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� Trends in power generation: 

History and projection to 2030

� Renewable energy:

Solar, wind, wave, geothermal and biomass

� Evolution in fossil-fired thermal power 

generation
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� Strong world-wide 
demand for electricity  

� Global electricity 
generation increases 
by 2.4% per year over 
the projection period.

� Much of the growth in 
electric power demand 
is projected for nations 
outside OECD.
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� In 2004, the non-OECD 
nations consumed 26% 
less electricity than the 
OECD nations.

� The total generation in the 
non-OECD region is 
projected to exceed 
generation in the OECD by 
30% in 2030.
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For electricity generation,

� Coal is and will be the fuel 
most widely used.

� Natural gas is the fastest-
growing energy source.

� The rate of increase in oil 
use is the slowest.

� Electricity generation from 
nuclear and renewables is 
projected to increase at 
the rate of 1.3%/yr and 
1.7%/yr respectively.
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Fuel
2004 

Generation 
(Billion kWh)

 2030 
Generation 

(Billion kWh)

2004 
share (%)

2030 
share (%)

Growth rate 
(%/26yr)

Compound 
annual 

growth rate 
(%/yr)

Oil 937 1,178 5.6 3.8 25.72 0.88
Nuclear 2,619 3,619 15.8 11.8 38.18 1.25
Renewables 3,086 4,804 18.6 15.7 55.67 1.72
Natural Gas 3,231 7,423 19.5 24.2 129.74 3.25
Coal 6,723 13,650 40.5 44.5 103.03 2.76
Total 16,596 30,674 100.0 100.0
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� Coal has continued to be the fuel most widely used for electricity generation.

� In 2004, coal-fired generation accounted for 41% 
of world electricity supply.

� In 2030, its share is projected to be 45%.

� Sustained high prices for oil and natural gas make coal-fired generation more 
attractive economically, particularly in nations that are rich in coal resources 
(China, India and the United States)

� The 2.8% projected annual growth rate for coal-fired electricity generation 
worldwide is exceeded only by the 3.3% rate projected for natural gas fired 
generation.
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� Natural gas is the fastest-growing energy source for electricity generation 
worldwide.

� Electricity generation from natural gas increases 
from 3,231 billion kWh in 2004 to 7,423 billion 
kWh in 2030.

� The total amount of electricity generated from 
natural gas continues to be only about one-half 
the total for coal. 
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� With the projected high oil prices, the expected 
rate of increase in oil use for electricity generation 
is the slowest among all energy sources.

� Worldwide, oil-fired generation is projected to 
increase by an average of 0.9 percent per year 
from 2004 to 2030.

� In the OECD nations, it is projected to decline by 0.3 percent per year. 

� Only the non-OECD Middle East region, with its ample oil reserves and a 
current one-third share of total electricity generation fueled by oil, is projected 
to continue relying heavily on oil to meet its electricity needs. 
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� The prospects for nuclear power have improved in recent years. 

� Electricity generation from nuclear power plants 
worldwide is projected to increase at an average 
rate of 1.3 percent per year

� On a regional basis, only OECD Europe is 
projected to see a decline in nuclear power 
generation after 2010.
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� Electricity generation from hydroelectric and 
other renewable energy resources is projected 
to increase at an average annual rate of 1.7%
from 2004 to 2030. 

� The renewable share of world electricity 
generation falls slightly in the projection, 
from 19% in 2004 to 16% in 2030.

� This is because growth in the consumption of both coal and natural gas in the 
electricity generation sector worldwide exceeds the growth in renewable 
energy consumption.

� The capital costs of new power plants using renewable fuels remain relatively 
high in comparison with those for plants fired with coal or natural gas. 
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� The prospects for nuclear power have improved in recent years. 

� Electricity generation from nuclear power plants 
worldwide is projected to increase at an average 
rate of 1.3 percent per year

� On a regional basis, only OECD Europe is 
projected to see a decline in nuclear power 
generation after 2010.
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� Electricity generation from hydroelectric and 
other renewable energy resources is projected 
to increase at an average annual rate of 1.7%
from 2004 to 2030. 

� The renewable share of world electricity 
generation falls slightly in the projection, 
from 19% in 2004 to 16% in 2030.

� This is because growth in the consumption of both coal and natural gas in the 
electricity generation sector worldwide exceeds the growth in renewable 
energy consumption.

� The capital costs of new power plants using renewable fuels remain relatively 
high in comparison with those for plants fired with coal or natural gas. 
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Electricity generation from renewable resources such as solar, wind, geothermal, 

wave and biomass is increasing very fast, but from a small base

� Solar 

� Wind

� Tidal power

� Geothermal

� Biomass



�!

23

�����7	������	��	������8������������	

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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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. 
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Project: Mojave solar park (6000 acres)

Location: California, U.S.A.

