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electricity renewable share

Fossil fuels

and nuclear 78.3% installed CapaCity

Hydro- restofworld 48 %0 China 23%
(o)

power 16.57%

Other Brazil 8.5%

renewables
(non-hydro) 52%

United States 7.9%

Canada 7.8%
Russia 4.6%

added installed capacity

Rest of World 26%

China 52%

Turkey 7% °

Vietnam 6% °
Brazil 6%
Russia 3%
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Available resource 102 EJ

Ciéncias

Technical potential 40% = 16000 TWh
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Average Annual precipitation mm, [in.] |
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Credit: Earth Forum, Houston Museum of Natural Science
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B Recurso [ Potencial técnico Producio efetiva

18000
£
< 13500
=
>
S 9000
=
A=
&
0.0
s 4500
L
0 -
O
C

C Ciéncias
ULisboa



average annual precipitation

@ North America @ South America Europe
@ \iddle East @ Africa ® Asia
@ Oceania 19%
0
15%

1%

35%
30%
18%

3%

12% g 1T 23%

Technical potential: Energy generated:
ciencias 16 000 TWh/year 3 272 TWhlyear
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hydro resources

Technical Effective Installed .

: : Capacity Share of

potential | production power — e

[TWh/ano] | [TWh/ano] | [GW] 4
-

1 7% IS%

tugal 0 0

14.9 (20I3) 35% (20I3) 32% (2013)

Por
g i T S NI
. lﬂ ULigboc - Survey of ene ur 201 %ﬂw@

P> 5:"‘- i'?




small-scale
Rl A & b e .

ale

V/ o

large-sc

’ - lower than 10 MW




reservoir and run-of-river hydro h ydro

- Advantages Disadvantages

Storage
Reservoir High environmental impact
Reversitibility

Less predictability
Run-of-river Low environmental impact Low storage (<100 hours)

High production with precipitation
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hydro power plant

Reservoir

~ Long Distance
Powerhouse Power Lines

Intake

=B =B = e
e

I Generator f

LW =
Ju L -Q Turbine

T —
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hydro power plan

H, Gross head

Reservoir
o f
Effective head ‘ Long Distance
owerhouse Power Lines
Intake
Generator

Penstock

Turbine
River

P =npgH,v [W]

Volumetric flow [m3/s]

Ciéncias System efficiency
(includes turbine, generator, transformer, etc.)



pumped storage power plant

- upper reservoir

transmission

intake power grid

tunnel
penstock

el power-house
inlet valve ; "
SR (reversible pump-turbine)

_) Direction of water flows when generating

--------- » Direction of power flows when generating
(— Direction of water flows when pumping

Direction of power flows when pumping
D Rotation when generating

C Rotation when pumping
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high reservoir

dam

reservoir

dam

barrage

_—

turbine

turbine

turbine penstock

penstock
Low head Medium head Large head
2-20m 20-150 m >150 m

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

100 Pelton

90%

Q e / 70%
3; 60- Francis /~ //
accj . / p Propeller
O /
= 40- / /
/ /
7 /
/ /
20- /
/ /
_ / /
/
O | | | | | | | | |
0 0.2 0.4 0.6 0.8 1.0

Flow as a Proportion of Design Flow
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Ciéncias Source: Paish (2002, Renewable and Sustainable Energy Reviews 6, 537-556

ULisboa http://www.sciencedirect.com/science/journal/13640321)



http://www.sciencedirect.com/science/journal/13640321
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Kaplan turbine (propeller type)
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Pelton turbine
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urbine types _ hydo

1000

100

Head (m)

10

Propeller

] ] J
0.2 1.0 10 100 500

Volumetric Flow Rate (n?/s)
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hydro power plant

22500 MW

Capac1ty factor 50%

Annual generation  98.8 TWh (2014)

1987 ' 2006
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http://en.wikipedia.org/wiki/Capacity_factor
http://en.wikipedia.org/wiki/Gross_generation
http://en.wikipedia.org/wiki/Watt-hour

hydro power plant

Power capacity 14.000MW
Capacity factor 84%:

Annual generation —~-103.1 TWh (2015)



http://en.wikipedia.org/wiki/Capacity_factor
http://en.wikipedia.org/wiki/Gross_generation
http://en.wikipedia.org/wiki/Watt-hour

strengths / weaks

during operation: no release of COz, no fuel or water use
large life time

low levelized costs of electricity

flood control and irrigation

electricity storage by pumping

leisure landscape
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environmental impacts

landscape and ecosystems modification
fish migration

methane emissions

accidents (dams and turbines)

population resettlement

F - N B
C Ciéncias
- ULisboa



levelized costs

Technology Typical Characteristics Capital Costs Typical Energy Costs
(USD/kW) (LCOE — U.S. cents/kWh)

Power Generation

Plant size: 1 MW-18,000+ MW
Hydropower: Grid-based Plant type: reservoir, run-of-river
Capacity factor: 30—60%

Plant capacity: 0.1—1,000 kW
Hydropower: Off-grid/rural  Plant type: run-of-river, hydrokinetic, 1,175—3,500 5-40
diurnal storage

Projects >300 MW: <2,000

Projects <300 MW: 2,000—4,000 212

Investimento inicial elevado, mas depende do local
(65-75% engenharia civil,10% sistemas técnicos, 15-20% licencas, terreno).

