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Energy in the Context of Sustainable 
Development

Energy is an essential input for social development and Energy is an essential input for social development and 
economic growth. It provides basic needs and services economic growth. It provides basic needs and services 
such as heating, cooling, cooking, lighting, and such as heating, cooling, cooking, lighting, and 
transportation and is a critical production factor in transportation and is a critical production factor in 
virtually all sectors of industry. virtually all sectors of industry. 

At the same time, the production and use of energy At the same time, the production and use of energy 
cause environmental degradation at all levels cause environmental degradation at all levels -- local, local, 
regional and global. regional and global. 

Hydropower often causes environmental damage due Hydropower often causes environmental damage due 
to the submergence of large areas of land;to the submergence of large areas of land;

Global climate change associated with the increasing Global climate change associated with the increasing 
concentration of greenhouse gases in the atmosphere concentration of greenhouse gases in the atmosphere 
has become a worldwide concern today.has become a worldwide concern today.



General ConsiderationsGeneral Considerations

There are large disparities in the level of energy 
consumption, not only among different countries, 
but also among the rich and poor in the same 
country. 

Nearly 1.6 billion people still have no access to 
electricity or other forms of commercial energy 

The richest 20% of the world’s population use 
55% of primary energy, while the poorest 20% 
use only 5%.



BRAZILBRAZIL
Brazil is the fifth-largest country in the world, located in 
eastern South America, with a population of 
approximately 170 million people;

Brazil is a country of contrasts. It contains not only 
two of the largest cities in the southern hemisphere –
Sao Paulo and Rio de Janeiro, but also the majority of 
the Amazon and Pantanal, the largest remaining tropical 
forest in the world and one of the world’s largest and 
most spectacular wetland systems, respectively;

These contrasts are also evident in Brazil’s social 
realities. Despite extensive natural resource reserves, 
many Brazilians suffer under poverty, inequality and 
other social ills.



BRAZILBRAZIL
Around 58% of Brazil is covered with forests, which 
include the largest rainforest in the world, located in 
the Amazon River basin. 

The country has eight river systems, which carry 
approximately 20% of the world's fresh water. 



Brazil’s Profile by Selected 
Indicators

Human Development Index (and ranking) – 2001 0.777 (65th)
Human Poverty Index (and ranking) – 2001 11.4 (18th)
Environmental Sustainability Index (and ranking) – 2002 59.6 
(20th)
GHG Emissions -2001 1.9 tonnes per capita of CO2
GDP and GDP per capita – 2002 US$1.376 trillion and 
US$7,600



Power Generation
Brazil's electricity is almost entirely generated by water 
power even though a considerable proportion of the 
nation's hydroelectric potential remains untapped;

The predominance of hydroelectricity (installed capacity 
61,720 MW) is explained by the existence of large-volume 
rivers and the relatively small size of Brazil's coal  
reserves;

The national power system is composed of two 
interconnected grids, one for the north and northwest and 
the other for the south, southeast and central west. 





JOIN PROJECT JOIN PROJECT -- IAEA, CNENIAEA, CNEN

Implementation of methodologies Implementation of methodologies 
that provides economic, social and that provides economic, social and 
environmental elements for a environmental elements for a 
decisiondecision--making process of the making process of the 
electrical system expansion planning electrical system expansion planning 
in Brazil.  in Brazil.  



objectivesobjectives
To perform a comparative assessment of To perform a comparative assessment of 
damage costs of different fuel cycles for damage costs of different fuel cycles for 
electricity production using a simplified electricity production using a simplified 
approach;approach;

To present results of damage costs To present results of damage costs 
associated with impacts due to air associated with impacts due to air 
pollution emissions from fossil fuel and pollution emissions from fossil fuel and 
nuclear power plants located in different nuclear power plants located in different 
regions of Brazil. regions of Brazil. 



Impact Pathway ApproachImpact Pathway Approach
Source characterization: Source characterization: location of the source location of the source 
(urban or rural) and physical characteristics of the (urban or rural) and physical characteristics of the 
source (stack parameters);source (stack parameters);
Estimation of the pollutant concentration Estimation of the pollutant concentration 
levels:levels: determination of the marginal or determination of the marginal or 
incremental increase in pollutant concentration;incremental increase in pollutant concentration;
Impact valuation:Impact valuation: calculation of physical impacts, calculation of physical impacts, 
which includes number of asthma attacks, hospital which includes number of asthma attacks, hospital 
visits or admissions, mortality such as reduction in visits or admissions, mortality such as reduction in 
life expectancy;life expectancy;
Economic valuation:Economic valuation: estimation of damage costs estimation of damage costs 
of air pollution. For health effects the unit costs are of air pollution. For health effects the unit costs are 
determined using Contingent Valuation Studies.determined using Contingent Valuation Studies.



Estimation of Monetary Unit Estimation of Monetary Unit 
Costs of Health EffectsCosts of Health Effects

The costs were obtained indirectly by The costs were obtained indirectly by 
using unit costs values taken from using unit costs values taken from 
Contingent Valuation studies out in Contingent Valuation studies out in 
Europe;Europe;
Transfer of these costs to Brazil involved Transfer of these costs to Brazil involved 
scaling the Western values by the ratio of scaling the Western values by the ratio of 
Gross Domestic Product (GDP) per capita Gross Domestic Product (GDP) per capita 
of Brazil in terms of Purchasing Power of Brazil in terms of Purchasing Power 
Parity (PPP) and that of the reference case Parity (PPP) and that of the reference case 
study (Europe). study (Europe). 



