve as base to build the Brazilian LTS. The 
low competitiveness of biomass - if compared to imported coal - the access costs, and the lack of 
information on the co-generation option with sugarcane bagasse are indicated as obstacles. In order 
to overcome them, the study suggests a number of measures, starting from specific auctions with 
differentiated prices for plants operating with renewable fuels. After that, changes are suggested for 
the regulatory framework of thermal biomass-fueled plants up to 30MW, the creation of cooperatives 
to collect biomass and events for the sector to discuss carbon pricing, and the option of generating 
energy with biomass (MCTIC, 2017). 

Figure 2. Electricity generation per energy source in REF, BC0 and BC10 scenarios until 2050
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Source: options for Greenhouse Gases Mitigation in Key Sectors of Brazil (MCTIC, 2017).

In regards to fuels, in the baseline scenario, crude oil is still the main primary source of energy 
consumed, with investments from the section to expand refinery plants in the period between 2020 and 
2030. On the low-carbon BC0 and BC10 scenarios, its growth would be smaller due to a larger share of 
ethanol in total consumption, with consequent larger process of sugarcane in plants.

Figure 3. Primary energy consumption by the energy system in REF, BC0 and BC10 scenarios - 2020 
to 2050 Mitigation Options study
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In the IES Brasil 2050 study, we can observe a similar trend for hydropower electricity, with some divergences 
regards the adoption of alternative sources. We can observe on figure 10 that hydropower energy had it share 
of total electricity produced reduced from 63% in 2015 to 49.2% in 2050. In order to meet the gap, biomass, 
wind and solar energies would increase their shares, with special attention to solar thermal energy, which 
would go from having no share in 2015 to 8.7% in 2050. These three energy sources’ share together would 
go from 14% in 2015 to 44% in 2050, according to the study conclusion (CENTRocLIMA, 2017).

This reflects a divergence between the two works we have analyzed - Mitigation Options and IES BRASIL 
2050 - in regards to the challenge that in presented to maintain the renewable and clean profile of the 
Brazilian energy mix in the long term. In the scenario proposed by IES BRASIL 2050, the one used in the 
Governmental Plan, the energy sector would maintain a low-carbon mix until 2050 without any loss to the 
national economic competitiveness or to the security and reliability of meeting energy demand.

Table 5. Participation of each source in the total electricity generation (%) 2010-2050 Study IES BRASIL 2050

Participation 2015 2020 2025 2030 2035 2040 2045 2050
Hydroelectric 63,0% 65,8% 67,3% 63,2% 61,7% 56,0% 51,3% 49,2%
Nuclear 2,3% 3,4% 3,0% 3,1% 2,7% 2,6% 3,0% 2,7%
Natural Gas 14,2% 5,5% 4,8% 4,8% 5,0% 5,4% 5,5% 3,6%
National coal 1,2% 1,3% 1,1% 1,3% 0,7% 1,6% 2,0% 1,7%

Imported Coal 1,0% 0,9% 0,8% 1,1% 1,0% 1,9% 1,9% 1,6%
Fuel Oil 0,0% 0,0% 0,1% 0,5% 0,1% 0,0% 0,0% 0,0%
Diesel fuel 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
Other non-renewable 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,1% 0,0%
Small hydro 3,6% 4,3% 3,7% 3,4% 3,6% 3,9% 4,1% 4,5%
Bagasse 7,9% 8,5% 7,4% 7,6% 6,8% 5,8% 5,6% 5,3%
Biomass 1,3% 1,2% 1,3% 2,6% 2,8% 3,1% 3,4% 4,0%
Wind 5,5% 8,0% 8,1% 8,9% 9,6% 9,6% 10,0% 11,1%
Solar Photovoltaic (distributed) 0,0% 0,1% 0,8% 1,5% 2,0% 2,2% 2,4% 2,7%
Solar Photovoltaic (centralized) 0,0% 0,9% 1,0%  1,0%  1,0%  2,8%  4,2%  4,7%
Solar heliothermic 0,0%  0,0%  0,6%  1,2%  3,0%  5,1%  6,7%  8,7%
TOTAL 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0%

Source: IES Brasil 2050 (CENTRocLIMA, 2017).

Figure 4. Energy mix shares in 2050 - % by source Study IES Brasil 2050
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In regards to the evolution of emissions in the long term, the project Mitigation options estimates 
that GHG emissions in the baseline would increase by 70% between 2020 and 2050 (MCTIC, 2017). This 
happens mostly due to the exhaustion of water potential in the energy sector, which would concentrate 
in expanding to thermal stations, according to the logic of meeting electricity demand at the lowest cost 
possible (MCTIC, 2017). Low-carbon, and low carbon priced at US$10/tCO2 scenarios show 21% and 
32% abatements, respectively.

Figure 5. GEE Scenarios of GHG emissions mitigation for the energy sector 2020 to 2050 Mitigation 
Options Study
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Priority technologies that were taken into consideration by the Mitigation Options study to achieve 
the 2030 goals for the energy sector include sugarcane energy cogeneration, repowering hydropower 
plants, and the substitution of coal and natural gas thermal plants for sugarcane bagasse and wood 
biomass. These technologies are consolidated and - according to the study - have a mitigation potential 
between 1.7 MtCo2e (if there is no additional incentive from carbon pricing, in the scenario of zero 
carbon value) and 22.3 MtCO2e (in the scenario of carbon price at uS$10/tCo2e) having 2010 as 
base year. In case of oil and gas exploration and production, improvements in processes, among 
them reducing flare gas faring, new units to recover steam in oil and gas E&P platforms and other 
incremental measures, have the potential to mitigate between 13.1 and 18.9 MtCO2e, in the respective 
carbon value scenarios.

According to the Mitigation options study, there are many innovative technological routes, such 
as biochemical hydrolysis to synthesize cellulose ethanol, a thermal-chemical route to synthesize liquid 
biofuels, biosynthetic route for renewable diesel, and biochemical route to synthesize algae biofuels. 
According to the study, these technological innovations identified as relevant for the national low-carbon 
development are not - neither currently nor in the short-term - economically competitive if compared 
to conventional technological alternatives. Therefore, the estimated economic viability depends on its 
endogenous learning curve and external factors. So, any evaluation about the time needed to make this 
strategies viable brings an associated uncertainty.

According to the study, the most attractive biofuel is the cellulose ethanol from sugarcane bagasse and 
straw. on the other hand, diesel from algae biomass has a higher cost and perspectives of technological 
advances through a learning curve are still limited. The production cost of fT diesel (produced from 
natural gas) and sugarcane diesel have a high price in the medium term, but in the long term the learning 
curve allows for a significative cost reduction.
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nevertheless, experts in this sector argue that fast pyrolysis is consolidated to generate a renewable 
substitute for combustible oil. For that purpose, the current prices and incentives levels (RINs) make 
it competitive, specially considering co-processing. Considering a model similar to Renovabio, there 
would be a short-term competitive option for the national territory. It is also argued that the gasification 
of biomass (even if residual) for synthesis gas generation in loco and used directly as a fuel is something 
common in the country.

Another technology to be studied in Brazil is the gasification of urban solid waste combined with 
biomass to produce methanol. Despite being more complex, it already works in Canada and could 
meet a demand that is currently neglected by the government for correct waste disposal. finally, 
another technological platform that has not been commented on, but which has been brought in by 
the sector, is hydro thermal treatment. It is applicable in the long term, since it currently found only at 
demonstration scale. This technology processes suspended organic waste (such as biological sludge), 
submitting the material to high temperature and pressure resulting in a bio-oil similar, and even supe-
rior to pyrolysis oil.

The energy sector is one of the most important to build a low-carbon economy in the long term. 
Long-term investments and technologies in this sector compete with already established sources and 
short-term responses, since meeting energy demand cannot wait. 

The increasing share of renewable sources in energy generation is already proving to be a pathway 
both in Brazil and worldwide, in special the energy generation from the sugarcane industry and forest 
biomass. In the case of the oil and gas sector, additional reductions should come from consolidated tech-
nologies, such as increased flare gas faring and steam recovery.

Innovative routes face development obstacles related to economic feasibility and the need for short-
term results required by this sector. Thus, its evolution depends on the development of the learning 
curve and incentive policies.

However, experts in this sector say that the participation of solar and wind power sources can be 
larger than projected, depending on the trajectory of cost reduction. This has already been observed, 
according to data from the National Energy Evaluation (EPE, 2014b and 2017), between 2013 and 2016, 
wind power increased almost five times its share in the domestic supply of electricity in Brazil, from 1.1% 
to 5.4%.

According to the new Energy outlook (nEo) 2017 (IEA, 2017), published by the Bloomberg new 
Energy finance, it is expected that from the uS$ 10.2 trillion to be invested in electricity generation 
until 2040, about US$ 7.3 trillion will be invested in renewable generation, and the cost for solar power, 
which is currently one-forth of what it was in 2009, will be reduced by about 66% worldwide by 2040 
(Bloomberg new Energy finance).

In the Brazilian scenario, the same study indicates a promising future as long as there are adequate 
conditions for its development, such as adequate regulation and positive incentives to its introduction 
and development in the case of more innovative technologies. According to nEo 2017, Brazil should 
invest about US$ 300 billion in new electricity sources by 2040, with 70% of this amount focused on solar 
and wind energy. An increase in the participation of wind and solar energies in the Brazilian mix is expect-
ed, from current 14% to about 51% in 2040 (IEA, 2017).

Due to expectations like this, the projections carried out so far are questioned in regards to the inclu-
sion of solar and wind sources, which are considered conservative by some experts. They could be more 
ambitious in this sense, and future projections that will be carried out to base the Brazilian LTS should, 
at least, take into consideration different long-term scenarios for the costs of these sources, therefore 
having more and less optimist projections, according to cost prediction.

CCS and perspectives for BiocCS in Brazil

Carbon capture and storage (CCS) is recognized as a technology capable of reducing net carbon 
dioxide emissions in large scale, being an important piece in the portfolio of alternatives to achieve sig-
nificative reductions in global GHG emissions. In the case of Brazil, it is highlighted the perspectives for 
BiocCS - Carbon capture and storage in ethanol plants near Brazilian sedimentary basins - that have EOR 
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(enhanced oil recovery) potential and the same potential for carbon capture and storage in industrial 
plants of the cement and metallurgy segments (which have a large share of businesses in Brazil). 

Estimates under the Mitigation options study show that capture costs are positive, but considerably 
low in case of oil platforms. There, carbon capture will be included for economic reasons, regardless of 
environmental issues, and also the adoption of hydrogen generation units, whose capture viability will 
depend on space available at Brazilian refineries and ammonia production plants. 

Carbon capture can also be done in ethanol plants at considerably reduced costs, therefore becom-
ing feasible if an additional revenue associated to enhanced oil recovery (EOR) in mature petrol fields in 
Brazil is also considered.

In the energy sector, capture affects the operational flexibility of thermal gas-fueled power sta-
tions, if analyzing it from the sector’s systemic point of view. Flexible gas and biomass-fueled thermal 
power plants can become increasingly important if thought together with renewable sources, such 
as wind and solar (short-term variability), compensating and absorbing the variability in generation 
from those sources.

Carbon capture is also available for other sectors studied, but with costs higher than 30 US$/tCO2 
which, in some cases, can reach about 100 uS$/tCo2. In this last case, even if it is a relevant potential 
(associated to industrial sectors), capture will only happen with more assertive and advantageous climate 
policies to Brazil, if compared to other GHG mitigation measures. 

Moreover, although it is repeatedly identified as a relevant mitigation measure, there is some un-
certainty about the viability of CSS in the near future, due to its high costs and lack of regulation. The 
Mitigation Options study shows that BiocCS and even CCS show more potential after 2030, when carbon 
prices achieve uS$50/tCo2.

finally, it is important to highlight that compared to other sinks that Brazil can take advantage of 
(namely: forests, land and oceans), costs associated to CCS technology are obviously much higher. As 
discussed in the AfoLu sector, these possibilities have substantially lower costs. However, for sectors 
such as oil and gas and industrial segments as cement, CCS technologies have more technical potential 
for real decarbonization. 

In the case of Brazil, it is highlighted 
the perspectives for BiocCS - Carbon 
capture and storage in ethanol plants 
near Brazilian sedimentary basins - 
that have EOR potential
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AFOLU Sector (agriculture, forests e others land uses)

In the baseline of the Mitigation options project, total emissions for the AfoLu sector, including 
emissions from agriculture, forests and land-use changes, would go from 827 MtCO2e in 2030 to 906 
MtCo2e in 2050. In the low-carbon scenario, total emissions are 688 MTCO2e in 2030, and 723 MTCO2e 
in 2050, implicating in 20% reductions compared to the baseline. We can observe that the sector with the 
highest percentage reductions is the sub-sector of land-use changes, with a 38% decrease.

Figure 6. Emission scenarios for land-use change 2010 to 2050 Mitigation Options study
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Figure 7. Emission scenarios for agriculture 2010 to 2050 Mitigation Options study
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Figure 8. Emission scenarios for cattle raising 2010 to 2050 Mitigation Options study
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In the case of emissions mitigation from agricultural, forest and other land use activities, the solutions 
include well-known low-carbon measures or biotechnology that need to be reinforced or scaled. 

In 2016, the AFOLU sector was responsible for 51% of the Brazilian total emission, according to 
SEEG (2017). note that this happens mostly due to deforestation and, therefore, the capacity to reduce 
emissions from this sector is not related to the adoption of technology as in other sectors. This is related 
to the end of deforestation. 

Thus, reducing deforestation continues to be the most important measure for the sector, representing 
34.5% of the total potential emissions abatement for AFOLU by 2050, according to the Mitigation Options 
study. The cost would be 1.25 uS$/tCo2e reduced (in the macroeconomic scenario called FIPE III).  This 
potential includes not only the elimination of illegal deforestation, but it also takes into consideration 
a 10% reduction in overall deforestation in the Amazon, as well as a 40% reduction in deforestation in 
Caatinga, Pampa and Pantanal.

This is a very relevant conclusion, not only for this sector, but for Brazil in general. This happens 
because, as seen before in regards to the Brazilian nDC, currently, the largest national potential for 
mitigation is related to the reduction of deforestation. In addition, this measure proves to be possible 
to go beyond the necessary end of illegal deforestation in the Amazon, at low costs per ton of carbon 
prevented. This shows that the top priority for the country, which is reducing deforestation, is also what is 
called the low-hanging fruit (the easiest fruit to be picked). Which means, it depends mostly on planning, 
governance and public will.

Another measure with significant potential to reduce emissions is the intensification of livestock, 
composed by several actions that include recovering degraded pasture, fertilizing extensive pasture and 
confined livestock. The expansion of recovered areas of pasture promotes more land carbon sinking. 
However, recovering pasture involves adding nitrogen, which should have its emissions subtracted from 
removals in the final balance. Moreover, reducing the herd causes the reduction of methane emissions 
from enteric fermentation. 

Among the uncertainties regarding emissions reductions when intensifying livestock systems are the 
possibility of reducing the price of meat for the end consumer, which, in turn, can take to an increase 
in demand and then in production. Thus, the increase in production efficiency can end up intensifying 
consumption and the negative externalities of GHG emissions.  
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The interaction between livestock, integrated systems and deforestation indicates that in order 
to understand the environmental and economic result of different measures, we need to start with a 
overall view of the sector. In terms of public policies, this results show that if the measures are partially 
implemented, they can cause unsatisfactory or harmful effects on reducing GHG emissions.

