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1 - INTRODUCTION

Energy generation in Brazil is based prin-
cipally upon Hydroelectricity. Hydroelectric 
plants account for approximately 80% of en-
ergy supply. Nevertheless, it must be pointed 
out that this heightened use of hydroelectric-
ity was obtained in the last 30 years through 
unplanned construction of large-scale hy-
droelectric plants, thus bringing about grave 
social and environmental problems.

These problems are of a physio-chemical 
and biological sort and arise from the installation and operation of hydroelectric plants and their 
contact with local environmental conditions. Fluvial systems are turned into lakes whilst run-
ning water ecosystems become stagnant. Thus the eco-systems in which utility plants are set 
up are directly affected. Hydroelectric plants bring about for example, changes to hydrologi-
cal systems; modifications in water quality due to the increase in bacteria and algae and the 
reduction in oxygen levels; silting; emission of greenhouse gases from organic decomposition 
in reservoirs; among others.

Social problems are particularly linked to river populations affected by plant construction.  
These populations are virtually ignored as to their irreversible loss of social production and 
reproduction conditions due to reservoir building.

In light of the environmental impact of hydroelectric activities and attentive to the opportunity 
provided through the PPA discussion (2004/2007) – Federal Government Pluriannual Plan-
ning, in relation to redefining regulation of the Brazilian Energy Sector, WWF Brazil decided to 
contribute to the debate on Sustainable Development policies. Thus, presenting alternatives 
that optimise the future development of the Brazilian energy matrix, prioritise hydro-energy 
generation, reduce or avoid impacts on aquatic eco-systems as well as on river populations, 
through repowering hydroelectric plants is one form of WWF Brazil’s contribution.    
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2 - ANALYSIS OF THE ENERGY GENERATION MATRIX IN BRAZIL  

At present, energy generation in Brazil is based upon the use of the following sources identi-
fied in Table 1 below:

TABLE 1: ENERGY GENERATION MATRIX 

Type Quantity Installed Capacity3 (kW) %

Hydraulic 66.979.405 79,04

Hydroelectric Plant 139 65.856.132 77,71

Small Hydroelectric Plant 233 1.039.721 1,23

Micro-scale Hydrolectric Plant 153 83.552 0,10

Thermo 17.739.219 20,94

Thermo-electric Plant 747 15.732.219 18,57

Thermo-nuclear Plant 2 2.007.000 2,37

Other Renewable sources 22.045 0,02

Wind-Generation Plant 9 22.025 0,02

Solar Photovoltaic Generation Plant4 1 20 0,00

Total 1.284 84.740.669 100,00

SOURCE: INFORMATION BULLETIN ON GENERATION – ANEEL, SEPTEMBER/2003.

Legend:

Hydroelectric Plant (> 30.000 kW)

Small-scale Hydroelectric Plant (1.000 kW – 30.000 kW)

Micro-scale Hydroelectric Plant (< 1.000 kW)

Thermo-electric Plant (Fuel Oil, Diesel Oil, Natural Gas)

Thermo-nuclear Plant

Wind-Generation Plant

Solar Photovoltaic Generation Plant

It can be observed that hydro-energy generation predominates in Brazil.

Considering energy generation projects planned for the next few years, it can be noted that 
hydraulic energy accounts for 53 plants (4,635,933kW), currently under construction. Also, 
228 projects (8,636,179kW) have been approved by Aneel, that is, plants not yet constructed.  
In terms of thermal energy, there are at present 20 plants under construction  (5,786,373 kW), 
whilst Aneel has already granted approval for 91 other projects (13,199,941 kW).

3 This refers to the installed capacity registered by Aneel.
4 Data here does not refer to 15,000 kWp solar panels installed in isolated communities by PRODEEM – State and Munici-
pality Energy Development Programme (Programa de Desenvolvimento Energético dos Estados e Municípios).  
5 Data referring to biomass is not considered here. Biomass accounts for 2,756,686 kW, 60% coming from the sugar-
alcohol sector.
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It must also be pointed out that in terms of renewable sources, there are two biomass plants 
under construction (33.000 kW) as well as 30 projects (167.358 kW), approved by Aneel. Some 
biomass fuels that can be listed among others are lumber shavings, bagasse, rice husks, iron 
acetate liquor and biogas.

Moreover, 100 wind-generation projects have been approved (6.657.700 kW).

2.1 - ENVIRONMENTAL PROBLEMS IN THE CURRENT MATRIX

There is no clean energy. All energy sources provoke environmental damage to a greater or 
lesser extent.

This present proposal recommends repowering (energy gains and/or working power gains) of 
existing plants as an environmentally sustainable alternative in opposition to constructing new 
plants. Given the adoption of an energy policy for expanding supply throughout the Brazilian 
electric system, the environmental and social problems described below could be avoided.

2.1.1 - HYDROELECTRICITY

Hydroelectric plants constructed to date have resulted in the flooding of 34.000 km2 in order to 
create dams as well as in the expulsion or “forced dislocation” of approximately 200 thousand 
families, all river populations.

In companies’ contact with these populations, dislocation was taken as inevitable by practically 
all in the first group. At the same time, the hydroelectric alternative was always put forward 
as a “clean, renewable and cheap” energy source and all projects were justified in the name 
of public interest and progress. Nevertheless, the reality is that the river populations had their 
material and cultural bases violated.

Construction work led to forced dislocation of these populations, only given nondescript com-
pensation sums or none at all. Resettlement, when it happened, did not guarantee their previ-
ous living conditions.

In the area of dams, there were several public health problems such as an increase in endemic 
diseases, a decline in the quality of reservoir water, thus affecting fishing and agricultural ac-
tivities. Further, there were problems regarding an increase in flood risks below reservoirs due 
to operational problems. Moreover, great parcels of cultivable land were flooded and in many 
cases the loss of biodiversity was irreversible.

2.1.2 - CONVENTIONAL THERMO-ELECTRIC PLANTS

Fossil fuels used in energy generation – derived from petroleum (diesel oil and fuel oil), natural 
gas and mineral coal – are the causes of various environmental problems.

Fossil fuel burning produces CO2 (carbon gas) and contributes around 55% to global warming 
(greenhouse effect), considered to be a global environmental problem of major importance.

Another problem is the presence of sulphur in the composition of diesel oil, fuel oil and mineral 
coal used in energy generation. This brings local and regional acidity impacts on the atmo-
sphere, soils and waters.
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Moreover, NOx emissions (nitrogen oxides) must also be highlighted. Brazilian environmental 
legislation does not cover Nox emission levels, a major pollutant from natural gas thermo-
electric plants. Hydrocarbons (HC) are also present. These gases and vapours come from 
incomplete burning and evaporation of fuels and other volatile products. They have a specific 
odour and cause eye, nose and skin irritations as well as affect the upper respiratory tract area.   
They can bring about cell damage given that several hydrocarbons are considered carcino-
genic and mutagenic.

