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ENERGY – An Overview 
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 Energy is always equivalent to the ability to exert pulls 

or pushes against the basic forces of nature, along a 

path of a certain length. 

 Centralised power generation became possible when 

it was recognised that alternating current power lines 

can transport electricity at very low costs across great 

distances by taking advantage of the ability to raise 

and lower the voltage using power transformers. 

 Electricity has been generated at central stations since 

1881. The first power plants were run on water power 

or coal, and today we rely main on  nuclear, natural 

gas,  coal, hydroelectric, and petroleum with a small 

amount from solar energy, tidal harnesses, wind 

generators, and geothermal sources. 

 

The power  is generated mainly by the following ways 

 Thermal power plant 

 Hydroelectric  power plant 

 Nuclear power plant 

 Wind power 

 Solar power plant 

 Ocean energy 

 Biomass  

 Natural gas and Petroleum 

 Chemical energy 

 Geothermal energy 

 

2009 France electricity generation  



ENERGY – An Overview (continued) 
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 Energy is vital to life. From it, we get light and heat, 

and it is what allows economic growth. Most of the 

energy we use comes from fossil fuels, such as 

petroleum, coal, and natural gas—substances that 

took millions of years to form and that will someday be 

depleted. 

  For this reason, there are more and more countries 

investing in technologies that take advantage of clean, 

renewable energy from the Sun, wind, water, and even 

the interior of the Earth. 

Non renewable sources 

 These are the sources of energy that are limited and 

can forever be depleted through use.  

 They represent up to 85 percent of the world's energy 

consumption and form the basis of today's insecure 

energy economy. 

  These non-renewable sources of energy can be 

classified into two large groups: fossil fuels (coal, 

petroleum, and natural gas) and nuclear energy, which 

is produced in nuclear power plants from uranium—a 

scarce, controlled radioactive material. 

Renewable sources 

 Renewable energy resources are not used up or 

exhausted through use.  

 As long as they are used wisely, these resources are 

unlimited  because they can be recovered or 

regenerated.  

 Some of these sources of energy are the Sun, the 

wind, and water.  

 Depending on the form of exploitation, biomass and 

geothermal energy can also be considered renewable 

energy resources. 

 At present, the most used form of energy is electricity.  

 This is because of the flexibility of the existing 

methods used in its generation, because of the 

advantages of using high-voltage power lines, and 

because electric engines are more efficient than heat 

engines.  

 The drawbacks to this form of energy stem from the 

fact that it is not possible to store large amounts of 

electricity and the fact that transmission lines are 

expensive. 



Ocean Energy  
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 The oceans' waters, the air above the oceans, and the 

land beneath them contain enormous energy 

resources. 

 Oceans cover almost three-fourths of the earth’s 

surface.  

 The oceans' waters, the air above the oceans, and the 

land beneath them contain enormous energy 

resources.  

 These energy resources include non-renewable 

energy sources such as oil and gas, and renewable 

energy sources, such as offshore wind energy, wave 

energy, ocean current energy, offshore solar energy.  

 

 In many areas, large deposits of petroleum and natural 

gas are buried under the seabed.  

 Today, more than a fourth of the oil and gas produced 

in the United States comes from offshore areas, and 

many other countries have extensive offshore oil and 

gas facilities as well. 

  In contrast, relatively few countries have extensive 

offshore renewable energy facilities, and in the 

U.S., offshore renewable energy technologies are 

currently little utilized for commercial energy 

generation.  

 

 More recently, as the prices of traditional energy 

sources such as gas and coal continue to climb, and 

the design and efficiency of offshore renewable energy 

technologies improves, these energy sources are 

becoming more economically competitive with 

traditional energy sources.  

 The alternative energy sources under consideration for 

use on the OCS—wind, solar, wave, and current 

power—hold significant potential to alleviate the 

growing energy demands of society. 

 

 

 

The ocean can produce two types of energy: 

  thermal energy from the sun's heat, and 

  mechanical energy from the tides and waves. 

Forms of Ocean Energy 

 Ocean Thermal Energy Conversion (OSTC)  

 Wave energy 

 Tidal energy 

 Salinity gradient energy    

 Marine currents  

 Offshore wind energy 

 

http://images.google.co.in/imgres?imgurl=http://www.greenscreen.org/newsletter/articles/images/OceanWaves.jpg&imgrefurl=http://www.greenscreen.org/newsletter/articles/Energy04.html&h=258&w=392&sz=11&tbnid=lA2GqgcYrDwJ:&tbnh=78&tbnw=120&hl=en&start=2&prev=/images?q=ocean+energy&svnum=10&hl=en&lr=&sa=G


Ocean Thermal Energy Conversion 
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 OTEC works best when the temperature difference 

between the warmer, top layer of the ocean and the 

colder, deep ocean water is about 20 C (36 F) 

 . OTEC plants require an expensive, large diameter 

intake pipe, which is submerged a mile or more into 

the ocean's depths, to bring very cold water to the 

surface. 

  This cold seawater is an integral part of each of the 

three types of OTEC systems: closed-cycle, open-

cycle, and hybrid. 

 

Forms of OTEC System 

 Open cycle system 

 Closed cycle system 

 Hybrid System 

closed-cycle  

 ocean's warm surface water to vaporize a working 

fluid, which has a low-boiling point, such as ammonia 

open-cycle  

 boil the seawater by operating at low pressures. 

 The vapor expands and turns a turbine. The turbine 

then activates a generator to produce electricity.  

 

 

 

 
 
CLOSED CYCLE 
 
• Closed-cycle systems use fluid with a low-boiling 

point, such as ammonia, to rotate a turbine to 
generate electricity. 

• Warm surface seawater is pumped through a heat 
exchanger where the low-boiling-point fluid is 
vaporized.  

• The expanding vapor turns the turbo-generator.  
• Then, cold, deep seawater—pumped through a 

second heat exchanger—condenses the vapor back 
into a liquid, which is then recycled through the 
system. 

 

 

OPEN CYCLE 
 

•When warm seawater is placed in a low-pressure 
container, it boils.  
•The expanding steam drives a low-pressure turbine 
attached to an electrical generator.  
•The steam, which has left its salt behind in the low-
pressure container, is almost pure fresh water. 
•It is condensed back into a liquid by exposure to cold 
temperatures from deep-ocean water 

 



Potential application of OTEC 
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Open Cycle OSTC Plant 
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OTEC contd.. 
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HYBRID 

 

 combine the features of both the closed-cycle and open-
cycle systems.  

 warm seawater enters a vacuum chamber where it is flash-
evaporated into steam, similar to the open-cycle 
evaporation process.  

 The steam vaporizes a low-boiling-point fluid (in a closed-
cycle loop) that drives a turbine to produces electricity 

 

COMPARISONS OF TWO CYCLES OF GENERATION 

 

 The open system is advantageous as the warm sea water 

is flash evaporated and the need for having surface heat-

exchanger is eliminated.  

 Potable water is obtained when the exhaust steam is 

condensed in open system 

 Size of the turbine is large in open system 

 The fabrication of closed energy system is easier 

 

Ocean Mechanical energy 

  
 
 

 

HYBRID 

 

 Ocean mechanical energy is quite different from ocean 
thermal energy 

 Even though the sun affects all ocean activity, tides are 
driven primarily by the gravitational pull of the moon, 
and waves are driven primarily by the winds.  