According to the study, the best options regarding economic interest are in integrated plantation-
livestock-forest systems, low-carbon agriculture and planted forests, which show negative cash flow in 
terms of costs per ton of carbon abated, with a discount rate of 8% a year (MCTIC, 2017). The most 
expensive measure according to the study was forest restauration, with large difference to the second 
most expensive, which is reducing deforestation. This reinforces the idea that more attention should 
be given to the availability of specific credit to restore and guarantee access conditions so this option 
achieves as much scale as it is projected. These costs and mitigation potential can be seen in Table 6, 
as follows:

Table 6. Potential and abatement cost of emission reductions by sector

Measures
Cumulative potential of 

emission reductions (tCO2e)
Cost (US$/tCO2)

Integrated systems 4.668.280 -651,27

Low-carbon agriculture 37.458.717 -171,92

Planted forests 540.733.966 -0,18

Cattle raising intensification 2.377.363.588 0,33

Reduction of deforestation 1.483.855.553 0,98

Forest recovery 412.499.763 9,26

Source: Opções de mitigação de gases de efeito estufa em setores-chave do Brasil. MCTIC, 2017.

The AfoLu sector is the one with largest potential and national commitment regarding to mitigate 
climate change, and it is also responsible for maintaining a gigantic world heritage: biodiversity.

The main differential in this sector is its innovative nature, with several fronts that range from increasing 
the forest’s capacity for carbon sinking to disruptive biofuel technologies and new materials to substitute 
fossil ones.

In order to this can gain scale, innovative regulatory frameworks are necessary to allow actions to be 
carried out in this market. 

These solutions can only be created through the mobilization and collaboration of the main stakeholders, 
including, in addition to the private sector and the government, institutions and organizations from 
society.

Considering the need to produce agroforest inputs and food in available lands without causing 
deforestation or degradation to the ecosystems, the sector needs to integrate natural capital value to 
environmental assets and ecosystem services in their business models, in all value chains. 

Nowadays, economic tools are being introduced in the market, such as the Environmental Reserve 
Quotas (CRA), Payment for Environmental Services (PSA) and Reduced Emissions from Degradation 
and Deforestation (REDD+), which have great potential to size the value of natural capital. However, 
the application of those mechanisms is still very incipient compared to its potential, as the use of the 
Amazon Fund for REDD+ nationally, and PSA, which only exists in a small scale and in a reduced number 
of cities and states. Moreover, most of these mechanisms are related to public resources (nationally or 
internationally) and the control principle (for example, agreements and moratorium). Thus, the main gap 
today is considering the value of natural capital in the final price of products or services. In other words, 
it lacks a monetary connection between the buyer and the value chain, remunerating the conservation of 
ecosystems that depends not only on market consciousness, but also on local production organization 
and their connection with the end consumer.

To sum up, driving the great potential this sector has - in regards to climate change mitigation, the 
transformation of economic organization and creation of benefits both for their own businesses and also 
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for society in general - will only be possible through structured engagement from the private sector with 
the government and society. The aim of this engagement is the creation of innovative models that assure 
that the value of natural capital in the production chain and the final price are connected. 

Industrial sector

As mentioned before, this sector is represented by three industrial sub-sectors: metallurgy, chemical 
and cement, due to their relevance in current and future shares of emissions, and their contributions to 
mitigate GHG emissions.

Metallurgy

The baseline scenario (REF), established in the Mitigation Options study, indicates that with 
the lack of mitigation measures, Brazilian metallurgy would maintain their share if compared to 
the historical average of routes that are part of it (integrated routes with coke-oven, without coke 
oven and electric arc furnace). There would be no adoption of best available technology (BAT) nor 
improvements in the process. 

On the low-carbon scenario (BC) of the same study, there is some improvements in producing pig 
iron through integrated route, using sustainable vegetable coal to complement coke. Steel production 
through integrated route without coke-ovens also tends to increase, in the same proportion. Thus, in 
case these mitigation measures are adopted, we can observe the same levels of steel production in 
mineral coal integrated plants and a considerable increase in production through sustainable vegetable 
coal. The share of steel production in EAf (electric arc furnaces) also shows a small increase, a result of 
variations in independent production of pig iron. 

However, the energy consumption in metallurgy is not reduced in the low-carbon scenarios 
projected in the Mitigation Options study. Even when improving efficiency in some processes, the 
use of coal-fueled blast furnaces is more energy-intensive due to its smaller efficiency if compared to 
coke furnaces, causing increases in energy consumption that compensate for the energy gains. Due to 
larger participation from electric steel mills in the BC scenario, electricity consumption in this scenario 
is larger than in the baseline. Improving integrated vegetable coal-fueled plants brings a substantial 
use of this fuel in the BC scenario. 

The low carbon scenario with innovation (BC+I), projected in the Mitigation options study, considered 
that the emissions share of integrated coke plants, coal plants, electric steel mills, independent pig iron 
producers, etc, would be the same as in the BC scenario. However, in this division, new innovative 
technologies would be adopted according to the possibilities from each production route. figure 9 
shows how projected emissions behave in this scenario until 2050:

Figure 9. Projected CO2 emissions for the pig iron and steel sector in a low-carbon scenario with 
innovation 2010-2050 Mitigation Options study
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Figure 10. Comparison between scenarios of GHG emissions in metallurgy 2010-2050 Mitigation 
Options study
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The study IES Brasil 2050 also considers for this sector the introduction of energy efficiency and heat 
recovery measures in processes, and the use of waste to substitute fuel and cogeneration. However, it 
does not consider a relevant substitution of mineral coal for the vegetable version, which has a slight 
increase from 20.55% in 2010 to 22.94% in 2050. This can reflect, somehow, what experts have been 
saying, in the sense that there is not the necessary logistic to take on the substitution potential for 
vegetable coal. However, it is expected that in such a long timeframe such as 2050, this issue will have 
been solved. According to the study results, the biggest change is observed in the recovery of steel mills, 
coke and blast furnaces gases for cogeneration, such as energy production in industrial integrated plants, 
as can be seen on the table below:

Table 7. Evolution of fuel share in metallurgy 2010-2050 IES Brazil 2050 study

Evolution of fuel share 2010 2015 2020 2025 2030 2035 2040 2050

Energy

Tar 0,58 0,57 0,55 0,47 0,55 0,55 0,75 0,80

Diesel 0,09 0,18 0,36 0,35 0,33 0,33 0,32 0,31

Electricity 9,83 9,74 9,75 9,79 9,09 9,09 8,97 9,15

Gas of coke fuel 7,62 6,95 7,54 7,94 8,39 9,21 10,05 10,36

Humid and dry Natural gas 5,47 7,40 8,37 7,35 7,39 7,39 7,90 8,01

LPG 0,43 0,15 0,11 0,11 0,11 0,11 0,11 0,11

Fuel Oil 1,03 0,00  - - - - - -

Reductants

Coal 5900 10,80 12,86 11,90 11,12 11,37 11,40 11,30

Charcoal 20,55 16,87 16,33 19,69 20,36 20,68 21,63 22,94

Coal of coke fuel 43,60 45,03 44,84 42,94 42,17 41,00 38,72 36,79

Other energetic derivatives of oil 0,24 0,24  0,25 0,25 0,25  0,25  0,24 0,24

Source: IES Brasil 2050 (CENTRocLIMA, 2017).
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The metallurgy path towards a low-carbon economy goes through two routes: one of mitigation of 
emissions by existing technologies and options, and another through new technologies. The options that 
have been studied involve energy efficiency in production processes, opportunities related to the reuse 
of gases and heat from processes for energy purposes and the same use of sustainable vegetable coal 
as a renewable energy source. 

It is certain that the future Brazilian metallurgy plants will be composed of production mostly based on 
coke, but with a higher use of renewable energy sources, especially sustainable vegetable coal. Practices 
such as building coal-fueled blast furnaces, injection of vegetable coal fines in coke blast furnaces, and 
the use of vegetable coal in other processes such as sintering in partial substitution of coke are ways that 
can be studied, with potential short-term results. 

Therefore, sustainable vegetable coal can be a competitive differential in this sector in Brazil, since, 
currently, only Brazil uses this input in a scalable and efficient way. Still, it is important to highlight that 
it not plausible in our current reality to imagine metallurgy plants without coke as the main reducing 
and energy agent, which means, the goal must be to increase its share as much as possible. Serious 
planning should be taken into consideration and the obstacles to its growth should be removed as soon 
as possible, since it represents a very large potential to reduce GHG emissions.

In order to increase the participation of vegetable coal in the national sector, the experts interviewed 
say it is necessary to have a complete logistics planning to use it, which has not been taken into 
consideration. According to these experts, the mitigation potential of substituting coke for renewable 
vegetable coal is conditioned to planning, security guarantees and low logistics costs, coal transportation 
and also meeting the demand.

Cement

The production process of cement is a mix of exploration and processing of non-metallic mineral 
substances, chemically transforming them in clinker (an intermediate product of cement) in a furnace, 
and later grinding and mixing it with other materials, according to the type of cement produced. As 
the clinker stage represents almost 90% of the energy used in the production of cement, reducing 
this proportion as a result of using more additives can substantially reduce energy consumption in the 
production process of cement and, consequently, reduce GHG emissions.

In the baseline scenario (REF) for the cement sector, established in the Mitigation Options study, the 
linear projection of the clinker/cement proportion is considered, based on historical data and taking into 
account the reduction of this proportion. It is a trend that has been observed throughout the years with 
the increased used to additives that reduce the level of clinker on the final cement product.15

In a low-carbon scenario, an increase in the efficiency of cement furnaces and the reduction of the 
proportional of clinker and cement are taken into consideration. from the percentage share of fuels 
in the total energy consumption of the cement sector in 2010, as shown in the BEN (EPE, 2014), the 
percentage share of each fuel used was projected until 2050, taking a technological breakthrough into 
consideration. This projection reflects a continuous reduction of oil coke by substituting it mainly with 

15 To project efficiencies, the Mitigation Options study used the assumption of a 0.1% increase every five years.

Sustainable vegetable coal can be a 
competitive differential in this sector in 
Brazil, since, currently, only Brazil uses 
this input in a scalable and efficient way
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biomass and natural gas, fuels with smaller emissions factors. Mineral coal, combustible oil and vegetal 
coal have a significative increase in order to meet the reduction of oil coke, although their shares are not 
representative in the final fuel mix of the sector. 

figure 11 shows the projected GHG emissions for this sector until 2050, in the reference (baseline) 
and the low-carbon scenarios:

Figure 11. Comparison between GHG emissions scenarios in the cement industry 2010-2050 
Mitigation Options study
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The IES Brasil 2050 study also takes into consideration the reduction of clinker/cement proportion, 
however it is only accounted after 2030, as it can be observed in Table 8 below: 

Table 8. Clinker proportion per ton of cement 2010-2050 IES Brasil 2050 study

Cement industry -  
Industrial processes

2010 2015 2020 2025 2030 2035 2040 2050

Clinker per ton of cement 0,644 0,644 0,644 0,644 0,642 0,641 0,630 0,610

Source: IES Brasil 2050 (CENTRocLIMA, 2017)

Moreover, energy substitution also has an important role to play. The share of renewable sources 
achieve 10.6% in 2050, represented by wood, vegetal coal and other primary biomass sources with 
vegetal waste. However, this second study takes into consideration a great increase in fuels from 
industrial or urban waste, which go from a marginal share of 2.8% of energy consumption in this sector 
in 2010, to 12% in 2050. This reflects the perspectives for this sector in Brazil, which has been investing 
in co-processing.

Chemical

In the Mitigation Options study, the baseline has been calculated from assumptions over specific 
consumption of processes, projected mix of fuels and growth rates for segments of this sector. The same 
economic scenario was used and processes and fuels emissions factors used in the emissions calculations 
are in accordance with the Third national Communication.
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figure 12 represents the projected evolution of emissions in the chemical sector until 2050, considering 
two options of low-carbon scenarios: increase use of green ethylene (Low-Carbon Green Ethylene) and 
ethane cracking (Low Carbon SC Ethane). 

Figure 12. Comparison between scenarios of GHG emissions in the chemical industry 2010-2050 
Mitigation Options study
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Source: Opções de mitigação de gases de efeito estufa em setores-chave do Brasil. MCTIC, 2017.

It can be observed that it is possible to reduce accumulated emissions by up to 77 MtCo2e, depending 
on the scenario, and in 2050, 45% of emissions can be reduced compared to the chemical industry 
baseline, if the market adopts green polyethylene more broadly.

The Mitigation options study has mapped several innovative measures with great potential, but with 
evaluation of costs is hard since they are just incipient technologies, which are hard to measure. Among 
the cross-cutting mitigation measures, we can highlight substitution measures for fuels potential that can 
reach up to 13 MtCO2e, depending on equipment and fuel, at a cost ranging from 10 and 80 US$/tCO2, 
and boiler changes (improvements in the system and heat recovery) with abatement costs varying from 
-69 to -10 US$/ tCO2e for a potential ranging from 2 to 3.8 MtCO2e. 

Among the process and emerging measures, we can highlight green chemistry through the 
renewable route of ethylene production, since, even though it is still emerging worldwide, this 
technology has been mastered and adopted in Brazil. This study has shown that, except for the 
analysis of input production (which can really increase measurement costs), the path of green 
ethylene would be able to mitigate more than 30 MtCO2e until 2050, at negative costs between -19 
and -1 US$/tCO2e. once again it is important to underscore that there are other costs in having a 
“life cycle” approach which can make this option more expensive, such as sugarcane logistics and 
technological lock-in of existing ethylene production plants, which use fossil fuels. Therefore, it is 
necessary to carefully deal with this great potential, proposing deeper analysis of logistics, supply, 
technological transition and other costs. 

one of the factors that contribute the most to the maximum abatement potential estimated for 
the chemical sector is the carbon capture and use (CCu) technology, which reuses captured carbon 
to generate chemical products, however at a considerably high cost of energy consumption, which 
should come from renewable sources in order to prevent “emissions leaks” from the chemical to other 
sectors, such as energy. That measure has an abatement potential equivalent to 77% of the sector’s 
GHG emissions, being the most promising one among the measures analyzed. However, it is still under 
preliminary study and the possibility of implementing it in large scale, as considered in the scenario, is 
still quite uncertain. 

The IES Brasil 2050 study has not presented detailed projections for this sector, having only presented 
numbers for its energy consumption and emission indexes, as can be observed in the tables below:
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Table 9. Evolution of energy consumption by the chemical industry 2010-2050 IES Brazil 2050 study

Evolution of energy consumption -  
chemical industry 

2010 2015 2020 2025 2030 2035 2040 2050

Biomass 1,29  - 0,91 0,96 1,29 1,12 1,21 1,33

Steam coal 1,73 2,56 2,35 2,20 1,73 1,82 1,68 1,65

Charcoal 0,28 0,27 0,27 0,26 0,28 0,28 0,30 0,29

Diesel 0,37 0,27 0,50 0,55 0,37 0,58 0,59 0,57

Electricity 28,49 28,92 23,68 23,29 28,49 26,65 27,86 27,93

Natural gas 31,73 33,14 26,64 28,48 31,73 37,25 38,31 39,97

LPG 0,88 1,20 4,39 4,26 0,88 4,88 5,18 5,21

Firewood 0,68 0,71 0,63 0,61 0,68 0,66 0,73 0,71

Fuel Oil 3,23 2,60 5,91 5,30 3,23 4,12 3,44 1,63

Other non-renewable primary sources  - 1,26 0,70 0,68  - 0,67 0,66 0,64

Other energetic derivatives of oil 31,31 29,07 34,02 33,41 31,31 21,98 20,03 20,06

Source: IES Brasil 2050 (CENTRocLIMA, 2017)

Table 10. Energy consumption and emission indexes for the chemical industry 2010-2050 IES Brasil 
2050 study

Indicators 2010 2015 2020 2025 2030 2035 2040 2050
Production (thous. t) 36.648 34.870 39.754 43.368 42.313 45.175 56.017 65.052
Energy intensity (tep/t) 0,197 0,192 0,198 0,205 0,171 0,204 0,202 0,195
Energy emissions intensity – 
(tCO2e/t) 

0,381 0,382 0,425 0,440 0,421 0,400 0,385 0,368

Emissions intensity of 
industrial processes (tCO2e/t) 

0,116 0,117 0,113 0,112 0,114 0,114 0,112 0,096

Total emissions intensity – 
(tCO2e/t) 

0,496 0,499 0,538 0,553 0,535 0,514 0,497 0,463

Source: IES Brasil 2050 (CENTRocLIMA, 2017)

In these projects we can see that the sectoral mitigation is basically concentrated in the substitution of 
oil byproducts for natural gas and LPG, and the reduced intensity of emissions from industrial processes.

for being a large energy user and having a crucial role in the economy by supplying input to 
several other industries, the chemical sector is a focus of research and development investments for 
new technologies worldwide. The total abatement potential in the chemical industry is 46.7 MtCO2e, 
when applying all mitigation measures of fuel operation and exchange, and excluding two changes in 
petrochemical processes, according to results from the Mitigation options study.