Hydrocarbons and nitrogen oxides react in the atmosphere especially under sunlight, to form 
a set of aggressive gases called photochemical oxidants. The principal one is ozone, which in 
the lower layers of the atmosphere exercises a harmful effect upon vegetation, animals, mate-
rial and humans, even in relatively low concentrations. In plants, ozone acts as a photosynthe-
sis inhibitor, thereby producing typical scars in leaves. In humans, ozone causes damage to 
lung structure and so reduces the same’s capacity as well as its resistance to infections. It can 
also further aggravate respiratory diseases, increasing the occurrence of coughs, asthma and 
irritations to the upper respiratory tract and the eyes.

2.1.3 - NUCLEAR THERMO-ELECTRIC PLANTS

Risks inherent to nuclear energy use in electricity generation must be taken into account. The 
two nuclear energy plants in operation in Brazil – Angra I and Angra II - that use the PWR type 
reactor (pressurised water reactor) have shown operational problems since there have been 
radioactive seepage through the conduits which transport fissile fuel inside the nuclear reactor 
or slip ups in material management.

Future dismantling also poses problems. There is no action plan for the period subsequent to 
these plants’ complete shutdown. Moreover, there are problems related to the end disposal of 
high radioactive waste, not to mention loopholes in the emergency plan in case of an accident. 

In this sense then, the decision, being considered at the moment, to complete construction of 
the Angra III Plant should forcibly take into account the aforementioned issues. The lack of 
concrete solutions for these problems makes the Angra III project environmentally unviable.
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3 - REPOWERING PROSPECTS

3.1 - CRITERIA

There are a number of interpretations re-
garding what repowering a plant and its 
equipment implies. A classic definition of re-
powering refers to projects seeking to gen-
erate extra potency and production gains.

In theoretical terms, repowering aims to 
increase the quantity of energy (QE) pro-
duced:

QE = Installed Capacity X Capacity Factor X 8760 hours

Analysing a QE equation, it can be deduced that a target can be met by increasing installed 
potency or the capacity factor. Good results in this process are obtained by realising techni-
cal precision studies with a view to finding out, through various criteria, energy generation ef-
ficiency and the state of its most important components. In addition, new hydrological studies 
also contribute to good results. In short, it will thus be possible to achieve operational condi-
tions expected of the plant and so influence the two aforementioned factors as well as obtain 
base-load capacity.

The main objectives of these diagnoses are optimisation in energy generation, prevention of 
non-scheduled shut downs, the timed introduction of corrective measures. There are essen-
tially four options to be considered after assessment of the plant’s integrated performance as 
well as of its separate units. These options are:

l Deactivation;
l Repairs;
l Rebuilding or expansion;
l Rehabilitation.

The first two are self-explanatory and indicate uncertainty regarding future availability of ma-
chinery, that is, low reliability and a low capacity factor. They do not warrant investments.

Rebuilding basically involves constructing of a new plant, that is, completely replacing the main 
components and structures for resource optimisation. This option is mainly applied in small-
scale hydroelectric plants (SHPs) and in thermo-electric ones (UTEs).

Rehabilitation should lead to an extension in the plant’s working life span, improvement in 
yield, increase in reliability, reduction in maintenance and simplification of operations. This op-
tion is employed principally in large-scale hydroelectric plants.

Modernisation is intrinsic to plant rebuilding and rehabilitation. However, it is not repowering.  
Modernisation implies the use of new technologies in plant operation: through automation they 
can even become ‘unaided’, due to digitalisation and control and command automation.
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Viable repowering means that the cost of energy produced has lower values than those for 
commercialisation or the commercial value (former normative value/benchmark – VN). In this 
way, cost comes to be considered as the key factor in selecting the best investments in repow-
ering, that is, a feasibility index.

It is essential to itemise in rebuilding, rehabilitation and even in repair projects, repowering 
costs and energy production gains in order to determine their feasibility. For this, it is just a 
matter of subtracting the cost of previously non-amortized capitals, other maintenance costs 
not related to repowering as well as administrative costs which continue to be the same or may 
some times become lower, in order to obtain the current life cycle cost (LCC).

3.2 - REPOWERING POTENTIAL

Prospects for repowering hydroelectric plants in Brazil involve a number of old plants, able to 
be repowered and which can produce very interesting capacity gains. Old plants are defined 
as those having over 20 years in operation and whose generators exceed 120 thousand oper-
ating hours and need to undergo massive maintenance.

After an overview of the largest Brazilian generator plants, having more than 30 MW, and a 
study of their respective operation input data, it was noted that it is possible to have repowering 
at a total of 34.374,70 MW, calculated according to the potential of plants over 20 years old.  
These plants are listed in Table 2 to follow.

Classifying plants according to types developed a study of repowering prospects. This clas-
sification includes the extent of repowering for the plant. Aneel adopts these types, in addition 
to minimum repowering. The following classification is thus obtained:  

Minimum Repowering: This refers to turbine and generator repairs with a view to recover-
ing their original production yields. These repairs correspond to a 2.5% gain, on average, in 
capacity;

Light Repowering: This refers to the classification adopted by Aneel in order to obtain a 10% 
capacity gain. This value was taken given that there are various cases at this level. This pro-
cess involves turbine and generator repowering;

Heavy Repowering: This corresponds to Aneel’s classification for 20 to 30% capacity gains 
by changing the rotor. Few cases have been registered. During data collection, the average 
value used was 23.30%;

Minimum repowering brings to light the advantages of the other types. Nevertheless, a 2.5% 
gain is already perceived as significant and recommendable for good and viable plant optimi-
sation. It implies complete maintenance for the generator group. 

As a reference, one of the TVA’s conclusions (Tennesse Valley Authority) on the application 
of Index-type tests as of 1979 in its generation complex, made up of old hydroelectric plants, 
points out that:
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“Our experience indicates that when efficiency drops to around 2%, repairs or maintenance 
work to recover the original level of performance are more than justified in relation to repair 
and test costs”.

In the following graph in Figure 1, values corresponding to potential capacity gains that should 
be achieved if rehabilitation work were carried out as presented. Minimum repowering can 
reach 868 MW whilst light repowering can correspond to 3,473 MW and heavy repowering to 
8,093 MW. 

FIGURE 1 – REPOWERING PROSPECTS

SOURCE: DATA BASED UPON DIFFERENT SOURCES

The prospect for repowering Small Hydroelectric Plants (SHP) in terms of total potency gains 
is perceived to be small given the country’s hydroelectric potential. It depends on financing 
agents as well as on energy valuation on the energy market. 

According to Aneel Resolution nº 394, dated, 04/12/1998, PCHs have an installed potency 
above 1 MW and equal to or below 30 MW and a reservoir area equal to or less than 3 km².  
These plants receive priority focus from Aneel since they meet energy needs for small towns 
and rural areas. Up to the end of 2003, these plants benefited from tax exemption for use of the 
transmission and distribution network. They were also exempted from having to compensate 
municipalities and states for water resource use.
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TABLE 2 – HYDROELECTRIC PLANTS OVER 20 YEARS OLD AND WITH MORE THAN 30 MW

Name Utilities Commissioning 
Date.

