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I. BACKGROUND 

A new regulation framework has been established for 
the Brazilian eletric energy market by a law put into effect 
on March 15,2004. 

The main overall goals of this new regulation are: 

− To allow the lowest possible tariffs for end users, 
while providing the necessary economic incentives 
for the operation of present installations (generating 
plants, transmission lines, distribution networks) and 
the expansion of the system; 

− Long-term planning of the extension of the 
installations required to meet the demand growth; 

− Separation of the generation, transmission and 
distribution activities by allocating them into 
different companies; 

− New contracts between generating and distribution 
companies must result from bidding processes based 
on lowest-tariff criteria; 

− Energy from new generating units required to meet 
the demand growth must be contracted by all 
distributing companies integrated to the National 
Interconnected Grid, in individual amounts 
proportional to their respective markets. 

II. THE BRAZILIAN NUCLEAR POWER 
PLANTS 

Two nuclear power plants are presently in operation 
in Brazil: Angra 1 (PWR, Westinghouse-design, 
657 MW, in commercial operation since 1985) and Angra 
2 (PWR, Siemens / KWU-design, 1,350 MW, in 
commercial operation since February, 2001). The site of 
both plants is located at Angra dos Reis, 150 km south of 
Rio de Janeiro. The operation of these two plants is under 
the responsibility of the Brazilian utility 
ELETRONUCLEAR. 

 

 

 

A decision regarding the construction of a third NPP, 
Angra 3 - identical to Angra 2 and for which about 80% 
(in value) of its main components are already stored at the 
same site – has not yet been taken, although the projected 
tariff for the commercialization of the energy from Angra 
3 which would allow an adequate coverage of its 
operational costs plus a reasonable financial return for the 
investment (such tariff would be about 35 US$/MWh) 
indicates that this plant would be economically 
competitive with new hydroelectric or fossil-fired plants 
which may be needed to meet a future growth in the 
demand for electric energy in Brazil.  

Changes that have been introduced in the structure of 
the Brazilian electrical energy market after 1997 have 
forced ELETRONUCLEAR to share the nation-wide 
drive for increasing competitiveness in the prices of 
energy and therefore to reduce its internal costs. In 
consequence, ELETRONUCLEAR has developed a 
strong internal effort to ensure that the operation of Angra 
1 and Angra 2 be performed under cost-effective policies 
and practices, while enforcing, at the same time, the 
permanent application of the nuclear industry’s 
worldwide safety standards. 

III. MAIN CHARACTERISTICS OF THE 
BRAZILIAN ELECTRIC SYSTEM 

The system practically integrates the whole country 
(8,500,000 sq km2), with 97% of the installed power made 
available by generating units which are interconnected by 
a single transmission-line grid. 

The system is strongly hydroelectrical, with more 
than 90% of the generation being provided by 
hydroelectrical plants. 

Table I indicates the generation data from each type 
of plant in the Brazilian electric system in the year 2003. 
As shown, Angra 1 and Angra 2 have generated 3.7% of 
the total production in the system during that period. 
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Table I. Energy Generated by Different Sources in 
the Brazilian Electric System in 2003. 

Type of Plant Generation (%) 
Hydroelectric 92.4% 
Oil 0.8% 
Coal 1.1% 
Gas 2.0% 
Nuclear (Angra 1 and Angra 2) 3.7% 

(Average production: 41,600 MW) 

About 80% of the installed capacity belong to 
federal- or state-owned generating companies, while 
about 70% of the distributing companies are private. A 
governmental program aimed to the privatization of all 
generating and distributing companies, started  in 1997, 
has practically been halted by the administration that took 
power in January, 2003. 

IV. BASIC REGULATIONS OF THE 
BRAZILIAN ELECTRIC ENERGY MARKET 

Until 1997 the Brazilian electric energy market was 
strictly regulated, with the following main characteristics: 

− Practically all generation and transmission companies 
were owned by the federal goverment, while most of 
the distribution companies were owned by the state 
governments and very few of them were private; 

− The areas of actuation of all companies were 
established by the government, with no possibility of 
one company operating outside its assigned area; 

− Amounts of energy contracted between generators 
and distributors were established by a federal 
government agency; 

− Tariffs for generators, transmission-line companies 
and distributors were all regulated by the federal 
government agency and reflected their corresponding 
costs plus a 10 to 12% return rate for the investments; 

− All final consumers were “captive” (served by the 
only distributor operating in their respective assigned 
areas). 

