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ENERGIA HIDRICA

Qual a energia potencial

gravitica num volume de agua?

dE, =(dm)gh=(pAdh)

=hj°o|Ep dh:hjopAghdh
0

2
:Ah p(Ah)g

o pVg

e.g. Alto Rabagao
Area 2200ha;

Desnivel 130m;
Producdao média anual 115 x10% kWh
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ENERGIA HIDRICA

Qual a poténcia mecanica de um

curso de agua?

Pm :ngho
3
MO
m~ S~ S

Qual a poténcia eléctrica produzida por de um curso de agua?

eficiéncia da turbina (80%) x eficiéncia gerador (98%)



ENERGIA HIDRICA
Curva (média) de duracao de caudais (médios diarios)

Na realidade o caudal nao é constante.
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ENERGIA HIDRICA
Curva (média) de duracao de caudais (médios diarios)

Na realidade o caudal nao é constante.
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ENERGIA HIDRICA

Curva (média) de duracao de caudais (médios diarios)

Na realidade o caudal nao é constante.

Q'Qmed (pu)
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Adimensionalizacao:

Caudal “por unidade”
Tempo medido em percentagem

Caudal médio (modular) = 1,5 m3/s
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TIPOS DE APROVEITAMENTO HIDROELECTRICOS

Fio de agua ou

Albufeira, reversivel ou nao.



barrage

/

— turbine

(a) low head

Source: Ramage (1996, Renewable Energy, Power for a Sustainable Future, Oxford University Press, 183-226 ) 13/,




reservoir

dam

turbine

penstock

(b) medium head

Source: Ramage (1996, Renewable Energy, Power for a Sustainable Future, Oxford University Press, 183-226 ) 14 |
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high reservoir

dam

penstock

(c) high head

Source: Ramage (1996, Renewable Energy, Power for a Sustainable Future, Oxford University Press, 183-226 )




TIPOS DE TURBINA

Adjustable blades (Kaplan)

Four runner designs used in hydroelectric turbines: (a) propeller type, with either fixed blades or adjustable
blades (the Kaplan turbine), (b) Francis type, (c) Pelton wheel type, and (d) cross-flow type

Source: Ramage (1996, Renewable Energy, Power for a Sustainable Future, Oxford University Press, 183-226 )



Turbina Kaplan

Portalkran

Oberwasserbereich Unterwasserbereich
(Stauraum).
Rechenreinigungsanlage _ Kraftwerkshalle
Dammbalkenkran

Stauziel 240,00m

MW 229,20m

Portalkran
Oberwasserbereich Unterwasserbereich
(Stauraum)
Kraftwerkshalle
Rechenreinigungsanlage " Betricbsbrocke
Stauziel 264,20m — : _ T Dammbalkenkran
258,40
el L

MW 253,53 m
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Turbina Francis




Turbina Francis

w
3




Turbina Pelton P




Turbina Banki (cross flow)

1 Gehduse

2 Leitapparat

3 Laufrad

4 Haupllager

5 Eckkasten

6 BelGftungsventi
7 Saugrohr

8 Obergangsstick




TIPOS DE TURBINA

1000

100

Head (m)

10

Propeller

0.2 1.0 10 100 500
Volumetric Flow Rate (n¥/s)

Source: Ramage (1996, Renewable Energy, Power for a Sustainable Future, Oxford University Press, 183-226 ) 22
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TIPOS DE TURBINA

1004 Pelton
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Flow as a Proportion of Design Flow

Source: Paish (2002, Renewable and Sustainable Energy Reviews 6, 537-556)
http://www.sciencedirect.com/science/journal/13640321)



TIPOS DE TURBINA

Limites de exploracao das turbinas

Turbina = o = S
Q,, Q,,
Pelton 0.15 1,15
Francis 0,356 1.15
Kaplan com dupla regulacio 0.25 1.25
Kaplan com rotor regulado 0.4 1.0
Hélice 0,75 1.0




ENERGIA PRODUZIDA POR UMA CENTRAL HIDRICA

25 -
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Hydropower generation by region Our World

in Data

Hydropower generation is measured in terawatt-hours (TWh) per year.