River Installed
Capac. [Mw]

Cap. Inst.
[Mw]

Machines 

1 Americana CPFL 1909 Atibaia SP 33,60 3

2 Ilha dos Pombos (Ilha) LIGHT 1924 Paraíba do Sul RJ 167,64 5

3 Henry Borden - Externa ELETROPAULO 1926 Pedras SP 474,00 8

4 Fontes Novas LIGHT 1940 Lages (Ribeirão) RJ 89,25 3

5 Parigot de Souza COPEL 1940 Capivari PR 247,00 4

6 Sá Carvalho SCSA 1951 Piracicaba MG 74,10 4

7 Santa Cecília - Bombeamento LIGHT 1952 Paraíba do Sul RJ 34,96 4

8 Vigário – Bombeamento LIGHT 1952 Pirai RJ 90,02 4

9 Caconde (Graminha) CGEET 1952 Pardo SP 80,40 2

10 Nilo Peçanha I LIGHT 1953 Lages (Ribeirão) RJ 324,70 6

11 Paulo Afonso I CHESF 1955 São Francisco BA 180,00 3

12 Itutinga CEMIG 1955 Grande MG 48,60 4

13 Canastra CEEE 1956 Santa Maria RS 44,80 2

14 Mascarenhas de Morais FURNAS 1956 Grande MG 476,00 10

15 Américo Renee Cianetti (S.Grande) CEMIG 1956 Santo Antonio MG 104,00 4

16 Henry Borden - Subterrânea ELETROPAULO 1956 Pedras SP 427,76 6

17 Guaricana COPEL 1957 Arraial PR 39,00 4

18 Armando de S.Oliveira (Limoeiro) CGEET 1958 Pardo SP 32,20 2

19 Lucas Nogueira Garcez CGEEP 1958 Paranapanema SP 70,38 4

20 Cachoeira Dourada CELG 1959 Paranaíba GO 724,00 8

21 Camargos CEMIG 1960 Grande MG 45,00 2

22 Euclides da Cunha CGEET 1960 Pardo SP 108,80 4

23 Paulo Afonso II CHESF 1961 São Francisco BA 480,00 6

24 Funil CHESF 1962 Contas BA 30,00 3

25 Bernardo Mascarenhas (3Marias) CEMIG 1962 São Francisco MG 516,80 6

26 Pereira Passos LIGHT 1962 Lages (Ribeirão) RJ 93,50 2

27 Armando A. Laydner (Jurumirim) CGEEP 1962 Paranapanema SP 98,00 2

28 Jacuí CEEE 1962 Jacui RS 150,00 6

29 Furnas FURNAS 1963 Grande MG 1.216,00 8

30 Barra Bonita CGEET 1963 Tietê SP 140,76 4

31 Fumaça CBA 1964 Juquiá Guaçu SP 36,40 2

32 Suíça ESCELSA 1965 Santa Maria da 
Vitória ES 30,06 2

33 Funil FURNAS 1965 Santa Maria da 
Vitória RJ 216,00 3

34 Álvaro de Souza Lima (Bariri) CGEET 1965 Tietê SP 143,10 3

35 Luiz Carlos B. Carvalho (Estreito) FURNAS 1969 Grande SP 1.050,00 6
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Name Utilities Commissioning 
Date.

River Installed
Capac. [Mw]

Cap. Inst.
[Mw]

Machines 

36 Ibitinga CGEET 1969 Tiete SP 131,49 3

37 Souza Dias (Jupiá) CESP 1969 Parana SP 1.411,20 14

38 Pr. Castelo Branco
(B. Esperança) CHESF 1970 Parnaíba PI 234,00 2

39 Xavantes CGEEP 1970 Paranapanema SP 414,00 4

40 Julio de Mesquita Filho COPEL 1970 Chopin PR 44,10 2

41 Itauba CEEE 1970 Jacui RS 500,00 4

42 Paulo Afonso III CHESF 1971 São Francisco BA 864,00 4

43 Jaguara CEMIG 1971 Grande MG 638,40 4

44 Porto Colômbia FURNAS 1973 Grande MG 320,00 4

45 Mascarenhas ESCELSA 1973 Doce ES 123,00 3

46 Ilha Solteira CESP 1973 Paraná SP 3.230,00 20

47 Passo Fundo ELETROSUL 1973 Erechim RS 220,00 2

48 Passo Real CEEE 1973 Jacuí RS 250,00 2

49 Alecrim CBA 1974 Juquiá Guaçu SP 72,00 3

50 Volta Grande CEMIG 1974 Grande MG 380,00 4

51 Coaracy Nunes (Paredão) ELETROPAULO 1975 Araguari AP 69,10 2

52 Marimbondo FURNAS 1975 Grande MG 1.440,00 8

53 Mario Lopes Leão (Promissão) CGEET 1975 Tiete SP 264,00 3

54 Salto Osório ELETROSUL 1975 Iguaçu PR 1.050,00 6

55 Curuá - Una CELPA 1977 Curuá – Una PA 40,00 3

56 Apolonio Sales (Moxoto) CHESF 1977 São Francisco AL 440,00 4

57 Capivara CGEEP 1977 Paranapanema SP 640,00 4

58 São Simão CEMIG 1978 Paranaíba MG 2.688,50 6

59 J. Ermírio de Moraes 
(A.Vermelha) CGEET 1978 Grande SP 1.380,00 6

60 Paraibuna CESP 1978 Paraibuna SP 85,00 2

61 Paulo Afonso IV CHESF 1979 São Francisco BA 2.460,00 6

62 Sobradinho CHESF 1979 São Francisco BA 1.050,00 6

63 Itumbiara FURNAS 1980 Paranaíba MG 2.082,00 6

64 Salto Santiago ELETROSUL 1980 Iguaçu PR 1.992,00 4

65 Bento M.R. Neto (Foz do Areia) COPEL 1980 Iguaçu PR 251,00 4

66 T.Sampaio (Emborcação) CEMIG 1982 Paranaíba MG 1.191,68 4

67 Nova Avanhandava CGEET 1982 Tiete SP 302,40 3

TOTAL: 34,734.70 MW
SOURCE: ANEEL – BIG – ENERGY GENERATION INFORMATION DATABASE - 2001



14 15

The Incentive Programme for Alternative Electric Energy Sources – PROINFA6, established by 
Article 3º, Law 10.438, dated 26/04/2002, was created aiming to increasing participation from 
Autonomous Independent Energy Producers (Produtores Independentes Autônomos) in the 
National Interconnected Electricity System (Sistema Elétrico Interligado Nacional), the focus 
being on wind, SHP and biomass sources.

The SHP-COM, a programme created in 2001 to make SHP (Small-scale Hydropower Plant) 
installation and revitalisation viable, is still active. Through this programme, Eletrobrás guaran-
tees the purchase of energy from the plant(s) and BNDES offers funding.

SHPs’ inclusion occurred at the end of the 19th century. The year 1883 is taken as the reference 
point, the first year for hydroelectric use in mining in Santa Maria in Diamantina. Minas Gerais.  

