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Kurzfassung

Brasilien, ein Land mit über 8,5 Millionen km2 Fläche, erfährt gegen-
wärtig einen Zubau an installierter elektrischer Leistung von ca.
4,5 % jährlich und wird die 100 GW Marke 2008 erreicht haben. Die
Energieversorgung stützt sich hauptsächlich auf große Wasserkraft-
werke, die aber in den letzten Jahren aufgrund von zunehmendem
Wassermangel nicht ihre volle Leistung einspeisen konnten. Dies hat
zur Folge, dass ca. 70 % der Bevölkerung von Beschränkungen im
Energieverbrauch betroffen sind. Aufgrund der Energieknappheit ist
die brasilianische Regierung bestrebt, die erneuerbaren Energien zu
forcieren. Die brasilianische Regierung startete im Jahr 2002 ein Al-
ternatives Energie Programm (PROINFA), welches Anreize für den
Ausbau von erneuerbaren Energien liefert. Dieses Programm ist so an-
gelegt, dass im Laufe der nächsten 20 Jahre die erneuerbaren Ener-
gien einen Anteil von 10 % an der brasilianischen Energieerzeugung
erreichen sollen. Gegenwärtig beträgt die weltweit installierte Leis-
tung von Windkraftanlagen 59 GW, wobei davon ca. 31 % an die Net-
ze der deutschen Netzbetreiber angeschlossen sind. Der Beitrag zeigt
einen allgemeinen Überblick über Probleme der Netzintegration von
Energieerzeugern auf Basis erneuerbarer Energien. Weiterhin werden
Lösungsvorschläge und deren mögliche Übernahme für den wach-
senden Markt in Brasilien gezeigt.

Abstract

The Brazil a country with over 8.5 million km2 of continental territo-
ry and whose electric power market is experiencing growth on the or-
der of 4.5 % per year, and should top the 100 GW mark by 2008. The
Renewable Energies especially wind energy is moving the Brazilian
government politically and economically, largely due to the electricity
shortages that happened in the last years for water lack in the power-
generation parks that is predominantly fed by hydraulic sources, forc-
ing 70 percent of the population to cut back on energy consumption
and sent the authorities scrambling to come up with solutions. The
Brazilian government launched in 2002 the Alternative Energy Pro-
gram (PROINFA), which provides incentives to renewable sources.
The program is designed aiming the renewable sources to achieve
10 % of the Brazilian power production and this goal is supposed to

be reached within the next 20 years. Actually there are 59 GW of wind
power generation capacity installed around the world and about 31 %
is connected to the German grid that is the country with bigger expe-
rience into this area. This paper presents a general overview of the re-
newable energies integration problems and solutions in Germany
and possible implementation in the new growing market in Brazil.

1 Introduction

The Brazilian Government launched in 2002, the Incentive Program for
Alternative Electric Generation Sources (PROINFA). The main objective
of this program is to provide incentives to renewable energy in Brazil,
contributing to the development of clean technologies and the improve-
ment of the quality of the environment, taking in consideration that ac-
cording the preliminary estimates the potential of wind energy gener-
ation in Brazil is 143,000 MW/h.

The main goal of PROINFA is to establish incentives to make renewable
energy economically competitive in the Brazilian electric sector. This
aim is backed by the guarantee of wind energy purchase by the state-
run ELETROBRAS (Holding of Brazilian Power System). The costs of
wind energy production in Brazil are still nearly 40 percent higher than
those related to hydroelectric production. But there is a tendency for
wind energy to become cheaper, agree experts. In contrast, the costs
of hydroelectric energy are on the rise, especially in environmental
terms, because it requires the flooding of extensive forested or farm-
ing areas in order to create the reservoirs and transmission is costly
as the rivers that can be used to generate electricity are usually far
from the urban centers that consume the electricity produced.

Almost 70 % of the possible future hydroelectric projects will de-
mand higher investment than those for the wind farm projects. Anoth-
er advantage of the wind farm, relating to hydroelectric plants, is that
all the area occupied by the wind farm could also be used for other pur-
poses (cattle breeding, agriculture, etc.), or even preserved as a nat-
ural habitat.