 As a result, tides and waves are intermittent sources of 
energy, while ocean thermal energy is fairly constant. 

  Also, unlike thermal energy, the electricity conversion of 
both tidal and wave energy usually involves mechanical 
devices.  

 Because the OCS region begins beyond waters affected by 
tides, tidal energy generation is not considered in the OCS 
Alternative Energy Programmatic EIS. 

 

 

CHARACTERISTICS 

 

 Tides are driven primarily by the gravitational pull of the 
moon. 

 A barrage (dam) is used to convert tidal energy into 
electricity by forcing the water through turbines, activating a 
generator. 

 waves are driven primarily by the winds. 

 Channel systems funnel the waves into reservoirs. 

 Float systems that drive hydraulic pumps 

 oscillating water column systems compress air within a 
container 



 
Tidal Power 
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 The tide moves a huge amount of water twice each 

day, and harnessing it could provide a great deal of 

energy - around 20% of Britain's needs. 

 Although the energy supply is reliable and plentiful, 

converting it into useful electrical power is not easy. 

 There are eight main sites around Britain where tidal 

power stations could usefully be built, including the 

Severn, Dee, Solway and Humber estuaries. Only 

around 20 sites in the world have been identified as 

possible tidal power stations. 

 A few years ago, "tidal power" meant "tidal barrage", 

but these days there are other options as well. 

 

WORKING 

 These work rather like A Hydro-electric scheme, 
except that the dam is much bigger. 

 A huge dam (called a "barrage") is built across a river 
estuary. When the tide goes in and out, the water 
flows through tunnels in the dam. 

 The ebb and flow of the tides can be used to turn a 
turbine, or it can be used to push air through a pipe, 
which then turns a turbine. Large lock gates, like the 
ones used on canals, allow ships to pass. 

 If one was built across the Severn Estuary, the tides at 
Weston-super-Mare would not go out nearly as far - 
there'd be water to play in for most of the time. 

 

WORKING 

 But the Severn Estuary carries sewage and other 

wastes from many places (e.g. Bristol & Gloucester) 

out to sea. A tidal barrage would mean that this stuff 

would hang around Weston-super-Mare an awful lot 

longer! 

 Also, if you're one of the 80,000+ birds that feeds on 

the exposed mud flats when the tide goes out, then 

you have a problem, because the tide won't be going 

out properly any more. 

 



Wave Power 
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 offshore and onshore systems. 

 The oscillating water column consists of a partially 

submerged concrete or steel structure  

 opening to the sea below the waterline. It encloses a 

column of air above a column of water.  

 As waves enter the air column, they cause the water 

column to rise and fall. This alternately compresses 

and depressurizes the air column. 

  As the wave retreats, the air is drawn back through 

the turbine as a result of the reduced air pressure on 

the ocean side of the turbine 

WAVE ENERGY 

 Wave energy potential varies from place to place 

depending upon its geographical location 

 The energy availability varies during the different parts 

of the day, for different months and from season to 

season 

 

TIDAL ENERGY  

 The conversion of the potential energy of water into 

electrical energy 

ready for tidal energy works from the power of 

changing tides. 

 

Advantages of Tidal Energy 

 

 Once you've built it, tidal power is free 

 It produces no greenhouse gases or other waste 

 It needs no fuel 

 It produces electricity reliably 

 Tides are totally predictable 

 Offshore turbines and vertical-axis turbines are not 
ruinously expensive to build and do not have a large 
environmental impact 

 Not expensive to maintain  

 

Disadvantage of Tidal Energy 

 

 Barrage across an estuary is very expensive to build, 
and affects a very wide area - the environment is 
changed for many miles upstream and downstream. 
Many birds rely on the tide uncovering the mud flats 
so that they can feed. There are few suitable sites for 
tidal barrages. 

 Only provides power for around 10 hours each day, 
when the tide is actually moving in or out 

 

 



Marine Currents 
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 The energy in a marine current is utilized from the 

energy in water. Although the medium for the 

utilization of marine currents is water, the turbine will 

be more like wind turbines than water turbines.  

 Marine current power is a form of marine energy 

obtained from harnessing of the kinetic 

energy of marine currents, such as the Gulf stream. 

 Although not widely used at present, marine current 

power has an important potential for future electricity 

generation. Marine currents are more predictable 

than wind and solar power. 

 Marine currents are caused mainly by the rise and fall 

of the tides resulting from the gravitational interactions 

between earth, moon, and sun, causing the whole sea 

to flow.  

 Other effects such as regional differences in 

temperature and salinity and the Coriolis effect due to 

the rotation of the earth are also major influences. 

The kinetic energy of marine currents can be 

converted in much the same way that a wind turbine 

extracts energy from the wind, using various types of 

open-flow rotors. 

The potential of electric power generation from marine 
tidal currents is enormous. There are several factors 
that make electricity generation from marine currents 
very appealing when compared to other renewables: 

 

 The high load factors resulting from the fluid 
properties. The predictability of the resource, so that, 
unlike most of other renewables, the future availability 
of energy can be known and planned for. 

 The potentially large resource that can be exploited 
with little environmental impact, thereby offering one of 
the least damaging methods for large-scale electricity 
generation. 

 The feasibility of marine-current power installations to 
provide also base grid power, especially if two or more 
separate arrays with offset peak-flow periods are 
interconnected. 
 

Alternative Technologies in Marine-Current-Power 

Applications : 

 There are several types of open-flow devices that can 

be used in marine-current-power applications; many of 

them are modern descendants of the old concept of 

the waterwheel or similar. 

  There are two main types of Water Current-Turbines 

that might be considered: axial-flow horizontal-axis 

propellers (with both variable-pitch or fixed-pitch), and 

cross-flow vertical-axis Darrieus rotors.  

 Both rotor types may be combined with any of the 

three main methods for supporting Water-Current 

Turbines: floating moored systems, sea-bed mounted 

systems, and intermediate systems. 



Wind Power 
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 Wind power is the conversion of wind energy into a 

useful form of energy, such as using wind turbines to 

make electricity, windmills for mechanical 

power, windpumps for water pumping or drainage, 

or sails to propel ships. 

 The modern wind power industry began in 1979 with 

the serial production of wind turbines by Danish 

manufacturers Kuriant, Vestas, Nordtank, and Bonus. 

These early turbines were small by today's standards, 

with capacities of 20–30 kW each. Since then, they 

have increased greatly in size, with the Enercon E-126 

capable of delivering up to 7 MW, while wind turbine 

production has expanded to many countries. 

 

Wind Energy 

    The Earth is unevenly heated by the sun, such that the 

poles receive less energy from the sun than the 

equator; along with this, dry land heats up (and cools 

down) more quickly than the seas do.  

 The differential heating drives a global atmospheric 

convection system reaching from the Earth's surface 

to the stratosphere which acts as a virtual ceiling.  

 Most of the energy stored in these wind movements 

can be found at high altitudes where continuous wind 

speeds of over 160 km/h (99 mph) occur 

 

 Eventually, the wind energy is converted through 
friction into diffuse heat throughout the Earth's surface 
and the atmosphere. 

 The total amount of economically extractable power 
available from the wind is considerably more than 
present human power use from all sources. 