TABLE 3 – EVOLUTION OF INSTALLED SHP CAPACITY – 1920 - 1930

State Units Number of SHPs Installed Capacity [kW] Average Size of
Installations [kW]

1920 1930 1920 1930 1920 1930

Bahia 8 36 17689 22264 2211 618

Espírito Santo 11 31 5537 8301 503 268

Minas Gerais 72 252 42934 90750 596 360

Rio De Janeiro 18 63 83040 193664 4613 3074

São Paulo 66 108 155208 331164 2352 3066

Santa Catarina 11 29 5638 9270 513 320

SOURCE: DNAEE, 1997 (DEPARTAMENTO NACIONAL DE ÁGUAS E ENERGIA ELÉTRICA – THE NATIONAL DEPARTMENT 
FOR WATER AND ELECTRIC ENERGY)

The SHPs set up principally in the first half of that century sought to cater to isolated systems in 
States and were built by small-scale business people at that time or by municipal councils. This 
process underwent rapid expansion during the 1920/1930 periods, when the number of companies 
grew from 306 to 1009. In general, all operated small hydroelectric plants as shown in table 3.

This growth continued up to the 40s, with lower taxes though, in comparison with the 30s.  
In 1941, there were thousands of energy companies and hundreds of small-scale plants. 
Nevertheless, besides the foreign groups in operation, only eight companies had an installed 
capacity above 3,000 kW (Central Elétrica de Rio Claro, Companhia Força e Luz Santa Cruz, 
Companhia Sul Mineira de Eletricidade, Companhia Sul Americana de Serviços Públicos, 
Companhia Paulista de Eletricidade e Sociedade Anônima Elétrica Bragantina). In light of this 
then, up to this period, except for some specific cases, almost all facilities were made up of 
Small Hydroelectric Plants (SHP).

The DNAEE (Departamento Nacional de Águas e Energia Elétrica – The National Department 
for Water and Electric Energy) recorded that up to 1997, there were around 1,858 SHPs identi-

6 In Portuguese stands for Programa de Incentivo às Fontes Alternativas de Energia Elétrica
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fied in Brazil. These corresponded to a total installed capacity of 1,111.3 MW, as can be noted 
in Table 4. Out of this number, there was no knowledge on operational conditions in 1089, 428 
were abandoned, 7 plants were being reactivated, 3 were under repairs and only 331 plants, 
accounting for 604.7 MW were in operation.

TABLE 4 – SHP SITUATION IN BRAZIL UP TO 1997

Situation Quantity Total installed Capacity [MW] Average Installed Capac. [MW]

In operation 331 604,6 1,83

Under rehabilitation 3 7,8 2,59

Reactivation 7 16,5 2,36

Abandoned 428 154,5 0,36

Unknown 1089 327,9 0,30

Total 1.858 1.111,3 0,59

SOURCE: AMARAL (1999, P.5)

In 1998, ANEEL developed a monitoring programme for all public sector generator plants in 
the country and in 1999, extended this programme to the private sector that included auto-pro-
ducers as well independent ones. Results are shown in Table 5.   

TABLE 5 – SITUATION OF SHPS IN BRAZIL, CENSUS 1999

Type of Producer Working Power 
Band [MW]

Quantity Working Power[MW]

In operation Out of operation In operation Out of operation

Public Service
1 to 10 267 667,7

10 to 30 41 783,4

Autoproducer

Below 1 10 5 5,3 2,4

1 to 10 55 8 134,9 20,5

10 to 30 3 28,9

Independent 
Producer

Below 1

1 to 10 3 1 12,7 3

10 to 30 1 25

Partial Totals

Below 1 10 5 5,3 2,4

1 to 10 325 9 815,3 23,5

10 to 30 45 837,3

General Total 380 14 1652,6 25,9

SOURCE: ANEEL MONITORING REPORTS - 2000

Given changes in legislation and in response to these incentives, the number of parties inter-
ested in setting up new SHPs as well as in repowering or reactivating already existing ones 
has grown. As previously mentioned a great number of SHPs was built in 1930 and 1940. This 
puts the average age of installations at around 57 years. This heightened plant age brings to 
light the opportunity for two new types of projects in this area:        
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Repowering of SHP’s in operation: The average age for plants in operation is 60 years. This 
means then that rehabilitation projects having redefinitions for generator units could add ap-
proximately 200 MW in a short period of time;

SHP Reactivation: There are around 600 deactivated plants whose installations can be re-
paired at a low implementation cost. This represents the possibility to increase more than 120 
MW in installed capacity.

Today, based upon Aneel records, there are 233 SHPs in operation, generating 1082 MW, 
accounting for 1.23% of national generation. There are also 153 Micro Hydroelectric Plants, 
having less than 1 MW and generating 82.3 MW.

3.3 - COST ESTIMATES

As a reference for cost estimates, the article, “Quick and Cheap Energy” (“Energia Rápida e 
Barata”), published in the Brazilian Energy Journal (Revista Brasil Energia), dated November/
2000, presents the following information:

“According to ANEEL figures, the electricity system will gain 3,268.84 MW through light repow-
ering and 7,623.55 MW with heavy repowering. This is based on data for up to 2000”.

“Equipment manufacturers such as Voith-Siemens and Alstom, estimate that kW costs gener-
ated from repowering varies between R$ 200 and R$ 600. This implies a business potential in 
this area that could reach R$ 4.6 billion under a 7,600 MW repowering. This is cheap given that 
the Ministry of Mines and Energy planning indicator estimates that approximately R$ 8 billion 
per year are necessary to expand Brazilian capacity by 4,600 MW”. (Note: 1 US$ = 2.90 R$, 
Exchange Rate in November, 2003).

FIGURE 2: REPOWERING BENEFIT INDEX AND NEW PLANT
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The repowering process, which in this study was geared towards plants with over 20 years 
of activity, applies to 34,374.70 MW of installed potency in the national generation complex.  
In light of the values obtained in Figure 2, investments would be in the area of R$ 5.4 billion.  
Costs are less in comparison with those for setting up new plants that absorb 60% of invest-
ments only with civil construction. Further, repowering has the advantage of being a short-term 
process. 

“In the United States where installed hydroelectric potency corresponds to the double of Bra-
zil’s, US$ 100 million are invested annually in repowering projects”. In Brazil, it was estimated 
that from 1998, investments would reach US$50 million. (Márcia Avruch - Jornal do Brasil 
- 22/10/97).

Figure 3, which presents Aneel’s investment plan for repowering, shows that this estimate did 
not come to fruition and investments were well below the above-mentioned value since 1998. 

FIGURE 3- INVESTMENT IN REPOWERING

SOURCE: ANEEL – HEADQUARTERS FOR MONITORING GENERATION SERVICES – SFG – 01 (SUPERINTENDÊNCIA DE 
FISCALIZAÇÃO DOS SERVIÇOS DE GERAÇÃO)
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4 - INSTITUTIONAL ANALYSIS

This institutional analysis is based upon the 
Electricity Sector’s model, used by previous 
governments. Further, the Sector’s New 
Model, under debate since the start of Luiz 
Inácio Lula da Silva’s Government, also 
forms part of the analysis. The final version of 
the model was published in December/2003. 
This analysis adopts the following perspec-
tive: a policy for an increase in energy supply 
through ecologically sound projects such as 
repowering of old hydroelectric plants.

4.1 OBSTACLES PRESENT IN THE ORIGINAL ELECTRICITY SECTOR MODEL

Major change in the Brazilian Electricity Sector occurred due to Law n.º 8.631/93, which de-
regulated electricity rates. Future laws such as n.º 8.987/95 that implemented the New Con-
cession and Permission Regime for Provision of Public Services; n.º 9.427/96 that set up the 
regulatory agency ANEEL – National Agency for Electric Energy (Agência Nacional de Energia 
Elétrica); and law n.º 9.648/98, which led to the ONS – Operador Nacional do Sistema (Na-
tional Operator for the System), defined the sector’s operational and legal restructuring.