According with the CBEE (Brazilian Wind Energy Center), the imple-
mentation of wind energy in Brazil could also be used to solve the

75

Forum 19 Inhalt.qxd  29.11.2006  14:23 Uhr  Seite 75



Milthon S. Silva1, Harald Schwarz2, Klaus Pfeiffer2

1 CCET/NEL UFS BRAZIL
2 Chair of Power Distribution and High Voltage Technology

Application of the East German Grid Experience
in Renewable Energies Integration into the Brazilian Energy System

problem of water usage (electricity generation against irrigation), as
an example in the Sao Francisco River. Huge projects for irrigation pur-
poses could cause an unexpected and undesirable impact on the wa-
ter volume in the hydroelectric plants reservoir. Consequently, this
would affect the electricity production and supply for the whole region.
Although, looking in the wind speed shape for this region, it can be
seen that the highest wind speeds occur during the river water flow
minimum along the year. Thus, wind farms could generate a great
amount of energy, avoiding the usage of the river water for electrici-
ty production. [2]

In addition to that, many isolated communities in Brazil use diesel for
electricity generation. Only in the Amazon region, more than 500
communities employ diesel generator, affording operational costs be-
tween 0.20 €/kWh and 0.68 €/kWh. Wind turbines coupled to the ex-
isting diesel systems (wind/diesel hybrid systems) could promote
substantial savings if we take into consideration costs involved with fu-
el purchase, transportation, storage, operation and maintenance of the
system, never mentioning the environmental pollution reduction.

2 Brazil’s electric power market

The Brazilian electricity system is characterized by an overwhelming
reliance on hydropower as shown in Tab. 1. In years of normal precip-
itation, over 80 % of the country’s electricity comes from a network of
hydroelectric dams (Fig. 1), most of which were built by state compa-
nies over decades and are largely amortized. A few coal plants exist
near coal reserves in the South, but thermal power mainly supply iso-
lated markets.
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Type Number
of Plants

Installed
Capacity (MW)

Percent of Total
Generation (%)

Hydropower 578 70.323

76,2Plants 147 68.938

Smalls units 431 1.384

Thermal 838 19.820

21,5

Natural Gas 69 9.157

Diesel and fuel oil 480 5.252

Biomass 256 3.068

Coal 7 1.415

Other fuels 26 929

Nuclear 2 2.007 2,2

Renewable 12 29

0,1Wind 11 29

Solar 1 0

Total 1.430 92.179 100

Table 1:
Power generation plants operational in Brazil (2005) [1]

Figure 1:
Brazilian energy matrix [1]

Figure 2:
Energy potency licensed in Brazil until 2005 [1]

The Brazilian electricity system is large, accounting for almost 40 %
of electricity consumption in Latin America. In 2000, the transmis-
sion line that links North and South started operation, creating a
large single integrated system that supplies most of the country’s
population. Transmission remains a constraint to the flow of power
between regions, particularly between the North-Northeast and the
South-Southeast. Several isolated grids operate in the Amazon re-
gion, but these isolated grids are progressively interconnecting to the
integrated system.

Although a substantial untapped hydropower potential remains (95
GW), the cost of developing new hydro sites is rising. The most attrac-
tive new sites are located far from the existing grid, demanding sub-
stantial investment in transmission lines to deliver their power to con-
sumers. Moreover, new hydro sites face severe environmental regula-
tions and their development especially by private investors faces a
lengthy, expensive and uncertain permitting process.

