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ABSTRACT

This Report aims to give continuity to the Brazilian contribution to the CASES Project.

At this opportunity, complementing the information sent previously (WP1 and WP2), we would like to present some Brazilian experiences with the valuation of the environmental costs of externalities related to hydro-electric and gas fired thermo-electric generation, technologies selected by the Brazilian team for the cases studies in the report referring to WP1. In Brazil, electric power generation is preponderantly  of a hydraulic origin, followed by gas fired thermo-electric generation. BEN (Balanço Energético Nacional – National Energetic Balance) data shows that in 2006 hydro-electric generation accounted for 75% of the offer of electric energy in the country while gas fired thermo-electric generation was in second place with around 4% of the energy offered.

In this report it is sought to identify and determine the environmental costs (external costs) related to the impacts of these ventures on human health, which have still not yet been incorporated in any systematized form in the control costs of these ventures, which are included in its private costs. This proposal led us to use as a technical base the academic studies carried out in PPE/COPPE/UFRJ
, including: Environmental Costs Associated with Electric Generation: Hydro-electric versus Gas Fired Thermo-Electric Generation – Reis, 2001 and Methodology for the Valuation of Environmental Externalities of Hydro-Electric and Thermo-Electric Generation with the Aim of Its Incorporation in Long-Term Planning in the Electric Sector– Tolmasquim, 1999.

From this perspective, in the hydro-electric case great emphasis was given to the effects on human health related services (capacity to provide medical and hospital care and sanitation, amongst others) which can be attributed to the significant increase in the population contingent attracted by the venture. For gas-fired thermo-electric generation the analysis centers on the increase in the incidence of respiratory diseases resulting from the exposure of the inhabitants of nearby cities to the pollutants emitted, especially during the generation phase. 

The case studies evaluated and presented here show that the control measures adopted during the construction and maintenance of hydro-electric plants contribute to ensuring that these plants have not caused an increase in the vectors that cause tropical endemics. However, it needs to be taken into account that the psycho-social impact provoked by the reallocation of families from land that will be flooded due to the building of dams cannot be valuated and incorporated in the study due to the lack of consistent information.

For hydro-electric generation a case study was prepared related to the implementation of the Rio Madeira Complex in Rondônia, in the Amazon region. The Complex is composed of two hydro-electric plants, with a total of 6500 MW and it is planned to enter into operation in 2012. For the impact related to water-borne disease, as well as the estimate for the Rio Madeira plants, two studies carried out by Reis (2001) are also presented: - one for the Tucuruí plant (4000 MW), constructed between 1975 and 1984 in the Amazon region and expanded to 4375 MW in 2005, and the other on the Serra da Mesa plant (1275 MW), which commenced operations in 1998 and is located in the cerrado region. These plants are located in regions of low population density, but with a propensity to the proliferation of endemics if these are not controlled. Therefore, in first place it was evaluated the Tucuruí plant, constructed at a time when environmental legislation did not yet take into account in a significant manner the social and environmental impacts of the construction of power plants. Afterwards the Serra da Mesa plant, constructed in compliance with more restrictive environmental legislation, and Madeira, located in the Amazon region and currently in the licensing phase, were analyzed.

For the Rio Madeira Complex was calculated an additional cost of USS 1.03/MWh relative to the impacts of the increase of the population contingent, attracted by the enterprise, on the services for attendance the health human being. On the other hand, the programs of control of the endemic diseases currently adopted by the entrepreneurs have prevented externalities related to the endemic diseases. For this complex, the estimated control costs are of about USS 0,87/MWh, which already are incorporated in the private costs previously envoy for this technology. 

For the Tucurui plant the endemic diseases not considered in the private costs had been calculated in an additional cost of USS 0,64/MWh.

For gas-fired thermo-electric generation the RioGen/RioGen Merchant Thermo-Electric Complex, located in the Municipality of Seropédica, Rio de Janeiro was used as a case study. This has an installed capacity of 1355 MW, divided into two units: a 355 MW unit with a thermo-dynamic gas fired cycle and another with 1000 MW in a combined cycle. Reis 2001 studies highlighted an additional cost for this complex which at 2005 values was around US $5.23/ MWh generated, related to the increase in the incidence of respiratory diseases in cities located up to a maximum of 30Km from the generation plant. 

The results obtained allow us to note that, even taking into account the different regional characteristics, especially in terms of demographic density, the disease cost value for the hydro-electric plants are at a much lower level that those of the thermo-electric plants. In addition they point to the fact that the Sanitation and Endemic Control programs that have been implemented beforehand have contributed to avoiding the externalities associated with these diseases, as has been highlighted in the case of the Serra da Mesa plant. The most significant externalities are related to pressure on the health and sanitation infrastructure in the regions where the plants were constructed.

The calculation of environmental costs takes as a reference the Statistical Value of Life adopted by the European and adapted for Brazil and the morbidity value. For this case the Disease Cost (DC) method is used.

1. INTRODUCTION

The generation of electric energy in Brazil is predominantly based on hydroelectricity. In 2005 the installed capacity of hydro-electric plants was around 60 GW, corresponding to 25% of the hydro-electric potential existing in the country. The scenarios presented in the report referring to WP1 highlight the continuity in the use of this remaining potential, especially in the North of the country, in other words the Amazon region. In this region there is a potential that can be used of around 136 GW, of which around 60 GW are considered not to be useable before 2030, due to very high costs, environmental restrictions, and also because the knowledge of these potential is still very incipient (PNE, 2030). 

Of the total installed capacity of 214 GW projected in the reference scenario for the horizon of 2030, 170 GW correspond to hydro-electric generation, with gas-fired thermo-electric generation appearing in second place with 22 GW. For the period 2015-2030 the 2030 National Energy Plan estimates that 76% of hydroelectric expansion will take place in the Northern region, while 50% of gas-fired thermo-electric generation will be located in the Southeastern region.

Taking into account the objectives stipulated in WP7, case studies of hydro-electric generation in the Amazonian region and natural gas generation in the Southeastern region were chosen for the Brazilian contribution. 

In relation to the environmental costs linked to the electric sector, some impacts are still not systematically included in the venture planning process, such as the costs arising out of the increase in the incidence of respiratory disease resulting from the presence of secondary pollutants in cities around thermo-electric ventures, or those resulting from the increase in the population contingent attracted by the hydroelectric venture on the local health system, as well as the increase in disease vectors transmitted through water due to the change in the hydric system and the synergy with the increase in the population. 

Thus, the case studies presented here adopt as a basic reference the academic studies carried out in PPE/COPPE/UFRJ related to the valuation of environmental costs. These include the thesis ENVIRONMENTAL COSTS ASSOCIATED WITH ELECTRIC GENERATION: HYDRO-ELECTRIC X GAS FIRED THERMO-ELECTRIC PLANTS written by Marcelo de Miranda Reis in 2001 for his masters degree in Energy Planning in PPE/COPPE/UFRJ and the work prepared for ELETROBRAS in 1999 on the economic valuation of environmental effects. Part of the results of this work is published in the book edited by COPPE in 2000 (see TOLMASQUIM, M.T., et al, 2000) and in the article published in the scientific journal Ecological Economics (see TOLMASQUIM, M.T., et al. 2001). 

For hydro-electric generation, with the aim of analyzing the impacts on human health previously mentioned and anticipating the raising of these questions for the expansion of hydroelectric generation in the Amazon region, a case study was prepared on the implementation of the Rio Madeira Complex, which is composed of two hydro-electric plants with a total of around 6500 MW and which is scheduled to commence operations in 2012. For the case of the environmental costs related to water borne diseases, in addition to the estimate for the Rio Madeira plants two studies carried out by Reis (2001) are presented: - one for the Tucuruí Plant (4000 MW), constructed between 1975 and 1984 in the Amazon region and expanded to 8370 MW in 2005, while the other looks at the Serra da Mesa plant (735 MW), which started operations in 1998, and is located in the Cerrado region. These three studies represent different times of planning in the Brazilian electrical sector and permit the observation of the effectiveness of the actions that have been implemented in response to the more strenuous requirements of the country’s environmental legislation. 

For gas-fired thermo-electric generation, once again the academic studies to determine environmental costs carried out by Reis in the RioGen/RioGen Merchant Thermo-Electric Complex, located in the Municipality of Seropédica, Rio de Janeiro, were taken as a reference. With a total installed capacity of 1355 MW, the complex consists of a of a plant with a gas-fired thermo-dynamic cycle, with a total capacity of 355 MW and a plant with a thermodynamic cycle and combined cycle, with a total capacity of 1000 MW. For the plant as a whole the analysis of the fuel cycle indicates that the principal impacts on human health result from the emission of pollutants in their secondary form, emanating principally from the generation phase, with the risk of an increase in the incidence in respiratory diseases caused by the nitrate deposited by humid means.

In the determination of environmental costs, the valuation of mortality risks takes as a reference the Statistical Value of Life adapted from the European model for the Brazilian situation. The Disease Cost method was adopted for the morbidity value, taking as reference data the average cost per hospitalization and the average expenditure per laboratory use, with the data related to the incidence and costs of diseases being obtained from National Health System data from the Ministry of Health. The environmental cost was adopted as being equivalent to the result of the product of the collective risk by the determined mortality and morbidity values. Also considered as an environmental cost was the budget impact on regional public health services and sanitation resulting from the increase in the population due to the contingent attracted by the construction works.
2. DETERMINATION OF ENVIRONMENTAL COSTS – CRITERIA ADOPTED

For the purposes of this work environmental cost will be taken as being equivalent to the result of the product of the collective risk by the mortality and morbidity values based on the assumptions detailed below.

2.1. Mortality value

Taking as a reference Reis 2001, the values associated with mortality risk were estimated by taking as a base the adaptation for Brazil of the Statistical Value of Life adopted in Europe in 1998 (Externe 1998).

In Reis 2001, according to Markandya (1998, in Serôa da Motta 1998), the benefit transfer method, which consists of adapting the disposition to pay (DAP), or other estimate, of locations other than the one being studied, using for this conversion factors based on differences in income per capita, health expenditure, and purchasing power, amongst others, is a resource that permits the use of previous studies to determine the statistical value of life.

In this case, taking US $3,250,000.00 (US $ in 1992) as the statistical value of life for Europe in 1998, the following correction factors can be considered for estimating the statistical value of life no Brazil:

Factor 1: (PPCBr ÷ PPCEu)e  - (MARKANDYA 1998)

Or

Factor 2: [(PCBr ÷ PCEu)e x (EBr ÷ EBr) x (GBr ÷ GBr)] – (HEINTZ and TOL 1996)

Where:

· PPCBr – parity of purchasing power in Brazil in year t;

· PPCEu – parity of purchasing power in Europe in year t;

· PBr – GDP per capita in Brazil in year t

· PEu – GDP per capita in Europe in year t

· EBr – life expectancy in Brazil in year t

· EEu – life expectancy in Europe in year t

· GBr – health expenditure in Brazil in time t

· GEu– health expenditure in Europe in time t

· e – income elasticity in demand in Brazil 

After applying these factors SERÔA DA MOTTA (1998) obtained statistical values of life for Brazil, as shown in Table 1, which can be taken to correspond to the mortality risk.