Starting in 1997, new regulations have been put into 
effect, aiming to introduce an effective price 
competitiveness among the generators, besides other free-
market dispositions. The main points of this regulation 
package are:  

− Separation of the generation, transmission and 
distribution activities 

− Possibilities for generators and distributors to 
commercialize their services outside their previously 
assigned areas; 

− Differences between contracted and supplied (by 
generators) or consumed (by distributors) energy are 
valued by the spot market price – which reflects the 
marginal operational costs for generation – and 
credited (to generators which supply more than their 
contracted energy and to distributors which consume 
less than their contracted energy) or charged (to 
generators which supply less than their contracted 
energy and to distributors which consume more than 
their contracted energy) to the agents; 

− Amounts of energy contracted between generators 
and distributors under the previous regulations 
(referred to as “Initial Contracts”) are being reduced 
by 25%  each year, beginning in 2003, and will be 
fully canceled, therefore, from 2006 onwards; 

− The amounts of energy available from the generators 
and released from the “Initial Contracts” must 
necessarily be offered to all distributors through 
nation-wide auctions; 

− Prices of the energy contracted between generators 
and distributors must either result from such auctions 
(if the corresponding amounts of energy are actually 
contracted through this process) or from extensions 
of the “Initial Contracts” (if  mutually agreed upon 
between the generators and distributors) or otherwise 
be subjected to the spot market price; 

− Consumers with a higher than 3 MW consumption 
are “free”, i.e., allowed to contract directly with any 
generator. 

 

V. COMMERCIALIZATION OF THE ENERGY 
PRODUCED BY THE NUCLEAR POWER PLANTS 

Before the implementation of the changes in the 
Brazilian electric energy market initiated in 1997, as 
mentioned in item IV, Angra 1 was owned and operated 
by FURNAS, a large Brazilian government-owned utility 
which generates about 20% of the electric energy 
produced in the country. 

In May, 1997 the ownership and the responsibility for 
the operation of Angra 1, as well as for the completion of 
the construction of Angra 2, were transferred to a new 
utility, created for this purpose, called 
“ELETRONUCLEAR”. 

The reason for this change was that, according to the 
plans for the structural changes in the Brazilian electric 

 



energy market, FURNAS was, at that time, planned to be 
privatized, while, according to the Brazilian constitution, 
the ownership and operation of nuclear power plants must 
be a federal government’s monopoly. (FURNAS has not, 
up to now, been privatized, due to a change in the 
government’s strategy which took place later on.) 

The amount of energy corresponding to Angra 1 and 
Angra 2 included in the “Initial Contracts” mentioned in 
item IV is 1,266 MW and was assigned to the contracts 
between FURNAS and the distributors operating in its 
concession area. The supply of energy from Angra 1 and 
Angra 2 has up to now been covered by contracts between 
ELETRONUCLEAR and FURNAS (from May, 1997 to 
July, 2001 for Angra 1 only and after July, 2001 for both 
Angra 1 and Angra 2). 

The operational costs of Angra 1 and Angra 2 are 
indicated in Table II. These costs were computed on the 
basis of the gross energy generated by both plants in 
2003, which totaled 13,336,037 MWh. 

Table II. Operational Costs of Angra 1 and Angra 2. 

Item Cost (US$ / MWh) 
O & M 10.37 
Fuel 3.09 
Depreciation 4.33 
Decommissioning 1.44 
Taxes 2.64 
Financial costs 5.17 
Total 27.04 
 

The basic conditions currently applicable to the 
commercialization of the energy produced by Angra 1 and 
Angra 2 are the following: 

− The contracted amount of energy for each month is 
specified by ELETRONUCLEAR (provided that the 
yearly total is 1,266 MW x number of hours of the 
year), taking into account the schedule for the 
refueling outages of Angra 1 and Angra 2; 

− The monthly contracted amounts of energy are priced 
by the “contracted energy tariff” (about 26 
US$/MWh) and monthly invoiced by 
ELETRONUCLEAR, regardless of the actual energy 
supply; 

− The differences between the energy actually supplied 
during each month (gross generation less internal 
consumption of the plants less 
ELETRONUCLEAR’s share of the energy losses in 
the transmission lines, which represent 3% of the 
energy supplied by the plants) and the contracted 

energy are valued by the spot market price and 
credited (if positive) or charged (if negative) to 
ELETRONUCLEAR. 

The income from the production of energy from 
Angra 1 and Angra 2, under the present 
commercialization conditions, is insufficient to cover 
ELETRONUCLEAR’s total costs, mainly because: 

− The average net supply from Angra 1 and Angra 2 is 
about 1,500 MW, so that about 234 MW  of  excess  
supply  from  ELETRONUCLEAR  are  valued  by  
the spot  market  price  (today about 6 US$/MWh)  
and credited to ELETRONUCLEAR. 

− ELETRONUCLEAR’s income, composed by the 
credit from the contracted energy (1,266 MW with a 
26 US$/MWh tariff) plus the credit from the excess 
supply (234 MW with a 6 US$/MWh spot market 
price), totals about 300 million dollars a year, while 
the present operational costs of ELETRONUCLEAR 
totals about 360 million dollars a year. 
 

In consequence of these difficulties, 
ELETRONUCLEAR has registered financial losses for 
the past four fiscal years (2000 to 2003). Such losses have 
been covered by ELETRONUCLEAR’s government- 
controlled holding company (ELETROBRAS). 