 The most comprehensive study as of 2005 found the 
potential of wind power on land and near-shore to be 
72 TW, equivalent to 54,000 MToE (million tons of oil 
equivalent) per year, or over five times the world's 
current energy use in all forms. 

 The practical limit to exploitation of wind power will be 
set by economic and environmental factors, since the 
resource available is far larger than any practical 
means to develop it. 

Wind power: worldwide installed capacity 
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Distribution of wind speed 

 The strength of wind varies, and an average value for 
a given location does not alone indicate the amount of 
energy a wind turbine could produce there.  

 To assess the frequency of wind speeds at a particular 
location, a probability distribution function is often fit to 
the observed data. Different locations will have 
different wind speed distributions. 

  The Weibull model closely mirrors the actual 
distribution of hourly wind speeds at many locations. 
The Weibull factor is often close to 2 and therefore 
a Rayleigh distribution can be used as a less accurate, 
but simpler model. 

 In a wind farm, individual turbines are interconnected 

with a medium voltage (often 34.5 kV), power 

collection system and communications network.  

 At a substation, this medium-voltage electric current is 

increased in voltage with a transformer for connection 

to the high voltage electric power transmission 

system. 

 The surplus power produced by domestic 

microgenerators can, in some jurisdictions, be fed into 

the network and sold to the utility company, producing 

a retail credit for the microgenerators' owners to offset 

their energy costs. 

 

 Induction generators, often used for wind power, 

require reactive 

power for excitation so substations used in wind-power 

collection systems include substantial capacitor banks 

for power factor correction.  

 In particular, induction generators cannot support the 

system voltage during faults, unlike steam or hydro 

turbine-driven synchronous generators.  

 Transmission systems operators will supply a wind 

farm developer with a grid code to specify the 

requirements for interconnection to the transmission 

grid. This will include power factor, constancy 

of frequency and dynamic behaviour of the wind farm 

turbines during a system fault. 

Distribution of wind speed (red) and energy (blue) for all 
of 2002 at the Lee Ranch facility in Colorado. 

Electricity Generation 
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Capacity factor 
 Since wind speed is not constant, a wind farm's 

annual energy production is never as much as the 
sum of the generator nameplate ratings multiplied by 
the total hours in a year. 

  The ratio of actual productivity in a year to this 
theoretical maximum is called the capacity factor. 
Typical capacity factors are 20–40%, with values at 
the upper end of the range in particularly favourable 
sites. 

 For example, a 1 MW turbine with a capacity factor of 
35% will not produce 8,760 MW·h in a year (1  24  
365), but only 1  0.35  24  365 = 3,066 MW·h, 
averaging to 0.35 MW. Online data is available for 
some locations and the capacity factor can be 
calculated from the yearly output. 
 

 

 Unlike fueled generating plants, the capacity factor is 

affected by several parameters, including the 

variability of the wind at the site, but also the generator 

size- having a smaller generator would be cheaper 

and achieve higher capacity factor, but would make 

less electricity (and money) in high winds. 

 Conversely a bigger generator would cost more and 

generate little extra power and, depending on the type, 

may stall out at low wind speed. Thus an optimum 

capacity factor can be used, which is usually around 

20-35%. 

Penetration 
 Wind energy "penetration" refers to the fraction of 

energy produced by wind compared with the total 
available generation capacity.  

 There is no generally accepted "maximum" level of 
wind penetration. The limit for a particular grid will 
depend on the existing generating plants, pricing 
mechanisms, capacity for storage or demand 
management, and other factors.  

 An interconnected electricity grid will already include 
reserve generating and transmission capacity to allow 
for equipment failures; this reserve capacity can also 
serve to regulate for the varying power generation by 
wind plants.  

 Studies have indicated that 20% of the total electrical 
energy consumption may be incorporated with minimal 
difficulty. 

  These studies have been for locations with 
geographically dispersed wind farms, some degree of 
dispatchable energy, or hydropower with storage 
capacity, demand management, and interconnection 
to a large grid area export of electricity when needed. 
Beyond this level, there are few technical limits, but 
the economic implications become more significant. 

 Electrical utilities continue to study the effects of large 
(20% or more) scale penetration of wind generation on 
system stability and economics. 

 

 



 

Wind farms 
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 A wind farm is a group of wind turbines in the same 

location used to produce electric power. A large wind 

farm may consist of several hundred individual wind 

turbines, and cover an extended area of hundreds of 

square miles, but the land between the turbines may 

be used for agricultural or other purposes. A wind farm 

may also be located offshore. 

 Many of the largest operational onshore wind farms 

are located in the USA. As of November 2010, 

the Roscoe Wind Farm is the largest onshore wind 

farm in the world, producing 781.5 MW of power, 

followed by the Horse Hollow Wind Energy Center 

(735.5 MW).  

 . 

 As of November 2010, the Thanet Offshore Wind 

Project in United Kingdom is the largest offshore wind 

farm in the world at 300 MW, followed by Horns Rev 

II (209 MW) in Denmark. 

 A large wind farm may consist of several hundred 

individual wind turbines, and cover an extended area 

of hundreds of square miles, but the land between the 

turbines may be used for agricultural or other 

purposes.  

 A wind farm may be located offshore to take 

advantage of strong winds blowing over the surface of 

an ocean or lake. 

World's largest onshore wind farms: 

 Biglow Canyon Wind Farm 450 MW in USA 

 Buffalo Gap Wind Farm 523.3 MW in USA 

 Capricorn Ridge Wind Farm 662.5 MW in USA 

 Dabancheng Wind Farm 500 in China  

 Fowler Ridge Wind Farm599.8 MW in USA 

 Horse Hollow Wind Energy Center 735.5 MW in USA 

 Panther Creek Wind Farm 458 MW in USA 

 Roscoe Wind Farm 781.5 MW in USA 

 Sweetwater Wind Farm 585.3 MW in USA 

World's largest offshore wind farms 

 

 Thanet 300 MW in UK 

 Horns Rev II 209 MW in Denmark 

 Rødsand II 207 MW in Denmark 

 Lynn and Inner Dowsing 194 MW in UK 

 Robin Rigg (Solway Firth) 180 MW in UK 

 Gunfleet Sands 172 MW in UK 

 Nysted (Rødsand I) 166  MW in Denmark 



 

 

Environmental and Aesthetic Impact 
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 Compared to the environmental effects of traditional 

energy sources, the environmental effects of wind 

power upon greenhouse gases are minor; however, 

there are other adverse impacts of wind power 

including bird mortality. Wind power consumes no 

water,  no fuel, and emits no air pollution, unlike fossil 

fuel power sources.  

 The energy consumed to manufacture and transport 

the materials used to build a wind power plant is equal 

to the new energy produced by the plant within a few 

months of operation. 

 Aesthetics have also been an issue in some areas. In 

the USA, the Massachusetts Cape Wind project was 

delayed for years chiefly because of nearby residents' 

aesthetic concerns. In the UK, repeated opinion 

surveys have shown that more than 70% of people 

either like, or do not mind, the visual impact.  

 According to a town councillor in Ardrossan, Scotland, 

the overwhelming majority of locals believe that 

the Ardrossan Wind Farm has enhanced the area. 

They say the turbines are impressive looking and bring 

a calming effect to the town. 

