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Programa de Planejamento Energético 
da COPPE/UFRJ

• Criado em 1979 dentro do Programa de Engenharia Nuclear da 
COPPE

• 13 professores em tempo integral com dedicação exclusiva

• Todos os anos aceitamos:
• 20-25 novos alunos de mestrado

• 20-25 novos alunos de doutorado

• PPE é parte de um grupo selecto de programas de D.Sc./M.Sc. 
de Excelência no Brasil

• Nota 6 (escala 1-7) da CAPES, no Comitê das Engenharias 3

• Nota 6 ao longo das últimas 3 avaliações quadrianuais
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Modelos de Avaliação Integrada do 
Cenergia

• Modelos e suas ligações:

• TEA: Modelo Global de Equilíbrio Geral

• COFFEE: Model Global de Otimização

• BLUES: Modelo Nacional de Otimização

• E outros modelos setoriais específicos
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Modelos de Análise Integrada

• Centros de pesquisa com IAMs Globais

Único modelo 

desenvolvido no 

“global South”



Algumas questões iniciais para 
melhor entendermos o custo
econômico dos retrocessos

ambientais no país



Estimativas Anuais de Emissões de Gases de Efeito Estufa no Brasil disponíveis no SIRENE 

(http://dados.gov.br/dataset/sirene-sistema-deregistro-nacional-de-emissoes)

http://dados.gov.br/dataset/sirene-sistema-deregistro-nacional-de-emissoes


Aumento médio da temperatura no país

http://berkeleyearth.org/

1.5o C



Source: UN-HABITAT Global Urban Observatory 2008 (adapted)

Cidades brasileiras sob risco do aumento médio dos oceanos

Belém

Fortaleza

Recife

Salvador

Itaquari

Rio de Janeiro

Porto Alegre

In the 20th century, sea levels rose by an estimated 23 cm, and the conservative 

global mean projections for sea-level rise between 1990 and 2080 range from 22 cm 

to 100 cm.

Oceans, which have been absorbing 80% of the temperature increase attributable to 

global warming, are expanding as ice sheets in the North and South poles melt. 

These events have led to a rise in sea levels and increased flooding in coastal 

cities.

The projected rise in sea levels could result in catastrophic flooding of coastal cities. 

Thirteen of the world’s 20 megacities are situated along coastlines.



Source: Urban M.C-Nature, 2015

Greatest risks: Australia and South America (14 to 23%)





FAO, State of the World’s Forests 2009 (Rome, 2009)
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Average temperature increase 

expected for Brazil

INPE, (RCP 8.5)

2071-2099

Landed areas warm more than ocean areas

Precipitation changes (%) in 
2071-2100 compared to 
1961-90.

Amazon and Northeast 
Brazil precipitation 
reduction

Southeast Suth America
precipitation increase

Precipitation change expected for 

Brazil

2071-2100



	

Maintenance of global carbon cycle

• 15% of global  NPP and a key carbon sink for anthropogenic CO2

• Stores about 120 billion tonnes of carbon in the biomass

Powerful hydrology 

• 18% of fresh water flow into the global oceans

• Amazon river discharge of 220,000 m3/s

Biodiversity richness

• > 10% of species

Climate stabilization

• Key heat source for the atmosphere

• Annual rainfall = 2,400 mm

Helps to maintain cultural and 

ethnic diversity
• Over 300 indigenous populations, language 

diversity



OSCILAÇÃO EM

NÍVEL DE GRANDES BACIASSECAS CHEIAS

3 eventOs (1/200)

nos últimos 14 anos

3 eventos (1/200)

nos últimos 14 anos

2005

2010

2015/16 (El Niño-related)

2009

2012

2014 (over SW Amazon)



B) Savanna state triggered by climate change and/or

deforestation

C) Stability of  second equilibrium state

Savanna enhanced by increased /intensity of droughts and forest

fires

A) Tropical forest in equilibrium with current

climate

Amazon covered mostly by forests

One stable equilibrium state Two stable equilibrium states

Forests in the

West 

Savannas in the 

East-Southeast
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Biome distribution Biome distributionBiome distribution

Adapted from Cardoso and Borma, 2010; Borma, Nobre and Cardoso, 2013, Nobre et al., 2015, 2016

 Observations: ΔT ≈ 1.1 to 1.5oC

 Deforestation: ≈ 18%

 Forest fire frequency (increasing)

 Lengthening of dry season (increasing)

 Increasing climate extremes 

Thresholds for tipping 

from state A to state B ≈ 4oC  Amazon warming    or

≈ 40% of total deforested area



UNEP GEO-6 2019



World Economic Forum: Global Risks 2016



A aí chegamos à questão …
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Nature Climate Change

volume 8, pages 695–698 (2018)

Disponível online desde 9 de julho de 2018



Rochedo et al, 2018

• In exchange for political support, the Brazilian government has 
been signaling landholders to increase deforestation in 
Amazônia and Cerrado

• The (former) President of Brazil has signed provisionary acts 
and decrees lowering environmental licensing requirements, 
suspending the ratification of indigenous lands, reducing the 
size of protected areas and facilitating land grabbers to obtain 
the deeds of illegally deforested areas

• Using the BLUES model, we explored 2 °C-compliant scenarios 
estimating the effort needed in other sectors of the economy to 
compensate for the weakening of environmental governance
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Resultados finais

• Grande necessidade de investimentos adicionais 

• Altos impactos econômicos em setores outros

22/08/2019



Nossa análise mostra

que o Brasil é 

altamente vulnerável

às mudanças

climáticas, e que 

domesticamente a 

melhor maneira de 

reduzir nossas

emissões de GEE é 

reduzindo o 

desmatamento

Caso contrário, outros 

setores da economica

pagarão o custo (muito

mais alto) de reduzir

suas emissões para 

além do que seria

necessário



roberto@ppe.ufrj.br

+55 21 3938-8777 

+55 21 3938-8760

Contact

Muito obrigado!



R i o  d e  J a n e i r o

B r a z i l



CENERGIA

Center for Energy and Environmental Economics

PPE/COPPE/UFRJ, Brazil
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