(J Relative
4,000 TWh T Tfigs;e Fast
3,500 TWh |
Europe
3,000 TWh )
———— North America
2,500 TWh
South & Central
2,000 TWh America
1,500 TWh
1,000 TWh Asia Pacific
500 TWh
0 TWh
1965 1970 1980 1990 2000 2010 2019

Source: BP Statistical Review of Global Energy (2020)
Mote: CIS (Commonwealth of Independent States) is an organization of ten post-Soviet republics in Eurasia following
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World hydropower map

China 356.40 United States 102.75 (anada 81.39 India 50.07 Japan 49.91

Russia 49.86

Norway 32.67

Turkey 28.50

1308..

Italy 22.59
total hydropower

G IOba I installed capacity ’ —] France 25.56

hydropower e T spain20dy

° Switzerland 16.86

installed Vietnam 16.76

- Sweden 16.48
capacity

NN Austria 14.54

\\\\\ Iran 12.17

Mexico12.13




As maiores barragens do mundo

Name

Three Gorges Dam
Itaipu Dam
Xiluodu

Belo Monte

Guri

Tucurui

Grand Coulee
Xiangjiaba

Longtan Dam

Sayano-Shushenskaya

Krasnoyarsk

IIEEEEBNE K

River
Yangtze
Parana
Jinsha
Xingu
Caroni
Tocantins
Columbia
Jinsha
Hongshui
Yenisei

Yenisei

Installed

capacity production

(MW)
22500
14000
13,860
11,233
10235
8370
6809
6448
6426
6400
6000

Annual

(TWh)
103.1
103
55.2
39.5
53.41
41.43
20
30.7
18.7
26.8
15

Area
flooded
(km?)
1084
1350

441
4250
3014

324
95.6

621
2000

Years of completion

2008/2012
1984/1991, 2003
2014
2016-2019
1978, 1986
1984, 2007
1942- 1991
2014
2007/2009
1989, 2014
1967/1972



Share of primary energy from hydroelectric power, 2019 EIaGE

in Data

No data 0% 1% 5% 10% 15% 20% >25%
|| i | I I

Source: Our World in Data based on BP Statistical Review of World Energy (2020) . 9
Note: Primary energy is calculated using the 'substitution method' which takes account of the inefficiencies energy production from fossil fuels.




Cumclative capacity (GW)
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China 30.3

Japan 27.6

United States 22.9

Italy 7.7
Germany 6.4

India 4.8
South Korea 4.7

Global pumped storage installed
capacity
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CAPACIDADE INSTALADA
Pequena hidrica (<10MW)

<10 MW Percentagem do total
W TWh/yr Poténcia Energia
China @
Japao 3.48
EUA 2.84 10.7 4%
Italia 2.41 7.6 21%
Franca 2.02 5.8 10%
Espanha 1.79 4.7 20%
Brazil 1.43 6.7 2%
Austria 0.99 4 10%
Suécia 0.99 3.8 %
Républica Checa 0.28 1.1
Peru 0.23 1 6%
Europa
América Norte




POTENCIAL HIDROELECTRICO
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O potencial das mini-hidricas para a eletrificacdo remota

Legend

[:| National Administrative Boundaries
Sub-Saharan Africa Mini Hydro
Power MW
e 01-10
Sub-Saharan Africa Small Hydro
Power MW
e 1.1-100
Sub-8aharan Africa M/S Hydro Per Country
Power MW
AR
[ s1-280
[ 251-500
[ =01 - 1000
[ 1001-3000
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DENSIDADE DE POTENCIA
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CUSTOS INVESTIMENTO

« Pequena hidrica, $1000-3000/kW, paises em desenvolvimento
« Pequena hidrica, $2000-9000/kW, paises desenvolvidos
« Grande hidrica (incluindo barragem e albufeira), $2000-8000/kW

Source: Paish (2002, Renewable and Sustainable Energy Reviews 6, 537-556,
http://www.sciencedirect.com/science/journal/13640321)



CUSTOS INVESTIMENTO
Pequena hidrica (<10MW)

Depende da queda de agua e poténcia, e do factor de utilizacao

Tabela 3: Investimento unitario (€/kW) em CMH (final de 2002) [ESTIR]

€KW Minimo Maximo Medio
1MW-10MW 600 2000 1300
S00KW-1MW 1300 4500 2500
100KW-200KW 1200 6000 3750
<T100kW 1200 6000 3750