 Utility-scale wind farms must have access to 

transmission lines to transport energy.  

 The wind farm developer may be obligated to install 

extra equipment or control systems in the wind farm to 

meet the technical standards set by the operator of a 

transmission line. 

  Two recent U.S. studies say the opposite. The 

professor of atmospheric science Somnath Baidya 

Roy of the University of Illinois, in a study published in 

October 2010 in the scientific journal PNAS shows that 

in the immediate vicinity of wind farms, the climate is 

cooler during the day and slightly warmer during the 

night than the surrounding areas. According to Roy, 

the effect is due to the turbulence generated by the 

blades. 

 In another study conducted by Gene Takle and Julie 

Lundquist University of Colorado, presented at San 

Francisco conference of the American Geophysical 

Union Fall Meeting (December 13-18, 2010), the 

analysis carried out on corn and soybean crops in the 

central areas of the United States has noted that the 

microclimate generated by wind turbines improves 

crops as it prevents the spring and autumn frosts, and 

it reduces the action of pathogenic fungi that grow on 

the leaves. 

  Even at the height of summer heat, the lowering of 

2.5-3 degrees above the crops due to turbulence 

caused by the blades, can make a difference for the 

cultivation of maize. 

 

 



Solar Power 
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 Solar power is the conversion of sunlight into 

electricity, wither directly using  photovoltaics( PV) or 

indirectly using concentrated solar power (CSP) or to 

split water and create hydrogen fuel using techniques 

of artificial photosynthesis.  

 Concentrated solar power systems use lenses or 

mirrors and tracking systems to focus a large area of 

sunlight into a small beam. Photovoltaics convert light 

into electric current using the photoelectric effect. 

 

 Commercial concentrated solar power plants were first 

developed in the 1980s, and the 354 MW SEGS CSP 

installation is the largest solar power plant in the world 

and is located in the Mojave Desert of California.  

 Other large CSP plants include the Solnova Solar 

Power Station (150 MW) and the Andasol solar power 

station (100 MW), both in Spain.  

 The 97 MW Sarnia Photovoltaic Power 

Plant in Canada, is the world’s largest photovoltaic 

plant. 

 

 Solar power has great potential, but in 2008 supplied 
less than 0.02% of the world's total energy supply. 

 There are many competing technologies, including 14 
types of photovoltaic cells, such as thin film, 
monocrystalline silicon, polycrystalline silicon, and 
amorphous cells, as well as multiple types of 
concentrating solar power.  

 It is too early to know which technology will become 
dominant. 

 The earliest significant application of solar cells was as 
a back-up power source to the VanguardI satellite in 
1958, which allowed it to continue transmitting for over 
a year after its chemical battery was exhausted. 

 The successful operation of solar cells on this mission 
was duplicated in many other Soviet and American 
satellites, and by the late 1960s, PV had become the 
established source of power for them.[4] Photovoltaics 
went on to play an essential part in the success of 
early commercial satellites such as Telstar, and they 
remain vital to the telecommunications infrastructure 
today. 

 The high cost of solar cells limited terrestrial uses 
throughout the 1960s. This changed in the early 1970s 
when prices reached levels that made PV generation 
competitive in remote areas without grid access. Early 
terrestrial uses included powering telecommunication 
stations, off-shore oil rigs,navigational 
buoys and railroad crossings. 

 

http://en.wikipedia.org/wiki/Solar_power
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 Solar arrays produce electrical power directly from 

sunlight. Most long-duration space missions use solar 

arrays for their primary power. Most designs 

use photovoltaic cells to convert sunlight into 

electricity.  

 They can be made from crystalline silicon, or from 

advanced materials such as gallium arsenide(GaAs) 

or cadmium telluride (CdTe). 

  The photovoltaic cells with the highest efficiency use 

several layers of semiconductor material, with each 

layer optimized to convert a different portion of the 

solar spectrum. 

 The solar intensity at Earth's orbit is 1,368 watts per 

square meter, and the best photovoltaic cells 

manufactured today can convert about a third of the 

solar energy to electrical power.  

 For electrical power when the Sun is not available (for 

example, when a space vehicle is over the night side 

of Earth), solar power systems typically use 

rechargeable batteries for storage. 

 Solar power systems can also be designed using 

mirrors or lenses to concentrate sunlight onto a 

thermal receiver. 

  The heat produced by the thermal receiver then is 

used in a heat engine. 

 similar to the  steam turbines used in terrestrial power 

plants, to produce power. 

  Systems of this type can store power in the form of 

heat, instead of requiring batteries, but have not yet 

been used in space. 

 Scientist Peter Glaser has proposed that very large 

solar arrays could be put into space and the power 

generated by the solar arrays can be transmitted to 

the surface of Earth using a microwave or laser beam. 

 

 Glaser argues that such a "solar power satellite" 

concept would be a pollution-free source of low-cost 

solar power, and that by putting the solar power 

system above the atmosphere. 

 24-hour power could be produced with no interruptions 

by clouds or night time.  

 To be practical, such solar power satellites will require 

a reduction in the cost of manufacturing solar cells, 

and new methods of low-cost launch into space. 



 

Concentrating solar power 
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 Concentrating Solar Power (CSP) systems use lenses 
or mirrors and tracking systems to focus a large area 
of sunlight into a small beam.  

 The concentrated heat is then used as a heat source 
for a conventional power plant. A wide range of 
concentrating technologies exists; the most developed 
are the parabolic trough  the concentrating linear 
fresnel reflector, the Stirling dish and the solar power 
tower. 

  Various techniques are used to track the Sun and 
focus light. In all of these systems a working fluid is 
heated by the concentrated sunlight, and is then used 
for power generation or energy storage. 

 A parabolic trough consists of a linear parabolic 
reflector that concentrates light onto a receiver 
positioned along the reflector's focal line.  

 The receiver is a tube positioned right above the 
middle of the parabolic mirror and is filled with a 
working fluid.  

 The reflector is made to follow the Sun during the 
daylight hours by tracking along a single axis. 
Parabolic trough systems provide the best land-use 
factor of any solar technology. 

 The SEGS plants in California and Acciona's Nevada 
Solar One near Boulder City, Nevada are 
representatives of this technology. 

 Compact Linear Fresnel Reflectors are CSP-plants 

which use many thin mirror strips instead of parabolic 

mirrors to concentrate sunlight onto two tubes with 

working fluid.  

 This has the advantage that flat mirrors can be used 

which are much cheaper than parabolic mirrors, and 

that more reflectors can be placed in the same amount 

of space, allowing more of the available sunlight to be 

used.  

 Concentrating linear fresnel reflectors can be used in 

either large or more compact plants. 

 

 The Stirling solar dish combines a parabolic 

concentrating dish with a Stirling engine which 

normally drives an electric generator.  

 The advantages of Stirling solar over photovoltaic cells 

are higher efficiency of converting sunlight into 

electricity and longer lifetime.  

 Parabolic dish systems give the highest efficiency 

among CSP technologies. 

 The 50 kW Big Dish in Canberra, Australia is an 

example of this technology. 



 

Photovoltaics 
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 A solar cell, or photovoltaic cell (PV), is a device that 

converts light into electric current using 

the photoelectric effect.  

 The first solar cell was constructed by Charles Fritts in 

the 1880s. 