The new structure aimed to develop a deverticalizaty electricity sector and a competitive mar-
ket that would propitiate cost reduction and optimisation in generation, transmission and dis-
tribution. This model sought to allow for the entry of new investors in order to replace the state 
and its limited financing capacity for investments needed to expand the electricity system.

The main obstacle to plant repowering was undoubtedly the sector’s instability and lack of 
planning. In other words, the level of uncertainty as to appropriate returns from investments 
ought to be defined so that short-term feasibility studies can determine capital returns. Stabi-
lisation of the energy market was essential to predicting price trends for purchases and sales.  
Stabilisation of the MAE’s (Wholesale Energy Market - Mercado Atacadista de Energia Elé-
trica.) bid prices was also necessary.

The lack of incentives, that is, returns for those who would offer an increase in base-load, peak 
and reserve capacity, not to mention the postponement in implementing the capacity tax led to 
the rescheduling of investments by generation agents.

From the autumn of 2001, generator companies also faced a period of energy rationing that 
required equipment maintenance shut downs to be very well planned. For, a drop in produc-
tion would cause companies to run over to the spot market, having unpredictable and higher 
prices, in order to honour their commitments.

Given the rise in energy costs, the cost for equipment shutdowns also rose in turn, thus making 
the cost of repowering almost unfeasbile.
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The imbalance between supply and demand for electricity led to its valuation. This thus allowed 
for more expensive projects and the search for new hydroelectric and thermo-electric projects. 

In light of the above, ANEEL authorised a great number of new projects as well as the imple-
mentation of some having dubious economic and environmental aspects.

4.2 - PROSPECTS THROUGH THE NEW MODEL

Given the criteria in the New Proposal for the Electricity Sector’s Institutional Model (2003) that 
should prioritise planning of energy production, this analysis seeks to provide authorities in this 
sector with data in order to guide the carrying out of this planning.

In addition to the basic principles for drawing up an appropriate institutional structure, pre-
sented below in summary form from the original text of the proposal for the model, a strong 
concern for Environmental Protection must be included and this should be one of the bases for 
national energy planning.

The following are the basic principles for setting up an institutional structure taken from the 
New Proposal for the Model

l Tariff Moderation for consumers;
l Continuity and quality in service provision;
l Fair returns for investors in order to motivate them to carry out expansion in the sector;
l Universalisation of access and use of electricity services.

The following directives should be observed in the implementation of the new model:

l Respect for existing contracts;
l Minimisation of transaction costs during the implementation period;
l Non-creation of additional tariff pressures for consumers;
l Creation of an appropriate environment to encourage the return of investments;
l Implementation in a gradual manner of the model proposed.

According to the original text, the main agents who should operate in the implementation of the 
institutional model proposed, with a view to meeting energy demand in a reliable and economi-
cally rational and sustainable way are the following:

l National Council for Energy Policy (Conselho Nacional de Política Energética) – CNPE
l Ministry of Mines and Energy – MME
l National Agency for Electric Energy – ANEEL
l Energy Research Enterprise (Empresa de Pesquisa Energética) – EPE
l Administrator for Energy Contracts (Administrador dos Contratos de Energia Elétrica) 
– ACEE
l National Operator for the Electricity System (Operador Nacional do Sistema Elétrico) – ONS
l Operator for Isolated Electricity Systems (Operador dos Sistemas Elétricos Isolados) – OSI
l Monitoring Commission for the Electricity Sector (Comitê de Monitoramento do Setor Elétrico) 
– CMSE
l Eletrobrás
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It is envisaged that planning for expansion of the electricity sector should be preceded by 
global energy planning, elaborated according to CNPE directives and having as a reference 
base the Brazilian Energy Matrix (Matriz Energética Brasileira) projections. MME goals as well 
as public policies such as encouraging alternative sources, universalisation, energy efficiency 
and technological development should be observed.

The carrying out of electro-energy sectorial planning will come under the responsibility of a 
new institution, the Energy Research Enterprise – EPE, whose functions will be co-ordinated, 
guided and monitored by the MME. Sectoral plans and expansion planning will be developed 
and the same will be consolidated into two plans, both to be put forward for public discussion: 

l Long-term Expansion Plan – PELP, covering a period not less than 20 years;
l A ten-year Expansion Plan – PDE, spanning a period not less than 10 years and which will 
serve as a directive.

All the same, in this set of policies proposed for energy planning in the electricity sector, a 
clear concern for the environment is lacking. The focus of concerns is on energy efficiency.  
Nevertheless, explicit reference to environmental protection in the electricity sector’s policies 
is fundamental.

In choosing projects from the PDE expansion plan with a view to expanding the basic transmis-
sion network, quantitatively increasing energy supply and for bidding on generation structuring 
projects, the following should be essentially be prioritised: 

l Projects having a lesser environmental impact;
l Renewable energy sources;
l Energy efficiency.

This may seem obvious. However, for these conditions to be naturally met, some policies 
should be defined and applied from the onset in global energy planning so that subsequent 
actions develop sustainable energy practices such as:

l Monitor Hydroelectric plants production efficiency so as to limit minimal efficiency;
l Monitor plant maintenance conditions;
l Set up review procedures for plant base-load capacity and in so doing encourage heavy  
repowering of hydroelectric plants;
l Speed up repowering plans for hydroelectric plants since during this current period, energy 
surpluses allow for plans of this nature to be conducted at lesser costs due to plants being 
out of service;
l Add to repowering projects modernisations such as command and control automation 
through digitalisation, optimisation of plant operation through computer programmes that 
would allow for gains in energy produced and a reduction in operation costs;
l Project and repowering operation monitoring and inspection so that they be conducted 
according to precise technological criteria;
l Implementing a scheduling process for equipment shut downs over longer periods during 
repowering activity;
l Elaboration of Annual Planning in Hydroelectric Plant Operation so that there will be ratio-
nal use of water resources.
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The current Proposal for an Institutional Model in the Electricity Sector takes into account 
some instruments that should motivate repowering and modernising of hydroelectric plants 
when they comply with provisions set out in the Regular Contracting of Energy, such as:

l Contracting base-laod capacity from the plant, this is linked to its contribution level in the 
interconnected generation system;
l Adopting of regulatory instruments for revenue deductions due to non-compliance with 
performance standards.

There is also the commitment to review each plant’s base-laod capacity supply in the system 
by December 2004. These measures in the new model can be seen as a basis for adopting 
new efficiency policies in electric energy production and environmental preservation linked to 
sustainable development.

At present, the only legal instrument that refers to repowering is the ANEEL Resolution N° 112, 
dated 1999. It sets out the requirements necessary for obtaining Registration or Authorisation for 
implementing, expanding or repowering thermo-electric, wind and other energy-source plants.  

As a rule, ANNEL has availed of Rulings and Resolutions in order to approve studies for re-
powering of hydroelectric plants and to authorise for regularisation purposes, repowering of 
small plants.
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5 - CASE STUDIES

Repowering activities are not widespread in our generating complex since many generator 
units are under study and few repowering projects have been realised. There is also some 
limitation as to the availability of complete accessible databases in order to carry out technical 
assessments of repowering projects. As an example, this work presents 4 Case Studies, which 
characterise database use favourably.