Capacity: 553 MW

#Mirrors: 1.2 million

In service: 2011

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

The Mojave Desert site currently has nine solar power plants in operation, 
totaling 354 MW. 
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Project: Solar One (400 acres)

Location: Nevada, U.S.A.

Capacity: 64 MW Solar thermal power plants

#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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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.



�/

+4�?�	���2��
���*�����������
��	

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

www.marineturbines.com

+-�?�	���8������������

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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www.openhydro.com

First developer to use 
the European Marine 

Energy Centre tidal 
stream field test site in 

the Orkney Islands.  
Photos show EMEC 

field test rig with 6-m 
diameter turbine rated 

at 250 kW capacity.
Turbine submerged Turbine raised

Permanent magnet rotor in 
rim – stator coils in cowling

Rotor reverses rotation 
direction when tide turns
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The design is known as 
the SST - the Semi-
Submersible Turbine.

In today's design, the 60m 
deep water flow is covered 
by four 20m rotors. 

The whole turbine power 
output is 4MW. 

Source: www.teleos.co.uk/Turbines.htm

See operation Video at 
www.teleos.co.uk/Operation.htm
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The wind turbine with a 100m diameter 
rotor captures the same energy at a 
10m/s hub height wind speed.

� The gravity base needed for the wind 
turbine to withstand overturning 
moments is 25% larger than the tidal 
turbine base. 

� The steelwork requirements of each 
turbine is roughly equivalent.  

Source: www.teleos.co.uk/Turbines.htm

25m

60m
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Source: www.quietrevolution.co.uk/

Video:
www.quietrevolution.co.uk/qr5.htm#

� The turbine is rated at 6kW
with an expected output of 
9600 kWh/year.

� Total costs including 
installation range from £30-
35K.

� Works well in the urban 
environment with lower wind 
speeds. 

� virtually eliminates all noise 
and vibration.
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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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Source: http://212.125.77.15/wec-geis/publications/reports/ser/geo/geo.asp/. 

38

���������7	�:����	��?
�)�		�*��������
���������

��'
�����

Source: www.leonardo-energy.org/drupal/node/1294 and 
www.power-technology.com/contractors/boilers/kvaerner/kvaerner4.html

� Location: Pietarsaari, Finland
� Size:  240 MW of electricity

100 MW of process steam
60 MW of district heating

� Energy source: bark, sawdust, wood 
chips, cut peat and 10% coal or oil

� Commissioned: Dec 2001
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� Combined cycle technology

� Integrated coal gasification combined cycle technology

� Advanced combustion/gasification hybrid technology 
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� Install a heat recovery steam generator to recover waste heat in the 
exhaust to generate steam for a steam turbine-generator. 

� This is called “combined 
cycle”.

� It can increase the 
overall electrical 
efficiency to 50% or more
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� Integrated coal gasification combined-cycle (IGCC) is an advanced  

process, which uses coal in a cleaner and environmentally efficient 

manner to produce electric power. 

� The power production from IGCC technology requires 15% less fuel and 

achieves 10-12% higher efficiency than traditional generating stations.

� This coal gasification combined-cycle process is the cleanest and the 

most efficient method of producing commercial electricity today. 

4242

�@�)�����(�����/�**���
�������

� The Polk Power Station is the state-of-the-art integrated coal gasification 

combined-cycle (IGCC) power plant.

The 260-megawatt IGCC facility began 
commercial operation in the fall of 1996.

The plant is a first-of-its-kind combination 
of two leading technologies: 
“coal gasification” and “combined-cycle”.

Source: TampaElectric www.tampaelectric.com/news/powerstation/polk/
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� A coal gasification process is a process to convert coal to natural gas.

Source: Dakota Gasification Company www.dakotagas.com/Companyinfo/Gasification_Process.html
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� The process is accomplished by treating domestic coal to remove its 

sulfur content prior to burning. 

� In this process, the coal is converted to gas. 

� Air used in the combustion process is separated 

into nitrogen and oxygen: the nitrogen is used to 

cool the turbine and the oxygen is mixed with the 

gasified coal, then burned. 

� And, by reusing exhaust heat, additional electricity is produced.
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Advanced combustion/gasification hybrid technology

� These are coal-based systems that combine coal combustion and coal 
gasification into a highly efficient and “environmentally clean” power-
generating technology.

� "hybrid" systems may also lead to less expensive power plants. 
Because it is not required to break down coal completely into synthetic 
gas, a partial coal gasifier can be a relatively simple, compact, and low-
cost component. 

� Fuel-to-electricity efficiency can exceed 55%.
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� Trends in power generation: 

History and projection to 2030

� Renewable energy:

Solar, wind, wave, geothermal and biomass

� Evolution in fossil-fired thermal power generation
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