Table 1  – Statistical Value of Life – Values Transferred from Europe to Brazil

	Country
	Brazil
	Europe

	Variables (in US$ at the 1995 rate)

	GDP per capita
	3640.00
	21,538.20

	Life expectancy (E)
	67.41
	77.3

	Health expenditure (G)
	7.4
	8.6

	Parity of purchasing power (PPC)
	5500.00
	17,900.00

	Elasticity:

	1 (most used)
	Factor 1 → 0.307263

	
	Factor 2 → 0.126273

	0.54 (*)
	Factor 1 → 0.528756

	
	Factor 2→ 0.286075

	Statistical Value of Life (Values in US $ at the 1992 rate)

	For e = 1 / Factor1
	998,604.75
	3,250,000.00

	For e = 1 / Factor 2
	410,387.25
	

	For e = 0.54 / Factor 1
	1,718,457.00
	

	For e = 0.54 / Factor 2
	929,743.75
	

	(*) – proposed by ARDILA, QUIROGA and VAUGHAM (1998) for Latin America and the Caribbean


Source: Reis 2001

In this paper, the mortality value, in other words the Statistical Value of Life in Brazil, will be taken as US$ 929,743.75 (use of e = 0.54 and Factor 2) 

2.2. Morbidity value resulting from disease

The morbidity value resulting from a determined disease will be estimated using the Disease Cost Method (DC) which takes into account, as shown below, medical expenditure on the treatment of disease and the value of work days lost as the result of disease:

DC Total = expenditure on treatment + value of work days lost

Expenditure on treatment = expenditure on hospitalization + outpatient expenditure

Expenditure on hospitalization = no. of hospitalizations x average stay (per type of disease) – P x average value of hospitalizations (per type of disease) – I.

Expenditure on work days lost  = (no. of hospitalizations with age above 14 x average stay)

x (average monthly income ÷ 30)

Average monthly income of Brazil (1996) = R$ 454.00 

DC per Case of Disease (Hospitalization) = DC Total ÷ Nos. of hospitalizations

Taking as a reference Reis 2001, the average cost standards adopted by SUS (Sistema Único de Saúde – National Health System) in 1996 (average cost per hospitalization – R$266.69 and the average cost general outpatient treatment – R$2.72), to measure outpatient expenditure per type of disease, were considered to be equivalent to the product of expenditure on hospitalization by the ratio between the average general cost hospitalization and the outpatient care adopted (in this case 2.72 / 266.69) –  Table 2.

Table 2  – Expenditure on Hospitalization and Work Days Lost in Relation to SUS – Brazil 1996

	Morbidity per type of disease according to 1996 values – Disease cost in SUS

	Period
	No. of Hospitalizations
	Expenditure on  Hospitalizations in R$ (D)
	Expenditure on Work Days Lose in R$ (E)
	Expenditure on Outpatients in R$ (F)
	DC Total in  R$

(G)
	DC per Disease Case in  R$

(H)

	
	Less than 14
	Over 14
	Total
	
	
	
	
	

	Month
	A
	B
	C= A+B
	D = C x P x I 
	E = (B x P) x (R$454.00 ÷ 30)
	F = D x (2,72 / 266.69
	G = D + E + F
	H = G / C


Source: Prepared by the authors based on Reis 2001

Since this data is restricted to SUS, which only covers the public health system, in Reis 2001 adjustment factors were also discussed that permitted the accounting and incorporation of the costs of various clinics and private health plans in addition to public sector costs. To do this the following adjustment factors were adopted for the various types of disease:

· The relationship between the mortality rate informed by SIM (Mortality Information System)
 and the mortality rate of the SIH (Hospital Information System), linked to SUS. In 1996 these rates were as follows SIM = 6.74; SIH/SUS = 1.95

· The percentage of deaths not informed to the health system (estimated in 1996 to be 16.55%) , which is taken from the ratio between deaths informed by SIM and those obtained from IBGE (Instituto Brasileiro de Geografia e Estatística - Brazilian Geographic and Statistical Institute) a federal government institute.

 Taking into account these adjustments the Disease Cost (DC) will be determined as follows (Table 3).

Table 3  – General Disease Costs (DC) – Brazil 1996

	Morbidity per type of disease for 1996 values –  General disease cost

	Period
	DC per case of disease in  R$

(H)
	Adjustment Factor

[(6.74 ÷ 1.95) x (100 ÷ 83.45)]
	DC per general case of  disease in  R$



	Month
	H = G / C
	4.14
	H x 4.14


Source: Prepared by the authors based on Reis 2001

2.3. Value of externalities resulting from the overload of public expenditure of human health protection and prevention care

The construction of hydro-electric plants has historically attracted workers and their family members who receive health services that are incorporated into the cost of the construction work. In addition the construction activities also attract indirect labor which intends to provide services for these new families. Studies have shown that for large and mid-sized hydro-electric plants this population contingent usually multiplies fourfold, implying the need to increase the basic infrastructure services offered such as basic sanitation and health care which is the responsibility of the state Therefore, this represents an externality related to the human health cost of the venture. In this work, this will be valued in accordance with the following methodology:

2.3.1. Pressure on public health services:

The population in the region and the health infrastructure existing before the construction of the project are evaluated, after which the number of workers that will be attracted to the construction work will be estimated, as well as the indirect population contingent (IP) attracted to the region in question. Based on official Ministry of Health data per capita public expenditure (GP) on health in the region will be obtained. The cost associated with public health expenditure on this population group attracted by the construction work, which ends up as a deficit of resources for health in the region, corresponds to the sum of the product of PI by GP over the expected working life of the hydro-electric plant. 

2.3.2. Pressure on basic sanitation:

The population in the region and the health infrastructure existing before the construction of the project are evaluated, after which the number of workers that will be attracted to the construction work will be estimated, as well as the indirect population contingent (IP) attracted to the region in question. Based on official Ministry of Cities data, per capita public expenditure (GS) on sanitation will be obtained for the region. The cost associated with sanitation expenditure resulting from the population flow to the region corresponds to the sum of the product of PI by GP over the expected working life of the hydro-electric plant. 

3. Impacts of Electric Generation on Human health – Brazilian Case Studies 

As registered in the report referring to WP1, hydro-electric and gas-fired thermo-electric generation technologies were looked at under the auspices of the Brazilian contribution to the CASES project.

3.1. Gas-fired thermo-electric generation

In this report which will consider the open cycle and the combined cycle as alternatives for gas-fired thermo-electric generation the impacts resulting from these generation technologies will be considered, with particular emphasis being given to the impacts on human health, taking as a base the analysis of the fuel cycle. The principal activities, or stages, of this cycle are:

· Natural gas prospecting and exploitation

· Construction of treatment and generation and gas pipelines

· Extraction of natural gas (platform)

· Operation of gas pipelines (onshore and offshore)

· Treatment of gas

· Generation of electric energy

· Disposal of residues

· Transmission of electricity

· Transport of materials and personnel

Taking into account the different phases of the fuel cycle, the causes and the receptors, as well as the evaluation of these impacts in terms of their priority, classified as high, medium and low, Reis presents a general table of impacts for gas-fired thermo-electric generation (Table 4).

Table 4  – Impacts of the Fuel Cycle of Gas-Fired Thermo-Electric Generation 

	Cause
	Receptor
	Impact
	Priority

	1 – Natural gas prospecting and exploitation

	A – Occupational Health

	Exploitation accidents 
	Workers
	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	Noise 
	Workers
	Loss of hearing
	Low

	
	
	Psychological stress
	Low

	Physical stress 
	Workers
	Bone and muscle damage
	Not enough data to classify

	Nuclear radiation (from the radioactive drilling process in wells) 
	Workers
	Radiation effects
	Low

	B – Atmospheric emissions

	Emission from exploitation platforms and vessels
	Various
	Various
	Low

	2 – Construction of platforms, gas pipelines, treatment and generation plants, and transmission lines

	A – Occupational Health

	Construction accidents
	Workers and the public in general
	Light injuries
	Medium

	
	
	Serious  injuries and death
	High

	Noise
	Workers
	Loss of hearing
	Low

	
	
	Psychological stress
	Low

	Physical stress
	Workers
	Bone and muscle damage
	Not enough data to classify

	Particles35
	Workers
	Respiratory problems
	Not enough data to classify

	B – Atmospheric emissions

	Particles
	The public in general
	Respiratory problems
	Minimal

	
	Air quality
	Loss of visibility
	Minimal

	
	Materials
	Increase of frequency of cleaning
	Minimal

	Other primary and secondary emissions36
	Various
	Various
	Minimal

	3 – Extraction – Operation of gas platform

	A – Occupational Health

	Construction accidents
	Workers and the public in general
	Light injuries
	Medium

	
	
	Serious  injuries and death
	High

	Noise
	Workers
	Loss of hearing
	Low

	Physical stress
	Workers
	Bone and muscle damage
	Not enough data to classify

	B – Atmospheric emissions

	Gases that produce ozone, HNO3 and nitrates (NOx and hydrocarbons)37
	The public in general
	Respiratory problems – pulmonary
	Minimal

	Greenhouse gas emissions (CO2, CH4 e N2O)38
	The public in general
	Contribution to climate change and its impacts on health
	High

	Other emissions
	Various
	Various
	Minimal

	Carbon monoxide39
	Human health
	Respiratory problems
	Low

	4 – Operation of gas pipelines (onshore and offshore)

	A – Occupational Health

	Construction accidents
	Workers and the public in general
	Light injuries
	Medium

	
	
	Serious  injuries and death
	High

	Noise
	Workers
	Loss of hearing
	Low

	
	
	Psychological stress
	Low

	Physical stress
	Workers
	Bone and muscle damage
	Not enough data to classify

	B.1 – Atmospheric emissions – offshore

	Gases that produce ozone, HNO3 and nitrates
	Various
	Various
	Minimal

	Greenhouse gases
	Various
	Various
	Minimal

	B.2 – Atmospheric emissions – onshore

	Gases that produce ozone, HNO3 and nitrates
	Various
	Various
	Low

	Greenhouse gases
	Various
	Various
	Low

	Other combustion gases
	Various
	Various
	Minimal

	5 – Treatment of gas

	A – Occupational Health

	Construction accidents
	Workers and the public in general
	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	Noise
	Workers
	Loss of hearing
	Low

	
	
	Psychological stress
	Low

	Physical stress
	Workers
	Bone and muscle damage
	Not enough data to classify

	Cause
	Receptor
	Impact
	Priority

	Radiation
	Workers
	Effects of radiation
	Not enough data to classify

	B – Emissions

	Gases that produce ozone, HNO3 and nitrates
	Various
	Various
	Low

	Carbon monoxide
	The public in general
	Respiratory problems
	Low

	Greenhouse gases
	Various
	Various
	Low

	Other combustion gases
	Various
	Various
	Minimal

	6 –  Energy Generation

	6.1 – Impacts on people

	A – Occupational Health

	Construction accidents
	Workers and the public in general
	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	Noise
	Workers
	Loss of hearing
	Low

	
	