ANEEL should seek to include in its database information on the aforementioned. It is believed 
that by pointing out the possibility of gains from base-load capacity supply, business people 
will be able to invest as well as present projects for regularisation.

There have been cases in which repowering projects are merely studied. This is the case with 
the Jacuí Plant whilst other projects were implemented such as the Esmeril, Dourados and 
Jupiá cases.

5.1 - CASE STUDY METHODOLOGY

A Spreadsheet developed through MS-Excel software is the tool used for the Case Studies tar-
geted in this work. The sheet was organised according to the same sequence used in Energy 
Feasibility Studies for hydroelectric projects, that is:

l Technical Assessment: input/data on original equipment as well as technical data on new 
equipment and their new operating conditions;
l Economic Assessment: data on repowering costs and an investment schedule;
l Opportunities on the Energy Market: calculation of the amortisation period on capital in-
vested in each type of procedure adopted.

The database for the Technical Assessment is obtained from tests on original equipment and 
an assessment of its operational conditions. Further, conducting a hydrological study, in addi-
tion to determining the features for new equipment together with manufacturers and planning 
its operation will provide data on the new equipment.

A precise budget for repowering should include the elaboration of a well studied schedules so as 
to determine the cost of an out of service generator, an important factor regarding feasibility.

Data on energy prices for each type of intervention (business opportunity) is essential and 
must reflect market trends at least in the short-term, that is, for the next five years. The energy 
market should be studied directly with a view to determining prices for each sub-market.

Energy prices, for example, can be those, which reflect the market prior to the rationing period, 
as this was an atypical period. The free energy market price for peak-load capacity supply 
– R$/MWh 300 was the highest price used in 2000. The free energy market price for base-load 
capacity supply - R$/MWh 150 is the parity price estimated to be reached after the rationing 
period and its impact.

Nowdays, the price of bilateral contracts from generation agents, is the benchmark value of R$ 
32.58 R$/MWh. This indicates the minimum value at which energy chunks for free consumers 
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should be negotiated. The average price from distribution agents is around R$ 70.00. The re-
serve-load capacity energy price, 60.00 R$/MWh, is an average value for marginal costs from ex-
pansion. Secondary energy is being negotiated at R$ 5.84/MWh (values for September/2003).

In the studies, an annual discount rate of 12% and a five-year amortisation period as practised 
by investors were considered. Funding conditions and rates adopted correspond to those used 
by BNDES: a TJLP7 of 10%, 3% spread and a sixth-month waiting period after initiation of 
generation.

The studies allowed for obtaining important indicators such as the index for “Energy Gain from 
Repowering”, the “Real Gain from Potency” and the amortisation periods from capital invested.  
This therefore led to the decision anticipated.

In order to facilitate the filling out of ANEEL’s “Form for Registration of Hydroelectric Use”, 
the spreadsheet study simulates a possible funding scenario by using as a point of reference 
BNDES’ financing terms. It therefore provides values from the “Installation Cost Index”, Inter-
est Rates during Construction” and “Total Interest Rates”.

5.2 - CASE STUDY 1 – SHP ESMERIL

The Esmeril Hydroelectric Plant is situated at the Esmeril River, in the municipality of Patrocínio 
Paulista, State of São Paulo.

It started operation during the fourth quarter of 1912, having two generator groups of 576 kW 
each and supplying the Patrocínio Paulista, Altinópolis and Ribeirão Preto municipalities.

It originally belonged to the Companhia Francana de Eletricidade but changed hands in 1947, 
coming under the Companhia Paulista de Força e Luz (CPFL).

In 1924, its capacity was expanded through the installation of another generator of 608 kW, 
thus reaching a total of 1760 kW in installed potency.

In 1983, another of the same potency replaced the plant’s third generator unit.

5.2.1 - ESMERIL PLANT: GENERAL PROFILE

The Esmeril is a run-of-river and derived fuel plant. Its PowerHouse is made up of 3 generator 
units having an original installed potency of 2100 kW, after repowering in 1997.

Original Technical Profile

l Company: Companhia Paulista de Força e Luz (CPFL)
l Municipality: Patrocínio Paulista (SP)
l River: Esmeril
l Region: SE Latitude: 20º 50’ Longitude: 47º 59’
l Total Potency: 1760 Kw

 7 TJLP refers to Taxas de Juros de Longo Prazo – Long Term Interest Rates.
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l Nº of generator units: 3
l Start of Operation: 1912

5.2.2 - TECHNICAL ASSESSMENT OF THE ESMERIL PLANT

The Esmeril Plant was assessed technically when the new hydrological study was conducted 
and this allowed for the choosing of a new generator unit. Adjustments were made to the fol-
lowing components:

l Changing of turbine/generator sets - 02 Machines;
l Installation of an Automation System;
l Adaptations to the Sub-station by changing the transformer and the line;
l Remodelling of the canal pipeline;
l Changing the closed conduits – 02;
l New velocity and tension regulators;
l Rebuilding of the Machine Room;
l Installation of grid cleaners.

Today, repowering has been concluded and the plant is once again in operation and under the 
following conditions:

Hydrologic Assessment:   New Turbine Generator Group
Turbined Flow: 9.76 m³/s   Nominal Working Power: 5.0 MW
      Turbine Yield: 92%
      Generator Yield: 98%
      Capacity Factor: 60%

5.2.3 - ECONOMIC ASSESSMENT OF THE ESMERIL PLANT

Repowering Budget: R$ 3.234.344,00
Energy Gain from Repowering: 17.423 MWh
Real Gain from Installed Capacity: 3.0 kW - 128,73%
Generation Cost: 60.63 R$/MWh – Installation Index: 1.148,68 R$/kW
Investment Amortisation at Value of R$ 70.00 /MWh: 4 years

5.2.4 - ECONOMIC FEASIBILITY

Repowering is viable in relation to average prices charged by distribution agents. It must be 
pointed out that this calculation estimated amortisation in 5 years. Considering that a run-of 
river plant’s generation is for base-load capacity supply, it is not possible to study other types 
of business opportunities that come from pumped storage plants.

Economic viability from repowering comes over a four-year period since energy sales have an 
Installation Index of R$ 1.148,68/kW, which implies heavy repowering.
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5.3 - CASE STUDY 2 – SHP DOURADOS

The Dourados Hydroelectric Plant is situated at the Sapucaí Mirim River in the municipality of 
Nuporanga, State of São Paulo.

It started operation in 1926, having a generator group of 6,400 kW to cater to the Nuporanga 
and Ribeirão Preto municipalities.

It originally belonged to the Sociedade Anônima Empresa de Eletricidade Rio Preto but then 
changed ownership in 1947 to the Companhia Paulista de Força e Luz (CPFL).

Through CPFL, it underwent new repowering work after 1997. This was concluded in 2002 and 
today the plant has 10.8 MW.

5.3.1 - GENERAL PROFILE OF THE DOURADOS PLANT

A Usina Dourados is a run-of river and derived fuel plant. Its PowerHouse is made up of 1 
generator unit having an original installed potency of 6400 kW.

