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 ■ POWER SECTOR 
Total renewable power capacity worldwide exceeded 1,470 
gigawatts (GW) in 2012, up about 8.5% from 2011. Hydropoweri 
rose to an estimated 990 GW, while other renewables grew 
21.5% to exceed 480 GW.16 Globally, wind power accounted 
for about 39% of renewable power capacity added in 2012, 
followed by hydropower and solar PV, each accounting for 
approximately 26%.17 (See Reference Table R1.) Solar PV 
capacity reached the 100 GW milestone to pass bio-power 
and become the third largest renewable technology in terms of 
capacity (but not generation), after hydro and wind.

Renewables have accounted for an ever-growing share of 
electric capacity added worldwide each year, and in 2012 they 
made up just over half of net additions to electric generating 
capacity.18 By year’s end, renewables comprised more than 
26% of total global power generating capacity and supplied 
an estimated 21.7% of global electricity, with 16.5% of total 
electricity provided by hydropower.19 (See Figure 3.) While 
renewable capacity rises at a rapid rate from year to year, 
renewable energy’s share of total generation is increasing more 
slowly because many countries continue to add significant 
fossil fuel capacity, and much of the renewable capacity being 
added (wind and solar energy) operates at relatively low capac-
ity factors.

Even so, wind and solar power are achieving high levels of 
penetration in countries like Denmark and Italy, which generated 
30% of electricity with wind and 5.6% with solar PV, respectively, 
during 2012.20 In an increasing number of regions—including 
parts of Australia, Germany, India, and the United States—the 
electricity generation share from variable resources has 
reached impressive record peaks, temporarily meeting high 
shares of power demand, while often driving down spot market 
prices.21

In addition, the levelised costs of generation from onshore wind 
and solar PV have fallen while average global costs (excluding 
carbon) from coal and natural gas generation have increased 
due to higher capital costs.22 As prices for many renewable 
energy technologies continue to fall, a growing number of 
renewables are achieving grid parity in more and more areas 
around the world.23

China, the United States, Brazil, Canada, and Germany 
remained the top countries for total renewable electric 
capacity by the end of 2012.24 The top countries for non-hydro 
renewable power capacity were China, the United States, and 
Germany, followed by Spain, Italy, and India.25 (See Figure 4 
and Reference Table R2.) France and Japan tied for a distant 
seventh, followed closely by the United Kingdom, Brazil, and 
then Canada and Sweden.26 Of these 12 countries, the ranking 
on a per capita basis for non-hydro renewable energy capacity 
in use puts Germany first, followed by Sweden, Spain, Italy, 
Canada, the United States, the United Kingdom, France, Japan, 
China, Brazil, and India.27ii (See Top Five Countries Table on page 
17 for other rankings.) In total, these 12 countries accounted 
for almost 84% of global non-hydro renewable capacity, and the 
top five countries accounted for 64%.28

China is home to about one-fifth of the world’s renewable power 
capacity, with an estimated 229 GW of hydropower capacity 
plus about 90 GW of other renewables (mostly wind) at the end 
of 2012.29 Of the 88 GW of electric capacity added in 2012, 
hydropower accounted for more than 17% and other renew-
ables for about 19%.30 Renewables met nearly 20% of China’s 
electricity demand in 2012, with hydropower accounting for 
17.4%.31 Relative to 2011, electricity output in 2012 was up 
35.5% from wind, and 400% from solar PV, with wind genera-
tion increasing more than generation from coal and passing 
nuclear power output for the first time.32

In the United States, renewables accounted for 12.2% of net 
electricity generation in 2012, and for more than 15% of total 
capacity at year’s end.33 Hydropower output was down 13.4%, 
while net generation from other renewables rose from 4.7% in 
2011 to 5.4% in 2012.34 For the first time, wind represented 
the largest source of electric capacity added, accounting for as 
much as 45%, and all renewables made up about half of U.S. 
electric capacity additions during the year.35

Renewables accounted for 22.9% of Germany’s electricity con-
sumption (up from 20.5% in 2011), generating more electricity 
than the country’s nuclear, gas-fired, or hard coal power plants 
(but not lignite plants).36 Total renewable electricity generation 
(136 TWh) was more than 10% above 2011 output, with wind 
energy representing a 33.8% share, followed by biomass 
with 30% (more than half from biogas), solar PV 20.6%, and 
hydropower 15.6%.37 Renewables met 12.6% of Germany’s total 
final energy needs (up from 12.1% in 2011).38