In 2050, GHG emissions can be reduced by 56% to 86% depending on variations on energy 
consumption. In any case, this variation can be something between minus 27% and plus 139%, which 
shows how uncertain the effectiveness of these measures is, due to highly variable results. Although many 
innovative technologies that reduce GHG emissions have higher energy consumption than conventional 
ones, it is still possible to reduce energy consumption from the chemical sector in a BC+I scenario. This 
would happen by using new technologies of membrane separation and the intensification of processes, 
which can be applied in different industry segments and, therefore, significantly reduce the sector’s 
consumption, whose bottom limit was about 1,280 TJ. 

Technologies that contribute the most to increase energy consumption in this sector are, in addition 
to carbon capture and use (CCu), green chemistry and the use of renewable hydrogen for ammonia 
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and methanol production. This increase in consumption should happen through a renewable base so 
the abatement potential is successful. Among the technologies with highest abatement potential in 
the chemical sector are the use of renewable hydrogen to produce ammonia and methanol and other 
innovative production processes for ammonia, such as high-temperature electrolysis and solid synthesis, 
which are, therefore, non-additive technologies. Results show that, in a higher limit of emissions, the 
BC+I scenario can have emissions about 10.000 ktCo2 smaller than the baseline in 2050.

Transportation Sector

The low-carbon scenario, projected in the Mitigation Options study, aimed to incorporate programs, 
public policies, actions and strategies that can be developed in the transport sector to reduce GHG 
emissions from the sector, focused on three main points: 

1. Larger use of biofuels;

2. Enhancement of less energy and carbon-intensive modals;

3. More efficient vehicle fleet.

The low-carbon and innovation scenario (BC+I) presents the basic characteristics of the BC scenario, 
considering additional technologies not available commercially, which therefore present technical and 
economic obstacles to being implemented in large scale. 

The difference happens by introducing six innovative technologies for the transport sector that 
have not been considered in the low-carbon scenario. Technologies such as combustible cells, ethanol-
fueled buses and mag-lev trains are focused on passenger transportation, while solar planes, hybrid 
trucks and towing kite vessels are focused on freight. Therefore, the scenario represents the inclusion of 
rupture technologies, which have additional effects for potential GHG emissions abatement compared 
to the BC scenario.

In any case, the macroeconomic assumption, the effect of each modal, and the rate of vehicle 
occupancy are not changed in relation to the low-carbon one (BC scenario), as shown in table 11.

Table 11. General assumptions for the low-carbon scenario - Study on Mitigation Options

Assumptions Baseline Low Carbon

Biodiesel B7 until 2016
B8 between 2017 and 2019
B10 between 2020 and 2050

B7 by 2016
B8 between 2017 and 2019
B10 between 2020 and 2030
B20 until 2050

Ethanol 27.5% anhydrous mix in gasoline 
C Use of hydrated fuels in flex 
vehicles in 36% of the timeframe, 
in 2050

27.5% anhydrous mix in gasoline C 
Use of hydrated fuels in flex vehicles 
in 60% of the timeframe, in 2050

Biojet Gradual adoption from 2045, 
achieving 5% in 2050

Gradual adoption from 2040, 
achieving 10% in 2050

Source: Opções de mitigação de gases de efeito estufa em setores-chave do Brasil (MCTIC, 2017).

Road modal

The projected fleet of light vehicles in the low-carbon scenario considers the adoption of new 
technologies such as: plug-in flex hybrid vehicles and electric cars. The introduction of these new 
technologies starts in 2030, with plug-in flex reaching 15% of sales and battery-fueled vehicles 20% of 
sales in 2050. Hybrid vehicles will represent 57% of sales, while flex fuel ones will be 5%, and gasoline 
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will only have a 3% share in 2050. Moreover, the low-carbon scenario with innovation also included the 
adoption of combustible cell cars and ethanol-fueled urban buses, as can be seen below.

Figure 13. Millions of vehicles per fuel in the baseline scenario 2010-2050 Mitigation Options study
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Figure 14. Millions of vehicles per fuel in the scenario with innovation 2010-2050 Mitigation Options 
study
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Freight Transport

The growth of this modal is related to the average annual growth of goods transported. In the low-
carbon scenario with innovation, it considered that after 2020, 1% of sales of medium, semi-heavy and 
heavy trucks will be hybrid hydraulic vehicles (HHVs). This percentage will steadily grow until it reaches 
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25% of sales in 2050. The scenario foresees that the total truck fleet will reach 3.2 million vehicles in 2050, 
of which 325 thousand will have hybrid hydraulic technology.

Railway modal

In the case of passenger transport, the enlargement of medium and high capacity railway systems, 
such as subways, urban trains, light rails and monorails, and improvements in transport quality and 
capacity of operating systems are considered investments. It is also expected that the interurban 
passenger transport through railways increases due to the adoption of high velocity trains and regional 
trains between close cities.

However, the main characteristic of the low-carbon scenario with innovation is that it counts on the 
use of magnetic levitation in high-velocity trains (TAV) to be built in the country. 

for freight transport, it is considered that some commodities will be transferred from road to 
railway and water modals. Migrating the transportation of soy, iron ore, non-iron metals, and non-
metal ores to railways is also considered. In this sense, the “Study on Improvements and Development 
of Freight Transport Systems through electric railway” developed by CEBDS (2016d) indicated that 
light aluminum cars generate a 38 kgCO2 reduction of emissions per kilo of weight reduced from the 
train. 

Figure 15. GHG emission per mode in the innovation scenario
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The migration of a trend scenario to a low-carbon one can allow for the reduction of 30% in energy 
consumption of the sector, and in the case of a low-carbon scenario with innovative characteristic, the 
percentage of consumption reduction may reach 36%. From the point of GHG emissions, the reduction 
compared to the baseline is 36% in the low-carbon scenario, and 41% in the innovation scenario, which 
considers the blocks of energy efficiency (GE), modal changes (MM) and biofuel (biocomb). There is a 
balance between gains from energy efficiency and modal change.



Long-term low-carbon development strategies58

Figure 16. Breaking the effects of reduced electricity consumption in the baseline and low-carbon 
scenarios (EE - Energy efficiency, MM -modal change, Biocomb - biofuels).
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According to the evaluation results in the Mitigation options study, an important GHG mitigation 
option in the national transport sector is the incentive to change modals from cars to public transport, 
especially urban buses. The accumulated potential of emissions abatement is 664.85 million tCO2 by 
2050, at a marginal abatement cost of uS$ 0.02/tCo2 avoided (a 12% discount). Existing barriers go 
from lack of adequate and quality public transport for the population, which reduces productivity due 
to longer commuting time, and even due to cultural aspects (ex.: social dependency on cars). other 
important obstacles include insufficient regulatory support and the lack of training regards sustainable 
urban mobility. Inadequate use of resources, under-utilization of modals, problems in price signaling, lack 
of information to users and the no-inclusion of urban mobility in the policy agenda are issues that should 
be fixed by the government in the Brazilian largest cities.

In order to modernize railways, as to drive changes in modals, it is necessary to have a financing model 
that allows the reduction of average capital cost and make private investment feasible. The recovery and 
construction of alternatives to critical spaces should happen through public-private partnerships, in a way 
to overcome infrastructure bottlenecks and increase operational efficiency.

Another important option to achieve higher levels of efficiency is to encourage hybrid vehicles, 
electric plug-in flex cars in the national fleet, which has an accumulated potential of emissions abatement 
between 70 and 210 million tCo2 by 2050, at a marginal abatement cost of US$ 300-500 per tCO2 
avoided (a 12% discount). However, there are several obstacles that, in many occasions, need to be 
overcome before implementing measures to promote mobility and the electrification of the fleet. Among 
them, the high costs associated to these new technologies is highlighted. 

The energy mix of the transport sector is concentrated in diesel and gasoline which, together, 
represent 75% of total energy consumption. With reductions in AFOLU emissions throughout time, we 
can foresee this sector will have a larger share in national emissions, which was 40% of emissions in the 
base year 2005 and should reach 45% in 2025 (MMA 2016).

According to projections, the opportunities in the transport sector are concentrated in three groups: 1) 
efficiency gains and the adoption of new low-carbon technologies, 2) low-carbon infrastructure, in special 
to integrate/change modals and urban mobility, and 3) low-carbon fuels, such as ethanol and biodiesel.  
However, according to experts in this sector, with the development of telecommunication technologies, other 
measures should be considered. The home office system has been understood as an important measure to 
improve urban mobility with emissions mitigation since it recognizes the reduction in daily commutes. 
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One of the main barrier to the national development of logistics is related to deficiencies in transport 
infrastructure. Logistic problems affect competitiveness, specially in the rail modal. There is clearly a 
lock-in of the Brazilian road infrastructure, which discourages transport through other modals. The low 
availability of multimodal terminals is highlighted, which signals the lack of integration between modals 
nationwide, especially in ports and airports.

The process of vehicle electrification needs to be considered from a broader perspective, including 
a multimodal approach to integrate buses, motorcycles and electric trains to cars. Governments should 
help cities and regions develop sustainable business models that contribute to improve the necessary 
infrastructure for adequate circulation of electric vehicles. Local authorities can play a supportive role 
in the initial stage of policy implementation. In order to overcome these challenges, there are several 
measures available to local authorities that can be used to complement national-level incentives: the 
creation of low-emission zones, electric taxis, engaging the new generation, as well as business models 
based on shared economy. 

In addition to public policies, the mobilization of the private sector in less carbon-intensive transport 
options is an important pathway in a long-term vision for GHG emission reduction. In this sense, the 
existence of biofuel supply at competitive costs, associated to the development of compatible motors 
and vehicles, demand the development of solutions that go beyond the vision of a single sector. The 
option for electric vehicles also involves an approach that takes into consideration not moving emissions 
to the energy sector, as well as business models that allow the adoption of these technologies and 
solutions in a competitive way.

Evaluating the information available for several key sectors of this study, we can see that they offer 
ongoing short-term solutions with incremental routes to reduce emissions. In regards to long-term 
visions, for all sectors and pathways identified, elements such as R&D support, development of business 
models that allow these pathways to be developed, adequate public policies and carbon pricing are ways 
marked as necessary to achieve long-term development with low GHG emissions. It is also important to 
highlight that an intersectoral vision cannot be disregarded in building the long-term vision, and, at the 
same, its elaboration is not an obvious task and needs to have a multidisciplinary mobilization for that 
purpose. Despite existing studies of MAC curves (marginal abatement costs) for technological routes 
within the sectors, for decision making on long-term strategy, a cost-benefit evaluation necessary to 
adopt intersectoral business models that go beyond ranking solutions for the value generated for the 
business, and checking the alignment and aggregated value for the Brazilian economy’s competitiveness 
in general, as well as benefits for society.
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T he document “Vision 2050 - a new agenda for businesses”, offers a direction 
for the mid-century strategy in Brazil: in order to structure a long-term 

strategy, we need to choose the Brazil we want to be in 2050. The goals should be 
established first, so then the pathways to achieve them can be defined. Also, this 
is the first lesson learned from the strategies already submitted to the UNFCCC, 
presented in Chapter 1.

These lessons, combined with sectorial projections for the country and the collection of information 
by interviewing companies, allow us to get a series of recommendations to build the Brazilian LTS.  This 
chapter will bring the goals that can be included in the Brazilian LTS, from the document Vision 2050, 
projecting the country we want to have by the middle of the century. It discusses the recommendations 
to elaborate the strategy and actions to be developed to achieve the long-term goals, both for the public 
and private sectors. 

Global trends
These recommendations are aligned with the main long-term global movements and trends. Trends in 

international public policies are taken into consideration, in special the use of economic and financial tools 
that allow low-carbon development to be economically efficient, promoting consistent socioeconomic 
development with emissions reduction. for instance, carbon pricing was indicated by the companies 
interviewed as a necessary policy that will represent a turning point for the investment in low-carbon 
technologies in Brazil.

A strong trend identified is the transition to a circular economy model, which represents a catalyst 
to achieve a low-carbon green economy faster and more effectively. The circular economy breaks the 
paradigm of linear economy known as “take-make-dispose” or “from cradle to grave”, which has 
proven to clearly be unsustainable. It is regenerative and aims to maximize products, components 
and materials value. The circular economy presents three principles that guide it (Ellen McArthurs 
foundation, 2017):

1. Preserving and improving natural capital by controlling finite inventories and balancing renewable 
resources fluxes.

2. optimizing resources productivity by circulating products, components and materials to maximize 
utility all the time and in both technical and biological cycles.

3. Support the efficiency of systems, revealing and eliminating negative externalities.

According to the report “Implementing circular economy globally makes Paris targets achievable” 
(ECOFYS, 2016), all national commitments submitted under the NDCs are only sufficient to mitigate half 
the gap between business-as-usual emissions and the 1.5oc trajectory, not covering a reduction of about 
15 billion tons of Co2e by 2030. On the other hand, circular economy strategies should be capable of 
guaranteeing 25% of the necessary mitigation to achieve the goal, covering half of the gap left by the 
NDCs (ECOFYS, 2016).

Another important movement to be discussed is the projection of climate action in Brazil form as to 
contribute to the Sustainable Development Goals (SDGs), presented by the un in 2015 as part of its 
Agenda 2030. The SDGs are a priority and serve as aspirations for global sustainable development to be 
achieved in 2030, which channel global efforts to achieve its goals (DSG COMPASS, 2015). Governments, 
companies and society should act so the goals are achieved globally. Six out of the seventeen goals 
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presented stand out in regards to how the LTS can help achieve them. other goals are also applicable to 
some specific actions to be developed by the government and companies.

Figure 17. Sustainable Development Goals

Source: Adapted from un, 2017

The SDGs bring an aspirational narrative of the future we desire for the human development 
agenda. In order to understand the long-term benefits of achieving the SDGs, which means by 
the middle of the century, the un created The World in 2050 initiative (TWI, 2050). The goal is to 
develop sustainable development pathways based on science which start from achieving the SDGs 
(IIADA, 2017).

Figure 18. The World in 2050 and SDGs
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Low-carbon development goals until 2050
The document “Vision 2050” presents several elements that are part of the Brazil we want to have by 

the middle of the century. These goals guide actions to be taken by all sectors of society so the country 
is successful in its sustainable development by 2050. Many of these goals can be pursued through 
the Brazilian long-term low-carbon development strategy, since it should promote socioeconomic 
development in a requalified way. Below, we list characteristics the country should have in 2050, as the 
result of a successful LTS: 

1. The Sustainable Development Goals (SDG) foreseen in the 2012 UN Conference in Rio were 
successful;

2. The financial sector has a crucial role in consolidating the green economy in Brazil through 
financing and investment in new technologies;

3. By redirecting tax incentives, Brazil becomes the exporter of high aggregate value goods.

4. Businesses have implemented high corporate governance standards, built a new model of 
business value, and created new products, services and strategies based on sustainability 
principles;

5. Businesses encouraged governments to consider and apply the necessary policies and legislation 
to guide and organize the society to give market incentives towards sustainability;

6. Ecosystem products and services are duly valued and have spontaneous demand, resulting in 
the construction of a green GDP that aligns economic development and socio-environmental 
protection;

7. Worldwide, Brazil has a leading position in sectors of sustainable agriculture and livestock, 
including agribusiness and renewable energy;

8. The agroindustry development was carried out in a sustainable way, combining biotechnology 
and governance solutions guaranteeing nutritional necessities to the entire Brazilian population 
and showcasing Brazil as a great food exporter.