 In 1931 a German engineer, Dr Bruno Lange, 

developed a photo cell using silver selenide in place of 

copper oxide. 

 Although the prototype selenium cells converted less 

than 1% of incident light into electricity, both Ernst 

Werner von Siemens and James Clerk 

Maxwell recognized the importance of this discovery. 

  Following the work of Russell Ohl in the 1940s, 

researchers Gerald Pearson, Calvin Fuller and Daryl 

Chapin created the silicon solar cell in 1954. 

 These early solar cells cost 286 USD/watt and 

reached efficiencies of 4.5–6%. 

 The early development of solar technologies starting in 

the 1860s was driven by an expectation that coal 

would soon become scarce. However, development of 

solar technologies stagnated in the early 20th century 

in the face of the increasing availability, economy, and 

utility of coal and petroleum. 

  In 1974 it was estimated that only six private homes 
in all of North America were entirely heated or cooled 
by functional solar power systems. 

 The 1973 oil embargo and1979 energy crisis caused a 
reorganization of energy policies around the world and 
brought renewed attention to developing solar 
technologies. 

 Deployment strategies focused on incentive programs 
such as the Federal Photovoltaic Utilization Program 
in the US and the Sunshine Program in Japan. Other 
efforts included the formation of research facilities in 
the US (SERI, now NREL), Japan (NEDO), 
and Germany (Fraunhofer Institute for Solar Energy 
Systems ISE). 

 Concentrated photovoltaics (CPV) systems employ 

sunlight concentrated onto photovoltaic surfaces for 

the purpose of electrical power production.  

 Solar concentrators of all varieties may be used, and 

these are often mounted on a solar tracker in order to 

keep the focal point upon the cell as the Sun moves 

across the sky. 

  Luminescent solar concentrators (when combined 

with a PV-solar cell) can also be regarded as a CPV 

system. Luminescent solar concentrators are useful as 

they can improve performance of PV-solar panels 

drastically. 
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 Solar energy is not available at night, making energy 
storage an important issue in order to provide the 
continuous availability of energy. 

  Both wind power and solar power are intermittent 
energy sources, meaning that all available output must 
be taken when it is available and either stored 
for when it can be used, or transported, over 
transmission lines, to where it can be used. 

  Wind power and solar power tend to be somewhat 
complementary, as there tends to be more wind in the 
winter and more sun in the summer, but on days with 
no sun and no wind the difference needs to be made 
up in some manner. 

 The Institute for Solar Energy Supply Technology of 
the University of Kassel pilot-tested a combined power 
plant linking solar, wind, biogas and hydro storage to 
provide load-following power around the clock, entirely 
from renewable sources. 

 Solar energy can be stored at high temperatures using 
molten salts. Salts are an effective storage medium 
because they are low-cost, have a high specific heat 
capacity and can deliver heat at temperatures 
compatible with conventional power systems. 

 The Solar Two used this method of energy storage, 
allowing it to store 1.44 TJ in its 68 m³ storage tank, 
enough to provide full output for close to 39 hours, 
with an efficiency of about 99%. 

 Off-grid PV systems have traditionally 

used rechargeable batteries to store excess electricity. 

With grid-tied systems, excess electricity can be sent 

to the transmission grid. 

  Net metering programs give these systems a credit 

for the electricity they deliver to the grid.  

 This credit offsets electricity provided from the grid 

when the system cannot meet demand, effectively 

using the grid as a storage mechanism.  

 Credits are normally rolled over month to month and 

any remaining surplus settled annually. 

 Pumped-storage hydroelectricity stores energy in the 

form of water pumped when surplus electricity is 

available, from a lower elevation reservoir to a higher 

elevation one.  

 The energy is recovered when demand is high by 

releasing the water: the pump becomes a turbine, and 

the motor a hydroelectric power generator. 

 Many large national and regional research projects on 

artificial photosynthesis are now trying to develop 

techniques integrating improved light capture, 

quantum coherence methods of electron transfer and 

cheap catalytic materials that operate under a variety 

of atmospheric conditions. 



Nuclear Power 
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 Nuclear power is the use of sustained nuclear fission 

to generate heat and do useful work.  

 Nuclear Electric Plants, Nuclear Ships and 

Submarines use controlled nuclear energy to heat 

water and produce steam, while in space, nuclear 

energy decays naturally in a radioisotope 

thermoelectric generator.  

 Scientists are experimenting with fusion energy for 

future generation, but these experiments do not 

currently generate useful energy. 

 As of 2005, nuclear power provided 6.3% of the 

world's energy and 15% of the world's electricity, with 

the U.S., France  and Japan together accounting for 

56.5% of nuclear generated electricity. 

 In 2007, the IAEA reported there were 439 nuclear 

power reactors in operation in the world, operating in 

31 countries. 

 As of December 2009, the world had 436 reactors. 

Since commercial nuclear energy began in the mid 

1950s, 2008 was the first year that no new nuclear 

power plant was connected to the grid, although two 

were connected in 2009. 

 Nuclear power provides about 6% of the world's 
energy and 13–14% of the world's electricity, with 
the U.S., France, and Japan together accounting for 
about 50% of nuclear generated electricity. 

 Also, more than 150 naval vessels using nuclear 
propulsion have been built. 

 The United States produces the most nuclear energy, 
with nuclear power providing 19% of the electricity it 
consumes, while France produces the highest 
percentage of its electrical energy from nuclear 
reactors—80% as of 2006. 

 In the European Union as a whole, nuclear energy 
provides 30% of the electricity. 

 Annual generation of nuclear power has been on a 

slight downward trend since 2007, decreasing 1.8% in 

2009 to 2558 TWh with nuclear power meeting 13–

14% of the world's electricity demand. 

 International research is continuing into safety 

improvements such as passively safe plants, the use 

of nuclear fusion, and additional uses of process heat 

such as hydrogen production (in support of a hydrogen 

economy), for desalinating sea water, and for use 

in district heating systems. 

 Both fission and fusion appear promising for space 

propulsion applications, generating higher mission 

velocities with less reaction mass. 
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Location of Nuclear Reactors  



Development  
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 Just as many conventional thermal power 

stations generate electricity by harnessing the thermal 

energy released from burning fossil fuels, nuclear 

power plants convert the energy released from the 

nucleus of an atom, typically via nuclear fission. 

  Highly Concentrated Source of Energy 

•1 kg wood: 1 kW·h 

•1 kg coal: 3 kW·h 

•1 kg oil: 4 kW·h 

•1 kg uranium: 50 000 kW·h 

         (3 500 000 kW·h with reprocessing) 

 

 On June 27, 1954, the USSR's Obninsk Nuclear 
Power Plant became the world's first nuclear power 
plant to generate electricity for a power grid, and 
produced around 5 megawatts of electric power. 

 Installed nuclear capacity initially rose relatively 
quickly, rising from less than 1 Gigawatt (GW) in 1960 
to 100 GW in the late 1970s, and 300 GW in the late 
1980s.  

 During the 1970s and 1980s rising economic costs 
(related to extended construction times largely due to 
regulatory changes and pressure-group litigation) and 
falling fossil fuel prices made nuclear power plants 
then under construction less attractive.  

 

 Since the late 1980s worldwide capacity has risen 

much more slowly, reaching 366 GW in 2005. 