	Psychological stress
	Low

	Physical stress
	Workers
	Bone and muscle damage
	Not enough data to classify

	B – Atmospheric emissions

	NOx, carbon monoxide, gases that produce ozone, 
HNO3 and nitrates (Secondary particles )
	The public in general
	Respiratory problems
	High

	
	Air quality
	Loss of visibility
	Low

	CO2 – Greenhouse effect and climate change
	The public in general
	Effects on health
	High

	
	
	Loss of work
	High

	Plumes of cooling towers (steam cycle)
	The public in general
	Proliferation of Legionella pneumophila40
	Not proven

	
	
	Proliferation of intestinal pathogens
	Not proven

	
	
	Loss of sight
	Minimal

	C – Others

	Noise
	The public in general
	Noise disturbance
	Low

	Physical presence
	The public in general
	Loss of sight
	Low

	Cause
	Receptor
	Impact
	Priority

	7 – Residue disposal (after treatment)

	A – Occupational Health

	Accidents
	Workers
	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	Noise
	Workers
	Loss of hearing
	Low

	
	
	Psychological stress
	Low

	Physical stress
	Workers
	Bone and muscle damage
	Not enough data to classify

	B – Atmospheric emissions

	Dust
	The public in general
	Accumulation of dust
	Minimal

	Secondary emissions
	Various
	Various
	Minimal

	8 – Energy transmission

	A – Occupational Health

	Accidents
	Workers
	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	Noise
	Workers
	Loss of hearing
	Low

	
	
	Psychological stress
	Low

	Physical stress
	Workers
	Bone and muscle damage
	Not enough data to classify

	B – Public health

	Accidents
	The public in general
	Light injuries
	Minimal

	
	
	Serious  injuries
	Low

	
	
	Death
	Low

	Electromagnetic fields
	The public in general
	Cancer
	Not proven

	C – Others

	Physical presence
	The public in general
	Loss of sight
	Medium

	9 – Transport of material and personnel

	A – Direct effects on health

	Accidents (during loading and unloading)
	Workers
	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	Accidents (during the transport of material and personnel)
	Workers and the public in general
	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	Noise
	Workers
	Loss of hearing
	Low

	Physical stress
	Workers
	Bone and muscle damage
	Not enough data to classify

	Cause
	Receptor
	Impact
	Priority

	B – Vehicle emissions

	Particles
	The public in general
	Risk of respiratory diseases
	Low

	Gases that produce ozone, HNO3 and nitrates
	The public in general
	Risk of respiratory diseases
	Medium

	NOx
	The public in general
	Risk of respiratory diseases
	Low

	CO2
	Various
	Climate change
	Low


Source: Extracted from Reis 2001, based on EC 1995, Pinguelli Rosa 1995 and 1996, Barcelos 1986, Rebello 1999 and Sala 1999

From the general analysis of Table 4 the following principal sets of impacts on human health can be highlighted as being of greatest relevance for the valuation, in terms of their level of priority:

On eco-systems:

· Impacts of greenhouse gas emissions (CO2, CH4 and N2O) from gas platforms (extraction and operation) and energy generation

· Impacts of atmospheric emissions from the energy generation phase

On people:

· Impacts of plant construction and operation phases of occupational health

· Impacts of greenhouse gas emissions (CO2, CH4 and N2O) from gas platforms (extraction and operation) and energy generation

· Impacts of atmospheric emissions from the energy generation phase on human health

For the effects of this report, and taking as a reference the objectives stipulated in WP2 and WP7 of the CASES project, the human health impacts of atmospheric emissions from the energy generation phase will be discussed and valued.

3.1.1. Impact of Atmospheric Emissions from the Generation Phase of Gas-Fired Thermo-Electric Plants on People – General aspects

The pollutants generated and emitted by thermo-electric plants are transported by the wind and diluted by atmospheric turbulence until they are deposited in the environs, as the result of both turbulent diffusion (dry deposition) and precipitation (wet deposition).

Furthermore, some of the primary pollutants emitted undergo chemical reactions in the atmosphere forming secondary pollutants such as nitric acid, nitrate aerosol and ozone.  

Therefore, to estimate the number of cases of disease and death resulting from atmospheric emissions, as well as to valuate the associated environmental costs, the concentration of pollutants at the level of the soil must first be evaluated, which corresponds to the concentration of pollutants that can be absorbed by people. As a result to determine the environmental costs associated with atmospheric emissions one people the following must first be determined, as shown in figure 1 below: 

· Primary atmospheric emissions resulting from fuel consumption or the energy generation.

· The concentration of pollutants at the soil level, based on the quantities emitted and the existing meteorological conditions and the use of dispersion models, where the transport of pollutants as well as the chemical reactions to which they are submitted in atmosphere can be simulated.

· Individual morbidity and mortality risks related to the concentration of pollutants at the soil level, using vulnerability data or dose-response functions.

· Collective risk, obtained by multiplying local demographic data by individual risk
. 

· Environmental cost using morbidity and mortality values obtained through life valuation methods.
Figure 1  – Flow chart to determine the environmental costs of atmospheric emissions
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Source: Reis, 2001

3.2. Emissions from gas-fired thermo-electric generation plants

3.2.1. Greenhouse gas emissions 

The most significant greenhouse gas emissions from gas-fired thermo-electric plants in the generation phase of the fuel cycle are CO2, which is the most common, NOx and N2O,, with the latter occurring in very small quantities, while the quantities of CH4 emitted by the generation plant exhaust system are also insignificant, resulting from the incomplete burning of the fuel
 . 

To determine CO2 emissions in energy generation, we used the higher calorific power of natural gas, which is approximately 11,000 kcal / kg GN, representing 106 /11.000 mg GN / kcal.

On the other hand, since the composition of natural gas is approximately 65% carbon, we get 0.65 x  106 /11,000 = 59.09 mg C/kcal. Since the molecular weight of carbon is 12 and CO2 is 44, the result is (44/12) x 59.09 = 216.67 mg of CO2/kcal.

As each kWh unit generated is equivalent to approximately 860.7 kcal, we get 860.7 x 216.67 = 186.485 mg de CO2 /kWh, equivalent to 186,5 g of CO2 / kWh.

In the combined cycle, since the net return for the calorific power adopted by the European Community (1995) is 47.45%, we have for the combined cycle a CO2 emission level of around 393 g/ kWh
.

For the other two thermodynamic cycles in thermo-electric generation the net returns for calorific power adopted by PINGUELLI ROSA and SCHECHTMAN (1996) are used, namely 38.1% for the steam cycle and 30.1% for the gas cycle. The following are the CO2 emission levels for the respective thermo-dynamic cycles: steam - 492 g CO2 / kWh; gas – 620 g CO2 / kWh (Table 5).

Table 5  – Greenhouse Gas Emissions in Gas-Fired Thermo-Electric Plants – Generation Phase

	Thermodynamic Cycle
	Emission in g / kWh

	Combined cycle
	CO2
	393

	
	NOx
	0.71

	
	N2O
	0.013

	Steam
	CO2
	492

	Gas
	CO2
	620


Source: Prepared by the authors based on EC 1995 and PINGUELLI ROSA, SCHECHTMAN (1996) and Reis 2001

3.2.2. Emissions and pollutant concentration at the soil level

According to Reis (2001), in addition to the primary emissions already looked at (CO2, N2O, NOx and CH4), in the gas-fired thermo-electric plant fuel cycle insignificant quantities of particle materials are also emitted, such as SOx, CO, other volatile organics, chlorine and metal traces.

Therefore, to the extent that the particle materials, SOx and CO, as well as CH4 which has an asphyxiating effect, are emitted in insignificant quantities, without any important toxic effect on human health, the principal impacts of gas-fired thermo-electric generation on people result from secondary pollutants, the products of chemical transformations in the atmosphere, such as secondary particles, HNO3 and nitrates in the form of aerosols (wet acid deposition) with region wide impacts.

Atmospheric pollutants are transported by the wind, diluted by atmospheric turbulence until they are deposited by turbulent diffusion (dry deposition) or by precipitation (wet deposition), on which occasion the chemical transformation of primary pollutants into secondary occurs simultaneously.

The dispersion and chemical  transformations of pollutants are influenced by different factors such as meteorological conditions, topography, wind velocity and direction, sun light, variations in temperature in function of variation sin altitude, as well as the pre-existing pollution level. 

To determine the concentration of pollutants dispersion models need to be adopted such as the Gaussiana curve. This model, restricted to evaluating the effects in regions 80-100 km distant from the generation source, assumes that emissions are carried by the wind in a straight line, mixing horizontally and vertically with the air around them, producing concentrations of pollutants with a normal dispersion. The dispersion equation of this model is as follows: 
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Where:

· C – concentration at the soil level (g/m3)

· Q – pollutant release level (g/s)

· H – effective height of pollutant release (m)

· Y – distance from point where concentration is to be measured in relation to the wind direction (m)

· u – wind velocity (m/s) 

· σy – standard deviation of wind in relation to the horizontal perpendicular of the wind line 

· σZ – standard deviation of wind in relation to the vertical perpendicular of the wind line 

The calculation of the annual average concentration at the soil level, taking into account each pollutant and each point in space, is obtained through the integration of the diffusion equation, which gives us:
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Where:

· C annual (x*,i) – annual average concentration at the soil level (μg / m3.year), considering a determined region x* distant from the emitting source (e.g. 20 x 20 km), located in sector i of the compass (i= N, NE, S, ..)

· Fi(u) – annual distribution of wind for direction i;

· gi (σy, σZ) – annual distribution of standard deviations of wind direction 

· n – number of compass divisions

· y* = x sine (2π/n)

3.3. Exposure to Risk and the Resulting Environmental Cost 

As detailed below, in this study the environmental cost related to the impacts of atmospheric emissions on human health is connected to the estimate of the potential individual and collective risks that result from the exposure to people to increments in the local and regional concentration of a determined pollutant. 
3.3.1. Individual morbidity and mortality risks 

Using the vulnerability or dose-response data dealt with by Reis (2001), it was considered that the risk of individual damage related to the exposure of individuals to increases in the concentration of a determined pollutant is given by the following equation:
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· Where:

· Δr – individual incremental risk related to the additional concentration C of a determined pollutant at the soil level in a determined region

· DR – dose-response coefficient of the effects of pollutants in additional concentration C

By way of example, in Table 6 below the dose-response coefficients of morbidity related to the aerosol nitrate deposited by wet means (EC, 1995), and it should be noted that, as described in EC 1995 and in other studies aerosol nitrogens are treated as type PM10 secondary particles (particles with a diameter less than 10μm).

Table 6  Dose-response coefficients 

	Damage
	Dose-response 

coefficient (DR)
	Variation in concentration

	Var. in days of prevalence of respiratory disease per 100,000 persons per year 
	Low = 60
	Change in annual concentration of PM10 (µg/m3) 

	
	Medium = 95
	

	
	High = 129
	


Source: EC 1995. In: Reis (2001)

3.3.2. Collective risk

For each region effected the collective risk is obtained by multiplying the individual risk estimated for the region analyzed by the population existing there. The collective risk of the venture is thus obtained by the sum of the risks evaluated for all the regions influenced:

ΔR = Σ Δr x Pop

3.4. 
The Environmental Cost of Gas-Fired Thermo-Electric Generation

3.4.1. Mortality value

The mortality values are the same as presented in item II.1.