9. By defining governance mechanisms, a low-carbon scenario becomes a reality and translates 
into effective deforestation reduction, benefits to biodiversity conservation, social benefits and 
respect to the rights of indigenous people, familiar agriculture and traditional communities;

10. Brazil is one of the countries with the smallest GHG emissions in energy generation and use. 
Actions from the production sector contribute for Brazil to overcome progressive goals to reduce 
GHG emissions established in the national and subnational climate action plans;

11. Due to the consolidation of public-private partnerships in addition to incentive and support 
policies, the participation of renewable and sustainable sources in the Brazilian energy mix 
increased, still being mostly clean, and becoming a global reference in the use of hydropower, 
biomass, solar and wind sources;

12. Tax incentives and investments in R&D to develop low-carbon technologies were essential for the 
country to achieve the goals of the National Policy on Climate Change;

13. Broad access to electricity in households, cities and rural areas is assured, the industry consolidates 
and maximizes the use of cogeneration, and energy efficiency programs are common. Distributed 
energy generation reflects the regional needs and characteristics on top of complementing the 
grid - which has a diverse mix - which is in balance with the environment

14. Companies are responsible for sustainably managing the whole production chain - from extracting 
raw materials to processing and adequate waste disposal.
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Recommendations
Preparation exercises to achieve long-term objectives involve planning and actions for short and 

medium-term to create the necessary bases. Actions by 2030, in addition to fulfilling NDC goals, should 
be part of a long-term program and be consistent with the successive planned actions. This means that in 
the middle term, the Brazilian economy should make more than specific investments to achieve the 2030 
goals. Instead, it should avoid renewing emitting technological cycles, eliminating lock-in, requalifying its 
infrastructure, practices and exporting profile.

Throughout time, the government - in all levels - and businesses should implement structural changes 
that guarantee regulatory, technological, tax, and financial conditions to requalify the development that 
can make Brazil the leader of the new world economics, which is consistent with the goal to maintain 
global warming levels well below 2°C by the end of the century.

From what is observed in the international experiences of building long-term strategies, the 
projections for Brazil until 2050 and the impressions collected from the business sector, it is possible 
to indicate a path the LTS should follow for the country to take advantages of opportunities and 
overcome barriers to low-carbon development. Brazil has an enormous potential to play a leading role 
in a low-carbon global economy, which means, it has much more to win than to lose in this process, as 
described further in this study.

The exercise of planning for such a long-term as the thirty-year gap between now and the middle of 
the century is clearly a great challenge for all countries. However, it is specially challenging for Brazil, since 
our country has clearly been facing a moment of great instability, which proves to be a great obstacle 
to long-term planning. Thus, different from the exercise of identifying opportunities and challenges 
associated to medium-term NDC goals carried out by CEBDS in 2016, a vision for such a long period 
of time can not be based mostly on existing policies and practices. Therefore, recommendations are 
something closer to a compass than a map, showing directions that guarantee the elements known as 
essential for successfully achieving the goals pointed out before.

Structure

from the aspects observed in international experiences of building the LTS, as highlighted in Chapter 
2, we have reached the conclusion that an ideal national LTS should have the following structure:

1. Long-term vision: goals to be achieved and the national scenario in 2050

2. Absolute emissions reductions goal by the middle of the century

3. Official transparent projections for the path to achieve the goal

4. Action and policies plan to achieve the goals, which should include:

a. Highly relevant role for carbon sinks
b. Low-carbon production and consumption and circular economy
c. Energy transition
d. Redirecting resource to low-carbon investments

5. Integration with existing climate and sectorial policies.

Principles

It is also essential that the LTS follows principles that allow its effective implementation, being clear 
for all society, in order to allow the participation of several sectors, with a well-defined division of 
responsibilities in the strategy and the organization of actions to be taken. Therefore, the three ideas 
below are recommended as the guiding principles of the Brazilian strategy:
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TRANSPARENCY PRIORITIzATION

LEADERSHIP

Transparency:

clear objectives and supported goals, making the premises and projections adopted public;

Leadership:

establish a well-defined governance to manage the implementation of each aspect;

Prioritization:

identify priority actions to be carried out in each step of the timeframe.

To fill the strategy’s structure, it is necessary to indicate actions to be taken nationally by all relevant 
actors, in order to achieve the long-term planned goals. Therefore, those actions will be divided below 
in central axes as identified in the structure proposed for low-carbon development in the long-term. The 
actions are divided in which will be the government’s responsibility, both at federal and local levels, and 
which should be carried out by the business sector.

Actions

For the government, its main job is to create the foundation, guaranteeing equal opportunities 
- or what is called a level playing field - for low-carbon technologies and practices in all sectors 
of economy. In the key sectors for low-carbon development in Brazil - such as forests and land use, 
agriculture and energy - the competitiveness of technologies and mitigation practices face institutional, 
regulatory and even legal obstacles. This happens, for example, when they compete with products from 
illicit practices, such as illegal deforestation. In this sense, the government contributes with regulatory 
frameworks, developing programs and policies that govern the country’s development. Therefore, the 
government can direct the economy towards the necessary requalification to become carbon-neutral by 
the middle of the century. notably, most actions are concentrated in the federal government. However, 
the rightful responsibilities should be directed to state and municipal governments so they act in a 
collective and integrated way with the federal government.

Even if climate policies are formulated by the government, the business sector should take 
measures that increase ambition towards low-carbon development in Brazil. for the sector to 
be strategically included in the country’s low-carbon development plan, it needs to try to explore 
opportunities presented by long-term macrotrends. Thus, in all priority actions, not only the government 
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but also businesses are encouraged to take actions in order to achieve business models increasingly 
aligned to low-carbon development.

Reducing deforestation and the role of forest and land carbon sinks

The reduction of deforestation, with zero illegal deforestation, is presented as the highest 
priority for low-carbon development in our country (SDG 8, 12, 13, 15). The companies 
interviewed unanimously and strongly pointed out that the national ambition after 2030 will depend 
on the successful elimination of illegal deforestation. As seen before, the biggest pressure over 
national emissions in centered in this issue and only after this goal is achieved, the energy system 
will become the focus of emissions mitigation in Brazil. The forest Code, if effectively followed, has 
the capacity of delivering a successful national goal. However, the tools being used, specially the 
Rural Environmental Registration (CAR), have not been proving to be sufficiently effective, which is 
reflected in the latest data: according to SEEG (2017), between 2015 and 2016, total emissions in 
Brazil increased 12.3%, driven by a 27% increase in deforestation in the Amazon, and a consequent 
23% increase in emissions from land use. This is even more alarming considering that in the same 
period, the Brazilian economy dropped 3.6%.

One of the main pressure issues is the existence of a whole market for forest and farming products 
associated with deforestation. For instance, the “Mitigation Options” study (MCTIC, 2017) estimates 
that 53% of the firewood demanded by the AFOLU sector comes from native forests.  In a scenario of 
zero illegal deforestation, only 10% of wood supply should come from native forests in 2050, which 
clearly indicates the need to expand planted forests. 

Therefore, for Brazil to reach 2030 meeting this basic need to increment its climate ambition, 
some measures are seen as necessary. Among them are the requirement of a seal of origin for forest 
products, the incentive to sustainable forest management activities, the creation of credit lines in the 
ABC plan (Low-Carbon Agriculture), regulations over the use of CAR, and the use of remote sensing for 
electronic inspection of deforestation, in addition to institutional and legal reforms to judge and execute 
administrative and criminal lawsuits over illegal deforestation. These measures have been pointed out by 
the “Mitigation Options” study (MCTIC, 2017) and have also been considered in the exercise carried out 
by CEBDS, when analyzing opportunities and challenges of the Brazilian nDC (CEBDS, 2017).

However, we need to go beyond, with a strategic vision towards the development of markets 
for agricultural and forest products with production chains free of illegal deforestation. The need 
to eliminate illegal deforestation as a criminal activity, using command and control tools, is well known. 
on the other hand, it is crucial to incentivize markets for goods not associated with new deforestation, 
such as soy, meat, wood, vegetal coal and others, making them more competitive compared to similar 
products involved in deforestation. for that to happen, it is specially necessary to incentive the sector of 
planted forests and sustainable management of native forests so they can meet the demand for forest 
products which is currently met by illegal deforestation, the intensification of livestock, and the recovery 
of degraded pasture areas, avoiding the expansion of agricultural lands towards deforested areas.

Thus, companies need to have the Soy Moratorium, established in 2006, as a strong example. 
With that, international soy importing companies pressured the soil production chain in Brazil to 
eliminate deforestation. Likewise, interventions in production chains of other goods associated with 
illegal deforestation should be done so their buyers require such elimination, benefiting substitute 
products from sustainable sources (NEPSTAD et. al, 2014). Companies in sectors that use goods related 
to deforestation as inputs should commit to search for certified deforestation-free products for their 
production chain.

However, mechanisms need to be established, which are not only robust but also permanent, thus 
representing real long-term solutions. An essential step would be for the Brazilian government to sign 
bilateral trade agreements so countries that may import products associated with illegal deforestation start 
only accepting certified goods. Signing international agreements that prevent importers from accessing 
any Brazilian products of irregular origin also prevents leaks between biomes, which can happen if the 
focus of certification is only the Amazon, for example, which would increase illegal deforestation in the 
Cerrado (FOREST TRENDS, 2014).
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A long-term view of local sustainable development should be promoted in the North and Center-
West regions of the country, where deforestation is reaching critical levels. According to INPE (2017) 
38% of deforestation between August 2015 and July 2016 were concentrated in the state of Pará. The 
state has seen a 41% increase in its deforestation rate in the same period of time. The state of Amazonas 
was responsible for 13% of deforestation in the same year, but it has an alarming increase of 54%. 
Mato Grosso, however, was responsible for 18% of deforestation in the same period. Local sustainable 
development should be driven based on conservation, directing the necessary financial resources to 
these areas. for that to happen, an articulation with local governments is needed, guaranteeing access 
to resources and making processes easier for states and cities that have better results in reducing 
deforestation, with a territorial approach of finance based on performance (NEPSTAD et. al, 2014).

Agroicone (2017) has recently estimated that in order to meet the meat demand according to 
the Forest Code for the next twenty years, R$30.1 billion must be invested, just in the state of Mato 
Grosso. From this amount, R$22.8 billion would be directed to intensifying livestock production and 
thus increasing its productivity, R$4.1 billion to forest restauration, and R$3.2 billion to prepare areas 
for agriculture. The local financial issue represents an important obstacle in the sense that, according to 
Agroicone (2017), only properties bigger than 3 thousand hectares have positive return on investment. 
In contrast, according to the last agricultural survey carried out in that area, in 2006, 18% of properties in 
the Mato Grosso pasture area had less than 500 hectares.

In order to ensure successful goals, incentives for local sustainable production should be guaranteed, 
benefiting locations that present better performance in reducing deforestation. Thus, local producers 
can get together instead of working isolated, improving their cities’ performance. The locations with best 
performance would have several forms of incentive, among them: easier licensing to operate, smaller risk 
for buyers, which would translate in better negotiation terms, and specially, smaller financing risks, which 
would make access to financial resources easier for all land owners of that location (NEPSTAD et. al, 2014).

Companies should increasingly adopt business models that integrate the control of carbon stock 
and the ecosystem services generated. for example, this can be achieved through private reserves 
where they develop research and innovation, seedling nurseries for reforestation, compensation of legal 
reservations, and actions for local development that should, also, generate effects over the performance 
of cities where they are located. An example of that are companies that have private reserves and 
transform them into environmental benefits, where the activities listed above are carried out and the 
payment for environment service is considered a way to maintain the business (namely: the Votorantim 
Water Legacy and Vale Natural Reserve).

On top of the measures listed, another essential point to successfully reduce deforestation in Brazil 
is the well-known consolidation of economic value of environmental assets (SDG 13 and 15). It allows 
the implementation of payment for ecosystem services that include climate regulation. The so-called 
Payment for Environmental Services (PES) will be able to transform the practices in the AFOLU sector, 
remunerating the sustainable use of land, avoiding deforestation and driving the recovery of degraded 
areas. It must be highlighted that this solution has been thoroughly debated and it should be an important 
element to achieve the nDC goal, as previously said by CEBDS (2017). A recent study developed by the 
Environment Economy Group (GEMA) from UFRJ university estimates that by implementing payment 
for forest conservation of about R$400/ha/year, the accumulated avoided deforestation between 2016 
and 2030 could achieve 18 million hectares (YOUNG et. al, 2016). However, it is essential that this tool 
is consolidated in the medium term with a well-defined methodology in addition to a well-developed 
technological and regulatory infrastructure to maintain low levels of deforestation in the long term.

Low-carbon production and consumption and circular economy

Bioeconomy and International Trade

The integration of climate and foreign trade policies has been indicated as another crucial point for 
low-carbon development in the long term in Brazil. This goes beyond issues related to the prevention of 
international access to products associated to deforestation.
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Development policies need to focus on requalifying the country’s production, including its exporting 
agenda, moving towards the bioeconomy, an area in which Brazil is highly competitive. Bioeconomy 
brings innovative solutions to the market, mostly with high value added, whose production would 
contribute enormously to the country’s socioeconomic development. Bioeconomy uses biotechnology as 
a way to create solutions for the development challenges in several areas such as energy, agriculture and 
livestock, industry, waste management and human health. Through this, food supply and sustainability, 
animal feed, materials for industry and fuel can be improved, on top of water quality and biodiversity 
conservation (OECD, 2009). Thus, bioeconomy represents a consistent opportunity to requalify the world 
economy in the long run. Brazil, with its abundant and historical supply of resources used for several 
purposes, has all the requirements to lead this process. Its biodiversity, low biomass production costs, 
both from forest and sugarcane, and the application of science and technology to tropical agriculture 
make Brazil the potential main player of global bioeconomy (CNI, 2013).

In the long term, Brazil can make large-scale use of biomass for energy purposes, such as biomass 
thermal plants to generate electricity, expand energy use of lignin, bio-oil to be mixed with crude oil, 
biogas from waste, biomaterial for construction among many other resources. Brazil already is a pioneer 
both in the production and use of vehicle ethanol and in the use of biomass thermal plants to generate 
electricity. This technology also guarantees a predicable system - with backup for intermittent sources 
- and energy security, reducing dependence on fossil fuels for thermal plants. Likewise, the country’s 
export agenda can include products such as second generation biofuels, bio jet fuel, food produced with 
new techniques, and new fibers and biomaterials, specially for the German industry, which - according to 
their LTS - intend to use these materials in large scale in the long run.

The production of bio jet fuel, for instance, represents a great opportunity for Brazilian companies, 
since the International Civil Aviation organization (ICAo) has established its trade system for emissions 
with ambitious goals. In 2016, the organization established that the sector’s growth should be carbon-
neutral from 2020. With the technological limitations faced by the sector to mitigate its emissions, the 
demand for bio jet fuel should exponentially increase after the goal was announced. The International 
Air Transport Association (IATA) estimates that from 2020, 15% of fuels used in that sector will come 
from biomass.

Currently, the price of bio jet fuel represents an obstacle to its broad use, but the reduction of price 
elasticity of demand, and research and development can leverage it. With all its expertise in producing 
biofuels and biomass supply, this Brazilian sector is clearly a key player for this market. In Brazil, variations 
of biokerosene from sugarcane and oilseeds have been developed, and even the national Technology 
Institute and the Army’s Military Institute have developed fuels from fruit skin. Currently, the percentage 
of biokerosene allowed for aviation is 10%. However, increasing this percentage is made difficult due to 
lack of competitiveness of biokerosene prices compared to fossil fuel kerosene. However, the mitigation 
goals for this sector should reduce the price elasticity of demand. Which means that without other 
alternatives, this sector will start demanding fuel to achieve the goals. Thus, Brazilian aviation will need 
to import this fuel if the country does not start producing it. In this sense, the country should expand 
structuring incentive programs related to bioproducts, such as recently created Renovabio. Moreover, in 
November 2017, the Senate was discussing a bill (PLS 506/2013) with the purpose of offering incentives 
to the development of technologies to produce biomass-based fuels to promote sustainability in the 
Brazilian aviation. It is essential that this bill passes and starts a continuous project to promote these 
technologies nationally.

