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Solar energy systems

Wind energy systems

Wave energy systems

Geothermal power plants

Fuel cell power plants
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Source: BP.com, 2007

Total 3.7 GW
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Source: http://www.pvresources.com/en/top50pv.php and http://en.wikipedia.org/wiki/Solar_power_in_Germany

Capacity Location Description Pictures Constructed

12 MW
(14 GWh/yr)

Germany, 
Arnstein

1400 SOLON 
movers

Solon AG 2006

11 MW Protugal, 
Serpa

52,000 
photovoltaic 
modules

March 2007

10 MW
(11.5 MWh/yr)

Germany, 
Pocking

57,912 
photovoltaic 
modules

Part 1: Dec 2005
Part 2: Jan 2006
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Source: http://www.renewableenergyaccess.com/rea/news/story?id=47541

� Location: Muldentalkreis

� Occupy a space equal to 
200 soccer fields 

� Feature 550,000 PV thin-
film modules. 

� Construction on the project 
is expected to be 
completed by 2009.
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* This retail price index is the average of PV module retail prices, 
125W and higher, across all types, excluding sales taxes 
(Source: Solarbuzz LLC)

15
The industry is looking to drive module prices down to $1.5-2Watt over the next decade. 
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Dec
2002

Dec
2003

Dec
2004

Dec
2005

Dec
2006

Aug
2007

Dec
2001
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Latest achievement is 40.7% in 2006 so the trend is continuing.
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Photovoltaics

Strengths Weaknesses

Work well for remote locations Local weather patterns and sun 
conditions directly affect the 
potential of photovoltaic 
systems. Some locations will 
not be able to use solar 
power.

Require very little maintenance

Environmentally friendly

Low Maintenance High Cost
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� Typical examples are: water pumping, remote communication, 
refrigeration, signal lights, emergency lighting, pipeline corrosion 
protection, residential electricity, and village power.

� Typically, if the power line is more than half a km from the site, PV is 
more cost effective.

� If cost of PV comes down below $0.10 per kilowatt-hour, it will be 
able to compete directly with grid-supplied electricity.
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1. The solar tower is 115m (377ft) tall and surrounded by 
600 steel reflectors. They track the sun and direct its 
rays to a heat exchanger at the top of the tower.

2. The receiver converts concentrated solar energy from 
the heliostats into steam.

3. Steam is stored in tanks and used to drive turbines that 
will produce enough electricity for up to 6,000 homes.

Source: BBC News, Power Station Harnesses Sun’s Rays, May 2, 2007. 

PS10 solar power tower in Seville, Spain

PS10 is the first of a set of solar electric power generation plants to be constructed in the 
same area that will total more than 300MW by 2013 
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Project: Mojave solar park (6000 acres)

Location: California, U.S.A.

Capacity: 553 MW (for 400,000 homes)

No of mirrors:1.2 million

In service: 2011 (expected)

Source: http://www.msnbc.msn.com/id/20068703/

The Mojave Desert has already nine solar power plants 
in operation with a capacity of 354 MW. 
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Project: Solar One (400 acres)

Location: Nevada, U.S.A.

Capacity: 64 MW Solar thermal power plants

No of mirrors: 184,000

Commissioned: June 2007

Source: CNN, Full steam ahead for Nevada solar project, March 12, 2007; and http://www.insidegreentech.com/node/1285. 
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Source: BP.com, 2007
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� Germany remained the world’s largest wind power market with an 
installed capacity of 20.6 GW (end of 2006)

� This is followed by the US and Spain with an installed capacity based 
of 11.6GW.
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Global Electricity Capacity:  3,736 GW (2004)*

Global Wind Capacity: 48.0 GW (2004) and 74.3 GW (2006)

German capacity : 16.6 GW (2004) and 20.6 GW (2006)
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Project: Horns Rev and Nysted

Location: Denmark

Capacity: 160 MW each

Commissioned: 2002/2003

Source: http://www.windpower.org/en/pictures/offshore.htm. 

Nysted

Horns Rev

Their leading position may soon be overtaken - Scottish Power has 
announced starting a 322 MW project and a Norwegian project of 1,500 MW.
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Wind Turbines

Strengths Weaknesses

Power generated from wind 
farms can be inexpensive

Variable power output due to 
the fluctuation in wind speed

Low cost energy Location

No harmful emissions
Visual impact - aesthetic 

problem of placing them in 
higher population density areas.

Minimal land use - the land 
below each turbine can be used 
for animal grazing or farming.

No fuel required Bird/Bat mortality
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CURRENTS
• Activating force flows in same 

direction for at least a few hours

• Tidal, river, and ocean variants

• Conversion technology is some 
sort of submerged turbine

WAVES
• Activating force reverses 

direction every 5 to 20 seconds

• Conversion technology can be 
floating or submerged, with a 
wide variety of devices still being 
invented and developed
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300 kW prototype (11-m rotor diameter) 
operating in Bristol Channel since
May 2003; not connected to grid)

Commercial array would consist 
of 1.2 MW, twin-rotor units, with 
individual rotor diameter of 16 m

Upstream, two-blade rotor; blades pitch 
180°to accommodate reversing flow

?	���	�D��	����



#�

. 3������%�
���������


Six-turbine, 200 kW array installed May 2007 
in east channel of East River, New York City

35 kW turbine with downstream 
rotor, 5-m in diameter, which yaws 
to accommodate reversing flow

www.verdantpower.com

FLOW
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The 23MW of wave power electricity to
be installed by the end of 2007. 

Source: http://news.bbc.co.uk/2/hi/uk_news/scotland/4805076.stm. 
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Source: http://www.geysers.com/. 

One of the most famous examples of geothermal energy is the geyser Old 
Faithful in Yellowstone National Park in the United States. 

� Size:   750 MW of electricity
� Enough to power 750,000 homes or a 

city the size of San Francisco.
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� Site-specific
� Land-use effects can be significant
� Potential for environmentally-damaging 

discharge
� Not all geothermal wells are suitable for 

electricity production
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Source: BP.com, 2007

Total 9.6 GW
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The fuel cell works by processing a hydrogen-rich fuel - usually 
natural gas or methanol - into hydrogen, which, when combined with 
oxygen, produces electricity and water.

Application: Electric power and Automobile applications

Efficiency: 40-50% (while gas turbines efficiency = 33-35%)
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Incandescent 
Watts

CFL Watt range LED Watts Lumen Range

40 8-10 3-4 450

60 13-18 5-7 890

75 18-22 8-10 1210

100 23-28 11-14 1750

150 34-42 18-22 2780

10 – 20 
lumens/Watt

50 – 60 
lumens/Watt

130 – 150 
lumens/Watt

Summary

54
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Life 1500 hrs 10,000 hrs 60,000 hrs

Watts 60 W 14 W 6 W

Cost (in USD) $1.35 $2.98 $50

Energy used over 60k hours 3,600 kWh 840 kWh 360 kWh

Energy cost (@ $0.1/kWh), 60k hrs $360 $84 $36

No. of bulbs needed for 60k hours 40 6.7 1

Equivalent 60k hour lamp expense $54 $20 $50

Costs for 890 lumens for 60k hrs $414 $104 $86
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