Custos de operagao e manutencao reduzidos;

Elevada vida util

LCOE depende das condicOes de operacao (factor de capacidade, possibilidade
de armazenamento).
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daily water flow
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daily water flow

Curva de duracao de caudais

30
24
Z 18
3 0(t)
3 |2
O
6
0
0 365

Numero de dias com ocorrencia de caudal igual ou
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daily water flow

Curva de duracao de caudais

30

24

Caudal de chela

"
N . ==
3 8 Uy, Caudal maximo
S U, Caudal nominal
3 |2
@,

6

a1V, Caudal minimo
0
0 365

Numero de dias com ocorrencia de caudal igual a ou
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daily water flow

Curva de duracao de caudais
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daily water flow

Curva de duracao de caudais

30

24

|18

|2

Caudal [m3/s]

Periodo de
operacao da turbina

0 ——————————————————————
0 365

Numero de dias com ocorrencia de caudal igual ou
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exams solar

Considerar um coletor solar plano com 1 m? de 4rea efectiva de captacao solar, localizado a uma latitude de
40°, com 1o = 0.683, a1 = 1.17 W/(m?K) e az = 0.01 W/(K?m?).

Agua (335 K): calor especifico 4214 J/(kgK), massa volimica 982 kg/m?.

1. Determinar, para o dia de hoje, qual o &ngulo de incidéncia do sol no painel coletor, posicionado num telhado
com uma pendente que faz 30° com a horizontal, as 12h (hora solar).

2. Determinar qual o rendimento do painel para uma irradidncia de 800 W/m? para uma temperatura de
funcionamento de 80°C e uma temperatura ambiente de 25°C.

3. Determinar o volume de 4gua que é possivel aquecer durante o periodo de tempo de uma hora nas con-
dicoes explicitadas na questao anterior. Desprezar as perdas térmicas que possam existir no sistema de
armazenamento e distribuicao. Caso nao tenha resolvido a questao anterior considerar um rendimento de

60%.
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exams wind

Num local em que a intensidade média de vento é de 6.8 m/s, foi instalada uma turbina eélica de poténcia
nominal 10.4 kW e com didmetro de pas de 9.7 m. Conhece-se ainda a curva de poténcia da turbina e a
distribuicdo de frequéncia do vento no local:

intensidade da velocidade do vento [m/s|] 2.5 5 7.5 10  11-20 =20
poténcia da turbina kW] 0 2 5 10 104 0
frequéncia de ocorréncia |%)] 216 244 271 158 11.0 0.1

1. Calcular a electricidade anualmente produzida.
2. Calcular o fator de capacidade da turbina edlica.

3. Calcular o rendimento da turbina para uma intensidade média da velocidade vento de 10 m/s.

F - N =
C Ciencias



exams wind and solar

Uma turbina edlica com didmetro de pas de 5 m encontra-se associada a uma bomba para elevar 4gua a uma
altura de 30 m. Assumir que as perdas de rendimento na bomba de 4gua sdo desprezéaveis.

1. Sabendo que o rendimento da turbina é de 7% para uma intensidade da velocidade do vento de 8 m/s,
calcular o tempo necessario para elevar 25 m® de agua. Considerar que a velocidade do vento é constante
durante todo o periodo.

2. Sabendo que a irradiagdo média diaria no local é de 5 kWh/m?, qual seria a Area necessaria de painéis
solares fotovoltaicos (rendimento médio 10%) para assegurar a electricidade necessaria & bombagem do
mesmo volume de 4gua durante o periodo didrio que existe disponibilidade solar.
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exams wind

O recurso eélico disponivel, a ser explorado por uma turbina com didmetro de pas D, pode ser estimado
pela seguinte expressao

1 ‘ ’
Piigy = gnD*pU*

com p a massa volimica do ar e U a intensidade da velocidade do vento. Explicar porque é que a poténcia
média disponivel num determinado periodo nao pode ser estimada por

— 1 o =
Pdisp = ‘gﬂ'DZPUJ

com U a intensidade média da velocidade do vento nesse mesmo periodo.
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