3.4.2. Morbidity value

In this item we look at the morbidity values for respiratory diseases caused by nitrogens deposited by wet means.

According to the methodology and the basic data discussed in item  II.2 (morbidity value), and also taking into account the average stay (P) and the average cost of hospitalization (I) for respiratory diseases are estimated at 5.5. days and R$225.25, respectively,  as is shown in Table 7 for 1996 data.

Table 7  Respiratory diseases - Expenditure on Hospitalization and Work Days Lost, SUS – Brazil 1996

	Morbidity due to respiratory disease, 1996 values – SUS Disease Cost

	Period
	No. of Hospitalizations 
	Expenditure on  Hospitalizations in R$ (D)
	Expenditure on Work Days Lose in R$ (E)
	Expenditure on Outpatients in R$ (F)
	DC Total in  R$

(G)
	DC per case of disease R$

(H)

	
	Less than 14 
	Older than 14 
	Total
	
	
	
	
	

	Month
	A
	B
	C= A+B
	D = C x P x I
	E = (B x P) x (R$454.00 ÷ 30)
	F = D x (2.72 / 266.69
	G = D + E + F
	H = G / C

	Month
	84,000
	83,279.17
	167,279.17
	207,237,981.73
	6,931,602.92
	2,113,642.47
	2,162,833,227.12
	1292.95


Source: Prepared by the authors based on Reis 2001 

Corrected by the adjustment factors also discussed in item II.2, the following Disease Cost (DC) is obtained for respiratory diseases resulting from gas-fired thermo-electric generation, as shown in Table 8.

Table 8  Respiratory Diseases - Disease Costs (DC) in the General Scenario – Brazil 1996

	Morbidity per type of disease for 1996 values –  Disease Cost in the general scenario

	Period
	DC per case of disease in R$ (H)
	Adjustment Factor

[(6.74 ÷ 1.95) x (100 ÷ 83.45)]
	General DC per case of disease in  R$

	Month
	H = G / C
	4.14
	H x 4.14

	Month
	1292.95
	1292.95 x 4.14
	5352.80


Source: Prepared by the authors based on Reis 2001 

3.5. Case studies - RioGen Thermo-Electric Complex – RioGen Merchant

As a case study data will be presented related to the impact of atmospheric emissions from the RioGen Thermo-Electric Complex – RioGen Merchant located in Seropédica, Rio de Janeiro. This municipality is located in a subtropical region with moderate humidity, with a typical occurrence of a dry climate in the winter period and a wet climate during the Summer. It has an annual average temperature of 23.4ºC,  average annual precipitation of 1224 mm and annual average atmospheric pressure of 101.09 kPa (EIA 2000).

Table 9 and 10 show the principal technical characteristics of the venture and its principal emission parameters respectively.

Table 9  – RioGen Thermo-Electric Complex – RioGen Merchant – Principal Technical Characteristics 

	Location 
	Seropédica - RJ

	UTE RioGen Merchant

	Total Plant Capacity (And Company) 
	355 MW

	Thermodynamic cycle 
	Gas

	GTG Sprint LM6000PC Gas Fired Turbine Generators from General Electric (GE) with water injection to reduce NOx 
	8 x 44.375 MW

	Escape Temperature
	454 º C

	Escape Flow
	165.4 m3/s

	Scheduled Commencement of Operations 
	July 2001

	UTE RioGen

	Total Plant Capacity (and company) 
	≈1000 MW

	Thermodynamic cycle 
	Combined cycle

	Fuel Consumption (100% capacity) 
	195,000 m3/h

	Gas Turbines
	4 x 170 MW

	Total Gas Turbine Potency
	680 MW

	Exhaust Gas Discharge
	3,530,452 m3/h

	Temperature of Exhaust Gas at Simple Cycle Outflow
	609 º C

	Gas Turbine Generator 
	4 x 60 Hz

	Recovery Boiler Chimneys 
	4 x 40 m

	Temperature of Exhaust Gas at Recovery Boiler Outflow 
	96 a 120 º C

	Steam Turbines
	2 x 160 MW

	Total Steam Turbine Potency
	320 MW

	Steam Turbines Generator  
	2 x 60 Hz

	Scheduled Commencement of Operations 
	June 2003


Source: Reis 2001

Table 10  – RioGen Thermo-Electric Complex – RioGen Merchant – Emission Parameters

	Chimney
	Height 
(m)
	Diameter 
(m)
	Discharge 
(m3/s)
	Temperature  
(k)
	Veloc. 
(m/s)
	NOx 
(g/s)

	RioGen Merchant: 8 turbines and 6 compressors (355 MW) 

	Compressors 
	4.87 
	0.762 
	13.7 
	788 
	30,11 
	0.79 x 6 

	Turbines 
	27.4 
	2.74 
	165.4 
	727 
	28 
	12 x 8 

	RioGen: 4 turbines (1000 MW) 

	Turbines 
	40 
	5.5 
	485.2 
	375.4 
	20.4 
	49.14 x 4 

	Complex (1355 MW) 

	Weighted Average
	35.37 
	4.53 
	374.42 
	495.51 
	23.01 
	-

	Emission rates of total pollutants 
	297.3 


Source: EIA
, 2000 . In: Reis 2001

In relation to the velocity and distance parameters, taking as a reference the average annual velocity in the venture region (Table 11) and the Gaussiana Curve model and the dispersion equation, it was considered that for an average velocity of 4 m/s a distance of 80 km in a straight line and without obstacles would be necessary to allow all the chemical reactions involved in the formation of aerosol nitrate to take place. 

Nevertheless the existence of geographical accidents near to the venture – the Serra das Araras mountain range to the north, the Pedra Branca mountain to the east and the Atlantic Ocean to the south – mean that the dispersion is confined between regions with an altitude above 300 m and along a radius of approximately 30km.

Table 11  – Average Velocity of Wind Around the Venture (annual average)

	Direction
	Absolute Frequency
	Relative Frequency
	Average Speed (m/s)

	N
	 122 
	7 
	5.31 

	NE
	 415 
	23.9 
	5.18 

	E 
	173 
	10 
	3.94 

	SE
	 58 
	3.3 
	3.77 

	S
	 223 
	12.9 
	4.44 

	SO
	 385 
	22.2 
	4.04 

	O
	 339 
	19.5 
	4.92 

	NO
	 20 
	1.2 
	4.86 

	Total
	 1735 
	100 
	4.62 


Source: EIA 2000. In: Reis 2001

Based on this analysis 14 regions were considered as base cities, in other words, areas under the influence of the impacts of atmospheric emissions of the thermo-electric complex, with an average wind velocity varying between 3.81 m/s and 5.26 m/s and distances between 8 and 30.5 km (Table 12)

Table 12  – Wind Velocity in the Direction of the Base Cities and Distances Between These Cities and the Plant
	Base Cities
	Velocity (m/s)
	Distance x (km)

	Engenheiro Paulo de Frontin 
	5.26 
	18.5 

	Mendes 
	5.15 
	23 

	Belford Roxo 
	3.86 
	27 

	Itaguaí 
	4.08 
	21.5 

	Japeri 
	5.26 
	8 

	Nilópolis 
	3.81 
	25 

	Nova Iguaçu 
	3.86 
	22 

	Paracambi 
	5.06 
	12.5 

	Queimados 
	3.91 
	16.5 

	São João de Meriti
	3.84 
	30.5 

	Seropédica 
	4.33 
	8.5 

	XVIII RA – Campo Grande 
	4.23 
	25 

	XIX RA – Santa Cruz 
	4.31 
	24 

	XXVI RA - Guaratiba 
	4.35 
	30.5 


Source: Reis 2001

Using in the Holland equation data on the altitude and wind velocity in the direction of the previously evaluated base cities for the calculation of the ‘effective height’ that represents the height at which the plume becomes passive and begins to follow the movement of the atmospheric air
, Reis 2001 obtained the data shown in Table 13.
Table 13  – Effective Height of Release of Pollutants per Base City

	Base Cities
	∆H of Holland (m)
	Height H (m)

	Eng Paulo de Frontin 
	127.45 
	162.82 

	Mendes 
	130.17 
	165.54 

	Belford Roxo 
	173.68 
	209.05 

	Itaguaí 
	164.31 
	199.68 

	Japeri 
	127.45 
	162.82 

	Nilópolis 
	175.96 
	211.33 

	Nova Iguaçu 
	173.68 
	209.05 

	Paracambi 
	132.49 
	167.86 

	Queimados 
	171.46 
	206.83 

	São João de Meriti       
	174.58 
	209.95 

	Seropédica 
	154.83 
	190.20 

	XVIII RA C. Grande 
	158.49 
	193.86 

	XIX RA Santa Cruz 
	155.54 
	190.91 

	XXVI RA Guaratiba 
	154.11 
	189.48 


Source: Reis 2001

Based on the distances between the generating plant and the base cities in the wind direction the dispersion coefficients can be obtained for each of the Pasquill stability classes which, after being weighted according to their occurrence frequencies, create the vertical and horizontal dispersion coefficients in the wind direction. (Table 14).
Table 14  – Dispersion coefficients σy, σZ in the direction of the base cities 

	Base Cities
	B
	C
	D
	E
	Weighted

	Eng Paulo de Frontin

	σy 
	1915.95 
	1110.76 
	925.54 
	471.86 
	946.81 

	σz 
	2774.85 
	929.52 
	299.93 
	102.60 
	594.25 

	Mendes

	σy 
	2308.38 
	1322.36 
	1121.13 
	572.12 
	1144.00 

	σz 
	3567.28 
	1140.47 
	359.87 
	112.44 
	741.04 

	Belford Roxo

	σy 
	2646.19 
	1501.69 
	1290.57 
	659.06 
	1314.33 

	σz 
	4296.61 
	1326.23 
	411.59 
	119.97 
	873.28 

	Itaguaí

	σy 
	2179.15 
	1253.09 
	1056.57 
	539.01 
	1078.98 

	σz 
	3299.67 
	1070.41 
	340.12 
	109.34 
	691.88 

	Japeri

	σy 
	927.11 
	558.80 
	439.80 
	223.50 
	453.78 

	σz 
	1070.59 
	424.59 
	149.02 
	69.49 
	259.80 

	Nilópolis

	σy 
	2478.46 
	1412.96 
	1206.32 
	615.82 
	1229.69 

	σz 
	3929.18 
	1233.53 
	385.89 
	116.33 
	806.96 

	Nova Iguaçu

	σy 
	2222.39 
	1276.31 
	1078.16 
	550.08 
	1100.72 

	σz 
	3388.50 
	1093.79 
	346.72 
	110.39 
	708.24 

	Paracambi

	σy 
	1366.60 
	807.85 
	654.28 
	333.04 
	672.14 

	σz 
	1772.30 
	643.84 
	216.17 
	86.14 
	401.83 

	Queimados

	σy 
	1736.57 
	1012.77 
	836.62 
	426.32 
	856.93 

	σz 
	2433.25 
	834.94 
	272.58 
	97.63 
	529.69 

	São João de Meriti

	σy 
	2934.57 
	1652.85 
	1435.93 
	733.71 
	1460.12 

	σz 
	4952.11 
	1487.66 
	455.86 
	125.86 
	990.29 

	Seropédica

	σy 
	977.47 
	587.69 
	464.25 
	235.97 
	478.73 

	σz 
	1146.01 
	449.24 
	156.73 
	71.61 
	275.50 

	XVIII RA C. Grande

	σy 
	2478.46 
	1412.96 
	1206.32 
	615.82 
	1229.69 

	σz 
	3929.18 
	1233.53 
	385.89 
	116.33 
	806.96 

	XIX RA Santa Cruz

	σy 
	2393.73 
	1367.90 
	1163.85 
	594.03 
	1186.98 

	σz 
	3747.53 
	1187.05 
	372.92 
	114.42 
	773.95 

	XXVI RA Guaratiba

	σy 
	2934.57 
	1652.85 
	1435.93 
	733.71 
	1460.12 

	σz 
	4952.11 
	1487.66 
	455.86 
	125.86 
	990.29 


Source: Reis 2001

Having obtained the data for emission parameters, wind velocity and distance, effective height of release of pollutants  and dispersion coefficients in the direction of the base cities, and considering that if the wind is blowing in the direction of the city, distance Y will become null and a term in the equation becomes equal to the unit, the dispersion model equation is applied. For the data presented, according to Reis 2001, the concentration levels of NOx at soil level can be obtained for the base cities considered, which are equivalent to those that would reach the cities if the wind blew  continually in these direction and if no chemical transformations occurred during the transport (Table 15).