To induce the use of renewable energy sources the Alternative Power
Sources National Program (PROINFA) in the Portuguese acronym
was recently created. This program offers subsidies to encourage in-
vestment in three technologies: wind power, biomass and small hydro.
Projects up to about 3 GW are eligible to receive subsides and until
2004 different projects were licensed as shown in the Fig. 2.
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Figure 3:
Brazilian wind atlas [5]

Energy Source Potential (GW) Generation Cost(€/MWh)

Biomass 27,7 32 to 65

Wind 28,9 32,5 to 70

Coal 17,5 41,7 to 54,2

Natural Gas 4,8 32

Imported Coal - 40,8

Imported Natural Gas - 39,2

Table 2:
Cost comparison of several energy sources [4]

The principal wind energy projects installed until 2004 in Brazil are
shown in the Fig. 4, the most of the wind parks are located in the
northeast region, which is worst off as far as water sources, but
much favored by the winds. [4]

Figure 4:
Wind parks installed in Brazil [2]

3 The brazilian wind potential

Brazil has continental spatial dimension equivalent to 8/9 of Eu-
rope, therefore it is not inconceivable that good wind resources can
be found in many parts of the country. Almost the total Brazilian ter-
ritory is embedded between the Equator Line and the Southern Sub-
tropical Belt. Large scale atmospheric circulation is controlled by
the Tropical energy constraints, which means small potential ener-
gy reservoir and the largest latent and sensible heat stock of the
planet. The geotropic adjustment does not work as a realistic as-
sumption for numerical models and synoptical activity is lower
than in Mid-latitudes. Large scale low level circulation is illustrated
by the equator ward branch of the popular Hadley Cell.

Trade Winds, originated on this surface flux, are the main atmospher-
ic characteristics of the northern part of Brazil. The Trade Winds are
known as the most stable system on the earth surface, with a strong
seasonal cycle controlled by the position of the Inter tropical Conver-
gence Zone a cloudiness fine line defining the Earth Thermal Equa-
tor separating North and South Tropical Circulation. Eastern waves,
originated on the African Highlands, also can be detected on the
Northeast region of Brazil during last months of the year.

Southern Brazilian States show a hybrid tropical to Mid-latitude be-
havior implying greater front activities while Northern States have
a basic tropical nature with short life atmospheric system and pro-
nounced annual cycle.

Most of Brazil’s orography is rather simple with neither relevant
mountain chains nor highlands, emphasizing the predominate role
played by the large scale circulation. Land cover, also, plays a dra-
matic role, especially, referring to the atmospheric boundary layer
of the Amazon basin and the Northeast Region dry inner-lands. [5]

The first anemometers installed in the Island of Fernando de Noron-
ha – Pernambuco and in the coast of Ceará (states located in north-
east and north of Brazil respectively) revealed a yearly average wind
speed of about 8m/s. The analysis of wind data in the last years
from several sites in the Northeast coast confirmed the character-
istics of the southeast trade-winds: uniformity of wind speed and di-
rection during the whole year, exceptionally high Weibull shape
factor (k3=3) when compared to sites in US or Europe, low turbu-
lence intensity and low variability of wind directions (almost unidi-
rectional wind).

The Fig. 3 shown the Brazilian wind atlas published by CBEE with
support of the ANEEL (Brazilian Electricity Regulatory Agency).

The wind power generation costs in Brazil, according of different
studies is already comparable to thermoelectric, nuclear and even
new hydroelectric plants. The Tab. 2 below shows the generation
costs of several energy sources for new projects in Brazil according,
this information appear in the electric sector plan ELETROBRAS
document for 2015. The cost of energy generated by new hydroelec-
tric plants in the Amazon region (another option investigated by the
electric sector) would be fairly higher than those already built.
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4 Worldwide Wind Energy Developement
and the German Market

The last year was another record period for the worldwide wind ener-
gy utilization. The wind energy international market includes more and
more countries, with 59 GW installed worldwide until 2005. World-
wide, 11,3 GW were added in 2005, after 8,3 GW of additional capac-
ity in the year 2004, and 8,1 GW in 2003. The global rate of growth in-
creased to 24 % in the past year 2005, after 21 % in the year 2004, as
shown in the Fig. 5. With this dynamic increase continuing, WWEA
(World Wind Energy Association) expects 120 GW to be installed
worldwide in the year 2010. Today, wind energy delivers worldwide
around 1 % of the global electricity generation, with some countries
and regions reaching 20 % and more. [10]

Europe remains in the position as the number one continent in terms
of overall capacity (40,9 GW) as well as additional capacity of 6,2 GW
representing 55 % of the globally added capacity. The European mar-
ket showed a growth rate of 18 % especially Germany and Spain kept
their positions as the leading markets with a robust growth.

