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Source: Table 1 of this report 

Figure 1. The Role of Renewable Energy Consumption in the Nation's Energy Supply, 2003
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Coal Plants
(Most of this if from the Union of Concerned Scientists)
• A typical (500 megawatt) coal plant burns 1.4 million tons of coal each year. There 

are about 600 U.S. coal plants.

• Burning coal is a leading cause of smog, acid rain, global warming, and air toxics. In 
an average year, a typical coal plant generates: 

• 3,700,000 tons of carbon dioxide (CO2), the primary human cause of global warming-
-as much carbon dioxide as cutting down 161 million trees.

• 10,000 tons of sulfur dioxide (SO2), which causes acid rain that damages forests, 
lakes, and buildings, and forms small airborne particles that can penetrate deep into 
lungs.

• 500 tons of small airborne particles, which can cause chronic bronchitis, aggravated 
asthma, and premature death, as well as haze obstructing visibility.

• 10,200 tons of nitrogen oxide (NOx), as much as would be emitted by half a million 
late-model cars. NOx leads to formation of ozone (smog) which inflames the lungs, 
burning through lung tissue making people more susceptible to respiratory illness.



Coal Plants
• 720 tons of carbon monoxide (CO), which causes headaches and place additional 

stress on people with heart disease.

• 220 tons of hydrocarbons, volatile organic compounds (VOC), which form ozone.

• 170 pounds of mercury, where just 1/70th of a teaspoon deposited on a 25-acre lake 
can make the fish unsafe to eat.

• 225 pounds of arsenic, which will cause cancer in one out of 100 people who drink 
water containing 50 parts per billion.

• 114 pounds of lead, 4 pounds of cadmium, other toxic heavy metals, and trace 
amounts of uranium.



Coal Plants

Solid waste
• Waste created by a typical 500-megawatt coal plant includes more than 125,000 tons 

of ash and 193,000 tons of sludge from the smokestack scrubber each year. 
Nationally, more than 75% of this waste is disposed of in unlined, unmonitored onsite 
landfills and surface impoundments.

• Toxic substances in the waste -- including arsenic, mercury, chromium, and cadmium 
-- can contaminate drinking water supplies and damage vital human organs and the 
nervous system. One study found that one out of every 100 children who drink 
groundwater contaminated with arsenic from coal power plant wastes were at risk of 
developing cancer. Ecosystems too have been damaged -- sometimes severely or 
permanently -- by the disposal of coal plant waste.



Coal Plants

Water

• A typical 500-megawatt coal-fired power plant draws about 2.2 billion gallons of water 
each year from nearby water bodies, such as lakes, rivers, or oceans, to create 
steam for turning its turbines. This is enough water to support a city of approximately 
250,000 people.

• When this water is drawn into the power plant, 21 million fish eggs, fish larvae, and 
juvenile fish may also come along with it -- and that's the average for a single species 
in just one year. In addition, EPA estimates that up to 1.5 million adult fish a year may 
become trapped against the intake structures. Many of these fish are injured or die in 
the process.



Coal Plants

Cooling water discharge
• Once the 2.2 billion gallons of water have cycled through the coal-fired power plant, 

they are released back into the lake, river, or ocean. This water is hotter (by up to 20-
25°F) than the water that receives it. This "therma l pollution" can decrease fertility 
and increase heart rates in fish. Typically, power plants also add chlorine or other 
toxic chemicals to their cooling water to decrease algae growth. These chemicals are 
also discharged back into the environment.

Waste heat
• Much of the heat produced from burning coal is wasted. A typical coal power plant 

uses only 33-35% of the coal's heat to produce electricity. The majority of the heat is 
released into the atmosphere or absorbed by the cooling water.



Coal Plants

Coal mining
• About 60% of U.S. coal is stripped from the earth in surface mines; the rest comes 

from underground mines. Surface coal mining may dramatically alter the landscape. 
Coal companies throughout Appalachia often remove entire mountain tops to expose 
the coal below. The wastes are generally dumped in valleys and streams.

• In West Virginia, more than 300,000 acres of hardwood forests (half the size of 
Rhode Island) and 1,000 miles of streams have been destroyed by this practice.

• Underground mining is one of the most hazardous of occupations, killing and injuring 
many in accidents, and causing chronic health problems.



Coal Plants

Coal transportation
• A typical coal plant requires 40 railroad cars to supply 1.4 million tons in a year. 

That's 14,600 railroad cars a year.