Table 15  – Concentration of NOx that Reaches Soil Level (g/m3)

	Base cities
	NOx Concentration (g/m3)

	Eng Paulo de Frontin 
	3.07982 x 10-5

	Mendes 
	2.11413 x 10-5

	Belford Roxo 
	2.07568 x 10-5

	Itaguaí 
	2.98027 x 10-5

	Japeri 
	1.25398 x 10-4

	Nilópolis 
	2.4187 x 10-5

	Nova Iguaçu 
	3.01078 x 10-5

	Paracambi 
	6.34603 x 10-5

	Queimados 
	4.94072 x 10-5

	São João de Meriti 
	1.66649 x 10-5

	Seropédica 
	1.30572 x 10-4

	XVIII RA C. Grande 
	2.19041 x 10-5

	XIX RA Santa Cruz 
	2.31845 x 10-5

	XXVI RA Guaratiba 
	1.47725 x 10-5


Source: Reis 2001

To adjust the quantity of pollutants that actually can reach the cities the NOx concentration values are then adjusted to the wind occurrence frequency in the octants related to the region (Table 16).

Table 16  – Wind Occurrence Frequency According to Octants 

	Octant
	Frequency

	N-NE
	15.45%

	NE-E
	16.95%

	E-SE
	6.65%

	SE-S
	8.10%

	S-SO
	17.55%

	SO-O
	20.85%

	O-NO
	10.35%

	NO-N 
	4.1%

	Total
	100%


Source: Reis 2001

In a complementary manner in the chemical transformation process, and taking as a reference the previously registered velocity values, the following suppositions were used: 5% of NO is transformed into NO2 while leaving the chimney; the transformation rate of NO into NO2 is 5% molar/s; the transformation rate of NO2 into HNO3 is 18 molar/h; according to MÉSZÁROS 1992, approximately 65% of gases are deposited by wet means; HNO3 is immediately hydrolyzed and is totally neutralized by the aerosol ammonia in nitrate; at this moment the aerosol reaches a critical mass for precipitation
. Based on these assumptions, the nitrate concentration level deposited by wet means on each city occurs as shown in the data in Table 17.

Table 17  – Concentration of Nitrate Deposited by Wet Means in each Base City (g/m3)

	Base cities
	After chimney
	% molar
per m
rate
	100% of 
remaining NO 
becomes NO2
	NO2 chimney + NO2 transformation

	
	NO2
(g/m3)
	NO 
remaining
(g/m3)
	
	
	

	Paulo Frontin 
	9.6809 x 10-8 
	1.19959 x 10-6 
	0.95057 
	105.2 m 
	1.93618 x 10--6  

	Mendes 
	6.64543 x 10-8 
	8.23455 x 10-7 
	0.970874 
	103 m 
	1.32909 x 10 -6  

	Belford Roxo 
	1.05825 x 10-7 
	1.31131 x 10-6  
	1.295337 
	77.2 m 
	2.1165 x 10--6  

	Itaguaí 
	4.00995 x 10-7 
	4.96885 x 10-6  
	1.22549 
	81.6 m 
	8.0199 x 10--6  

	Japeri 
	3.94167 x 10-7 
	4.88424 x 10-6  
	0.95057 
	105.2 m 
	7.88333 x 10--6  

	Nilópolis 
	1.23313 x 10-7 
	1.52801 x 10-6  
	1.312336 
	76.2 m 
	2.46626 x 10--6  

	Nova Iguaçu 
	1.535 x 10-7 
	1.90206 x 10-6  
	1.295337 
	77.2 m 
	3.07 x 10--6  

	Paracambi 
	1.99477 x 10-7 
	2.47178 x 10-6  
	0.988142 
	101.2 m 
	3.98953 x 10--6  

	Queimados 
	2.51894 x 10-7 
	3.1213 x 10-6  
	1.278772 
	78.2 m 
	5.03788 x 10--6  

	S J de Meriti     
	8.49632 x 10-8 
	1.0528 x 10-6  
	1.302083 
	76.8 m 
	1.69926 x 10--6  

	Seropédica 
	2.0872 x 10-6  
	2.58631 x 10-8 
	1.154734 
	86.6 m 
	4.17439 x 10--8 

	C. Grande 
	1.36025 x 10-7 
	1.68552 x 10-6  
	1.182033 
	84.6 m 
	2.7205 x 10--6  

	Santa Cruz 
	3.11948 x 10-7 
	3.86544 x 10-6  
	1.160093 
	86.2 m 
	6.23895 x 10--6  

	Guaratiba 
	9.17374 x 10-8 
	1.13675 x 10-6  
	1.149425 
	87 m 
	1.83475 x 10--6  

	

	Distance to cover
	% molar per m rate
	% transformed during the distance
	HNO3 (g/m3)
	HNO3 (g/m3) Wet Means  (60%)
	Nitrate Wet Means. (NH4NO3)

	18394.8 
	0.000951 
	17.49 
	2.22174 x 10--7 
	1.33305 x 10-7 
	1.69276 x 10--7 

	18397 
	0.001025 
	18.85 
	1.64442 x 10--7 
	9.86653 x 10-8 
	1.25289 x 10--7 

	18422.8 
	0.001439 
	26.52 
	3.68284 x 10--7 
	2.2097 x 10-7 
	2.80597 x 10--7 

	18418.4 
	0.00143 
	26.33 
	1.38595 x 10--6 
	8.31569 x 10-7 
	1.05596 x 10--6  

	18394.8 
	0.001162 
	21.37 
	1.10563 x 10--6 
	6.63376 x 10-7 
	8.42383 x 10--7 

	18423.8 
	0.001677 
	30.89 
	5.00021 x 10--7 
	3.00013 x 10-7 
	3.80968 x 10--7 

	18422.8 
	0.001727 
	31.82 
	6.41039 x 10--7 
	3.84623 x 10-7 
	4.8841 x 10--7 

	18398.8 
	0.001372 
	25.25 
	6.61101 x 10--7 
	3.96661 x 10-7 
	5.03696 x 10--7 

	18421.8 
	0.001847 
	34.03 
	1.12498 x 10--6 
	6.74986 x 10-7 
	8.57125 x 10--7 

	18423.2 
	0.001953 
	35.98 
	4.01259 x 10--7 
	2.40756 x 10-7 
	3.05721 x 10--7 

	18413.4 
	0.001796 
	33.08 
	9.06075 x 10--6 
	5.43645 x 10-6 
	6.90343 x 10--6  

	18415.4 
	0.001904 
	35.07 
	6.26114 x 10--7 
	3.75669 x 10-7 
	4.77039 x 10--7 

	18413.8 
	0.001933 
	35.60 
	1.45769 x 10--6 
	8.74615 x 10-7 
	1.11062 x 10--6  

	18413 
	0.00198 
	36.45 
	4.38874 x 10--7 
	2.63325 x 10-7
	3.3438 x 10--7 


Source: Reis 2001

Taking these annual concentrations of nitrate (NH4NO3) deposited by wet means as secondary particles (PM10), and adopting low dose-response coefficients
 (according to item III.1.3.1, DR=60), Table 18 shows the harm to health (individual risks) caused by acid precipitation for the different municipalities and administrative regions located within the area of influence of the thermo-electric complex being looked at.

Table 18  
– Individual Harm Caused by Nitrate Deposited by Wet Means

	HNO3 Concentration (µg/m3)
	Dose Response Coeff.
	Harm
	Number

	
	
	Description
	

	Engenheiro Paulo de Frontin

	0.169276
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	10

	Mendes

	0.125289
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	8

	Belford Roxo

	0.280597
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	17

	Itaguaí

	1.05596
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	63

	Japeri

	0.842383
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	51

	Nilópolis

	0.380968
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	23

	Nova Iguaçu

	0.48841
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	29

	Paracambi

	0.503696
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	30

	Queimados

	0.857125
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	51

	São João de Meriti

	0.305721
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	18

	Seropédica

	6.90343
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	414

	XVIII RA – Campo Grande

	0.477039
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	29

	XIX RA – Santa Cruz

	1.11062
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	67

	XXVI RA – Guaratiba

	0.33438
	60
	Chronic prevalence of Respir. Disease / 100,000 p.
	20


Source: Reis 2001

With the population data for each of the regions and the number of cases of death per case of disease, for respiratory diseases, (in Reis 2001 this is estimated as being 0.026441 deaths per case of disease), the collective harm caused by deposited nitrate can be obtained (Table 19).

Table 19  – Collective Harm Caused by Nitrate Deposited by Wet Means 

	Harm
	Cases /100,000
	Population
	Cases
	Death /Case
	Deaths

	Engenheiro Paulo de Frontin

	Respir. Disease
	10
	12,948
	1
	0.026441
	0

	Mendes

	Respir. Disease
	8
	17,747
	1
	0.026441
	0

	Belford Roxo

	Respir. Disease
	17
	433,348
	73
	0.026441
	2

	Itaguaí

	Respir. Disease
	63
	76,058
	48
	0.026441
	1

	Japeri

	Respir. Disease
	51
	83,371
	42
	0.026441
	1

	Nilópolis

	Respir. Disease
	23
	152,787
	35
	0.026441
	1

	Nova Iguaçu

	Respir. Disease
	29
	873,583
	256
	0.026441
	7

	Paracambi

	Respir. Disease
	30
	41,869
	13
	0.026441
	0

	Queimados

	Respir. Disease
	51
	117,068
	60
	0.026441
	2

	São João de Meriti

	Respir. Disease
	18
	441,858
	81
	0.026441
	2

	Seropédica

	Respir. Disease
	414
	59,584
	247
	0.026441
	7

	XVIII RA – Campo Grande

	Respir. Disease
	29
	390,195
	112
	0.026441
	3

	XIX RA – Santa Cruz

	Respir. Disease
	67
	260,682
	174
	0.026441
	5

	XXVI RA – Guaratiba

	Respir. Disease
	20
	62,250
	12
	0.026441
	0


Source: Reis 2001

Knowing the total number of cases of disease and death, as well as the mortality costs dealt with in II.1, taking e = 0.54 and Factor 2 = 0.286075, and the morbidity costs treated in II.2, the annual environmental cost of the gas fired thermo-electric complex RioGen / RioGen Merchant due to the deposition of nitrates by wet means is according to Reis 2001 R$82,808,149.53 (eighty-two million, eight hundred and eight thousand, one hundred and forty-nine Brazilian reais and fifty-three cents)  in 2000 values, equivalent, at the same year’s values, to an addition cost of around R$7.00 (seven reais) / MWh generated.