Future substantial growth can be expected in the coming years in most
of the EU countries because of the increasing awareness of the contri-
butions of wind power to energy security. The European Commission
announced recently that it will take care of an effective implementa-
tion of the directive for renewable energy electricity.
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Figure 5:
Worldwide wind energy evolution [10]

Figure 6:
Wind power capacity installed in Germany [6]

Generation from renewable energies was recognized in Germany
since med of 1970. In the time period from 1975 to 1995 approximate-
ly 3000 MW was installed in total, especially in wind power. At that
time the German government decided to establish a national law to
promote renewable energies (EEG). While the normal generation
costs from thermal power plants are in the range of 0,03 €/kWh a rate
of 0,09 €/kWh from wind energy is guaranteed.

The DENA (Germany Energy Agency) presented in May of 2005 an en-
ergy electric grid study, which shows a scenario of the development of
wind energy making the analyses in the long-time consequences of an
increased share of renewable energy in Germany, for the electrical sys-
tem, with a time horizon of up to 2020. The extension of wind power

It is well known that power generation from wind and also from pho-
tovoltaic can’t yet be forecasted in a proper way. Therefore the success-
ful use of these types of renewable electricity supplies are directly re-
lated to the compatible adoption of the fluctuating infeed to the phys-
ically based rules how to operate electrical grids.

The European supply system for electrical energy is designed as a con-
tinental 400 kV system, which will be operated by several TSO’s
(Transmission System Operator). These have the responsibility for the

will lead to strong geographic concentration in Northern Germany, a
region with relatively low electricity demand. The integration of large
amount of wind energy into the grid creates challenges for the entire
power system.

A gradual increase in effective wind turbine capacity factors has
been accounted for, corresponding with expected wind energy technol-
ogy improvements and the use of more windy locations, especially off-
shore. The installed wind power increases from 14,5 GW in 2003 to 36
GW in 2015, of which 27 % offshore. The total annual wind energy out-
put raises from 23,5 TWh in 2003 to 77,2 TWh in 2015, effectively in-
creasing the share of wind power in covering the national electricity
demand from 4,3 % to 14 %. Offshore wind energy can provide 42 %
of the wind energy output in 2015. [3]

5 Wind energy german system experiences

Actually a total amount of 59 GW of generation from wind power is in-
stalled around the world. With a capacity of nearly 18 GW (end of
2005) about 31 % of the world wide wind capacity (see Fig. 6) is con-
nected to the German grid. This situation in the last years is generat-
ing the lines transmission overloaded, that happen in period of time
with full wind power feeding combined with low load in the grid. That
leads to a national discussion to expand the high voltage overhead line,
that with past experiences it can take 5 to 10 years to get all necessary
permissions to build a new line in Germany. German utilities started
to improve the boundary conditions to speed up network work expan-
sion, but meanwhile network safety management systems will be es-
tablished to keep the grids stable.
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save and reliable operation (frequency, voltage) of their part of the Eu-
ropean grid. In consequence to an intensive use of wind generation it
is one of their main duties to compensate the intra day fluctuations
of infeeds, this compensation energy has to be bought or sold on the
spot market normally on a very high price level. The Fig. 7 shown an
example between the day ahead forecast and the real infeed over a 24
hour period.

These reflections of an intensive use of wind power generation lead to
a restructuring of the grid structure itself. But this is a very time con-
suming procedure. In the actual revision of the EnWG (German Law on
Energy Economics), the national government gave the opportunity to
the utilities to adjust all relevant infeeds, transfers and loads in case
of occurring system stability risks. To organize this on a technical ba-
sis, all generations (renewable or non-renewable), which want to be
connected newly to the grid now are forced by law to install a device
for remote control.