Energy Scientific & Technological Indicators and References (ESTIR), Area:
Electricity Generation, Sector: Hydropower (1ncl. small), Community Re-
search & Development Information Service (CORDIS), 2002



CUSTOS INVESTIMENTO
Pequena hidrica (<10MW)

Depende da queda de agua e poténcia, e do factor de utilizacao

CENARIO CENARIO .
SECO HUMIDO 7%

200

25 anos

150-\ = 2% I,
§ e \ Tarifario verde
“’ L 80€/MWh

——— 25 anos

Dzn-m APENAS VIAVEL PARA CUSTOS INFERIORES A 2000€/KW.
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IMPACTOS POSITIVOS

Impactos econdmicos & energéticos

Custo da energia

Seguranca energética (fonte enddgena, ou quase)

Valorizacdo recurso edlico (PNBEPH: 1MW de bombeagem/ 3.5MW de edlico)

Aproveitamento agua para consumo das populacoes e/ou irrigacao



IMPACTOS NEGATIVOS

Impactos sociais
« Deslocamento populacao

« Reservatorio pode promover desenvolvimento vectores

transmissao doencas

e (Acidentes: Bangiao, 170000 mortos em 1975)



IMPACTOS NEGATIVOS

Impactos ambientais

« Maior area de superficie = maiores perdas evaporacao

« Sedimentacao antes da barragem (= custos manutencao)

« Menos sedimentacao depois da barragem (= erosao costeira)
« Fragmentacao ecosistema fluvial (efeito na biodiversidade)

« Alteracao paisagem

» Desflorestacao

» Emissoes metano



IMPACTOS NEGATIVOS
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Emissdes GHG barragens Brasil

EMISSOES
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EMISSOES
Emissdoes GHG barragens Brasil (excepto Boreal)
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EMISSOES
Emissdoes GHG barragens Quebec
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¢ Churchill Falls

¢ LaGrande Complex

¢ Manic Complex

¢ Churchill/Nelson
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PORTUGAL
Grande hidrica

Quadro 1.2.4 — Capacidade de armazenamento e poténc 2
hidroeléctrica instalada por bacia hidrografica

o, oA

NVE ’ V_ T~
\ Poténcia

Afluéncias Capacidade util Capacidade util (B [¢ A
Bacia hidrografica | anuais actuais | das albufeiras | das albufeiras em [~ hidroelectrica
(hm?3) (hm?) % das afluéncias /| .‘1_ [;" (MW) | A
Lima 3000 355 12% Ol 050
Cavado 2300 1142 50% NI
Douro 18 500 380 2% 2
Vouga 2 000 0 0% ¢
Mondego 3350 361 1% o
Tejo 12 000 2 355 20% a
Guadiana 4 500 3244 72%
Sado 1460 444 30%
Mira 330 240 73%
Ribeiras Algarve 400 341 85%
Total 47 800 8 862 19%

LEGENDA

Escala gréfica

Figura 1.2.13 — Grandes
aproveitamentos hidraulicés ¢xistentes



PORTUGAT. “
(Nova) grande hidrica Q_

¥V .
)‘ Vidago p
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Principais caragteristicas dos aproveitamentos seleccionados para o PNBEPH

serovermauento | BA9A | o | o | HDROGRAFICA |DAALBUFERA| INSTALADA | PRODUZIDA
HIDROGRAFICA

(km?) (hm?) (MW) (GWh/ano)
Foz Tua Douro Tua Reversivel 3822 310 234 340
Fridao Douro Tamega - 2630 195 163 299
Padroselos Douro Bega/Tamega | Reversivel 315 147 113 102
Gouvaes Douro Torno/Tamega | Reversivel 100 13 112 153
... Daivoes Douro Tamega Reversivel 1984 66 109 148
Alto Tamega (Vidago) Douro Tamega Reversivel 1 557 96 90 114
Almourol Tejo Tejo - 67 323 20 78 209
Pinhosdo Vouga Vouga Reversivel 401 68 77 106
Girabolhos Mondego Mondego Reversivel 980 143 72 99
Alvito Tejo Ocreza - 968 209 48 62

Az

Figura 7.1 — Localiza¢io dos aproveitamentos seleccionados para o PNBEPH
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Pequena hidrica
115 pequenos
aproveitamentos
' hidroeléctricos
(<= 10 MW),
com poténcia
global de cerca
de 340 MW.

PORTUGAL
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