Converting this value into the equivalent dollar value for 2005, to which is applied the general price index (IGP – DI) calculated and published by the Getúlio Vargas Foundation, which reflects the variation in inflation in the country during the year, we get the annual environmental cost of the gas-fired thermo-electric complex RioGen / RioGen Merchant due to the deposition of nitrates by wet means. According to Reis 2001 this amounts to US $61,890,084.37 (sixty-one million, eight hundred and ninety thousand, and eight-four dollars and thirty-seven cents)  at 2005 values, which is equivalent, also at the values for same year, to an additional cost of around US $5.23/ MWh generated.
3.6. Hydro-Electric Generation

For the purposes of this work we will identify the potential damages to human health resulting from the construction of the plant, the generation of electricity and its transmission. 

Table 20 shows the main impacts on human health that were identified through the analysis of environmental impact studies carried out to evaluate the environmental feasibility of the construction of hydro-electric plants  in Brazil. It should be highlighted that the construction of dams can result in the need to resettle populations. This activity is carried out by construction companies with the support of specialists to avoid psycho-social and economic harm to the resettled population, although this objective is not always attained. However, the lack of studies in Brazil that can allow the measurement of the psycho-social impacts caused to the resettled population meant that we were unable to consider this type of impact in this study.

Table 20  – Impact of the hydro-electric life cycle on human health.

	CAUSE
	RECEPTOR
	IMPACT
	PRIORITY

	DURING CONSTRUCTION

	The population flow attracted by the work 
	The public in general
	Effects on health due to the unsuitability of the health system and the local sanitation for dealing with a the greater population flow.
	High

	
	
	Effects on health due to the creation of means conducive to the migration of transmissible diseases.
	High

	Construction accidents
	Workers
	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	DURING OPERATIONS

	Alteration of flow of water from lotic to lentic through the barring and attenuation of high tide peaks and flooding with an increase in the time water stays in the reservoir 
	The public in general
	Effects on health through the creation of the conditions conducive to the development of water-borne disease (bad sanitary conditions) and the vectors of transmissible diseases (gastropods, mosquitoes, bad sanitary conditions, etc.)

	High

	Dam /Reservoir
	The public in general
	Effects on health through the creation of the conditions conducive to the development of water-borne disease (bad sanitary conditions) and the vectors of transmissible diseases  (gastropods, mosquitoes, bad sanitary conditions, etc.)

	High

	Dam /Reservoir
	The public in general
	Effects on health through the increased concentration of mercury in fish
	Not proven

	Accidents during operation of plant
	Workers
	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	DURING TRANSMISSION: construction

	Construction accidents


	Workers


	Light injuries
	Medium

	
	
	Serious  injuries
	High

	
	
	Death
	High

	DURING TRANSMISSION: During operations (some after construction) 

	Electro-magnetic fields
	The public in general
	Cancer 
	Not proven

	Accidents during the operation and maintenance of transmission lines
	The public in general


	Light injuries
	Minimal

	
	
	Serious  injuries
	

	
	
	Death
	

	Physical stress 


	Workers
	Bone and muscle damage
	Not enough data


Source: Prepared by the authors based on REIS, 2001. 

Based on a general analysis of Table 20 the following principal sets of impacts on human health are of particular importance, and need to be valued due to their level of priority:

· Impacts of the plant construction and operation phases on occupational health

· Impact of the construction phases resulting from the significant increase in the population 

· Impacts of the operation phase as a result of the increase in water-borne diseases and the increase in infectious disease and parasite vectors due to the changes in the hydric regime and the synergy with the increase in the population.

For the purposes of this report, and taking as a reference the objectives stipulated in WP2 and WP7 of the CASES project, the impacts of the plant construction and operation phases on occupational health will  not be valued, since these costs have already been incurred by the constructors of the hydro-electric plants and they thus do not represent an externality to be valued. 

3.6.1. Impact of the construction phase as a result of the significant increase in the population 

The construction of a large-scale hydro-electric plant can, generally speaking, provoke a significant population flow to the region where the venture is being built. In addition to the employees directly hired by the relevant companies for the construction and their families, people interested in providing services for these direct employees are also attracted to the region. This creates an excess population in the region that results in the need to expand basic sanitation and public health services to deal with this population flow motivated by the construction work. It should be highlighted that company responsible for the construction meets the demands of its labor force and their families, but it does not supply the needs of the indirect population attracted by the work, which is transferred to the country’s health system.

In Brazil, the basis for the calculation of almost all health planning is population, from the provision of financial resources to the quota of hospitalizations, outpatient consultations, laboratory exams, etc. The expansion of the population in a region at a determined moment impacts on the application of the resources allocated to this region. On the other hand, this population flow does not come from the same origin, usually it actually comes from a variety of different places. As well as the fact that most often the low level of outflow from the locations of origin impacts little of these area, a disparity was identified between the need for resources to deal with the new incoming population attracted by the construction work and the excess resources in the regions where the immigrant population had previously received health care.

Therefore, to place a value on this impact it was sought to obtain information about the tendency for population growth in the region in order to make comparisons with the inflow resulting from the construction work. Per capita public health and sanitation expenditure was valued for the Brazilian state in question, as shown in II. 3.

3.6.2. Impact of the operation phase on the increase in water-borne diseases and in infectious disease and parasite vectors due to the change in the hydric system and the synergy with the increase in the population 

Initially it is worth noting that according to the environmental legislation in force in the country during the preparation of the socio-environmental studies required to obtain approval for the environmental feasibility of ventures, the principal disease vectors and endemics occurring in the region are surveyed. Based on these results mitigating measures are defined and programs are established to be implemented by the construction companies, such the Epidemiological Control Program and the Intensification of Endemic Controls Program. It is recommended that the implementation of these programs should begin a year before construction is started. 

It should be emphasized that in the ventures where these programs have been adopted in compliance with the requirements of environmental authorities, these measures have been shown to have effective, reducing the incidence rate of these diseases, as will be shown here. In this way the externalities related to these impacta have gradually come to figure as control costs absorbed in the venture. 

With the aim of illustrating the effectiveness of these actions, three case studies of these impacts will be presented in this work, involving hydro-electric plants designed in different periods. In other words before and after the environmental legislation came into effect. 

To place a value on this impact, a dose-response function has first to be established between the construction of the dam and the variation in the pathogenic agent measured in the area being analyzed (micro-epidemiological analysis) and after this the relation between the variation of this pathogenic agent and the rate of morbidity and mortality (macro-epidemiological analysis) has to be established. These epidemiological studies can be carried out in two basic forms: one based on the monitoring of the health of a sample of people identified in time (cohort study) and the other based on statistical data for a population without identifying each individual (population studies). In addition two different approaches can be adopted: time series where variations are observed over time in the rate of effects in specific areas and cross sectional studies where differences in effects in different locations are observed at a determined point of time, or during a period of time (it can also include the effects of long term exposure) (SZKLO 1997).

According to Reis (2001) one difficulty in establishing these functions is the lack of a reliable database. In Brazil attempts have been made in this direction beginning in 1961 with the creation of a list of diseases that nationally have to be informed to health authorities (45 diseases, viruses and work mishaps - Decree 49.974-A). This was continued in 1969 with the establishment of the National System of Compulsory Notification Diseases (SNDNC) where the information is collected directly from the health service network through the registration of diseases and injuries, and more recently with the Ministry of Health’s DATASUS information system54. However, the reliability of this data is relative, since the notification of diseases is not seen in the health service network as a basic or fundamental activity. In addition, another problem that can be encountered is the lack of diagnostics, since doctors are more concerned with how to cure than with the origin of a disease (as in the case of diarrhea which can have various causes). Another is the lack of a conclusive cause of death, since in many death certificates, such as by way of example death due to cardio-respiratory failure, the cause of death did not characterize the origin of the situation that led to the death. (In 1996 the national level of deaths due to unknown causes was 15.1% – DATASUS 1996). A further difficulty is related to the actual diseases themselves, since some vectors are only endemic in certain regions, making the creation of a single function very difficult. 

Thus, in this work we obtained through the application of case studies of the construction of three hydro-electric plants (Madeira Hydro-Electric Complex, Serra da Mesa and Tucuruí), the mortality and morbidity data for the variation in the cases of disease that occurred in the location after the construction of the dam. Afterwards, the values associated with the estimated increase in mortality and increase in the risk of morbidity were obtained. 

3.6.2.1. Mortality value

The mortality values are those given in the Table   (item II.1 – mortality value)

3.6.2.2. Morbidity value

In this item we take into account the morbidity values for VTDs (vector transmissible diseases), which are schistosomiasis mansoni (gastropods), yellow fever, malaria, leishmaniasis, dengue fever, filariasis, Chagas disease and onchocerciasis (insects). These are caused by the increase in vectors due to the construction of dams. Also looked at are water-borne diseases (WBD) resulting from alterations in flow (reservoir) in the construction of a hydro-electric plant which are: cholera, typhoid, dysenteries and internal parasites and infectious diarrhea (low levels of hygiene). These morbidity values are obtained using the methodology presented in II.2. To obtain outpatient expenditure per disease the ratio between the average cost per hospitalization in SUS in 1996 (R$266.69) and the average cost per outpatient consultation in SUS in 1996 (R$ 2.72) was used.

However, the above data is restricted to the hospital section of the public health system  (SUS). To take into account the costs of private clinics, health insurance plans, etc. we used the ratio between the mortality rata given by the Mortality Information System (SIM = 6.74)57 and the mortality rate of the Hospital Information System (SIH/SUS = 1.95). Also taken into account were the percentage of deaths not informed to the health system (16.55%), which is obtained from the ratio between informed deaths (SIM) and those obtained from IBGE’s Census and PNADs. Table 21 shows the disease cost (DC) per case of disease for 1996 in reais and for 2005 in dollar. These figures were updated for 2005 taking into account the inflation that occurred in the country in the period and transformed into dollars at the 2005 rate.  