The supply of bioenergy in the country, either for electricity generation, industry or transport, 
contributes to the reduction in emissions both by substituting fossil sources and driving the best 
practices in land use (SDG 9, 12 and 13). Taking the biomass cogeneration as an example, it can 
reach to 60% or 70% of thermal substitution in the cement industry. Just at the Votorantim Cimentos 
company, this practice is already capable of generating a 100K tCo2/year abatement, according to the 
company’s information. The larger the use of biomass, the larger is the incentive for planted forests 
and also the integration of sugarcane plantation to preserved and restore native forests.  There are 
projects in the state of São Paulo following the integration path between biomass plantation and 
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forest restoration. However, experts say that the costs for restoration projects are also very high, and 
can reach R$20 thousand per hectare, including maintenance costs. On the other hand, investment in 
bioeconomy research and development can, in the medium and long terms, reduce these costs and 
benefit the plantation of biomass for energy purposes.

With the purpose of taking advantage of all these opportunities, it is necessary to have a consistent 
national policy to promote bioeconomy. This policy will face challenges to establish an advanced 
regulatory framework for the use of biotechnology, to qualify human capital, driving science and 
promoting entrepreneurship in this sector (CNI, 2013). The main action to develop bioeconomy in Brazil 
is considered to be driving investments in science, in connection to the business sector, through research 
groups which are effectively connected to entrepreneurship.

for that to be possible, the government should invest in science and technology, and also review 
regulatory frameworks. firstly, the government needs to choose science, technology and innovation 
as a strategic choice of development vectors, reverting the current trend of disinvestment in this 
sector nationally, and strategically planning long-term investments in this area. In this process, the 
government should drive partnerships between the academia and the business sector, prioritizing 
projects that involve both scientific groups and companies. Moreover, the government should reduce 
legal uncertainty by clearly establishing consistent norms to allow the academia and businesses to 
anticipate the impact and guarantee the legality of its activities. Among the laws and norms to be 
improved and/or updated, are the regulatory framework of Access to Genetic Resources and Benefit 
sharing, the Biosecurity Law (Law 11,105/2005), the Industrial Property Law (Law 9,279/1996), and the 
Innovation Law (Law 10,973/2004). This will allow, for instance, the improved access to the genetic 
heritage, speeded processes of patent granting, the possibility of using modern mechanisms of 
technology transfer, among others (CNI, 2013).

In this sense, the pathway is to invest in the agricultural, forest and industrial sectors, establishing 
public-private partnerships and reinforcing international agreements. According to the Organization 
for Economic Co-operation and Development (OECD, 2009), the first step to build a long-
term bioeconomy is a series of short-term fundaments. The first one is to encourage the use of 
biotechnology in the agriculture and forest sectors, improving the variety of plants and animals, 
expanding the number of companies and research institutes using these resources, and supporting 
the dialogue between government, companies and civil society. It is necessary to concentrate 
efforts in the agriculture, forest and industrial sectors, since 75% of the potential for economic and 
environmental benefits of bioeconomy come from this sectors (OECD, 2009). For that to happen, 
researches in biotechnology should be enhanced in order to be implemented in these sectors, which 
will happen through increased public investments in research, together with the set up of new public-
private partnerships. Moreover, it is recommended to encourage the inclusion of bioeconomy use and 
support in international cooperation agreements and actions to face global challenges such as the 
Paris Agreement itself. Resuming the discussion about bilateral trade agreements, another important 
issue would be to sign this kind of agreements for technology transfer and trade of products benefiting 
from biotechnology.

Thus, the government should play the role of an enabler of new business models focused on 
bioeconomy. We need to avoid not only technological but also institutional and regulatory lock-in 
by implementing flexible policies and regulations for innovations that may appear, and supporting 
infrastructure and business models needed to their development. In order to maximize the economic, 
social and environmental potential of bioeconomy, it is also necessary to articulate several related 
governmental areas such as agriculture, environment, industry and foreign trade, science, technology 
and innovation, education, transport, taking on all commercial potential from the new intersectoral 
models that will appear.

Companies should see the disruptive potential brought by bioeconomy and actively try to 
partner with scientific groups to improve productivity, reduce emissions and transform current 
business models (SDG 6, 7, 8, 9, 12, 13 and 15). Thus, they should follow a gradual and increasing 
migration trend towards bioeconomy in order to achieve international competitiveness. Therefore, they 
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should form partnerships and be integrated with research institutes, national and international scientific 
groups to conduct research and development that can originate several substitutes for fossil fuels or 
energy-intensive goods. A relevant example of this is the development of products with biotechnology, 
with several high added value uses for lignin that have been studied. Moreover, nanotechnology and 
nanocellulose, on top of having applications in a number of fields such as cosmetics, fabrics and plastic 
substitution, bring energy and water gains. 

Companies can also form joint ventures with international companies to develop disruptive 
technologies and scale their applications (SDG 7, 8, 9, 12 and 13). As the example of Brazilian companies 
that have partnerships with Canadian businesses to invest in disruptive technologies. Votorantin 
Cimentos, for instance, carries out research and development for technologies that use microalgae to 
remove emissions and produce biomass. Fibria has been investing in bio-oil to mix with and partially 
substitute crude oil. Besides partnerships in Canada, the company also has partners in finland for the 
research and development of nanocellulose technologies. 

In the metallurgy industry, there is a great potential to use vegetal coal from sustainable sources in high 
coke furnaces which is conditioned to logistic planning, coal transportation and demand security (SDG 
7, 8, 9, 12 and 13). This is a well-known substitution, as it can be seen in the projections presented in the 
previous chapter, in the section of projections for the industrial sector. But just the planning of vegetable 
coal transportation, with the guarantee of infrastructure that allows low costs and low emissions, would 
enable the necessary investments to use this vegetable coal. Thus, this will give predictability to demand. 
Consequently, there are gains in the capacity to plan supply. Then, the sector of planted forests can 
determine the production places and the volumes to be produced to meet the industry, which, on the 
other hand, mitigates emissions by using this input.

To meet such demands, it is important for the business sector to understand future market demands 
and effects on efficient planning of supply and its logistics. It is recommended the creation of a map 
that includes the systemic view of future markets, identifying trends of intermediate consumption 
between national sectors and demands from foreign markets as the world advances towards the 
long-term low-carbon development goals. Not only goods from the bioeconomy, but also products 
that, when produced in Brazil, have a small carbon footprint should witness growth in demand in the 
medium and long terms.

In relation to international trade, a necessary measure from the government is making the import of 
goods with low-carbon capital easier for the industry and the energy sectors. For that to happen, it is 
necessary to reduce taxes over the import of this equipment. For example, for the cement sector, the 
Waste Heat Recovery technology has already been used by Brazilian companies in China, and it is not 
used locally due to high import costs over equipment. According to the company, the tax over equipment 
import makes for up to 50% the of investment. This is a technology that uses residual heat, reducing the 
consumption of primary energy sources for heat generation, thus reinforcing circular economy.

The government should also act towards controlling the carbon footprint from imported goods. 
These goods sometimes have a higher carbon footprint than the national product, as with metals 
such as steel and aluminum. The attention given to emissions from imports takes us to recommend an 
increase in taxes over those imports that are more carbon-intensive than its Brazilian substitutes (the 
so-called border tax).

Circular economy

A practical example of how the concept of circular economy is relevant to decarbonize the economy 
is an organized arrangement of ventures known as eco industrial park. The base document to sparkle 
structured dialogues about financing NDCs16 ventilates the possibility of financing inter-sector local 
business models that can mitigate GHG emissions in more than one sector as one of the identified 
opportunities. The main competitive differential of these business models is the reuse of waste from one 

16 It is a base document to support the dialogues on the elaboration of a strategy for the implementation and financing of 
Brazil’s nDC.
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sector as input in another, drastically reducing logistic costs. An important example of this is the reuse of 
products or waste from the agricultural sector as input for green chemistry. Sharing production processes 
follows this same logic. for instance, the use of solar energy to break water in hydrogen production, to 
produce ammonia and methanol.

Circular economy practices should guide the industry in the long run, allowing the reduction of costs 
by reusing materials that serve as input or fuel (SDG 7, 8, 9, 12 and 13). As observed in the projections 
from the previous chapter, companies have - even if only as long-term opportunities - been reusing 
materials or using input with smaller carbon footprints to foster low-carbon development in the industry. 
for instance, in the metallurgy sector, the use of scrap reduces the need to produce pig iron, ensuring the 
reuse of materials and reducing emissions. In the cement sector, the practice of co-processing allows the 
use of waste to substitute fuel and input, taking these residues to the end of their energy lives. Moreover, 
additives to cements such as ashes and slag to produce clinker, calcium fillers and clay allow reductions 
when producing clinker. 

However, in order to drive co-processing, governments need to make an effort at municipal level, 
since they should allow broader use of waste. Experts in this sector indicate the need to adjust the 
law that regulate the use of urban solid waste as to overcome a legal barrier that exists to industry co-
processing. The percentage of urban waste that can be used in co-processing needs to be increased, 
allowing the national industry to achieve levels similar to those in Germany, for example, where there 
are industrial furnaces operating with 90% of co-processing fuel. For that to happen, implementing 
selection plants is crucial. In these plants, the materials sent to recycling are selected so the waste 
from this stage becomes refuse-derived fuel (RDF) through co-processing in cement industries. This 
neutralizes the possibility of competition for waste, guaranteeing successful recycling even as an 
economic activity. 

In this sense, state governments also need to put an effort in order to make the inter-state transportation 
of waste easier to be used in co-processing. There should be coordination between state transportation 
laws for waste and an easier process to authorize interstate transport in order to, for example, maximize 
the potential a company operating in multiple states has to use waste in co-processing.

Moreover, states should try to approve some regulation that allows RDF co-processing, as has done 
the state of São Paulo through Resolution SMA17 number 38, issued on May 31st 2017. That resolution 
establishes minimum characteristics for refuse-derived fuel from urban solid waste, the characteristics 
and criteria for environmental licensing to recover energy from RDF in the clinker producing furnaces, 
in the search for the best available practices. This legalizes co-processing practices, allowing more and 
more companies to make use of waste materials for energy purposes.

The industry should also invest in migrating from more carbon-intensive production technologies 
to less intensive ones (SDG 8, 9, 12 and 13). In addition to wood and biomaterials, products such 
as industrialized mortar and concrete should get more market share. These products have a higher 
aggregate value and less carbon intensity since they have a lower level of cement. As the climate goals 
become more ambitious, products like this should become more competitive and get more market share.  

It is also recommended that businesses try to conduct research and development activities for capture 
and storage technologies, and industrial use of carbon (SDG 8, 9, 12, 13 and 15). The projections for 
the middle of the century consider that, in this timeframe, carbon capture and storage technologies can 
become important allies in global low-carbon development. In sectors such as steel and cement, which 
present limited potential for decarbonization, CCS has been identified as the only large-scale mitigation 
option to successfully achieve the necessary reductions of the 2050 goals. But there is still the potential 
to use captured carbon for industrial purposes. 

This potential turns out to be a great opportunity for companies that generate great quantities of gas, 
since instead of having carbon storage costs, they may be paid by other companies to use it. The best 
known opportunity in this sense is the so-called enhanced oil recovery (EOR), in which CO2 is injected in 
wells to recover unexplored oil (DoE, 2017).

17 Environment Secretary
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However, according to the IEA (2017), only some of these options of carbon use are capable of actually 
reducing emissions, increasing revenues sufficiently to recover investments in CCS equipment and being 
scalable until 2050, as to have significative mitigation in the world. Among there is the biochemical 
conversion by microalgae, in which Brazilian companies are already investing.

Companies should adopt land productivity goals, controlling its origin and conversion goals in pasture 
areas (SDG 8, 12, 13 and 15). Consolidating these practices not only contributes to achieving NDC goals 
but it also guarantees renewed cycles in the long term. Increasing areas of previously degraded land 
gain productivity, and in the long term, this practice of circular land use can represent an important 
mechanism to avoid the existence of new unproductive degraded areas.

The approach for the water-energy-food connection can be adopted to drive new integrated business 
models, considering all externalities created (SDG 13, 7, 8 12 and 15). The in the forests and land use sector, 
strategies of circular economy can help prevent loss of food, improve waste management and reuse, for 
example, by substituting primary products. The united nations food and Agriculture organization (fAo) 
estimates that, annually, about a third of all food produced for human consumption worldwide is lost or 
wasted. On top of increasing GHG emissions, non-used agricultural production also takes on valuable 
land, consumes water and causes the loss of biodiversity. Technologies to recover nutrients, for example, 
can use manure to produce input rich on nutrients which, then, can substitute synthetic fertilizers. In the 
last decade, the later has shown a significative increase in costs, in addition to contributing enormously 
to Co2 and n2o emissions. Complementing these processes through anaerobic digestion generates 
additional benefits in supplying byproducts such as biogas, which in turn, can substitute fossil fuels in 
generating heat and electricity.

As general guidance, the government should, as frequently as possible, aim to integrate mitigation 
and adaptation actions. for instance, zeroing illegal deforestation in the Amazon and promoting the 
recovery of degraded areas beyond mitigating emissions, are measures that will allow water cycles to be 
recomposed in the long term. The forest, the agricultural and electric sectors have been suffering a lot 
with the consequences of changes in rain patterns in several regions of the country. By making efforts 
to reduce illegal deforestation to zero, from 2030 the pressure point over mitigation will definitely move 
towards the energy sector. If, in the long term, water cycles are recomposed, the renewable profile of the 
Brazilian energy mix can be maintained with less effort, sustaining hydropower generation with at least 
the same levels as before the water crisis. 

The rational use of water and the efforts to recompose water cycles are then proved to be essential for 
the country and should be sought by adopting the water-energy-food approach and integrating mitigation 
and adaptation measures, paying attention to reducing deforestation. A nASA study concluded that 
between 2012 and 2015 the Southeast and northeast regions of Brazil have lost together about 105 trillion 
litters of water per year. using two nASA satellites, Brazilian dams and reservoirs have also been evaluated. 
According to the study, they have reached their lowest levels since 2005. The sixteen reservoirs evaluated 
in this study - among them Furnas, Ilha Solteira, and Três Marias - have registered their minimum storage 
capacity between December 2014 and December 2015. Another example is the water reservoir in the 
Cantareira system, which is responsible for supplying water to about 8.8 million people in the Great São 
Paulo area, which in September 2014 had only 10.7% of its total capacity (FAPESP, 2015). 

Thus, the share of hydropower plants in the domestic electricity supply in Brazil went from 81.9% in 
2011 to 64% in 2015, according to data from the National Energy Balance (EPE, 2012; 2016). This gap 
has been mostly supplied by activating thermal power plants, with the share of natural gas power plants 
increasing from 4.4% in 2011 to 12.9% in 2015, coal and its byproducts increasing from 1.4% to 4.5%, 
and oil byproducts plants from 2.5% to 4.8% between 2011 and 2015. This had effects over the price of 
electricity, whose fees have increased about 49% in 2015, pressuring inflation up. 

It must be observed that agriculture in Brazil is responsible for 72% of all water consumption, followed 
by animal consumption accounting for 11% (SENADO, 2015). Therefore, water scarcity affects the 
energy sector, having effects over the share of renewable sources in the mix and highly impacting food 
production. Thus, the rationalization of water consumption and the search for recomposing water cycles 
benefits the entire water-energy-food chain, which is necessary to the national development.