Spain has experienced a slowdown in renewable capacity 
additions resulting from the economic recession and recent 
policy changes. (See Policy Landscape section.) However, 
globally it still ranked fourth for non-hydro renewable power 
capacity, with an estimated 30.8 GW in operation, plus 17 GW of 
hydro.39 Renewable energy provided 32% of Spain’s electricity 

i Global hydropower data and thus total renewable energy statistics in this report reflect an effort to leave capacity of pure pumped storage out of the totals.  
For more information, see Methodological Notes, page 130.
ii While there are other countries with high per capita amounts of renewable capacity and high shares of electricity from renewable sources, the GSR focuses 
here on those with the largest amounts of non-hydro capacity. (See Reference Table R11 for country shares of electricity from renewable sources.)
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Vietnam added at least 1.8 GW of new capacity in 2012 to 
raise its total capacity to 12.9 GW. A significant portion of this 
increase was attributable to Vietnam’s Son La plant. The final 
two 400 MW turbines were installed to complete the 2.4 GW 
project, reportedly the largest hydropower project in Southeast 
Asia.20 

In Russia, three 333 MW units at its Boguchanskaya hydro-
power plant were commissioned in late 2012 and one in early 
2013, maintaining the country’s total operating capacity at 46 
GW.21 Following a catastrophic accident in 2009, the 6.4 GW 
Sayano-Shushenskaya plant, the country’s largest hydropower 
facility, is under continuing repairs that will see 10 new turbines 
installed by 2014.22 In all, at least 3.4 GW of capacity was in- 
stalled during 2012, although net capacity additions were lower.23

Elsewhere, Mexico brought its 750 MW La Yesca hydropower 
plant into full operation in late 2012 for a country total of 

11.5 GW.24 The plant is said to have the world’s tallest con-
crete-faced earthfill dam, at 220 metres.25 To the north, Canada 
commissioned the 200 MW Wuskwatim plant in Manitoba, 
and Hydro-Québec completed the 768 MW Eastmain 1-A 
powerhouse, to be followed by the neighbouring 150 MW 
Sarcelle powerhouse in 2013.26 India added about 750 MW 
of hydropower capacity, of which 157 MW was categorised as 
small-scale (<25 MW), to end the year at about 43 GW.27

In Africa, the Grand Renaissance Dam is well under way in 
Ethiopia, with commissioning of the first phase to start in late 
2013. When completed, it is expected to deliver 6,000 MW 
and to be the largest hydropower facility on the continent.28 
To ensure that Ethiopia’s growing hydropower output can be 
exported to neighbours in the Horn of Africa, several transmis-
sion projects have been under way. In 2012, a transmission 
link was completed between Ethiopia and Sudan, allowing an 

Source:  
See Endnote 2  

for this section.

Source:  
See Endnote 5  

for this section.
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Technical 
potential 

[TWh/ano]

Effective 
production 
[TWh/ano]

Installed 
power 
[GW]

Capacity 
factor

Share of 
electricity

China 2500 616 171 41% 17%

Canada 830 399 73 62% 63%

Brasil 1250 391 78 58% 84%

USA 1340 275 77 41% 7%

Russia 1670 176 50 40% 18%

Norway 240 127 30 49% 96%

Portugal 25
7.3

14.9 (2013) 4.9
17%

35% (2013)
15%

32% (2013)

Survey of energy resources, 2010 (data from 2008)
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Reservoir
Storage 

Reversitibility
High environmental impact

Run-of-river Low environmental impact

Less predictability 

Low storage (<100 hours) 

High production with precipitation

 reservoir and run-of-river hydro hydro 
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Power capacity 22 500 MW

Capacity factor 50%

Annual generation 98.8 TWh (2014)

Three Gorges, China, RioYan-Tse 

hydro power plant hydro 

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


Power capacity 14 000 MW

Capacity factor 84%

Annual generation 103.1 TWh (2015)

Itaipu, Brasil, Rio Paraná

 hydro power plant hydro 

http://en.wikipedia.org/wiki/Capacity_factor
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 strengths / weaks hydro 

 during operation: no release of CO2, no fuel or water use  
 large life time 
 low levelized costs of electricity 
flood control and irrigation 
electricity storage by pumping 
leisure landscape



 environmental impacts hydro 

landscape and ecosystems modification 
fish migration 
methane emissions 
accidents (dams and turbines) 
population resettlement



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

• Custos de operação e manutenção reduzidos; 

• Elevada vida útil 

• LCOE depende das condições de operação (factor de capacidade, possibilidade 
de armazenamento).
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TABLE 2. STATUS OF RENEWABLE ENERGY TECHNOLOGIES: CHARACTERISTICS AND COSTS

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

 Hot Water/Heating/Cooling

 Power Generation

Bioenergy combustion:  
Boiler/steam turbine
Co-fire; Organic MSW   

Plant size: 25–200 MW
Conversion efficiency: 25–35%  
Capacity factor: 50–90%

800–4,500
Co-fire: 200–800 

5.5–20
Co-fire: 4–12 

Bioenergy gasification
Plant size: 1–10 MW
Conversion efficiency: 30–40%  
Capacity factor: 40–80%