Table 21  Disease Cost (R$ in 1996 and U$ in 2005)

	Disease
	DC per Case of Disease in SUS
	[(6.74 ÷1.95)
x
(100 ÷ 83.45)]
	DC per Case of Disease - General (R$1996)
	DC per Case of 
Disease - General 
(U$ 2005)

	Schistosomiasis Mansoni 
	2452.47
	4.14
	10153.23
	10,147.90

	Leptospirosis 
	2121.40
	4.14
	8782.60
	8,777.99

	Yellow Fever 
	766.29
	4.14
	3172.44
	  3,170.77

	Malaria 
	402.68
	4.14
	1667.10
	  1666.22

	Leishmaniasis
	3512.00
	4.14
	14539.68
	14,532.04

	Dengue Fever 
	339.41
	4.14
	1405.16
	1404.42

	Cholera 
	1338.67
	4.14
	5542.09
	   5539.18

	Typhoid 
	644.69
	4.14
	2669.02
	  2667.62

	Amebiasis and other micro orgs. 
	549.95
	4.14
	2276.79
	2275.59


Source: Prepared by the authors based on Reis, 2001

The morbidity value resulting from a determined disease includes the medical expenditure involved in treating the disease and the work days lost as a result of the disease.
Since we do not find in the specialized literature a dose-response that relates flooding due to the building of dams to an increase in the number of cases of water-borne disease, we verified this variation in the number of cases by comparing the variation after the construction period with the number of cases of disease in the flooded region. 

Also estimated based on the information contained in the environmental impact report for the Madeira hydroelectric plant are the projected costs of the endemics expected in the same area. In this case it is not possible to use the historical series compared with information related to the quantity of vectors after the construction of the dam, since it is still only at the planning stage.

3.6.3. Hydro-Electric Case study 

3.6.3.1. Rio Madeira Hydro-Electric Complex

The Santo Antonio (3150 MW) and Jirau (3300 MW) hydro-electric plants which make up the Rio Madeira Hydro-Electric Complex (6450 MW) are located in the state of Rondônia in the Amazon Region. These plants are at the planning phase, and are scheduled to commence operations in 2012 and 2013. The Environmental Impact Study has been completed and the environmental feasibility approved, and the Prior License has been obtained to allow the venture take part in the hydro-electric concession auction.

3.6.3.1.1. Valuation of the impact of the construction phase resulting from the significant increase in the population 

The data related to the increase in population in the region where the ventures will be constructed was obtained from information contained in the technical reports of the consultants in the Environmental Impact Studies (EIA), identified by the Prosecution Service (Ministério Público) of the state of Rondônia and available at the official site of this institution  (www.mp.ro.gov.br). The data referring to health expenditure was obtained from DATASUS (the Ministry of Health’s Public Health Information Service - www.datasus.gov.br). The data referring to sanitation was obtained from information contained in the Environmental Impact Report  for Madeira, carried out by the previously mentioned consultants, authors of the relevant chapters in the documentation accordance to their academic specialties.

· A) Pressure on public health services

· Regional population data. 

The population of the state of Rondônia in 2005 was 1,534,594, while the capital of the state, Porto Velho, considered as being the area of influence of the project, had a population of 373,917.

· Number of workers during the construction work and the population contingent indirectly attracted to the region. 

For the construction of the two plants, it is estimated that the average number of workers involved in the construction will be 26,000. According to the technical reports of the Ministério Público consultants for the EIA it can be assumed that of the directly involved workers 5400 will be married. Using a rate of four people per family, based on the average family size in Porto Velho (3.91 people per family), a total of 21,600 people is obtained. Adding this to the value of the contingent of single workers (20,600) a total of 42,200 people directly under the responsibility of the construction company is obtained.

The technical reports of the Ministério Público’s consultants, based on demographic studies related to the implementation of other large-scale hydro-electric projects in the country (e.g. Itaipu and Tucuruí), gave an estimate of the total increase in the population of Porto Velho of around 200,000 people (Instituto Polis, 2006). Discounting the workers and families who receive support from the construction company, the pressure on public health will come from an increase of 157,800 people.

· Public per capita expenditure on health for the region (GP), obtained from SUS, for the construction period.

Annual per capita health expenditure for the state of Rondônia according to DATASUS/2004 was R$313.63. Updated for 2005, based on the IPC (the General Price Index published by FGV), the following is obtained:

GP = R$313.63 x 1.0493 = R$329.09 = US $139.23 per capita

· Annual deficit of financial resources for health in the region (RS), multiplying the population contingent attracted by the construction work by per capita health expenditure in 2005 values.

RS = R$329.09 x 157,800 = R$51,930,402.00 per year = US $21,969,713.00 per year 

3.6.3.2. Pressure on basic sanitation infrastructure 

Public expenditure on sanitation (GS) can be estimated as proportional to the part of the increased population that is not under the responsibility of the construction company, i.e., as previously mentioned approximately 157,800 people (PI). 

The average per capita expenditure on basic sanitation infrastructure used is contained in Table 22 below.

Table 22  – Expenditure on sanitation infrastructure 

	Infrastructure
	Average per capita cost  (R$)
	Average per capita cost  (US $)

	Water supply
	530.00
	232,46

	Sanitary sewage
	853.00
	374,12

	Solid Residues 
	40.00
	17,54

	Total
	1453.00
	624,12


Source: Ministério Público of Rondônia state

The investment required to deal with the increase in population of 157,800 is around US $98,486,163.00 in 2005 figures. 

The investment of these sums should take place during construction or during the initial years of operation. For the purposes of comparison with the costs of the other impacts taken into account, this can be transformed into an equivalent annual value distributed over the working life of the venture. For this we take into account a discount rate of 10% and a working life of 50, obtaining the following result:

GS = US $9,933,231.00 per year

· c) – Total impact value on the local health system 

The total impact value related to the increase in population as a result of the construction of hydro-electric plants will thus be the sum of the value of the annual deficit in financial resources for health in the region (US $ 21.969.713,00 per year) with the annualized value of investment in basic sanitation infrastructure (US $9,933,231.00 per year), amounting to US $31,902,944.00 per year.

3.6.3.3. Impact of the operation phase resulting from the increase in water-borne disease and infectious disease and parasite vectors due to the change in the hydric system and the synergy as a result of the population increase.

For the planned hydro-electric plants in the Rio Madeira complex, as mentioned in III.2.2 and as appears in the information obtained in the environmental impact reports, in the case of this impact control and epidemiological control actions are scheduled. Therefore the values presented here should be considered as costs avoided through the control of disease in the region. The control costs are those related to the programs scheduled by the construction company which are incorporated in the venture (private costs). 

· a) – Identify endemics in each of the regions and the rate of incidence 

The following information was obtained from Datasus on the annual rates for the diseases with the highest incidences in the region:

· leishmaniasis – 28.88/100,000 inhabitants (in Porto Velho municipality in 2005)

· dengue fever – 124.89/100,000 inhabitants (Porto Velho, in 2005)

· malaria – 77.24/1000 inhabitants (Rondônia state) 

· b) – Disease Cost

Taking as a reference the estimated disease costs given in Reis 2001, and updating them for 2005 the following is obtained:

Table 23  – Updating of Disease Cost (R$ in 2005)

	Disease
	DC per Case of
Disease – General

(R$ 1996)
	Disease
Cost – DC

(R$ 2005)
	Disease Cost 
– DC (U$ 2005)

	Malaria 
	1667.10
	   3806.82
	1666.22

	Leishmaniasis 
	14,539.68
	33,201.36 
	14,532.04

	Dengue Fever
	1405.16
	   3208.68 
	1404.42


Source: Prepared by the authors based on Reis, 2001

· c) – Estimated increase in incidence of disease as a result of the population increase 

In this case, considering the total increase in population as equal to 200,000 people and disease cost in US dollars at the 2005 rate, based on Reis 2001, the following is obtained:

· leichmaniasis _ 28.88/100,000 inhabitants x 200,000 = 57.76 cases per year x US $14,532.00 = US $ 839,368.30 per year

· dengue fever _ 124.89/100,000 inhabitants x 200,000 = 249.78 cases per year x US $1404,42 = US $ 50,796.00 per year

· malaria _ 77.24/1000 inhabitants x 200,000 = 15,448 cases per year x US $1666.22 = US $ 25,739,767.00 per year

· Total per year: US $ 26.929.031 per year

3.6.3.4. Summary of Madeira Case Study

Assuming that the two plants should create around 31,076,100 MWh per year, Table 24 presents the costs per MWh in R$ and US $. 

Table 24  – Summary of costs of impacts on health for the Madeira Complex

	
	US $ per year
	US $/MWh

	1) Total impact on local health system
	31,902,944.00
	1.03

	2) Increase in water-borne disease (avoided costs)
	26,929,031.00
	0.87

	TOTAL
	62,388,460.00
	1.90


3.6.3.5. Tucuruí and Serra da Mesa Hydro-Electric Case Studies

Taking into account what has been presented in III.2.2 above, to evaluate the impact of the operation phase resulting from the increase in water-borne diseases and the vectors of infectious diseases and parasites, due to the change in the hydric system and the synergy because of the increase in the population, two additional case studies were considered, which take as reference the studies carried out by Reis (2001).

The two case studies are presented below:

· Tucuruí Plant (4000 MW) – located on the lower part of the Tocantins River in the state of Pará, also in the Amazonian region, constructed between 1975 and 1984, a period when environmental legislation had not yet been regulated in the country. This plant was expanded to 8370 MW in 2005.

· Serra da Mesa Plant (735 MW) – also located on the Tocantins River, but on the upper part of the river in the state of Pará in the Cerrado region. It was constructed between 1986 and 1998. The design of this plant needed to be adapted to the requirements of environmental legislation. 

3.6.3.5.1. Tucuruí Plant 

The region upstream from the Tucuruí hydro-electric plant is characterized as having a high risk of malaria, due to the tropical forest which favors its transmission and the existence of groups at risk in constant movement in the area (garimpeiros, loggers, farmers) despite the low demographic density. (Reis, 2001)

In the area of the dam, which for the purposes of this case study is the solely taken as the municipality of Tucuruí, it can be seen in Table 25 that from the end of 1975 onwards when the construction work started, an explosive growth in malaria was observed, a growth which reached its maximum in 1984, precisely when the commercial operations of the first phase of the plant began. During the operation period of the plant the number of cases of malaria has remained higher than the average number of cases before construction due to  the presence of the dam, which is associated with the maintenance of the existence of the vector (A. Darlingi) and the low level of control (LA ROVERE, 2000).

Table 25  – Number of cases of malaria in the municipality of Tucuruí between 1962 and 1998

	Year
	Positive Cases
	Year
	Positive Cases

	1962
	106
	1981
	4479

	1963
	93
	1982
	6992

	1964
	28
	1983
	8519

	1965
	15
	1984
	10126

	1966
	152
	1985
	1411

	1967
	111
	1986
	650

	1968
	39
	1987
	1063

	1969
	8
	1988
	2103

	1970
	251
	1989
	2801

	1971
	174
	1990
	2165

	1972
	210
	1991
	Not collected

	1973
	600
	1992
	7058

	1974
	320
	1993
	6094

	1975
	251
	1994
	3439

	1976
	1127
	1995
	3117

	1977
	3387
	1996
	1567

	1978
	2762
	1997
	1423

	1979
	4953
	1998
	1895

	1980
	3691
	
	


Source: Fundação Nacional de Saúde (National Health Foundation). In: La Rovere, 2000

The average number of cases in the period before the construction of the dam (1962 - 1975) is approximately 106. Table 26 shows that the number of cases remained above this average during and after construction.