Long-term low-carbon development strategies74

Energy Transition

The improvement of the renewable and clean profile of our energy system is probable a priority 
in the medium and long terms.  As mentioned in this exercise, it is projected in the medium and long 
terms that the share of the energy system in Brazil’s total emissions will increase substantially. Thus, it 
is expected to have more pressure over the energy sector to develop ways to reduce GHG emissions 
from 2030. Even if Brazil has large shares of renewable sources in its current energy mix, led by the 
large portion of water sources in the electricity generation, all long-term projections conclude that the 
increases in supply will not come from this source. This creates concerns over long-term emissions, 
with the perspective that additional electricity demand is met by fossil fuel thermal plants. Moreover, 
the Brazilian transport system becomes more and more a pressure point in regards to emissions. This 
happens because the sector is based mostly on roads, with intensive use of diesel in freight and 
passenger transportation. Currently, transport is responsible for 48% of emissions of the energy system 
(SEEG, 2017).

Thus, a measure necessary to slow down emissions from the energy system is the elimination of subsidies 
to fossil fuels (SDG 7 and 13). According to the Brown to Green report (CLIMATE TRANSPARENCY, 2017) 
that evaluated the transition towards a low-carbon economy in G20 countries, the Brazilian government 
spent uS$27 billion in 2014 in subsidies to fossil fuels, being among the highest spenders in the G20. 
Moreover, public financing of projects related to these fuels received, in the same year, a total of US$3 
billion (CLIMATE TRANSPARENCY, 2017). Thus, it is necessary to develop a plan to gradually reduce 
subsidies to fossil fuels transferring them to renewable sources.

In 2009, during the Pittsburgh Summit, the G20 countries have committed to reducing and gradually 
eliminating subsidies to so-called inefficient fossil fuels by 2020, by creating and implementing action 
plans. Brazil, as a member of this group, also took this commitment. However, according to Climate 
Transparency (2017), these countries are failing to do so, including Brazil, which has not created its action 
plan to phase out these subsidies.

As a consequence, in February 2017, investors and insurers that manage more than US$2.8 trillion in 
assets have released a position paper requiring G20 countries to establish a deadline to remove subsidies 
and public financing to projects related to fossil fuels, relocating these resources into green investments 
(unfCCC, 2017). This makes the removal of the subsidies even more important for Brazil, since it now 
involves the issue of accessing resources from international investors, which are increasingly necessary. 
once again, the role of programs and policies that recognize the value chain of bioproducts and good 
with small carbon footprints as a way to support small and medium-sized producers that contribute to 
long-term results.

In order to increase ambition in the energy sector, Brazil needs to explore its enormous potential of 
solar and wind generation. It is estimated that the Brazilian wind potential is 143 GW, with 52% of this 
in the Northeast region (ANEEL, 2008). Currently, there is just about 11 GW of wind power installed 
nationally (AnEEL, 2017). Even if this source has increased substantially in the last years, as mentioned 
before, it is still far from really exploiting all its potential. nowadays, photovoltaic solar energy only has a 
marginal share of the national energy mix, even though Brazil has privileged solar radiation. The radiation 
in the northeast region of Brazil is comparable to the best solar power locations in the world, such as 
Dongola - in the desert of Sudan, and Dagget in the Mojave desert of California (ANEEL, 2008). Solar 
and wind sources, combined with water and biomass-fueled thermal plants, can guarantee a renewable, 
clean and safe mix for the country.

In regards to the structure of the energy system, experts of this sector recommend a revision of and 
improvements in the governance system, which is currently very fragmented and not agile enough, with 
badly distributed responsibilities (SDG 7, 8 and 13). Currently in Brazil, this sector is guided by several 
institutions: The Ministry of Mines and Energy, the national Electricity Agency (AnEEL), the national 
System Operator (ONS), the Energy Research Company (EPE), and the National Energy Policy Council 
(CNPE), which have overlapping responsibilities, lacking the clarity needed for an efficient governance. 
However, a well-defined and functional governance system is necessary to make structural changes that 
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will redirect the sector’s development, in order to meet the increasing demand for electricity with low 
GHG emissions.

Experts argue that to guarantee a larger share of renewable sources, the federal government needs 
to engage more, including passing a national law for that purpose. As mentioned in the previous chapter, 
the projection exercises carried out propose measures to incentive alternative renewable sources, as 
biomass. Some examples are specific auctions and events to spread information about technologies. 
However, the measures proposed may not be sufficient. Effective engagement from the federal 
government is necessary, sending an Energy Transition for Growth Bill to the congress, as done by france 
and Mexico, and which was discussed on Chapter 1.

Another well-known and essential issue to drive the renewable energy mix in Brazil in the long term 
is improvements in regulation for distributed energy generation (SDG 1, 7, 8, 9 and 13). Although it 
is a thoroughly discussed theme, including by the previous CEBDS exercise (2017) in regard to nDCs, 
the sector understands that the goal on renewable sources share in the energy mix in 2030 should 
be achieved without relevant obstacles. The regulation of mini and micro distributed generation 
was also improved in 2012 and 2015, allowing energy credits to compensate exceeding generation, 
even for condominiums. However, to be more ambitious in the long term, it is also necessary to give 
more attention to the obstacles to maximizing the potential of some technologies such as distributed 
photovoltaic solar and wind power. Regulations should be reviewed in order to improve the net 
metering process18 so it allows the commerce of grid-generated energy through financial transactions, 
and not just the accumulation of energy credit. This will be an important driver for development in 
regions such as the Northeast semi-arid region, where the largest potential to take advantage of these 
technologies is located, and where there is not universal access to electricity. Broader access to this 
resource plus the possibility to commercialize exceeding energy gives a great potential for revenue 
creation and consequent dynamism in the local economy.

Considering the important role of distributed generation, the Brazilian LTS should also bring at least 
two scenarios of scientific projection by 2050 for the energy sector, to support its actions:

1. Projections considering a strong technological disruption to scale distributed generation, with 
substantial reduction of costs;

2. Distributed generation without substantial increase in its share in the energy matrix.

This happens because experts in this sector consider that currently available projections do not 
take into consideration the rupture potential of generation costs of solar and wind sources. According 
to the International Renewable Energy Agency (IRENA, 2016), between 2015 and 2025 there is a 
great chance the investments necessary and the leveled cost of electricity19 (LCoE) decrease. for 
photovoltaic solar energy, investment costs should be reduced by 57%, and its LCOE by 59% by 2025. 
Reductions in costs for the Concentrated Solar Power technology (CSP) can reach 37% in terms of 
investment, and 43% for LCOE. For wind power, the reduction in investment costs should not be so 
expressive, 12% onshore and 15% offshore. Its LCOE should be substantially lower, projecting a 26% 
reduction for onshore, and 35% for offshore.

Knowingly, the increased scale of alternative renewable sources depends on the capacity to store 
energy. Storage can be an important ally to guarantee a low-carbon profile for the energy system 
and the development of this market can be decisive for the scenario that will come true in the long 
term. This happens because storage offers something like an increase in system capacity, guaranteeing 
future dispatchability with increased use of intermittent sources, namely solar, wind and run-of-the-river 
hydropower plants. Storage guarantees that in peak times, the system can adequately manage demand 
and allows distributed generation to be self-sufficient. It also allows consumers to be managers of their 
consumption, relieving the grid and creating the possibility of postponing expensive investments in 

18 Net metering, or Energy Compensation System is an approach in which bidirectional meters measure the energy flux in a 
consumption unit that has a microgeneration system (CEBDS, 2017).
19 Measure used to compare investments in different sources of electricity generation, represented in dollars per unit of energy 
generated. This is the ratio between total costs during the project’s entire useful life, including CAPEX and OPEX, and total 
energy generated.
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distribution and transmission (DELoITTE, 2015). Several technologies can promote a revolution in the 
sector, but most of these are currently under development. In addition to batteries and hydrogen storage 
systems, there are mechanical and thermal technologies that may be necessary to increase the share of 
renewable alternatives in the Brazilian energy mix. 

Even if Brazil is not the forerunner in this movement and does not lease the development and 
maturation of energy storage technologies, the Brazilian government should be attentive to the 
opportunities presented to use and produces them in the country. Therefore, it should follow the 
technological development and focus on cooperation with countries that are leading this process, such 
as Germany, Norway and Japan (IEA, 2014).

CSP technology should have a crucial role, combining solar generation and energy storage, 
creating biomass-hybrid plants and consequent dispatchability. CSP technology is a thermal power 
plant with indirect electricity generation through solar rays. In this technology, sun heat is captured 
and stored so it is transformed first into mechanic energy, through a turbine, which then produces 
electricity. Mirrors are used to reflect solar rays and direct them to the receptor, where there is a 
thermal fluid to store heat. On top of storage systems, plants can be biomass-hybrid, which gives 
them management order capacities throughout the day. According to studies carried out by COPPE-
UFRJ, Brazil has a great potential to use this technology. Studies conclude that 71% of this potential 
are in the Northeast region, which can also promote low-carbon socioeconomic development in this 
region (SORIA et. al, 2015).

Another issue that can be crucial for the low-carbon development of the energy sector in the long 
run is the digital transformation of the energy system, as foreseen in the German LTS, for instance. The 
National Integrated System (SIN) has been benefiting from digital resources in its management by the 
onS. However, it is possible to move beyond that in the medium and long terms with smart grids and 
even micro grids. Smart grids will allow an efficient management of the system, with automatization and 
a robust transmission system for data about electricity generation and consumption. Moreover, failures 
are immediately detected, thus allowing them to be fixed in a more efficient way than nowadays. 
On the other hand, micro grids are enablers of distributed generation, having an efficient digital 
management of small scale systems. They constantly maximize their connection to the grid through 
intelligent controls.

It is also believed that, in the long term, blockchain technology can optimize distributed generation 
even more. The technology consists of a decentralized and collective structure for data storage and 
management, which allows all participants to add new data and validate existing ones. With that, 
certificates for energy units generated by renewable sources can be given and automatically verified, 
and energy can be traded through the technology itself (MIT, 2017).

The government can maximize gains from the potential of digitalizing the energy system by using this 
resource in public policy instruments and guaranteeing its security. The government use of intelligent 
smart grids also allows a break in paradigm in regards to energy planning by revolutionizing statistics 
of electricity generation and consumption. for that to happen, the International Energy Agency (IAE, 
2017b) recommends several no-regrets measures that the government should take. Namely: updating 
and building expertise among decision makers about state-of-the-art digitalization of the energy system, 
guarantee transparency and access to data, flexibility in formulating public policies to incorporate 
these resources, experiments through pilot-projects, exchange of experiences with other countries and 
jurisdictions, monitoring the impacts of digitalization over energy consumption and the inclusion of safety 
standards requirements in technologies that will be supported (IEA, 2017b).

for concessionaires, it is recommended to carry out tests and pilots with the purpose of investing in 
intelligent technologies, so they can benefit from higher efficiency in the medium term. The example of 
some concessionaires that have been choosing at least one city of its area to change electric-mechanic 
meters for smart digital ones should be followed. CEMIG has been implementing its first project to 
install intelligent meters in the region supplied by the Sete Lagoas sub-stations 1, 2 and 3, covering 
the cities in that area. from the beginning of operations, the clients got smart meters and had access 
to a webpage in which they can monitor their daily energy consumption. CPFL has substituted 24,500 
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conventional electronic meters of large clients (group A) for smart meters. Data from these clients are 
now collected remotely through their own telecommunication network implemented by CPFL, according 
to the company.

Once the renewable and clean profile of the energy mix is guaranteed, companies should invest 
in the electrification of the largest number of activities possible. On the other hand, the government 
should carry out infrastructure projects to assure this process comes true (SDG 7, 8, 9, 12 and 13). When 
the electricity generated in clean, the electrification of the economy thus become a decarbonization 
process. Moreover, electricity generates gains in productivity as it is capable of delivering the same 
quantity of energy services, but consuming less primary energy. Which means the electricity is more 
efficient because it minimizes conversion losses. Transition towards electric modals in the transport 
sector is the best example of this, as seen in the long-term projections discussed in the previous 
chapter. According to the Energy Transitions report (2017), the electrification of activities may reduce 
the consumption of fossil fuels by 20% by 2040. In the transportation system, 30% of these fuels 
consumption can be eliminated in the same timeframe. However, a complete planning for the energy 
sector is necessary in order to increase its installed capacity, with additional investments in infrastructure, 
for instance, chargers for electric vehicles.

Going beyond electric vehicles - which are frequently talked about - freight transport should also 
be electrified through railways. According to a study carried out by CEBDS (2016d), if 100% of freight 
transport through railways were electrified, and half of current truck transportation was also changed for 
electric trains, about 7-10 TWh would be needed, equivalent to less than 0.01% of electricity generated 
nation-wide. Changes in modals would allow a 83% reduction in total GHG emitted by freight transport 
until 2050.

Companies should invest both in consolidated technologies and in research and development to 
electrify industrial production. According to Energy Transitions (2017), the industrial sector still has an 
electrification potential smaller than other sectors. A select group of technologies already has a great 
level of availability, such as electric arc furnaces for metallurgy or great potential such as hydrogen-based 
reductions and electric-thermal technologies for the paper and cellulose sector. However, there is no 
perspective of when electrification technologies for this sector will be cost-competitive. Therefore, it is 
necessary to make efforts and invest in innovation for this sector.

Redirecting resources to low-carbon investments

Economic tools:

Broadly, the inclusion of several environmental variables in economic decision-making is essential for 
low-carbon socioeconomic development. On one hand, the abovementioned valuation estimates the 
economic value of the environmental resource with the purpose of remunerating its positive externalities. 
This prevents resources from being sacrificed for remuneration, being deforestation - as abovementioned 
- the best example of that. On the other hand, pollution pricing gives a monetary value to the external 
costs it represents for society, and it is already recognized by companies as the most efficient way to 
guide investments.

Companies interviewed have unanimously stressed the importance of adopting a pricing mechanism, 
which includes offsets from the forestry sector (SDG 7, 12 and 13). Carbon pricing reduces the economic 
cost of climate policies by allowing sectors and companies with lower abatement costs to contribute 
more with the efforts to reduce emissions. Pricing creates a long-term incentive which is more effective 
for technological innovation than purely restrictive emissions policies, as stated by the report “Carbon 
Pricing: what the business sector needs to know to position itself” (CEBDS, 2016b). Moreover, it alters 
how attractive investments are, since it adds emission to the costs considered for a project, reducing 
the return on investments with the largest emissions. As presented in the scenarios of the previous 
chapters, some technologies will only be enabled by establishing this mechanism. Which means that in 
the long-term mitigation projections carried out for Brazil, scenarios that include carbon pricing show 
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substantial abatement gains if compared to scenarios whose abatement comes only from command 
and control policies.

According to the High-Level Commission on Carbon Prices report (2017), in order to guarantee 
that the increase in the average global temperature remains under 2oc compared to pre-industrial 
levels in a cost-effective way and assuring economic growth, countries should establish carbon price 
between US$40-80/tCO2e by 2020 and US$50-100/tCO2e by 2030. Pricing can be introduced either by 
carbon tax or the emissions trading system. Moreover, according to the conclusion by the Commission, 
carbon pricing can also be implemented by incorporating reference prices in financial tools and 
incentives that promote low-carbon programs and projects, including specific project-based credit, 
using the experience from the Clean Development Mechanism (CDM) under the Kyoto Protocol and 
the mechanisms established under article 6 on the Paris Agreement. In this agreement, the signatory 
parties started counting on the possibility of achieving its goals by internationally transferring emission 
reduction units.