• Railroad locomotives, which rely on diesel fuel, emit nearly 1 million tons of nitrogen 
oxide (NOx) and 52,000 tons of coarse and small particles in the United States. Coal 
dust blowing from coal trains contributes particulate matter to the air.

Coal storage
• Coal burned by power plants is typically stored onsite in uncovered piles. Dust blown 

from coal piles irritates the lungs and often settles on nearby houses and yards. 
Rainfall creates runoff from coal piles. This runoff contains pollutants that can 
contaminate land and water.





Energy Flows in the Earth









Renewable Energy Options

• Wind
• Solar
• Hydro
• Tidal
• Wave
• Biomass
• Geothermal
• Hydrogen and Fuel Cells





Introduction

Why Wind Energy?

�� zero emissions,except for manufacture;
�� feeding remote loads, where the 

transmission network is uneconomical;
�� unavailability of rivers or other hydro 

resources;
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Analysis of the wind speed by 
visualization

Degree Classification  Effects of the wind on the nature  Speed 
(m/s)  

0 calm Everything is still. The smoke goes up vertically. 0.00-0.30 

1 almost calm Smoke is dispersed. Still weather vanes. The wind is felt on the 
face. 0.30-1.40 

2 breeze Wind is felt on the face. Noise of agitated leaves by the wind. 
Weather vane moves. 1.40-3.00 

3 fresh wind The leaves and the small branches of the trees move. Flags are 
stretched out.  3.00-5.50 

4 moderate wind The wind lifts dust and paper from the ground. Small tree 
branches move. 5.50-8.00 

5 regular wind Small trees with leaves begin to shake. 8.00-11.00 

6 wind mildly strong Large branches move, electricity lines whistle. It begins to be 
difficult to walk against the wind. 11.00-14.00 

7 strong wind Whole trees move. It is definitely difficult to walk against the 
wind. 14.00-17.00 

8 very strong wind Branches of trees break. It is a great effort to walk. 17.00-21.00 

9 windstorm There is tile lifting. 21.00-25.00 

10 gale Trees are down. Construction damage. 25.00-28.00 

11 storm The wind assumes characteristics of a hurricane, it rarely happens 
far away from the coasts. 28.00-33.00 

12 hurricane The air is full of solid particles and drops of water. The sea is 
entirely whitish. 33.00-36.00 

 



Proportions of a wind power plant





Power and energy in the wind

The kinetic energy in a mass of air m, moving at speed v is
K.E. =  ½ mv2 (2.1)

The power is the K.E./s
P = ½ (mass flow rate/s) v2 (2.2)

Let � = air density (kg/m3)
A = area swept by the blades (m2)
v = air velocity (m/s)

P = ½ (� Av) v2 =  ½� Av3 (2.3)

Specific power or power density of the site = ½� v3 (2.4)



Power Extracted

Po =  ½ (mass flow rate/s) (v1
2-v2

2) (2.5)

v1 = upstream wind velocity
v2 = downstream wind velocity
Po = mechanical power extracted

Mass flow rate = � A(v1+v2)/2 (2.6) 

Po =  ½ (� A(v1+v2)/2) (v1
2-v2

2) (2.7)
= ½ (� Av1

3 )(1+v2/v1) (1-(v2/v1)2)/2 (2.8)
= ½ (� Av1

3 )Cp (2.9)



• Power coefficient, Cp (Betz 
coefficient):
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Rotor Swept Area

A = � D2/4 (2.10)

For the Darrieus

A = 2/3(Maximum rotor width at center)(height of the rotor)(2.11)



Output characteristics of different types of 
turbines 

  

1 - Savonius 
2 - Filippini turbine 
3 - rotor with 2 blades, HAWT 
4 - rotor with 3 blades 
5 - rotor with 4 blades (type Dutch Mill) 
6 - rotor with 6 blades 
7 - rotor with multiple blades, of farm or spiked 
8 – Darrieus turbine 
9 - Theoretical turbine 
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Water Turbines



• A turbine design speed is largely determined by the head 
under which it operates. Turbines can be classified as 
high head, medium head or low head machines. Turbines 
are also divided by their principle way of operating and 
can be either impulse or reaction turbines.

Propeller

Kaplan

FrancisReaction 
turbines

Cross-flowCross-flow
Multi-jet

Turgo

Pelton
Turgo

Impulse 
turbines

Low headMedium 
head

High head



• To the left, 
you can 
view the 
patent 
drawing 
for a 1889 
patent 
issued to 
Lester 
Pelton for 
an 
improved 
water 
wheel. 