Table 26  – Number of cases of malaria in the municipality of Tucuruí since construction.

	Year
	Above the Average
	Year
	Above the Average

	1976
	959
	1985
	1243

	1977
	3219
	1986
	482

	1978
	2594
	1987
	895

	1979
	4785
	1988
	1935

	1980
	3523
	1989
	2633

	1981
	4311
	1990
	1997

	1982
	6824
	1991
	

	1983
	8351
	1992
	6890

	1984
	9958
	1993
	5926

	Total construction
	44.524
	1994
	3271

	
	
	1995
	2949

	
	
	1996
	1399

	
	
	1997
	1255

	
	
	1998
	1727

	
	
	Total during operation
	32,602

	General Total
	77,126


Source: Reis, 2001.

In the construction period the average number increased to 4947 cases of the disease per year, while during operation in the period observed the average number is 2509 cases. 

Considering the Disease Cost of preventing an increase in the risk of contracting malaria calculated by Reis (2001), given in Table 26 and corrected for 2005 values according to the IPC, (DC = R$3806.82), the annual harm from the increase in the cases of malaria due to the construction of the plant, and solely in relation to the municipality of Tucuruí, results in the following values: 

· In the construction period:  4947 cases per year x R$ 3806.42 = R$18,830,359.74 per year or US $8,241,939.75 per year; 

· In the period after construction (until 1998):  2508 cases per year x R$3,806.42 = R$ 9,546,501.36 per year or US$4,178,448.53 per year; 

· In total R$28,376,860.78 per year or US$12,420,388.14 per year.

Taking into account the fact that at the time the data was collected the plant had an installed potency of 4000 MW and estimating that the energy generated annually is equal to 19,272,000 MWh year, the disease cost for the municipality of Tucuruí corresponds to US $0.64/MWh. 

3.6.3.5.2. Serra da Mesa Plant 

The reservoir from the Serra da Mesa plant, located in the state of Goiás, covers the following municipalities: Barro Alto, Campinaçu, Campinorte, Colinas do Sul, Minaçu, Niquelândia, São Luiz do Norte, and Uruaçu. Charts 31 and 32 contain the statistics for hospitalizations in the SUS network based on the information obtained in Datasus database for the period 1984 to 2000 covering these municipalities.

Table 27  – Number of hospitalizations per type of disease in the above mentioned municipalities

	Disease 
	92
	93
	94
	95
	96
	97
	98
	99
	00

	Schistosomiasis Mansoni 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Leptospirosis 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Yellow Fever 
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Malaria 
	21
	10
	21
	4
	1
	0
	0
	2
	4

	Leishmaniasis
	2
	2
	0
	1
	0
	3
	0
	0
	1

	Dengue Fever 
	0
	0
	0
	0
	0
	1
	3
	1
	1

	Cholera 
	0
	0
	0
	0
	0
	0
	0
	3
	0

	Typhoid 
	0
	0
	0
	2
	0
	0
	0
	0
	0

	Amebiasis and other micro orgs. 
	0
	0
	0
	51
	0
	5
	2
	1
	0


Source: Reis, 2001, based on DATASUS 2000. The 1984 - 97 database was consulted, using the CID 9 classification and the 1998 – Oct, 2000 database using the CID 10 classification.

Table 28  – Number of hospitalizations per type of disease in the North Goiás meso-region:

	Disease
	92
	93
	94
	95
	96
	97
	98
	
	99
	00

	Schistosomiasis Mansoni 
	1
	1
	5
	1
	0
	0
	0
	
	0
	0

	Leptospirosis 
	2
	1
	0
	1
	0
	0
	0
	
	1
	0

	Yellow Fever 
	1
	0
	0
	0
	0
	0
	0
	
	0
	0

	Malaria 
	36
	22
	38
	8
	4
	4
	0
	
	7
	11

	Leishmaniasis
	5
	3
	6
	3
	0
	3
	0
	
	6
	12

	Dengue Fever 
	0
	0
	0
	0
	0
	1
	3
	
	1
	1

	Cholera 
	0
	0
	0
	0
	0
	0
	0
	
	3
	0

	Typhoid 
	1
	0
	0
	2
	0
	0
	1
	
	1
	0

	Amebiasis and other micro orgs. 
	0
	1
	0
	72
	0
	5
	2
	
	1
	0


Source: Reis, 2001, based on DATASUS 2000. The 1984 - 97 database was consulted using the CID 9 classification and the 1998 – Oct. 2000 database using the CID 10 classification.

The construction of Serra da Mesa was carried out between 1986 and 1998, though from 1988 to 1993 the construction work was halted. Although the data for the North Goiás region has only been registered from 1992 onwards, the number of cases of diseases, both in municipalities directly affected and in the North Goiás meso-region, have not been found to have been affected, either by the recommencement of construction work in 1993 or by the completion of work and the flooding of the reservoir after 1996. Starting from the premise that the data is reliable, it can be assumed that the control measures adopted apparently had the result that the damage caused by the creation of an environment suitable to the proliferation of vectors, and as a result conducive to the increase in the number of cases of disease, was not relevant.

4. General Considerations

Throughout this report it has been sought to identify and determine the external costs imposed on human health and those that are related to the impact of two types of ventures that will predominate in the Brazilian energy matrix over the next 20 years, as shown in the scenarios presented in WP1. These are hydroelectric and gas fired thermo-electric generation. 

Due to the difficulties in obtaining data referring to all of the power plants currently existing in the country, it was decided instead to use representative case studies, as well as official data referring to public health expenditure and expenditure on sanitation infrastructure. Since obtaining data from the different sources with common dates did not prove to be possible, the data was updated for the year this study commenced based on the inflation index used in the country, and afterwards transformed into dollars so that comparisons could be made, as well as to facilitate its use by CASE.

It should be emphasized that the cost of the impact on human health caused by hydro-electric generation was quite elevated in the past, due to the rise in conditions conducive to the increase of vectors. Currently there is a greater concern with this potential harm and the companies that construct power plants are implementing programs to prevent it. Thus, that what was once an external cost has now become a harm control cost, since it is now incorporated into the private costs of the venture, which in turn is included in the scenarios presented in WP1. A similar process was observed for the harm caused to the health of workers in the plants, since nowadays companies running and constructing power plants provide insurance and programs to assist those injured in accidents, sometimes for the rest of their lives. 

However, it was observed that the construction of hydro-electric plants demands a large contingent of workers, which in turn attracts yet more people to the region resulting in the need for investments and expenditure to maintain the additional infrastructure required to prevent and treat the health of this increased population. This corresponds to an external cost for the project. The available information only allows us evaluate the cost for hydro-electric complexes that are scheduled to be implemented in the country.

In the case of thermo-electric plants it was decided to use the case study contained in the master’s thesis written by Reis (2001), which looked at the costs associated with the increased morbidity and mortality related to respiratory diseases in regions close to a thermoelectric venture located in the Southeastern region of the country.

It was noted that the environmental costs imposed on human health, not yet incorporated in private costs, are lower in hydro-electric ventures than in thermo-electric ones. This is justified by the fact that the endemic diseases identified in the hydro-electric cases studies do not cause death, and many of them are already being targeted by control programs, so they are now being incorporated in the respective private costs. The Table below contains the principal externalities and the relevant costs in relation to this work.

Nevertheless, it is also interesting to highlight that in both cases the information obtained and given here cannot be generalized since regional specificities, in relation to physical, socio-economic and population density, can influence the results.

Table 29  – Hydro-Electric and Gas-Fired Thermo-Electric Generation Externalities - Case Studies  

	Hydro-Electric Plants
	Madeira
	Tucuruí
	Serra da Mesa

	Installed Capacity
	6450 MW
	4000 MW
	4375 MW
	1275 MW

	Externality

(US $)
	Increase on local health system
	US $31,902,944.00 per year

US $1.03 /MWh
	-
	-

	
	Increase in vector-borne diseases
	
	US $12,420,388.00 per year

US $0,64/MWh
	

	Externality Avoided (US $)
	Increase in vector-borne diseases
	US $26,929,031.00 per year

US $0.87/MWh
	
	

	

	Thermo-Electric Generation
	RioGen/RioGen Merchant Thermo-Electric Complex

	
	RioGen Merchant
	RioGen

	Installed Capacity
	355 MW
	1000 MW

	Externality

(US $)
	increase in the incidence of respiratory diseases
	US $5.23/ MWh


Source: Prepared by the authors
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� PPE/COPPE/UFRJ – Energetic Planning Program, Alberto Luiz Coimbra Post-Graduation Program in Energy, Federal University of Rio de Janeiro, Brazil


� Since PNDA (Pesquisa Nacional por Amostra de Domicílios – National Household Sample) data (IBGE 1996) shows that from 14 onwards the number of active individuals is greater than the number of inactive individuals, the number of days lost was considered above this age.


�Average Income, PNDA (Pesquisa Nacional por Amostra de Domicílios – National Household Sample)  (IBGE 1996)


� This includes deaths in SUS establishments and private establishments.


� The premise that the population is homogenously distributed in the region is adopted.


� As a primary pollutant NOx generates ozone as a secondary pollutant in the same way that it produces OH ions that reduce the life time of methane in the atmosphere. Nevertheless, since the life time of ozone in the atmosphere is very low (according to IPCC 96  0.1 - 0.3 years) and, on the other hand, since the amount of methane emitted in the generation phase is minimal, the effect of NOx emissions on the generation of greenhouse gases is minimized.





� In PINGUELLI ROSA and SCHECHTMAN (1996) the net return for the calorific power in a combined cycle is 42.7%, which is equivalent to an emission level of 437 g of CO2 /kWh.


� Environmental Impact Study carried out in accordance with the Brazilian National Environment Policy as a pre-requisite for carrying out activities that make use of environmental resources and where the potential risks or degradation or pollution are considered significant.


� Since the characterization of the height of the plume in terms of the properties of the gases emitted and the atmospheric state at the time is a complex problem, to simplify the treatment of the dispersion it can be assumed that the dispersion will commence at a fictitious height above the source, with this height called the ‘effective chimney height – H’, which is defined as H = h + ΔH, where h = physical height considered and ΔH =  plume ascension (height plume elevation in relation to the top of the chimney). The effective chimney height is defined as the height at which the plume becomes passive and begins to follow the movement of the atmospheric air. (Federal University of Santa Catarina, 2005)


� The precipitation hypothesis is a conservative approximation that every pollutant that reaches a city in the form of an aerosol will precipitate over it.


� The use of a low dose-response coefficient has the aim of achieving a better balance for the hypotheses adopted, especially that the wind octant direction impacts on the carrying of pollutants to the cities, as well as the hypothesis that all the nitrate aerosol that reaches the soil level in the city results from precipitation.


� The gastropods cause schistosomiasis mansoni; the insects yellow fever, malaria, leishmaniasis, dengue fever,


filariasis, Chagas disease and onchocerciasis; and low levels of hygiene can result in cholera, typhoid, dysenteries and parasites.


� The gastropods cause schistosomiasis mansoni; the insects yellow fever, malaria, leishmaniasis, dengue fever,


filariasis, Chagas disease and onchocerciasis; and low levels of hygiene can result in cholera, typhoid, dysenteries and parasites.
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