VI. PROPOSED CONDITIONS FOR THE 
COMMERCIALIZATION OF THE ENERGY 

FROM THE NUCLEAR POWER PLANTS 

As indicated in item V, the present conditions for the 
commercialization of the energy from Angra 1 and 
Angra 2 Nuclear Power Plants in the Brazilian electric 
energy market are bringing serious financial difficulties 
for ELETRONUCLEAR. 

In addition, ELETRONUCLEAR considers that the 
commercialization of the energy from the two nuclear 
power plants installed in Brazil should take into account 
some specific factors associated to the operation of these 
units, as summarized below: 

− In consequence of some specific legislation, 
ELETRONUCLEAR is obliged to pay financial 
compensation to the administration of the cities close 
to the plants site; 

− The operation of the plants is permanently 
conditioned to the applicability of an Emergency 
Plan. This Plan requires, in particular, that the road 
giving access to the plants site be in good traffic 
conditions. Part of the costs required for the 
maintenance of the road are borne by 
ELETRONUCLEAR; 

 

Richard Schultz
Although not necessary, it would be good for you to identify the specific legislation and perhaps give a reference.



− The refueling and some of the periodic inspection and 
maintenance services are contracted by 
ELETRONUCLEAR from foreign companies. 
Occasional delays in the customs clearance and/or in 
the authorizations for the contracted companies’ 
personnel to access the plants – as it has happened 
sometimes in the past – may result in delays in the 
performance of the outages and, consequently, in 
reductions of the amount of energy supplied by the 
plants; 

− While most of the Brazilian hydroelectrical plants 
consist of several turbine–generator sets installed in 
the same reservoir, ELETRONUCLEAR operates 
2007 MW of installed power made available by just 
two turbine-generator sets. (In particular, Angra 2, 
with its nominal power of 1,350 MW, is by far the 
biggest single generating unit in the Brazilian electric 
system.) So the possible occurrance of a technical 
problem in one of the two generating units may result 
in the immediate unavailability of a significant 
portion of ELETRONUCLEAR’s total installed 
power  and, consequently, a reduction in the 
company’s revenues. 

Considering the factors described above, 
ELETRONUCLEAR and its holding company, 
ELETROBRAS, are jointly proposing a specific set of 
conditions for the commercialization of the energy from 
Angra 1 and Angra 2, whose main conditions are 
indicated below: 

− The contracted energy from Angra 1 and Angra 2 
would be increased from the present 1,266 MW to 
1,475 MW, which is closer to the plants’ effective 
supply capability; 

− This energy would be contracted by the four 
generating companies which belong to 
ELETROBRAS’ group, the individual amounts of 
contracted energy being proportional to the individual 
companies’ respective revenues from their energy 
sales; 

− The credits/costs resulting from the differences 
between ELETRONUCLEAR’s net supplied energy 
and contracted energy (which correspond to the 
application of the spot market price to such 
differences, as explained in item V) would be 
received/paid by the four contractors of 
ELETRONUCLEAR’s energy. However, these 
contractors would pay/charge to 
ELETRONUCLEAR the values resulting from the 
application of the nuclear fuel cost (3.09 US$/MWh, 
as indicated in Table II) to the energy differences 
referred to above. 

Since most of the plants owned and operated by the 
generating companies belonging to ELETROBRAS’s 
group are low-cost hydroelectric plants, this proposal 
would allow an adequate economic condition to 
ELETRONUCLEAR, while, at the same time, keeping 
the average tariffs for the commercialization of the energy 
of those contracting companies at competitive values in 
the Brazilian electric market. 

VII. OBSERVATIONS 

A new regulation framework has recently been 
established for the Brazilian electric energy market, with 
the main objectives of allowing an adequate planning of 
the expansion of the system and the creation of 
appropriate conditions for the construction of new 
generating units with the lowest possible impact on the 
tariffs for the final consumers.  

The present conditions for the commercialization of 
the energy from the two nuclear power plants installed in 
Brazil are currently resulting in financial losses to the 
utility (“ELETRONUCLEAR”) responsible for the 
operation of these plants. 

ELETRONUCLEAR and its holding company, 
ELETROBRAS, are jointly proposing to the Ministry of 
Mines and Energy a specific set of conditions for the 
commercialization of the energy from the two nuclear 
power plants, which would ensure ELETRONUCLEAR’s 
financial stability. 

As for Angra 3 – for which most of the components 
are already stored at the site -, its projected construction 
and operational costs indicate that the plant would be 
economically competitive with other types of new plants 
which may be built for the expansion of the Brazilian 
electric system. A decision about the construction of 
Angra 3 has not, however, been taken yet. 

 

 

 

 

 

 

 

  

 

Richard Schultz
I think this section is a set of observations rather than a set of conclusions.