Original Technical Profile

l Company: Companhia Paulista de Força e Luz (CPFL)
l Municipality: Nuporanga (SP)
l River: Sapucaí
l Region: SE  Latitude: 20° 39’  Longitude: 47° 41’
l Installed Capacity: 6,400 kW
l Start of Operation: 1926
l Current situation: plant in operation

5.3.2 - TECHNICAL ASSESSMENT OF THE DOURADOS PLANT

The Dourados Plant underwent a technical assessment through which a new hydrological 
study was conducted. This led to the selection of a new generator unit. The repowering opera-
tion had the following scope:   

l Changing of the turbine/generator set;
l Installation of an automated system;
l Replacement of the transformer shaft;
l Adaptations to the existing Sub-station;
l Installation of floodgates in the leak canal;
l Remodelling of the pipeline canal;
l Changing of the closed conduit;
l New velocity and tension regulators;
l Installation of grid cleaners.

Today, the repowering process has been concluded and the plant is once again in operation 
and now under the following conditions:
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Hydrologic Assessment:   New Turbine Generator Group
Turbined Flow: 44,0 m³/s   Nominal Working Power: 10.75 MW
      Turbine Yield: 92%
      Generator Yield: 98%
      Capacity Factor: 77%

5.3.3 - ECONOMIC ASSESSMENT OF THE DOURADOS PLANT

Repowering Budget: R$ 8.086.231,00
Energy Gain from Repowering: 43.351 MWh
Real Gain from Installed Capacity: 6.4 kW - 59.8%
Generation Cost: 62.44 R$/MWh – Installation Index: 1518.27 R$/kW
Investment Amortisation at Values of R$ 70.00 /MWh: 4 years

5.3.4 - ECONOMIC FEASIBILITY 

The result obtained was similar to the one for the Esmeril Plant for which repowering has been 
viable due to average energy prices charged by distribution agents who negotiate their energy 
supply at the source.

Economic viability from repowering takes a four-year period, with the Installation Index being 
R$ 1518.27/kW. This corresponds to the replacement of various components, including the 
generator unit, relevant to heavy repowering.

5.4 - CASE STUDY 3 – HYDROPOWER PLANT JUPIÁ

The Jupiá, a run-of river plant, was the first hydroelectric plant constructed at the river Paraná, 
near to the mouth of the Tietê River and the Salto do Urubupungá, during the time in which 
the UHE Ilha Solteira was planned to be constructed. Construction was started in 1960; the 
plant was inaugurated in 1969 and completed in 1974. It is situated in the Castilho municipality 
– SP and Três Lagoas – MS. Since 1966, it belongs to CESP – São Paulo Energy Company 
(Companhia Energética de São Paulo).

The plant’s repowering occurred at an opportune moment since there was the need to carry 
out more thorough and frequent maintenance on generators at the same time in which CESP 
was experiencing difficulties with its plant due to its maximum installed flow being at 9,520 m³/s 
whereas the UHE Ilha Solteira together with UHE Três Irmãos’ flow was at 11,600 m³/s

The case for repowering the turbine-generator set given that merely repowering one would 
make everything viable was studied. First of all, repowering was considered only in terms of 
costs with the turbine and then subsequently in terms of the turbine and generator. These 
costs were estimated in dollars at the time of the CESP studies.    

5.4.1 - GENERAL PROFILE OF THE JUPIÁ PLANT

The Jupiá is a run-of river plant and its Power House is made up of 14 generator groups having 
an installed capacity of 1,551.2 MW. It uses Kaplan turbines.
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Original Technical Profile

l Average Flow: 536 m³/s
l Minimum Flow: 460 m/³s
l Nominal Drop: 21,3 m
l Nº of Turbines/Generator: 14
l Manuf..:Riva/Asgen/Escher-Wyss
l Working Power: 100,8 MW
l Joint Efficiency of the Set: 86%
l Capacity Factor: 80%

5.4.2 - TECHNICAL ASSESSMENT OF THE JUPIÁ PLANT

Due to the conducting of refurbishing work on generators and the need to carry out mainte-
nance work on 120 thousand hours (20 years of operation) in various plant units, it was decid-
ed to repower turbines simultaneously. This will therefore allow for optimising energy gains. All 
the same, the assessment estimates that equipment will be out of service for eight months.

The reference values to base energy and economic studies are 16% for the increase in in-
stalled capacity, a 2.5% gain in the yield from repowered equipment and a 13.2%increase in 
the plant’s turbined flow.

Hydrologic Assessment  New Conditions for the Turbine Generator Group
Steady Flow: 460 m³/s  Nominal Working Power: 100,8 MW
     Average Flow: 536 m³/s Turbine Yield: 92%
     Generator Yield: 98%
     Capacity Factor: 88% and 90%

5.4.3 - ECONOMIC ASSESSMENT OF THE JUPIÁ PLANT (PER UNIT)

Repowering – only turbine
Repowering Cost: R$ 4.458.700,00 (per unit)
Energy Gain from Repowering: 225.464 MWh (43%)
Real Gain in Installed Capacity: 33.27MW (18%)
Cost of Energy Generated: 19.42 R$/MWh
Installation Index: 523.85 R$/kW
Investment Amortisation, sales based on reference values (RV): 3 years

Repowering – turbine and generator
Repowering Cost: R$ 19208700.00 (per unit)
Energy Gain from Repowering: 275.857 MWh (46%)
Real Gain in Installed Capacity: 35.0 MW (18,12%)
Cost of Energy Generated: 33,33 R$/MWh
Installation Index: 919.64 R$/kW
Investment Amortisation, sales based on RV: 4.5 years
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5.4.4 - ECONOMIC FEASIBILITY OF REPOWERING

Studies show the feasibility of both types of repowering, that is, only turbine repowering or tur-
bine and generator. It must be pointed out that the repowering cost for the generator affects the 
investment amortisation. Returns from capital invested will occur in 2 to 4.5 years, dependent 
upon energy transactions to be conducted.

The viability of this transaction was noted due to an average 22 MW gain in the interconnected 
system and approximately 33 MW through repowering, whilst the unit cost for generation is 
33.33 R$/MWh. Repowering here can be categorised as light and although the study has been 
completed, it obtained a good Installation indicator of R$ 919.64/kW.

5.5 - CASE STUDY 4 – HYDROPOWER PLANT JACUÍ

The Jacuí Hydroelectric Plant is situated at the Jacuí River in the municipality of Salto do 
Jacuí, in the central region of the state of Rio Grande do Sul.

It was built by the State Electricity Company (Companhia Estadual de Energia Elétrica - CEEE) 
and began operation in the third quarter of 1962. It guaranteed energy supply to approximately 
30 municipalities in the state of Rio Grand e do Sul.

Initially, three generator units were installed, having a nominal working capacity of 25,000 kW.  
They were made up of Francis turbines, Calzoni manufactured, having a 34912 CV and uni-
tary turbined flow of 25 m³/s, coupled to Marelli manufactured generators, having 3,1250 kVA, 
13800 volts and 300 rpm velocity.

The plant was expanded in 1968 when three more generator units were installed, having the 
same features as the existing groups. In all, they had an end capacity of 150,000 kW.