 Between around 1970 and 1990, more than 50 GW of 

capacity was under construction (peaking at over 150 

GW in the late 70s and early 80s) — in 2005, around 

25 GW of new capacity was planned.  

 More than two-thirds of all nuclear plants ordered after 

January 1970 were eventually cancelled. 

 A total of 63 nuclear units were cancelled in the USA 

between 1975 and 1980. 

 

 

 In the 1980s (U.S.) and 1990s (Europe), flat load 

growth and electricity liberalization also made the 

addition of large new base load capacity unattractive. 

 The 1973 oil crisis had a significant effect on 

countries, such as France and Japan, which had relied 

more heavily on oil for electric generation (39%[ and 

73% respectively) to invest in nuclear power. 

 Today, nuclear power supplies about 80% and 30% of 

the electricity in those countries, respectively. 



 

Nuclear reactor technology 
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 A nuclear reactor is a device to initiate and control a 

sustained nuclear chain reaction.  

 The most common use of nuclear reactors is for 

the generation of electric energy and for the propulsion 

of ships. 

  Heat from nuclear fission is used to raise steam, 

which runs through turbines, which in turn powers 

either ship's propellers or electrical generators. 

  A few reactors manufacture isotopes for medical and 

industrial use, and some reactors are only operated for 

research. 

Fission 

 When a large fissile atomic nucleus such as uranium-
235 or plutonium-239 absorbs a neutron, it may 
undergo nuclear fission.  

 The heavy nucleus splits into two or more lighter 
nuclei, releasing kinetic energy, gamma 
radiation and free neutrons; collectively known 
as fission products. 

 The reaction can be controlled by using neutron 
poisons, which absorb excess neutrons, and neutron 
moderators, which reduce the velocity of fast 
neutrons, thereby turning them into thermal neutrons, 
which are more likely to be absorbed by other nuclei. 

Heat generation 

 The reactor core generates heat in a number of ways: 

 The kinetic energy of fission products is converted 
to thermal energy when these nuclei collide with 
nearby atoms. 

 Some of the gamma rays produced during fission are 
absorbed by the reactor, their energy being converted 
to heat. 

 Heat produced by the radioactive decay of fission 
products and materials that have been activated 
by neutron absorption. This decay heat source will 
remain for some time even after the reactor is shut 
down. 

 

 A kilogram of uranium-235 (U-235) converted via 

nuclear processes releases approximately three 

million times more energy than a kilogram of coal 

burned conventionally (7.2  1013 joules per kilogram 

of uranium-235 versus 2.4  107joules per kilogram of 

coal). 

 A nuclear reactor coolant, usually water but 

sometimes a gas or a liquid metal or molten salt , is 

circulated past the reactor core to absorb the heat that 

it generates.  

 The heat is carried away from the reactor and is then 

used to generate steam. 
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 The power output of the reactor is adjusted by 

controlling how many neutrons are able to create more 

fissions. 

 Control rods that are made of a neutron poison are 

used to absorb neutrons.  

 Absorbing more neutrons in a control rod means that 

there are fewer neutrons available to cause fission, so 

pushing the control rod deeper into the reactor will 

reduce its power output, and extracting the control rod 

will increase it. 

 

 At the first level of control in all nuclear reactors, a 

process of delayed neutron emission by a number of 

neutron-rich fission isotopes is an important physical 

process.  

 These delayed neutrons account for about 0.65% of 

the total neutrons produced in fission, with the 

remainder (termed "prompt neutrons") released 

immediately upon fission.  

 The fission products which produce delayed neutrons 

have half lives for their decay by neutron emission that 

range from milliseconds to as long as several 

minutes.  

  Keeping the reactor in the zone of chain-reactivity 

where delayed neutrons are necessary to achieve a 

critical mass state, allows time for mechanical devices 

or human operators to have time to control a chain 

reaction in "real time―. 

 Otherwise the time between achievement 

of criticality and nuclear meltdown as a result of an 

exponential power surge from the normal nuclear 

chain reaction, would be too short to allow for 

intervention. 

 In some reactors, the coolant also acts as a neutron 

moderator.  

 A moderator increases the power of the reactor by 
causing the fast neutrons that are released from 
fission to lose energy and become thermal neutrons.  

 In other reactors the coolant acts as a poison by 
absorbing neutrons in the same way that the control 
rods do. In these reactors power output can be 
increased by heating the coolant, which makes it a 
less dense poison. 

  Nuclear reactors generally have automatic and 
manual systems to Scram the reactor in an 
emergency shut down.  

 These systems insert large amounts of poison (often 
boron in the form of boric acid) into the reactor to shut 
the fission reaction down if unsafe conditions are 
detected or anticipated. 



 

Electrical power generation 
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 The key components common to most types of 

nuclear power plants are: 

 Nuclear fuel 

 Nuclear reactor core 

 Neutron moderator 

 Neutron poison 

 Coolant (often the Neutron Moderator and the Coolant 

are the same, usually both purified water) 

 Control rods 

 Reactor vessel 

 Boiler feedwater pump 

 Steam generators (not in BWRs) 

 Steam turbine 

 Electrical generator 

 Condenser 

 Cooling tower (not always required) 

 Radwaste System (a section of the plant 

handling radioactive waste) 

 Refueling Floor 

 Spent fuel pool 

 

 

 Nuclear safety systems 

Reactor Protective System (RPS) 

Emergency Diesel Generators 

Emergency Core Cooling Systems (ECCS) 

Standby Liquid Control System 
(emergency boron injection, in BWRs only) 

 Essential service water system (ESWS) 

 Containment building 

 Control room 

 Emergency Operations Facility 

 Nuclear training facility (usually contains a Control 
Room simulator) 
 

 
 

 

Classification  of  reactors by generation 

 Generation I reactor 

 Generation II reactor (most current nuclear power 

plants) 

 Generation III reactor (evolutionary improvements of 

existing designs) 

 Generation IV reactor (technologies still under 

development) 

 The "Gen IV"-term was dubbed by the United States 

Department of Energy (DOE) for developing new plant 

types in 2000. 



 

Future and developing technologies 
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 Advanced reactors 

 More than a dozen advanced reactor designs are in 
various stages of development. Some are evolutionary 
from the PWR,BWR and PHWR designs above, some 
are more radical departures.  

 The former include the Advanced Boiling Water 
Reactor (ABWR), two of which are now operating with 
others under construction, and the planned passively 
safe ESBWR and AP1000 units (see Nuclear Power 
2010 Program). 

 Recycling spent fuel is the core of its design and it 
therefore produces only a fraction of the waste of 
current reactors. 

 The Pebble Bed Reactor, a High Temperature Gas 
Cooled Reactor (HTGCR), is designed so high 
temperatures reduce power output by doppler 
broadening of the fuel's neutron cross-section. It uses 
ceramic fuels so its safe operating temperatures 
exceed the power-reduction temperature range.  

 The Integral Fast Reactor (IFR) was built, tested and 
evaluated during the 1980s and then retired under the 
Clinton administration in the 1990s due to nuclear non-
proliferation policies of the administration.  

  Most designs are cooled by inert helium. Helium is not 
subject to steam explosions, resists neutron 
absorption leading to radioactivity, and does not 
dissolve contaminants that can become radioactive.  