A Pelton turbine consists of a set of specially shaped 
buckets mounted on a periphery of a circular disc. It is 

turned by jets of water which are discharged from one or 
more nozzles and strike the buckets. The buckets are split 
into two halves so that the central area does not act as a 
dead spot incapable of deflecting water away from the 

oncoming jet.



Pelton Turbines are the answer to 
comparatively low flow rates and 
heads in the upper range (up to 

1800m)
They are built with horizontal or 

vertical shaft, single or multiple jets 
and are double or single regulated.



Vertical shaft 6-jet Pelton Turbine at the Power Plant 
KORALPE , Austria

Technical Data of the Turbines:

Runner diameter: 1,450 mm
Nominal head: 733 m
Nominal discharge: 8 m³/s
Nominal output: 50,100 kW 

View from tailwater





• Francis turbines can either be volute-cased or 
open-flume machines. The spiral casing is tapered 
to distribute water uniformly around the entire 
perimeter of the runner and the guide vanes feed 
the water into the runner at the correct angle. 



Large scale hydro sites make use of more 

sophisticated versions of the propeller turbines.



A crossflow turbine has a drum-shaped runner 
consisting of two parallel discs connected together 

near their rims by a series of curved blades. A 
crossflow turbine always has its runner shaft 

horizontal.



• Kaplan from 0.3 to 15 MW 
– fully standardized in a variety of configurations: PIT, 

SAM, KAF 
– for heads between 2 and 35 meters

• Francis from 0.5 to 15 MW 
– modular standardization in a variety of configurations: 

vertical, horizontal single or twin runners 
– possibility to deliver up to 30 MW

• Pelton from 0.7 to 15 MW 
– modular standardization in a variety of configurations: 

horizontal one or two injectors, vertical multi-injectors 
– possibility to deliver up to 30 MW





Solar Energy



Parabolic dish collector with a mirror-like reflect ors and 
an absorber at the focal point

[Courtesy of SunLabs - Department of Energy ]



Parabolic trough system
[Courtesy of SunLabs - Department of Energy]



The specific costs of 
collectors are also 
important. Evacuated-
tube collectors are 
substantially more 
expensive (at 511,29 -
1278,23 Euro /m²
collector surface) than 
flat-plate collectors 
(153,34 to 613,55 Euro 
/m²) or even plastic 
absorbers (25,60 to 
102,26 Euro /m²). 
However, a good 
collector does not 
guarantee a good solar 
system. Rather, all 
components should be of 
high quality and similar 
capacity and strength. 

Graph of efficiency and 
temperature ranges of 
various types of collectors 
(radiation: 1000 W/m²) 



308C-HP Solar Panel
Glazed Flat-Plate Collector, 3 x 8 feet

$616.00

412P-HP Solar Panel - Glazed Flat-
Plate Collector, 4 x 12 feet

$950.00



• An active, flat plate solar collector system 
will cost approximately $2,500 to $3,500 
installed and produce about 80 to 100 
gallons of hot water per day. A passive 
system will cost about $1,000 to $2,000 
installed but will have a lower capacity. 



Noll Residence
This 10,000 square foot home pays only $5 / month for 

electricity, thanks to the 9.6 KW PV system designed and 
installed by Daystar Solar. 

This home also features passive and active solar 
heating, solar hot water, and solar pool heating.



Bost Ranch
This ground mounted system was installed before the 

home was completed, and provided over 900 kWH of free 
electricity during construction. This system now provides 
about half the electricity required by the house. The 3kW 
array features adjustable tilt, which allows for optimum 

performance in both winter and summer.



SOLAR MODULES

As above As above General 75 watts $412.00CANROM - 75

As above As above General65 watts $344.00CANROM – 65

18.1 lbs
8.2 Kg 

Cells: 125x125mm
Module:  
46"x21.3"x1.55" 

General 60 watts $323.00CANROM – 60

As above As above General 50 watts $296.00CANROM – 50

11..9 lbs

5.4 Kg 

Cells:  100x100mm

Module: 
37.75”x17.3”x1.55”

General 40 watts $241.00CANROM – 40

WeightDimensionsUseTypical 
Output

Price Module



• Envirolet® 50W Solar Kit (w/ 
BP® 350U Solar Panel)
SAN-BP350U-KIT regular: 