In this sense, Brazil should take actions in its foreign affairs to become a leader in the international 
market of emissions transfers, including REDD+. There is an intense debate in regards to the inclusion of 
forest offsets in carbon markets, with the argument that they pressured down the price of carbon tons, 
preventing industrial and electricity sectors from investing in mitigation. This happens because credits 
from forest removal would flood the market, allowing these sectors to buy them, therefore fulfilling their 
goals without any additional efforts. However, it is argued that this perception allows great opportunities 
for Brazil, which has a great potential to reduce emissions through land use and the production of high 
aggregate value products, as said before. There are alternatives that allow the potential of credits from 
reforesting and forest conservation to be used. for instance, the existence of a parallel market integrated 
to markets from other sectors, so the goals cannot be totally covered by REDD+ credits, which would 
guarantee a mix of measures in place (Aliança REDD+ Brasil, 2017). Therefore, a percentage of NDCs 
could be guaranteed through these credits, but not its entirety. The same would be applicable to national 
or regional markets, in which the most emitting sectors would have quotas to cover their goals with 
credits from the forest sector. 

For the mechanism to be implemented here, adequate design is crucial to answer to the country’s 
particularities and bring the expected results. Both market and tax mechanisms face great implementation 
challenges. In the case of tax, defining a percentage to be charged is a great challenge, besides the great 
resistance to this mechanism, since it is considered stricter and with less possibilities of including benefits 
from carbon sinks. On the other hand, defining allocation criteria for emissions permits represents the 
biggest challenge for market mechanisms. Both tools share some important issues such as the definition 
of sectorial scope, compensatory measures, implementation steps and the destination of revenues 
(CEBDS, 2016b).

The so-called revenue recycling, as well as other compensatory measures, have an important role 
in the success of efficient carbon pricing. Using revenues from this mechanism as well as removing 
other taxes for having adopted a carbon price, for example, can have positive impacts that are bigger 
than the negative impacts over the most sensitive sectors, or over the economy. It can be used to 
compensate, for example, vulnerable groups for whom pricing can cause unemployment, such as 
people dependent on coal production. These revenues may also be used to support technological 
innovation, and this represents an opportunity for investments in research and development in 
bioeconomy itself, which is extremely necessary for long-term low-carbon development in Brazil, as 
we discussed above.

International experiences and studies for Brazil indicate positive economic effects of adopting carbon 
pricing mechanisms. International experiences have confirmed long-term positive impacts in the growth 
of businesses and innovation. Moreover, they indicate that many effects over competitiveness could 
be successfully faced with special treatments. An example is the experience of the largest regional 
mechanism, the Eu ETS, which has positively affected production, employment and investments from 
regulated companies in most countries where it has been deployed (CEBDS, 2016b). The studies that 
have been carried out for Brazil - including the project Partnership for Market Readiness (PMR), indicate 
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an opportunity for tax reform, for instance, relieving from taxes factors such as labor and consumption, 
which are development drivers. 

Therefore, the government should act quickly, taking on this opportunity presented by the 
current development gap. The exercise that is being carried out by the PMR project is essential 
to get the best design for the mechanism, but more practical actions from the government are 
necessary. Economic recovery should happen over new foundations, using incentives that will 
originate the carbon pricing tool to be implemented as soon as possible. Therefore, it is necessary 
that the government, aligned with the conclusions from the PMR project, has the foundations ready 
to adopt this tool, thus benefiting from the current moment of global confidence in carbon pricing 
as a irreversible trend.

on the other hand, businesses should adopt an internal carbon pricing to guide new investments 
and improve their performance regarding the mechanism implemented. The High-Level Commission on 
Carbon Prices report (2017) highlights the action on carbon pricing by the private sector. According to CDP 
data (2017), in 2017 there were 601 companies using internal carbon pricing to guide its investments. In 
addition to pioneering companies in adopting internal carbon pricing such as Natura, Vale, Itaú, CEMIG, 
and Eletrobrás, Fibria presented in 2017 its use of three different internal carbon pricing: US$5 for (forest) 
capture, US$10 for industrial and logistic emissions, and US$30 for new technologies. Moreover, 782 
companies have declared that in 2017 they were planning the introduction of internal carbon pricing 
(CDP, 2017).

finally, it is important that the business sector is increasingly engaged, debating with the government 
the implementation of this mechanism. All sectors, including forests, should participate in the process to 
establish the mechanism design and the definition of compensatory measures, in order to guarantee tax 
neutrality, for instance. In addition to participating in the creation of the studies carried out by the PMR 
project, advocacy actions with the Ministry of finance should also be done. By bringing a practical tone 
to this issue, the business sector proves to be prepared to deal with the issue. This should continue after 
it is adopted, for future revision processes.

Financial Tools:

On top of instruments that internalize externalities, it is crucial that the government makes efficient 
use of financial tools to direct and guarantee resources for low-carbon investments. For some measures 
that are extremely relevant for a successful low-carbon development in Brazil, such as forest restauration, 
low-carbon agriculture and energy efficiency, financing difficulties prove to be a relevant obstacle. 
Moreover, renewable energy sources have recently gained scale, specially wind power, mostly due to 
public financing. However, this may well not be repeated in the medium term. Therefore, to maintain 
this trajectory and reach 2030 at the desired levels, these sources must continue looking for alternative 
financing sources. 

In the land use and forests sector, for the short and medium terms, making credits from the ABC plan 
more applicable and accessible is indicated as an essential measure to be taken, in addition to making 
available a specific line for forest restoration, that are not the traditional ones (SDG 8, 13 and 15). 

The measures for energy efficiency are something else that need more attention from the government, 
since it has great economic potential. However, there are important obstacles to be overcome, such 
as the clash between indebtedness limit and other CAPEX investments, the lack of information and 
therefore a high risk perception regarding these projects (CEBDS, 2016c). 

In the long run, Brazil needs to maximize the most possible from its great potential for international 
cooperation, by attracting foreign investment, especially performance-based financing. In this financial 
approach, financial resources are allocated according to pre-defined results. This model has been applied 
in mechanisms such as CDM and may be applied in the nationally Appropriate Mitigation Actions 
(NAMAs), by the World Bank’s climate funds, and it should also be used under the Paris Agreement (New 
Climate Institute, 2015). The Green Climate fund will make investments according to this approach. 
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finally, international transfer mechanisms that will characterize the global emissions market, as foreseen 
on Article 6, should have its projects financed according to this approach.

Which means, performance-based investment is a unifying element between climate financing and 
carbon markets. The approach can catalyze effective climate actions, with results that can generate 
certified emission reductions (CERs) or tradable offset units. The combination of market tools and climate 
financing allowed them to stop working separately, creating methodological and financial synergies and 
benefits (New Climate Institute, 2015).

This approach should supply resources to several tools such as REDD+ and Feed-in Tariffs20 for 
renewable energy, direct payment for mitigation, or the production of tradable emissions certificates. 
The results that will receive financing can do so in terms of mitigation emissions, but also through 
other environmental services, such as biodiversity conservation. Brazil has a great potential to attract 
international financing with REDD+ projects. So far, its scope is limited to the Amazon Fund which, 
according to the Aliança REDD+ Brasil (2017), represents only 6% of resources that Brazil could have 
attracted with reduced deforestation, as observed between 2005 and 2014. With the projected 
reduced public resources available, the success of forest conservation should be based on financing 
mechanisms like this.

There is, then, the need for more access from Brazil to the funds currently available and that will 
be available based on Paris Agreement. Between 2011 and 2016, the World Bank allocated more than 
US$63 billion in mitigation and adaptation projects in developing countries, and Brazil does not play 
a central role in this context. For REDD+ projects, for example, the World Bank formed the Forest 
Carbon Partnership Facility, of which, so far, Brazil is not a part. Brazil had an incipient participation in 
the Biocarbon fund, an initiative for sustainable forest landscapes. Likewise, the country did not have 
a significative participation in the Carbon Partnership Facility, the Bank’s main tool for climate financing 
for the timeframe after the Kyoto Protocol. In contrast with Brazil, countries such as Argentina, China, 
and Morocco have important results associated to these funds. Morocco, for example, will install by 
2018 a CSP power plant with 500 MW capacity, which will mitigate 760 thousand tCO2 yearly (WORLD 
BAnK, 2017).

It is crucial that the Brazilian government makes great efforts in international cooperation, attracting 
performance-based investments from financing sources such as the World Bank. For that to happen, 
it is necessary that mechanisms such as REDD+ and Feed-in Tariffs have its implementation effectively 
included in the national planning, with well-defined performance indexes and easier evaluation processes 
for projects, to attract resources. 

Another innovative financing mechanism, which is relevant for the private sector as a way to 
leverage businesses, it is the Private Sector Facility (PSF) created by the Green Climate Fund. In May 
2017, the GCF announced a US$500 million offer to drive financing in the climate agenda, selecting 
the best business ideas to mitigate climate change, as well as their consequences in developing 
countries. Therefore, the private sector’s proactivity in regards to learning and innovative tests of 
mechanisms, as well as conducting intersectoral dialogues about practical applicability, can drive 
several business opportunities. 

Therefore we can conclude that companies should create bold projects in order to seize opportunities 
of international financing which look for that profile. The World Bank’s Pilot Auction Facility represents 
one of the opportunities for the private sector as it guarantees a minimum price for carbon credits 
generated by investors’ projects in this sector through the auction of put options. 

Another important step, which has been extensively discussed, is the development of a national 
green bond market. Green bonds are debt bonds issued in order to drive investments with positive 
environmental impact. By issuing a green bond, the issuer mobilizes resources to finance exclusively 
sustainable projects, such as renewable energy, energy efficiency, forest projects, among others. The 
bonds can also be used to finance projects with social benefit and are organized as a new way to diversify 
investments. According to studies from the Climate Bonds Initiative (CBI) in 2016, the climate-related 

20 Tariff subsidies to reduce the tariff of the electricity generated by renewable sources (CEBDS, 2016b).
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bond emitting market has a US$694 billion potential. This market will be an increasingly critical source 
of capital for projects that help the global economy to limit the impact of climate change. According to 
estimates from the Inter-American Development Bank (IDB), the world balance of green bonds adds up 
to uS$200 billion, with estimates to reach uS$150 billion in 201721.

The government needs to make it easier for this mechanism to be used as a source of financing 
for low-carbon investments. In Brazil, this market has been developing since 2015, despite the 
economic scenario being unfavorable to bond emissions. So, for this green financing alternative to 
really gain scale, which does not depend on public resources, the government needs to regulate how 
to make this use easier. for instance, it is necessary that these bonds are regulated as infrastructure 
debentures, that other bonds can be labeled green - such as Real Estate Credit Bills (LCI) and 
Real Estate Receivable Certificate (CRI) - to support distributed generation, and that certificate 
requirements do not become extremely restrictive. 

Companies will benefit more and more from the mitigation potential their projects provide to get 
funding through the emission of these bonds. CPFL Renováveis, for instance, has issued bonds certified 
according to the Wind Energy by the Climate Bonds Standard Board, to issue uS$ 200 million debentures, 
in September 2016. It is the first company in South America to issue an internationally certified green 
bonds, and the first in the sector to issue a certified bond. The resources have been liquidated and used 
to build wind power projects. 

The company Fibria informed the market of a US$ 700 million issuance of green bonds in January 
2017. Aligned to its strategy and long-term goals, this amount will be used in forest management, native 
forest restauration and biodiversity conservation projects. In May 2017, the Brazilian Development Bank 
(BNDES) attracted US$1 billion in the international market through green bonds. It was the first time the 
bank had access to this market. The resources will be used to finance renewable energy projects, such as 
wind or solar power. In December 2016, BNDES also announced the creation of the Sustainable Energy 
Fund, a market fund focused on debentures for green projects in the infrastructure sector, with R$500 
million in assets.

In March 2017, the World Bank issued for the first time bonds relating returns to the performance 
of companies that promote initiatives related to the SDGs22. These resources will be used to financially 
support projects that aim to eliminate extreme poverty and increasing prosperity, aligned to the 
Sustainable Development Goals. The return of investments for these bonds will be directly related 
to the performance of stocks in the Solactive Sustainable Development Goals World Index, which 
includes companies that dedicate at least one-fifth of their activities to sustainable products or that 
are recognized leaders in their industries for socially and environmentally sustainable issues. These 
bonds have been negotiated by BNP Paribas, as part of the “SDGs Everyone” initiative. Under this 
initiative, the World Bank will issue bonds that will raise resources to financially support projects that 
involve the SDGs. This initiative is an innovative solution and a new financial model that supports 
the SDGs, as requested by the Financial Innovation Platform (FIP) from the UN’s Secretary-General, 
launched in october 2016.

In november 2017, the HSBC Holding issued uS$1 billion in bonds related to SDGs, with demand 
being three times bigger than supply. The revenues will be used to finance projects that promote seven 
SDGs: 3, 4, 6, 7, 9, 11 and 13. To be eligible to use these resources, businesses or projects should prove 
that they get at least 90% of their revenue from sustainable activities (Environmental Finance, 2017).

It is essential that companies try to engage investors so they can see the differential offered 
by these investments. It is necessary that investors, specially institutional once, identify the risks 
associated to climate change as real liabilities, to be managed together with their investments risks. 
Currently, there are initiatives and platforms for this purpose, such as Principles for Responsible 
Investment (PRI) and Portfolio Decarbonization Coalition, which aim to mobilize financial markets by 

21 Source: http://www.iadb.org/pt/noticias/comunicados-de-imprensa/2017-07-27/abde-cvm-e-bid-criam-laboratorio-de-inova-
cao-financeira,11849.html
22 http://treasury.worldbank.org/cmd/htm/World-Bank-Launches-Financial-Instrument-to-Expand-Funding-for-Sustainable-Develo-
pment.html
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decarbonizing the economy. However, in the medium and long terms, the movements needs to really 
scale and reach all investors. 

for that to happen, companies should guarantee more and more transparency, opening great amounts 
of data about the climate risks they are exposed to and the benefits associated to decarbonization. In 
September 2017, a research by HSBC showed that more than two thirds of 497 institutional investors 
interviewed planned to increase its investments related to combating climate change. However, more 
than half of those investors declared they received fairly inadequate information from companies about 
their risks and benefits related to climate change (Financial Times, 2017).

In order to have safe investments, it is important that countries like Brazil can have not only access, 
but also flexibility to help reduce the risk of investing in the country, especially regarding to capital 
costs. Currently, the high capital costs in Brazil represent an obstacle for investments in low-carbon 
technologies, which only gets more intense for long-term investments, such as infrastructure projects. 
The creation of a fund to guarantee low-carbon investments would then allow it to be more quickly 
accepted in Brazil, since its collateral would be covered by the fund. This guarantees companies would 
have access to new financing sources, including international ones, more security to take loans and 
smaller risk perception for financial institutions. 

The High-Level Commission on Carbon Prices report (2017), shows that international cooperation is 
needed to drive low-carbon investments, including financial support on top of guarantees and premiums 
for performance. There already is a proposal, led by the French government, to create the so-called North-
South Club. It aims to establish a trusted bond between developed and developing countries. It should 
mobilize the international community around the goal of engaging several low-carbon investments with 
tangible effects over social and economic development, employment and poverty reduction. for that to 
happen, the North-South Club intended to create a guarantee fund composed mostly of contributions 
from the Northern countries, whose resources would be used to offer collateral for low-carbon projects in 
the Southern countries. Moreover, investments that have better performance in regards to mitigation and/
or adaptation capacity could receive prizes, such as better financing conditions or even debt acquittance 
(HOURCASE et. al, 2017).

An existing example that Brazilian companies and government could have broader access to is the 
World Bank’s Multilateral Investment Guarantee Agency (MIGA). The Agency’s missions is to promote 
foreign direct investment (fDI) in developing countries, driving their economic growth, reducing 
poverty and improving people’s living conditions related to the reduced emissions.  Through investment 
guarantees, MIGA gives who intends to invest, more access to banks and possible partners in addition to 
reducing capital risk, therefore reducing costs. It also gives social and environmental expertise to support 
investors in order to guarantee that the best practices available are applied to develop projects. Also, 
there is a proposal developed by the World Bank so MIGA serves to improve credit granting by public 
banks in developing countries through guarantees (WORLD BANK, 2017b). The guarantees given by 
the agency are long-term, covering investments for up to twenty years. This is essential for low-carbon 
investments which are, mostly, structural and therefore, long-term.