 

 The Small Sealed Transportable Autonomous Reactor 
(SSTAR) is being primarily researched and developed 
in the US, intended as a fast breeder reactor that is 
passively safe and could be remotely shut down in 
case the suspicion arises that it is being tampered 
with. 

 The Clean And Environmentally Safe Advanced 
Reactor (CAESAR) is a nuclear reactor concept that 
uses steam as a moderator — this design is still in 
development. 

 The Hydrogen Moderated Self-regulating Nuclear 
Power Module (HPM) is a reactor design emanating 
from the Los Alamos National Laboratory that 
uses uranium hydride fuel. 

 

 Subcritical reactors are designed to be safer and more 
stable, but pose a number of engineering and 
economic difficulties. One example is the Energy 
amplifier. 

 Thorium based reactors. It is possible to convert 
Thorium-232 into U-233 in reactors specially designed 
for the purpose. In this way, thorium, which is more 
plentiful than uranium, can be used to breed U-233 
nuclear fuel.  

 U-233 is also believed to have favourable nuclear 
properties as compared to traditionally used U-235, 
including better neutron economy and lower 
production of long lived transuranic waste. 

 



 

Generation IV & V+ reactors 
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 Generation IV reactors are a set of theoretical nuclear 

reactor designs currently being researched.  

 These designs are generally not expected to be 

available for commercial construction before 2030.  

 Current reactors in operation around the world are 

generally considered second- or third-generation 

systems, with the first-generation systems having 

been retired some time ago.  

 Research into these reactor types was officially started 

by the Generation IV International Forum (GIF) based 

on eight technology goals.  

 The primary goals being to improve nuclear safety, 

improve proliferation resistance, minimize waste and 

natural resource utilization, and to decrease the cost 

to build and run such plants. 

 Gas cooled fast reactor 

 Lead cooled fast reactor 

 Molten salt reactor 

 Sodium-cooled fast reactor 

 Supercritical water reactor 

 Very high temperature reactor 

 

 

 Generation V reactors are designs which are 
theoretically possible, but which are not being actively 
considered or researched at present.  

 Though such reactors could be built with current or 
near term technology, they trigger little interest for 
reasons of economics, practicality, or safety. 

 Liquid Core reactor. A closed loop liquid core nuclear 
reactor, where the fissile material is molten uranium 
cooled by a working gas pumped in through holes in 
the base of the containment vessel. 

 Gas core EM reactor. As in the Gas Core reactor, but 
with photovoltaic arrays converting the UV light directly 
to electricity. 

 

 

 Gas core reactor. A closed loop version of the nuclear 
lightbulb rocket, where the fissile material is gaseous 
uranium-hexafluoride contained in a fused silica 
vessel. A working gas (such as hydrogen) would flow 
around this vessel and absorb the UV light produced 
by the reaction.  

 In theory, using UF6 as a working fuel directly (rather 
than as a stage to one, as is done now) would mean 
lower processing costs, and very small reactors. 

  In practice, running a reactor at such high power 
densities would probably produce 
unmanageable neutron flux. 

 Fission fragment reactor 

 



 

Natural nuclear reactors 
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 Although nuclear fission reactors are often thought of 

as being solely a product of modern technology, the 

first nuclear fission reactors were in fact naturally 

occurring. 

  A natural nuclear fission reactor can occur under 

certain circumstances that mimic the conditions in a 

constructed reactor. 

 Fifteen natural fission reactors have so far been found 

in three separate ore deposits at the Oklo mine 

in Gabon, West Africa. First discovered in 1972 by 

French physicist Francis Perrin, they are collectively 

known as the Oklo Fossil Reactors. 

  Self-sustaining nuclear fission reactions took place in 

these reactors approximately 1.5 billion years ago, and 

ran for a few hundred thousand years, averaging 

100 kW of power output during that time. 

 The concept of a natural nuclear reactor was theorized 

as early as 1956 by Paul Kuroda at the University of 

Arkansas. 

 Such reactors can no longer form on Earth: 

radioactive decay over this immense time span has 

reduced the proportion of U-235 in naturally occurring 

uranium to below the amount required to sustain a 

chain reaction. 

 The natural nuclear reactors formed when a uranium-

rich mineral deposit became inundated with 

groundwater that acted as a neutron moderator, and a 

strong chain reaction took place.  

 The water moderator would boil away as the reaction 

increased, slowing it back down again and preventing 

a meltdown.  

 The fission reaction was sustained for hundreds of 

thousands of years. 

 These natural reactors are extensively studied by 

scientists interested in geologic radioactive waste 

disposal.  

 

 They offer a case study of how radioactive isotopes 

migrate through the Earth's crust. 

  This is a significant area of controversy as opponents 

of geologic waste disposal fear that isotopes from 

stored waste could end up in water supplies or be 

carried into the environment. 

 The Advanced Test Reactor (ATR) is a research 

reactor at the Idaho National Laboratory, located east 

of Arco, Idaho. This reactor is primarily designed and 

used to test materials to be used in other, larger-scale 

and prototype reactors.  
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 Bioenergy is renewable energy made available from 
materials derived from biological sources. Biomass is 
any organic material which has stored sunlight in the 
form of chemical energy.  

 As a fuel it may include wood, wood 
waste, straw, manure, sugarcane, and many other 
byproducts from a variety of agricultural processes.  

 By 2010, there was 35GW of globally installed 
bioenergy capacity for electricity generation, of which 
7GW was in the US. 

 There is a slight tendency for the word bioenergy to be 
favoured in Europe compared with biofuel in North 
America. 

 In its most narrow sense it is a synonym to biofuel, 

which is fuel derived from biological sources.  

 In its broader sense it includes biomass, the biological 

material used as a biofuel, as well as the social, 

economic, scientific and technical fields associated 

with using biological sources for energy.  

 This is a common misconception, as bioenergy is the 

energy extracted from the biomass, as the biomass is 

the fuel and the bioenergy is the energy contained in 

the fuel. 

Solid biomass 

 One of the advantages of biomass fuel is that it is 
often a by-product, residue or waste-productof other 
processes, such as farming, animal husbandry and 
forestry. 

 In theory this means there is no competition between 
fuel and food production, although this is not always 
the case. 

 Biomass is material derived from recently 
living organisms, which includes plants, animals and 
their byproducts. 

 Manure, garden waste and crop residues are all 
sources of biomass. It is a renewable energy source 
based on the carbon cycle.  

 There are also agricultural products specifically being 
grown for biofuel production.  

 These include corn, and soybeans and to some 
extent willow and switchgrass on a pre-commercial 
research level, primarily in the United 
States; rapeseed, wheat, sugar beet, and willow 
(15,000 ha in Sweden) primarily in Europe; sugarcane 
in Brazil; palm oil and miscanthus in Southeast 
Asia; sorghum and cassava in China; and jatropha in 
India.  

 The use of biomass fuels can therefore contribute to 
waste management as well as fuel security and help to 
prevent or slow down climate change, although alone 
they are not a comprehensive solution to these 
problems. 



 

Electricity generation from biomass 
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 The biomass used for electricity production ranges by 
region. 

  Forest by products, such as wood residues, are 
popular in the United Sates. 

 Agricultural waste is common in Mauritius (sugar cane 
residue) and Southeast Asia (rice husks). 