The plant originally operated at a 50 Hz but the switch to 60 Hz allowed for increasing effective 
capacity to 180,000 kW.

At present, it still belongs to the State Electricity Company (Companhia Estadual de Energia 
Elétrica (CEEE) and is in operation, forming part of the interconnected system.

5.5.1 - GENERAL PROFILE OF THE JACUÍ PLANT

The Jacuí is a run-of river and derived fuel plant. Its PowerHouse is made up of 6 generator 
units having original installed capacity of 180 MW after repowering in 1997.

Original Technical Profile

l Company: Companhia Estadual de Energia Elétrica (CEEE)
l Municipality: Salto do Jacuí (RS)
l River: Jacuí
l Region: Sul Latitude: 29º 03’ Longitude: 53º 14’
l Installed Capacity: 180 MW
l N.º of generator units: 6
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l Start of Operation: 1962
l Current Situation: plant in operation

5.5.2 - TECHNICAL ASSESSMENT OF THE JACUÍ PLANT

Based upon a study that included a series of broader hydrological assessments, it was de-
cided that the Jacuí Plant should undergo repowering given the conclusion that there is the 
possibility for potency gains in generator units (GU) to the value of 20%. The following will be 
necessary: turbine and generator refurbishing, including changes to the insulation class and 
the ventilation system, replacement of exciters, velocity and tension regulators as well as digi-
talisation of the supervision and control system.  

The repowering has been planned by the CEEE. However, no date has been set for its actual 
realisation in spite of the timing being appropriate and that the plant will obtain the following 
features

Hydrological Assessment:  New Turbine Generator Group
Average Flow: 30,0 m³/s  Installed Capacity: 36,0 MW
     Turbine Yield: 92%
     Generator Yield: 98%
     Capacity Factor: 60%

5.5.3 - ECONOMIC ASSESSMENT OF THE JACUÍ PLANT (PER UNIT)

Repowering Budget per GU: R$ 3.200.000,00
Energy Gain from Repowering per GU: 66.039 MWh
Real Gain in Installed Capacity per GU: 10.1 KW - 44.72%
Generation Cost: 20.22 R$/MWh – Installation Index: 478.78 R$/kW
Investment Amortisation at Values of R$ 32.58 /MWh: 3 years

5.5.4 - ECONOMIC FEASIBILITY OF THE JACUÍ PLANT

This study was based upon data provided by the Brasil Energia Journal, n.º 240, dated 
November/2000, to which was added inflation values at that time due to variation in the ex-
change rate. Repowering becomes viable in light of benchmark prices charged by generation 
agents for source-based supply operations.

Economic viability will occur over a two-year period since energy sales have an Installation In-
dex of R$ 478.78/kW that is well below the average. This is in spite of the fact that repowering 
here is categorised as heavy and that there is no replacement of equipment.   
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6 - CONCLUSIONS AND RECOMMENDATIONS

The moment is ripe for hydroelectric plant repowering. For, based upon current energy mar-
ket conditions, unavailability costs due to equipment shut downs are at their lowest in recent 
years. The benchmark value (RV) of R$ 32.58 and the surplus in Installed Potency of 7,500 
MW imply that the cost factor, employed as a decisive-factor in plant repowering, should influ-
ence the Benefit Indicator less than the Cost of Energy produced. 

Repowering of old hydroelectric plants has now become more than ever the best alternative for 
energy gain in the Brazilian Electricity System. For, it can be amortised over a five-year period 
and moreover, its environmental impact is low or nil. Further, it is a short-term action. The table 
below gives a comparative analysis of current benefit indicators for main energy sources in the 
grid as well as shows clearly repowering’s feasibility. 

The Case Studies presented here show successful repowering processes that can lead to quick 
returns for entrepreneurs. These returns are summarised in the Table below. This does not mean, 
however, that there are no repowering actions that are amortised over a 10 year-period and which 
can also bring good results due to the quality and lasting effect of repowering services.

TABLE 6 – SUMMARY OF CASE STUDIES

 Esmeril Dourados Jupiá Jacuí

Budget [1000 x R$] 3.234,00 8.086,00 14x16.290,00 6x3.350,00

Shut downs [1000 x R$] 277,00 1.097,00 14x12.962,00 6x1.445,00

Installed
Capacity Gain

[MW] 3,3 6,4 14x35 6x10,1

[%] 129% 59,8% 18% 45%

Energy Gain
[MWh] 17423 43.351 14x285.857 6x66.039

[%] 205% 171% 46% 74%

Energy Cost (AM 5 years)
[R$ / MWh] 60,63 62,44 30,31 20,22

Installation Cost [R$ / kW] 1.148,78 1.518,27 836,23 478,95

SOURCES: CPFL, CESP, CEEE (BRASIL ENERGIA Nº 240).

These results should be considered in light of cost assessment studies for various energy 
sources, in which the hydroelectric energy option and especially repowering stand out:

1 Translator’s note: TJLP refers to Taxas de Juros de Longo Prazo – Long Term Interest Rates
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 TABLE 7: COST OF ENERGY SOURCES8

Generating Source U$ / MWh U$ / kW Fuel [U$] Amortization [years]

Hydraulic - new 20 2000 ANEEL – ANA* 30

Gas 56 1000 2,7 20

Wind 61 1200 Zero 20

Photovoltaic 600 4000 Zero 20

Repowering 20 700 ANEEL – ANA* 5

Observations:
 1. Fuel cost has already been included in the energy cost for the gas UTE;
 2. The values in this table are average reference values
 * The charge for water use/royalties is considered

SOURCE: DATABASE.

An economy of scale is evident in repowering processes since large-scale plants obtain better 
results. Nevertheless, this group negotiates energy at lower prices, that is, values from genera-
tion agents, whilst more expensive repowering activities become feasible due to prices from 
distribution agents.

The feasibility of repowering projects, highlighted in this study, requires the development of 
government policies geared towards heightening incentive measures for energy production 
efficiency set out in the New Institutional Model for the Electricity Sector. Undoubtedly, this 
will demand great efforts from the current Ministry of Mines and Energy. These efforts are es-
sential in order to meet the results expected by society, in other words, respect for available 
natural resources.

Returning to measures suggested in item 5 of this study, WWF sees it fit to highlight the fol-
lowing provisions:

l Monitoring of energy production efficiency and maintaining installations;
l Monitoring compliance with measures to lessen environmental impacts;
l Incentives for practising efficiency by offering adequate returns from base, peak and re-
serve-load capacity supply;
l Inspection and monitoring of repowering and modernisation projects through annual plan-
ning of maintenance work;
l Simplified environmental assessment of projects existing prior to the licensing and envi-
ronmental protection laws, CONAMA9 – 1986.

In the move towards rational water resource use, WWF-Brazil positions itself as a policy formu-
lator, willing to collaborate with authorities in the sector. It will also maintain its traditional role 
as monitor of environmental problems that can be avoided through appropriate actions, which 
lead in turn to an increase in energy supply in an environmentally sustainable and socially 
equitable manner.

8 ANA (see table) stands for Agência Nacional  de Águas – National Water Agency.
9 CONAMA stands for Conselho Nacional do Meio Ambiente – National Envrionmental Council.
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