Modeling Approach- SIMPACT MODELS

Fossil fuel power plants: Fossil fuel power plants: rely on a limited rely on a limited 
number of key parameters for assessing the number of key parameters for assessing the 
physical impacts and damage costs to human physical impacts and damage costs to human 
health: health: 
–– regional population density (within a circle of regional population density (within a circle of 

radius 500 to 1000 km centered at the radius 500 to 1000 km centered at the 
source), source), 

–– depletion velocity, which corresponds to the depletion velocity, which corresponds to the 
rate at which a particular pollutant is removed rate at which a particular pollutant is removed 
from the atmosphere,from the atmosphere,

–– emission rate for each pollutant.emission rate for each pollutant.



Modeling Approach- SIMPACT MODELS

Nuclear power plantsNuclear power plants
––Normal and accident releases Normal and accident releases 
(severe accident with low (severe accident with low 
probability of occurrence);probability of occurrence);

––Risk aversion from the part of the Risk aversion from the part of the 
society is considered;society is considered;

––Global dispersion of HGlobal dispersion of H--3, C3, C--14 and 14 and 
KrKr--85 is also taken into account.85 is also taken into account.



PathwaysPathways

Direct inhalation of radionuclides in the Direct inhalation of radionuclides in the 
air,air,

External irradiation from radionuclide External irradiation from radionuclide 
immersed in clouds and soil deposition,immersed in clouds and soil deposition,

Ingestion of radionuclides in food Ingestion of radionuclides in food 
stuffs;stuffs;



Human Health ImpactsHuman Health Impacts

Fatal cancersFatal cancers
severe hereditary effectssevere hereditary effects
NonNon--fatal cancersfatal cancers

Risk factors were taken from ICRP Risk factors were taken from ICRP 
60, 1991,60, 1991,



Case Studies   Case Studies   

OilOil--fired power plant;fired power plant;
CoalCoal--fired power plant;fired power plant;
Natural gas power plant;Natural gas power plant;
Nuclear power plant. Nuclear power plant. 

Studies are being done with a Studies are being done with a hidrohidro
power plantpower plant



Results Results -- Fossil Fuel Power PlantsFossil Fuel Power Plants

Mortality effects dominate the total Mortality effects dominate the total 
quantified damage costs of health quantified damage costs of health 
effects effects 
95 % of monetary damages are 95 % of monetary damages are 
attributed to the emission of attributed to the emission of 
secondary pollutants (nitrate and secondary pollutants (nitrate and 
sulfate)sulfate)
Costs are dominated by long Costs are dominated by long --term term 
mortality impact (80 % of the total mortality impact (80 % of the total 
damage costs).   damage costs).   



Results Results -- Nuclear Power PlantsNuclear Power Plants

Most of the health impacts are attributed Most of the health impacts are attributed 
to the occurrence of nonto the occurrence of non--fatal cancers in a fatal cancers in a 
global scale;global scale;
Human impacts are mainly associated with Human impacts are mainly associated with 
the dispersion throughout the global the dispersion throughout the global 
atmosphere dispersion of Hatmosphere dispersion of H--3 and Kr3 and Kr--85;85;
Food ban in the regional scale contributes Food ban in the regional scale contributes 
with almost 75 % of the total damage cost with almost 75 % of the total damage cost 
due to occurrence of a nuclear accident, due to occurrence of a nuclear accident, 
followed by the incidence of fatal and nonfollowed by the incidence of fatal and non--
fatal cancers.fatal cancers.



CONCLUSIONSCONCLUSIONS

Damage costs in Brazil are average Damage costs in Brazil are average 
ten times lower then those obtained ten times lower then those obtained 
in Europe, which can be explained by in Europe, which can be explained by 
the fact that costs, adjusted by GDP, the fact that costs, adjusted by GDP, 
and population density in Brazil are and population density in Brazil are 
much lower;much lower;
Nuclear energy Nuclear energy -- best option.best option.



Final RemarksFinal Remarks
Damage costs are not taken into consideration Damage costs are not taken into consideration 
during  the Environmental Licensing Process used during  the Environmental Licensing Process used 
in Brazil;in Brazil;
It is expected that with increasing discussions It is expected that with increasing discussions 
about externalities, especially in Public Hearing, about externalities, especially in Public Hearing, 
governmental and nongovernmental and non--governmental governmental 
organizations will require some kind of impact organizations will require some kind of impact 
and damage cost ;and damage cost ;
Application of simplified methodologies as the Application of simplified methodologies as the 
SIMPACT models can be a powerful tool for the SIMPACT models can be a powerful tool for the 
estimation of damage costs, mainly in developing estimation of damage costs, mainly in developing 
countries (lack of data).countries (lack of data).



ChallengesChallenges
Energy and Sustainable DevelopmentEnergy and Sustainable Development

Diversification of national energy matrices,Diversification of national energy matrices,
Reduction of the risks associated with Reduction of the risks associated with 
hydrological variability,hydrological variability,
Decentralization of energy production, especially Decentralization of energy production, especially 
in rural and remote areas,in rural and remote areas,
Improvement of the countries’ technological and Improvement of the countries’ technological and 
industrial bases.industrial bases.