 Animal husbandry residues, such as poultry litter, is 
popular in the UK. 

 Sucrose accounts for little more than 30% of the 
chemical energy stored in the mature plant; 35% is in 
the leaves and stem tips, which are left in the fields 
during harvest, and 35% are in the fibrous material 
(bagasse) left over from pressing. 

 The production process of sugar and ethanol in Brazil 
takes full advantage of the energy stored 
in sugarcane.  

 Part of the bagasse is currently burned at the mill to 
provide heat for distillation and electricity to run the 
machinery.  

 This allows ethanol plants to be energetically self-
sufficient and even sell surplus electricity to utilities; 
current production is 600 MW for self-use and 100 
MW for sale.  

 This secondary activity is expected to boom now that 
utilities have been induced to pay "fair price "(about 
US$10/GJ or US$0.036/kWh) for 10 year contracts.  

 The energy is especially valuable to utilities because it 

is produced mainly in the dry season when 

hydroelectric dams are running low. 

 Estimates of potential power generation from bagasse 

range from 1,000 to 9,000 MW, depending on 

technology.  

 Higher estimates assume gasification of biomass, 

replacement of current low-pressure steam boilers and 

turbines by high-pressure ones, and use of harvest 

trash currently left behind in the fields. For 

comparison, Brazil's Angra I nuclear plant generates 

657 MW. 

 Bagasse burning is environmentally friendly compared 
to other fuels like oil and coal. 

  Its ash content is only 2.5% (against 30-50% of coal), 
and it contains no sulfur. Since it burns at relatively 
low temperatures, it produces little nitrous oxides. 
Moreover, bagasse is being sold for use as a fuel 
(replacing heavy fuel oil) in various industries, 
including citrus juice concentrate, vegetable oil, 
ceramics, and tyre recycling.  

 The state of São Paulo alone used 2 million tonnes, 
saving about US$ 35 million in fuel oil imports. 

 Researchers working with cellulosic ethanol are trying 
to make the extraction of ethanol from sugarcane 
bagasse and other plants viable on an industrial scale. 
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Clean energy investments 

 2010 was a record year for green energy investments. 

According to a report from Bloomberg New Energy 

Finance, nearly US $243 billion was invested in wind 

farms, solar power, electric cars, and other alternative 

technologies worldwide, representing a 30 percent 

increase from 2009 and nearly five times the money 

invested in 2004.  

 China had $51.1 billion investment in clean energy 

projects in 2010, by far the largest figure for any 

country. 

 

 Brazil has one of the world’s highest biomass and 

small-hydro power capacities and is poised for 

significant growth in wind energy investment. The 

cumulative investment potential in Brazil from 2010 to 

2020 is projected as $67 billion. 

 India is another rising clean energy leader. While India 

ranked the 10th in private clean energy investments 

among G-20 members in 2009, over the next 10 years 

it is expected to rise to the third position, with annual 

clean energy investment under current policies 

forecast to grow by 369 percent between 2010 and 

2020. 

 

 It is clear that the epicenter of growth has started to 

shift to the developing economies and they may lead 

the world in the new wave of clean energy 

investments. 

 Within the emerging economies, Brazil comes second 

to China in terms of clean energy investments. 

Supported by strong energy policies. 
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 So the first advantage of using geothermal heat to 

power a power station is that, unlike most power 

stations, a geothermal system does not create any 

pollution. It may once in a while release some gases 

from deep down inside the earth, that may be slightly 

harmful, but these can be contained quite easily. 

 The cost of the land to build a geothermal power plant 

on, is usually less expensive than if you were planning 

to construct an; oil, gas, coal, or nuclear power plant.  

 The main reason for this is land space, as geothermal 

plants take up very little room, so you don't need to 

purchase a larger area of land.  

 Another factor that comes into this is that because 
geothermal energy is very clean, you may receive tax 
cuts, and/or no environmental bills or quotas to comply 
with the countries carbon emission scheme (if they 
have one). 

 No fuel is used to generate the power, which in return, 
means the running costs for the plants are very low as 
there are no costs for purchasing, transporting, or 
cleaning up of fuels you may consider purchasing to 
generate the power. 

 The overall financial aspect of these plants is 
outstanding, you only need to provide power to the 
water pumps, which can be generated by the power 
plant itself anyway. 

 

 Technology                                                Cost                                                                                  

.                                                                (AUD/MWh) 

 Nuclear (to COTS plan)                               40–70 

 Nuclear (to suit site; typical)                        75–105 

 Coal                                                              28–38 

 Coal: IGCC + CCS                                       53–98 

 Coal: supercritical pulverized + CCS          64–106 

 Open-cycle Gas Turbine                              101 

 Hot fractured rocks                                        89 

Technology                                                Cost 

.                                                                (AUD/MWh) 

 

 Gas: combined cycle                                     37–54 

 Gas: combined cycle + CCS                         53–93S 

 mall Hydro power                                          55 

 Wind power: high capacity factor                 63 

 Solar thermal                                                 85 

 Biomass                                                         88 

 Photovoltaics                                                 120 

 

Geothermal Energy 
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 The raw costs developed from the above analysis are 
only part of the picture in planning and costing a large 
modern power grid.  

 Other considerations are the temporal load profile, i.e. 
how load varies second to second, minute to minute, 
hour to hour, month to month. 

  To meet the varying load, generally a mix of plant 
options is needed, and the overall cost of providing 
this load is then important.  

 Wind power has poor capacity contribution, so during 
windless periods, some form of back up must be 
provided. All other forms of power generation also 
require back up, though to a lesser extent. 

  To meet peak demand on a system, which only 
persist for a few hours per year, it is often worth using 
very cheap to build, but very expensive to operate 
plant - for example some large grids also use load 
shedding  coupled with diesel generators at peak or 
extreme conditions - the very high kWh production 
cost being justified by not having to build other more 
expensive capacity and a reduction in the otherwise 
continuous and inefficient use of spinning reserve. 

 

 In the case of wind energy, the additional costs in 
terms of increased back up and grid interconnection to 
allow for diversity of weather and load may be 
substantial.  

 This is because wind stops blowing frequently even in 

large areas at once and for prolonged periods of time. 

Some wind advocates have argue that in the pan-

European case back up costs are quite low, resulting 

in overall wind energy costs about the same as 

present day power. 

 The cost in the UK of connecting new offshore wind in 

transmission terms, has been consistently put by 

Grid/DECC/Ofgem at £15billion by 2020. This £15b 

cost does not include the cost of any new connections 

to Europe - interconnectors, or a supergrid, as 

advocated by some.  

 When a new plant is being added to a power system 

or grid, the effects are quite complex - for example, 

when wind energy is added to a grid, it has a marginal 

cost associated with production of about £20/MWh 

(most incurred as lumpy but running-related 

maintenance - gearbox and bearing failures, for 

instance, and the cost of associated downtime), and 

therefore will always offer cheaper power than fossil 

plant - this will tend to force the marginally most 

expensive plant off the system.  

 A mid range fossil plant, if added, will only force off 

those plants that are marginally more expensive 
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 All information posted is believed to come from reliable sources.  

 

 Vision Finance does not warrant the accuracy, correctness, or completeness of information available 

from its service and therefore will not be liable for any loss incurred. 

 

 All information indicative and subject to change. 
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