$599.00 envirolet.com: $588.00

•Solar Kit Includes:
1. BP® 350U Solar Panel
2. Mounting Bracket
3. Heavy Duty Power Cable (24')
4. Blocking Diode



Shell PV Modules Mono-Crystalline (SSPANEL-shell)

$756$810Price

11.226411.2267Item Code

15A15ASeries fuse rating

2424Nominal voltage Volts

600600Max. system voltage Volts

4.74.8Short circuit current Amps

42.843.4Open circuit voltage Volts

4.254.4Peak power current Amps

3334Peak power voltage Volts

140150Peak power Watts

����������������	
��
��



AHPS-680 (Advanced Home Power System-680)
Features of AHPS-680 System 

Eight high efficiency 85 watt solar modules 
680 watts, 19.2 amps at 24V DC of charge power 

GVFX-3524 Powerboard with charger, breakers, disconnects and 60 
amp MPPT charge controller 

36 feet of #6/4 Teck cable with connectors 

Price: $8333



Shell ST Series CIS Thin-film Modules

$67.5$118.8$203.4$271.8List Price

11.231
2

11.231511.231811.2324Item Code

12121212Nominal voltage Volts

1A2A3A5ASeries fuse rating

252525600Max. system 
voltage Volts 

0.390.771.542.68Short circuit 
current Amps

22.922.922.923.3Open circuit 
voltage Volts

0.320.641.292.41Peak power 
current Amps

15.615.615.616.6Peak power voltage Volts

5102040Peak power Watts

42424242Number of cells

�������������������	
��
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Wind and Tidal Energy



Tidal















Wave Power









































































Biomass Energy















Hydrogen Economy
• Global warming - When you burn a gallon of gas in your car, you 

emit about 5 pounds (2.3 kg) of carbon into the atmosphere. If it 
were solid carbon, it would be extremely noticeable -- it would be 
like throwing a 5-pound bag of sugar out the window of your car for 
every gallon of gas burned. But because the 5 pounds of carbon 
comes out as an invisible gas, carbon dioxide, most of us are 
oblivious to it. The carbon dioxide coming out of every car's tailpipe 
is a greenhouse gas that is slowly raising the temperature of the 
planet. The ultimate effects are unknown, but it is a strong possibility 
that, eventually, there will be dramatic climate changes that affect 
everyone on the planet. For example, if the ice caps melt, sea level 
will rise significantly, flooding and destroying all coastal cities in 
existence today. That's a big side effect. 



Advantages of the hydrogen economy

• The elimination of pollution caused by fossil fuels - When 
hydrogen is used in a fuel cell to create power, it is a completely 
clean technology. The only byproduct is water. There are also no
environmental dangers like oil spills to worry about with hydrogen. 

• The elimination of greenhouse gases - If the hydrogen comes 
from the electrolysis of water, then hydrogen adds no greenhouse 
gases to the environment. There is a perfect cycle -- electrolysis 
produces hydrogen from water, and the hydrogen recombines with 
oxygen to create water and power in a fuel cell. 

• The elimination of economic dependence - The elimination of oil 
means no dependence on the Middle East and its oil reserves. 

• Distributed production - Hydrogen can be produced anywhere that 
you have electricity and water. People can even produce it in their 
homes with relatively simple technology. 



Creation of Hydrogen

• Electrolysis of water - Using electricity, it is easy to split 
water molecules to create pure hydrogen and oxygen. 
One big advantage of this process is that you can do it 
anywhere. For example, you could have a box in your 
garage producing hydrogen from tap water, and you 
could fuel your car with that hydrogen. 

• Reforming fossil fuels - Oil and natural gas contain 
hydrocarbons -- molecules consisting of hydrogen and 
carbon. Using a device called a fuel processor or a 
reformer , you can split the hydrogen off the carbon in a 
hydrocarbon relatively easily and then use the hydrogen. 
You discard the leftover carbon to the atmosphere as 
carbon dioxide. 



Fuel Cell-Introduction
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Fuel Cell-Basic Operation
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Fuel Cell-Types of Fuel Cell



Fuel Cell-Output Voltage
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1. Transportation� !���	���

2. Stationary – Distributed generation Small hospitals, schools,    Homes & small industries.

Distributed generation
Power generated to supply buildings

Remote application 



3. Portable devices – Laptop Computers, Cell phones,

Laptop Computer

Cell phone

Thin film Fuel Cell