Other Recommendations
In order to be aligned with national and global goals, it is important that businesses establish GHG 

emissions mitigation and/or removal goals based on scientific data. Even if the long-term goals are not 
established, as it is the case of the countries, businesses can base their decisions in practices from the 
Paris Agreement in regards to the timeframe of goal revision. Thus, they can commit to goals within 
a deadline they can manage, but also committing to the revision and setting of new goals at the end 
of each cycle. Cycles can last five years, as in the Paris Agreement, or have their frequency adapted to 
each company.

Science-based targets is an initiative businesses can use, which offers resources so they can establish 
goals, methods to calculate plausible and consistent goals to the 2°C limit for the increase in average 
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global temperature, and also its validation according to the initiative’s criteria. Thus, companies will have 
the opportunity to guarantee, having consent from a third party, that the goals established are consistent 
with global needs. The Science-based targets initiative was launched collectively by the Global Compact, 
the CDP, WRI, and WWF, in collaboration with the We Mean Business coalition. So far the only company 
in Brazil to has announced its goals through this initiative was natura.

At state level, strategies should be created and goals consistent with federal policies should be 
established (SDG 8 and 13). The businesses interviewed have highlighted that most state climate policies 
are nor aligned to national goals, which does not allow businesses operating in these states to create 
strategies in an organized way. Thus, the Brazilian LTS should govern climate policy in the whole country. 

Therefore, all government levels should aim to be fully aligned and integrated in their climate actions so 
companies operating all over the country can receive clear signaling on how to meet their commitments. 
The strategy should foresee the role played by federal, state and city governments and present scenarios 
of how each federation unit should contribute to the established goals, avoiding overlapped goals and 
promoting coordination. on the other hand, states and cities should guarantee that their actions and 
policies are aligned with the greater goals which is the long-term ones imposed by the LTS. This avoids 
states to have objectives which are inconsistent with national goals. 
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Appendix I
DESCRIPTION OF LTSs ALREADY SUBMITTED TO THE UNFCCC BY OCTOBER 2017

Germany’sLTS: “Climate Action Plan 2050”
Germany’s Climate Action Plan guides key sectors in acting to achieve the national climate goals, 

according to the Paris Agreement. These sectors are: energy, construction, transport, commerce and 
industry, agriculture and agroforestry.

Main elements:

• Long-term goal: based on the guiding principle of extensive neutrality of greenhouse gases 
(GHG) in Germany by the middle of the century, reducing at least 55% of emissions by 2030, and 
between 80% and 95% by 2050, compared to 1990;

• Guiding principles and transforming pathways serving as base for all areas by 2050;

• Milestones and goals for all sectors until 2030. Strategic measures for each sector;

• Establishing a learning process that allows the progressive increase of goals as foreseen in the 
Paris Agreement.

Table 12. Projected emissions by sector, foreseen in the German Climate Action Plan (absolute 
numbers, thousand tCO2e)

Area
1990

Current 
Emissions

2014
Current 

Emissions

2030
Goal

2030
(Percentage of Reduction 

- compared to 1990)

Energy Sector 466 358 175 – 183 62 – 61 %

Construction 209 119 70 – 72 67 – 66 %

Transportation 163 160 95 – 98 42 – 40 %

Industry 283 181 140 – 143 51 – 49 %

Agriculture 88 72 58 – 61 34 – 31 %

Others 39 12 5 87%

Total 1248 902 543 – 562 56 – 55 %

Source: Climate Action Plan 2050. Germany, 2016.

Governance

The German government will create a Commission for growth, structure change and regional 
development, which will be under the federal Ministry of Economic and Energy Affairs and will work 
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together with other ministries, states, cities and unions, as well as private sector officials from distant 
regions. The commission will develop a combination of instruments to allow economic development, 
structural changes, societal acceptance and actions on the climate agenda. The works are planned to 
begin in early 2018. 

Strategic measures for each sector

Energy: If “possible and economically viable”, renewable energy will be used in all sectors. 
Electricity from these sources will be used in an efficient way for heating, as well as transportation 
and industry. Biomass as an energy source will have limited use, mostly only from waste reuse. During 
the transition to a renewable mix, “natural gas thermal plants, which are less carbon-intensive, as 
well as the existing more modern mineral coal thermal plants have an important role as transitional 
technologies”.

Construction: A guide for a housing stock which is climate neutral, gradual development of 
energy norms for new buildings and reviewing the existing ones, support to heating systems from 
renewable sources.

Transportation: Strategies of climate action for road transport, including emissions from passenger 
vehicles and light and heavy commercial fleets; GHG-free fuels, infrastructure and connectivity 
between sectors.

Industry: Research and Development program with the purpose of reducing GHG emissions from 
industrial process, aiming to GHG neutrality. Carbon capturing and use (CCu) is another option.

Agriculture: Coherent enforcement of laws related to fertilizers, in cooperation with states, in order 
to achieve the 70 kg/N per hectare goal between 2028 and 2032, as established under the German 
national Sustainable Development Strategy. 

Land Use and agroforestry: Preservation and improvements in carbon sinks in forests, increased forest 
coverage; more focus on the “forests” financing area under the Improvement of the Agrarian Structure 
and Coast Protection Framework (GAK), an essential tool of the German National Strategy to Develop 
Rural Areas. 

General measures:

• Review the potential for progressive development of the tax system as a way to help achieve the 
2050 climate goals;

• Reinforce economic incentives for consumers in order to inform them about production patterns 
and sustainable consumption;

• Review harmful impacts to climate from several taxes;

• Ambitious climate strategy as a combination of efficiency policy, electricity from renewable 
sources and product innovation. A “no regret” strategy to compensate current costs for Germany 
in the long term;

• The resulting job posts would be mainly created in the construction, transport and energy sectors;

• Establish learning processes that allow the progressive increase of the goals under in the Paris 
Agreement. 
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United States’ LTS:  
Mid-Century Strategy for Deep Decarbonization 

The US long-term strategy (LTS) establishes multiple pathways to achieve ambitious reductions in net 
domestic emissions by 2050, contributing to maintain the increase of the average global temperature 
under 2°C. 

Figure 19. Projected emissions for the United States, considering current and additional measures, 
in accordance with the Climate Action Plan from the Obama administration (2016)
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The LTS sets the following priorities for long-term public policies: 

• Transform its energy model in a low-carbon energy system, including almost complete 
decarbonization of the energy mix and deep cuts in emissions from transportation, construction 
and industry sectors;

• Carbon sinking and emissions reductions through forests, land and Co2 removal technologies 
(including BECCS - Bioenergy with carbon capture and storage);

• Reduction of non-CO2 emissions (CH4, n2O, fluorinated gases) that are the result mainly of fossil 
fuel production, agriculture, waste and refrigerants.

Central elements of the American LTS:

• Increase efficiency in the entire energy system;

• Electricity almost completely produced from clean sources by 2050;

• Broad use of clean electricity and low-carbon fuels in buildings, industry and transports;

• Maintain and enhance land carbon sinks, guarantee that American forests and land continue to 
sink substantial amounts of carbon;

• Develop Co2 removal technologies that sink and store carbon;

• Reduce non-CO2 GHG emissions, despite increase in activity levels of the main emitting sources. 
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The MCS foresees a number of ambitious and lucrative decarbonization public policies, including 
market-based incentives and regulations in all government levels. The main priorities include: 

• Considering GHG emissions pricing when expanding local/state policies and sectorial regulations, 
with the purpose of adopting this approach economy wide.

• Increase support to RDD&D programs (research, development, demonstration and deployment) 
- at public and private level.

• Support to energy efficiency;

• Infrastructure and regulatory support for low-GHG emissions technology;

• Incentives for negative-emission technologies or strategies.

It is also foreseen that, as much as possible, policy makers should profit from correlating GHG 
emissions reduction and other social goals, such as improvements in life standards and reduced air and 
water pollution.

Mexico’s LTS: Climate Change Mid-Century Strategy 
Mexico has defined two mitigation scenarios. The most conservative (NDC policy) foresees a 22% 

reduction in emissions economy-wide by 2030, and a 50% reduction by 2050, compared to emissions in 
2000. In the most ambitious scenario (NDC more ambitious), the reduction should reach 36% in 2030, 
maintaining the same long-term goal as the other scenario. Therefore, both scenarios are considered to 
be consistent with the 2°C goal.

Figure 20. Mexico’s GHG emission scenarios by 2050
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Source: Mexico’s Climate Change Mid-Century Strategy. Mexico, 2016.

The Mexican strategy is guided by six cross-cutting issues that establish the basic climate policy 
in the country, both for adaptation and mitigation. Moreover, the Mexican LTS establishes strategic 
measures for adaptation, as well as defines actions to transition towards long-term low-GHG emission 
development. 
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Cross-cutting recommendations:

1. Cross-cutting, articulated, coordinated and inclusive climate actions and policies;

2. Developing specific tax policies related to climate change and design market-based economic 
and financial tools;

3. Implementing a platform for research, innovation, development and adoption of climate 
technologies, enhancing institutional capacities;

4. Promoting the development of climate culture;

5. Implementing mechanisms for measurement, reporting and verification (MRV), and monitoring 
and evaluation (M&E);

6. Enhance strategic cooperation and international leadership.

Strategic measures for adaptability:

1. Reduce social vulnerability and enhance resilience to climate impacts;

2. Reduce vulnerability and enhance resilience for infrastructure and strategic production systems;

3. Conservation and sustainable use of natural resources to maintain ecosystem services.

Lines of action to transition towards low-GHG emission development:

1. Speed up transition towards clean energy;

2. Energy efficiency and sustainable consumption;

3. Sustainable cities with mobility systems, integrated waste management and low carbon footprint 
buildings;

4. Sustainable agriculture and agroforestry to increase and preserve natural carbon sinks;

5. Reduce short-lived climate pollutants (SLCPs), with great benefits for health and well-being.

Cross-cutting issues for the long-term climate policy:

• Need for market-based approaches for carbon pricing;

• Increased innovation, research and development of new technologies;

• Need to build a climate culture that takes social mechanisms and private-sector participation into 
consideration.

Governance

The Ministry of Environment and Natural Resources, in partnership with the Inter-ministerial 
Commission on Climate Change, will analyze the national Climate Change Strategy at least once every 
ten years in regards to its mitigation policies, and once every six years in regards to adaptation. The 
corresponding scenarios, projections and goals will also be updated, explaining the gaps in comparison 
to the previous projection, if necessary. under no circumstance the revisions should reduce previously 
published goals, projections and goals.

France’s LTS: National Low-Carbon Strategy (SNBC)23

The French national low-carbon strategy, established by the Energy Transition Law, defines how to 
reduce GHG emissions at national level. It also guides how to implement the transition towards a low-
carbon economy. 

23 Additional sources: http://www.ademe.fr/sites/default/files/assets/documents/ademe-energy-transition-scenarios-2030-2050-
english-french-7942.pdf
http://unfccc.int/files/focus/long-term_strategies/application/pdf/snbc_4pager_fr_en.pdf
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France’s commitments:

• 40% reduction in total emissions by 2030, compared to 1990;

• 75% reduction in total emissions by 2050, compared to 1990 (“Factor 4” scenario).

The strategy includes suggesteed goals for each sector. 

Figure 21. Allocation of suggestive goals by sectors in France’s LTS
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The baseline is not really an action plan, but a possible way to achieve the goals proposed, which 
allows both qualitative and quantitative goals of eventual discrepancies throughout time and which can 
contribute to identify corrective measures, as well as a base for sectorial recommendations in the short 
and medium terms in regards to this strategy.

Overall recommendations:

• Reducing carbon footprint by using it in decision-making processes;

• Implementing energy transition by redirecting investments;

• Creating conditions for successful development of a bioeconomy;

• Sustainably managing the land;

• Supporting regional initiatives;

• Having ambitious R&D and training policies;

• Taking into consideration the issues of transitioning to a low-carbon economy when defining the 
government’s main strategic guidelines.

Strategic measures by sector: 

Transportation:

- Improving vehicle energy efficiency;

- Anticipating the development of lower-emissions routes;

- Promoting demand for sustainable mobility;
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- Promoting and encouraging alternatives to individual transport;

- For freight transportation, promoting the transition to trains and ships. 

Construction

- Implementing RT 2012 (French regulation that defines minimum standards for building energy 
efficiency) and the future regulation based on a life cycle analysis (LCA) of environmental impacts 
of a building;

- Fully renovating all buildings to comply with high efficiency standards by 2050;

- Improving the management of energy consumption.

Agriculture and forests

- Implementation of the agroecological project

- Significative increase in wood production;

Industry

- Establishing controls over specific demand for energy and materials;

- Promoting circular economy and the use of less GHG-intensive materials

Energy

- Accelerating investments in energy efficiency;

- Developing renewable energy sources and preventing investments in new thermal power plants 
which are not in accordance with the climate plan in the medium-term;

- Improving the electric system’s flexibility to increase the share of renewable sources.

Waste

- Avoiding food waste;

- Preventing waste production;

- Increasing material recovery through recycling; 

- Reducing diffuse methane emissions from landfill sites and sewage treatment plants;

- Ceasing incineration without energy recovery.

Two main goals of the French LTS:

1. Taking the reduction in the carbon footprint into consideration when of economic decisions: 
considering the Life-Cycle Analysis (LCA) to limit environmental impacts in production and 
consumption of good, and promoting an approach in favor of “neutral territories” in regards to 
GHG emissions;

2. Redirecting investments for energy transition, developing quality certificates, guaranteeing use of 
public resource and gradually increasing the weight of carbon in energy taxes, without increasing 
overall taxes.

Canada’s LTS: Mid-century long-term low-carbon 
development strategy 

Canada’s LTS has the purpose to reporte ways in which the country can become a low-carbon economy 
and sparkling a deep discussion on the matter. The description of the strategy includes the analysis of 
possible scenarios of drastic reduction in GHG emissions, studying opportunities and challenges, new 
technologies, and identifying areas in which reductions will prove to be more challenging and that will 
need focus on public policies. According to the LTS’ conclusions, substantial decarbonization in Canada 
in the long term will be possible with currently existing technologies. 
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The development pathways presents in the Canadian document are consistent with an 80% reduction 
in net emissions by 2050, compared to 2005. 

Canada’s Long-Term Strategy building blocks: 

• Substituting applications and vehicles that are currently using fossil fuels for electricity alternatives 
(cars and trucks, building appliances, heating systems) as well as defining energy requirements 
for some industries;

• Decarbonizing existing electricity generation;

• Satisfy increasing demand for low-carbon electricity generation;

• Better electricity transmission between locations will allow less carbon-intensive electricity to 
achieve areas that rely on fossil fuels;

• Energy efficiency and demand side management are key to achieving decarbonization goals;

• Some sectors, such as heavy industry, marine transportation, freight transportation, and aviation 
could adopt low-carbon fuel (second generation biofuels and hydrogen);

• Although black carbon24 is not classified as a greenhouse gas, it has global warming effects that 
be addressed;

• Behavioral changes also contribute to a low-carbon economy;

• Climate change mitigation and the implementation of adaptation efforts in cities across Canada 
should become a priority;

• Enhanced policies and measurements for a more efficient management of Canadian forests and 
land will increase carbon sinking from the atmosphere;

• Innovation has a crucial role in transitioning to a low-carbon economy, and the private sector has 
an important role to play including spurring investments towards low-GHG alternatives - carbon 
pricing will be an important element in this process;

• Collaboration with provinces and territories, indigenous people, municipalities, businesses, and 
other stakeholders will be essential to Canada’s long-term success in implementing their low-
carbon development strategy.

24 Considered the second most impactful pollutant for climate change, black carbon is an impure form of carbon produced by the 
incomplete combustion of fossil fuels, wood or biomass.
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