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Fundamentals 
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The source of all RE Energy 
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RE sources and technology families 
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Source Type of energy 

Solar Radiation / heat 

Wind Movement 

Hydro Movement  

Ocean Movement 

Bioenergy Heat 

Geothermal Heat 

Energy converted to electricity 
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ÂThere are only two ways that we use mass scale! 

1. Kinetic energy (movement) > electricity 

 

 

 

 

 

 
¸Direct: Wind, Hydro, Ocean 

¸Heat: Bioenergy, geothermal, Concentrating solar power (CSP) 

 

 

Iƻǿ Ŏŀƴ ǿŜ άƳŀƪŜέ ŜƭŜŎǘǊƛŎƛǘȅΚ 
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1. Photoelectric effect 

 

 

 

 

 

 

Iƻǿ Ŏŀƴ ǿŜ άƳŀƪŜέ ŜƭŜŎǘǊƛŎƛǘȅΚ 
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Â Energy:  
amount of work that can be done  
¸1 kcal = 4200 Joules   

¸1 Joule = 1 Watt x 1 second 

¸1 Wh = 60x60 Ws 

¸1 kWh = 3 600 000 Ws  

Â Capacity: energy per time 
¸1 Watt = 1 Joule per second 

¸1 kW = 1 000 per second 

Â Units 
¸ kilo       =   1 000   = 10^3 

¸ Mega   =  1 000 000  = 10^6 

¸ Giga     =  1 000 000 000  = 10^9 

¸ Terra    =  1 000 000 000 000 = 10^12 

How do we measure electricity? 
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Energy Capacity 
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ÂHow much energy do we need for running 
¸your mobile phone one hour: 0.1 Wh 

¸your laptop one hour: 10 Wh 

¸a water kettle one hour: 1 000 Wh = 1kWh 

¸ the IEA for one hour: 250 000 Wh = 0.25 MWh 

¸Paris for 1 hour: 2 000 000 000 Wh = 2 GWh 

¸ the World for one hour 
3 000 000 000 000 = 3 000 GWh = 3 TWh 

ÂEnergy generation capacity of 
¸A human: 100 W 

¸A solar panel: 200 W 

¸A wind turbine: 2 000 000 W = 2 MW 

¸Large offshore wind park 1 000 000 000 W = 1 GW 

 

 

Iƻǿ ƳǳŎƘ ŜƴŜǊƎȅ κ ŎŀǇŀŎƛǘȅ ƛƴ ΧΦ 
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Technology overview 
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Â Sub-types 
¸Reservoir 

¸Run-of-river 

¸Pumped 

 

Â Size 
¸Large: 100 MW ς 15 GW 

¸Small: 100 kW ς 100 MW 

 

Â Cost 
¸18 ς 100 USD/MWh 

¸1 - 2 mio USD/MW  

¸1-15 bn USD for a large plant  

 

 

Hydro power 

Itaipu Dam, Brazil, 14GW 

Goldistal  pumped , Germany, 1 GW 
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Â Sub-types 
¸Onshore 

¸Offshore 

Â Size 
¸Turbine: 1 ς 6 MW 

¸Farm: 100 MW ς 1000 MW 

Â Cost for onshore 
¸40 ς 160 USD/MWh 

¸1.1 ς 2.3 mio USD/MW  

¸500 mio USD for a large farm 

Â Cost for offshore 
¸140 ς 300 USD/MWh 

¸3 ς 6? mio USD/MW  

¸5 bn USD for a large farm  

 

Wind power 

Xinjiang, China 
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²ƛƴŘ ƛǎ ƴƻǘ ǿƘŀǘ ƛǘ ǳǎŜŘ ǘƻ ōŜ Χ 
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ÂType III 

 

 

 

 

ÂType IV 

Two different types of modern designs 

     
© OECD/IEA 2014      17  



© OECD/IEA 2014  

     

© OECD/IEA 2014      18  



© OECD/IEA 2014  

ÂSub-types 

¸Silicone 

¸Thin film 

ÂSize 

¸Panel:  abt 200 W 

¸System: 1 kW ς 250 MW 

ÂCost 

¸140 ς 250 USD/MWh 

¸1.9 ς 5 mio USD/MW  

¸100 mio USD for a large park 

 

 

Solar PV 

PV rooftop system 

40 MW solar farm, Germany      
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ÂSub-types 

¸Trough 

¸Tower 

¸Linear 

¸Dish 

ÂSize 

¸1 - 250 MW 

ÂCost 

¸180 ς 300 USD/MWh 

¸4.2 ς 8.2 mio USD/MW  

¸500 mio USD for a large system 

 

Solar CSP 

 

 

 

Tower system 

Kramer Junction, Nevada 
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