2,050–5,500 6–24

Bioenergy anaerobic 
digestion 

Plant size: 1–20 MW
Conversion efficiency: 25–40%  
Capacity factor: 50–90%

Biogas: 500–6,500 
Landfill gas: 1,900–2,200 

Biogas: 6–19 
Landfill gas: 4–6.5

Geothermal power Plant size: 1–100 MW
Capacity factor: 60–90%

Condensing flash: 2,100–4,200 
Binary: 2,470–6,100 

Condensing flash: 
6–13
Binary: 7–14 

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

Projects >300 MW: <2,000
Projects <300 MW: 2,000–4,000 2–12 

Hydropower: Off-grid/rural
Plant capacity: 0.1–1,000 kW
Plant type: run-of-river, hydrokinetic, 
diurnal storage

1,175–3,500 5–40

Ocean power: Tidal range Plant size: <1 to >250 MW
Capacity factor: 23–29% 5,290–5,870 21–28

Solar PV: Rooftop
Peak capacity: 3–5 kW (residential); 
100 kW (commercial);  
500 kW (industrial)
Capacity factor: 10–25% (fixed tilt)

2,275 (Germany; average residential)
4,300–5,000 (USA)
3,700–4,300 (Japan)
1,500–2,600 (Industrial)

20–46 (OECD)
28–55 (non-OECD)
16–38 (Europe)

Solar PV:  
Ground-mounted  
utility-scale

Peak capacity: 2.5–250 MW 
Capacity factor: 10–25% (fixed tilt)
Conversion efficiency: 10–30%  
(high end is CPV)

1,300–1,950 (Typical global)
Averages: 2,270 (USA);  
2,760 (Japan); 2,200 (China);  
1,700 (India)

12–38 (OECD)
9–40 (non-OECD)
14–34 (Europe)

Concentrating solar 
thermal power (CSP)

Types: parabolic trough, Fresnel, 
tower, dish
Plant size: 50–250 MW (trough); 
20–250 MW (tower); 10–100 MW 
(Fresnel)
Capacity factor: 20–40% (no 
storage); 35–75% (with storage) 

Trough, no storage:
4,000–7,300 (OECD);  
3,100–4,050 (non-OECD)
Trough, 6 hours storage:  
7,100–9,800
Tower, 6–15 hours storage:  
6,300–10,500

Trough and Fresnel: 
19–38 (no storage); 
17–37 (6 h. storage)
Tower: 20–29  
(6–7 hours storage); 
12–15 (12–15 hours 
storage)

Wind: Onshore Turbine size: 1.5–3.5 MW 
Capacity factor: 25–40%

1,750–1,770
925–1,470 (China and India)

5–16 (OECD)
4–16 (non-OECD)

Wind: Offshore Turbine size: 1.5–7.5 MW
Capacity factor: 35–45% 3,000–4,500 15–23

Wind: Small-scale Turbine size: up to 100 kW 3,000–6,000 (USA); 1,580 (China) 15–20 (USA)

Bioenergy heat plant   
Plant size: 0.1–15 MWth 
Capacity factor: ~50–90%
Conversion efficiency: 80–90%

400–1,200 4.7–29 

Domestic pellet heater
Plant size: 5–100 MWth
Capacity factor: 15–30%
Conversion efficiency: 80–95%

360–1,400 6.5–36

Bioenergy CHP 

Plant size: 0.5–100 kWth
Capacity factor: ~60–80%
Conversion efficiency: 70–80% for 
heat and power

600–6,000 4.3–12.6

Geothermal space heating 
(buildings)

Plant size: 0.1–1 MWth
Capacity factor: 25–30% 1,865–4,595 10–27

Geothermal space heating 
(district)

Plant size: 3.8–35 MWth
Capacity factor: 25–30% 665–1,830 5.8–13

Ground-source heat 
pumps

Plant size: 10–350 kWth
Capacity factor: 25–30% 500–4,000 7–23
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Figura 3: Série média cronológica de caudais médios diários. 

A curva de duração de caudais obtém-se por ordenação monotonamente decres-

cente dos valores da série cronológica referida. Na Figura 4 apresenta-se a curva 

de duração de caudais correspondente à série cronológica da Figura 3. 

Aceitando que a curva representada na Figura 4 caracteriza com rigor o caudal 

afluente a uma secção do curso de água, então cada valor do eixo das ordenadas 

representa o caudal médio diário que, em ano médio, é igualado ou excedido no 

número de dias indicado em abcissa. No caso de o curso de água permanecer seco 

durante alguns dias no ano, ao caudal zero corresponderá um número de dias in-

ferior a 365. 

A curva de duração de caudais pode ser adimensionalizada. O caudal passará a 

ser medido em “por unidade” (pu), tomando como base o caudal médio, e o tempo 

será medido em percentagem do tempo total. 

A Figura 5 mostra o aspecto da curva de duração de caudais que tem vindo a ser 

usada, após a aplicação da operação de adimensionalização. 
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