Although the system stability might be guaranteed within the grid,
lines, cables or other equipment can be overloaded during a strong
wind and low load situation in specific areas of the grid. To avoid dis-
connecting of lines due to thermal overload, dispersed generation
might be disconnected within several periods of time. NSM’s (Network-
Safety Management Systems) were commissioned in the East German
Grid in the last twelve months and had to be activated for several
times. [7]

In parallel activities of the utilities to restructure their grids and to
build up new lines will finally solve the problem of restricted transport
capacity. Due to the erection time in Germany of up to 10 years for new
transmission and distribution lines NSM’s will become an essential
part for a reliable grid operation.

On the other hand in electrical grids severe voltage drops will occurs
after short circuits. In case that the voltage will drop below 85 % of rat-
ed voltage, older types of wind power generators will be switched off.
The investigation of the 380 kV national German grid showed that in
case of a 3-phase short circuit at relevant nods in the grid a wide
spread voltage drop will occur combined with an immediate loss of up
to 4.000 MW of wind power. [9]

Other problem with relation to use the wind energy is the generation
of reactive power, because this type of generation isn’t able to deliv-
er reactive power to the grid and the frequency itself is a large con-
sumer of him. In case of a strong wind situation more and more the
problem occurs that directly coupled generators in classical power
plants must be disconnected from the grid to keep the system stable.
But this also will lead to a lag of reactive power which will be needed
for the operation of the frequency converter in the wind mills. This
again will cause problems with the voltage stability in the systems.

For the solution of the problems previously mentioned, the CEBRA
(Center for Energy Technology Brandenburg) is developing a geo-ref-
erenced database will be combined with the specific electric power
output. Main advantage of the network calculations to be done by CE-
BRA is the availability of the grid data from all utilities in one hand.
This will offer several opportunities to optimize the overall grid struc-
ture and will hopefully lead to more cost saving solution in compari-
son with stand-alone solutions design by each utility itself.

Additional to these network calculations it will be investigated if vir-
tual large scale power plants will be an adequate solution to reduce or
solve the integration problems. Basic idea of these virtual power
plants is to combine on a regional basis, wind or photovoltaic gener-
ation with its fluctuating characteristics with generation from biomass.
These different types of generation will be coupled with each other by
private owned and operated small medium or high voltage lines and
be connected to the public grid only at one connection point.

This will offer the opportunity for renewable energy generation to com-
pensate the fluctuating characteristic e.g. of wind or photovoltaic by
own „regulating sources“, example biomass or storages and to deliv-
er the electric energy to the grid in a much more system compatible
way. In a following, economically based step the benefit of such virtu-
al power plants must be compared with the optimized, but neverthe-
less classical network planning solutions. [8]

6 Conclusions

With the implementation of the Renewable Energy Incentive Program
(PROINFA), Brazil has become the leading market for renewable ener-
gies in Latin America. It is expected to be generating 150 thousand
jobs in this program and leverage private investments of around 3,25
billions €. The national industry expected to produce more than 1,5 bil-
lions € in equipments and materials. Other advantage of PROINFA is
the growth in renewable energy, with provides more flexibility in
Brazilian power production that is mainly hydroelectric. The efficient
use of renewable energy can contribute significantly to sustainable de-
velopment as well as to local and global environment conservation.

Actually due to intensive funding on the part of the German govern-
ment, the amount of dispersed generation (especially wind generation)
increased rapidly in the last years and the legislation prescribes that
the network operators have to connect all dispersed generation. How-
ever, this growth causes difficult load situations in the power supply

79

Figure 7:
One day real wind power generation forecasting [8]
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system especially in the distribution networks become overloaded
during strong wind situations combined with low network load.

All the entities (Universities, utilities, operators, etc.) involved in the
power system area mainly in the East German grid are researching and
work out an overall strategy, how to integrate renewable energies to the
grid in a more system compatible manner and whose experiences can
be applied in the new growing wind energy Brazilian market.
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