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In the concluding remarks, the role of using renewable energy
resources in electricity generation in the light of reduction of
Green House Gas (GHG) emission into the atmosphere is
deliberated. The pros and cons of renewable resources are
discussed in detail and how they should be used responsibly is
highlighted. The most important step towards reduction of
GHG is to reduce consumption of energy in our routine, in
addition to using renewable sources to generate the much
needed electricity.
In Part 1 of this series we learnt that our energy-intensive lifestyle
has increased the greenhouse gas concentrations in the atmosphere that has lead to many disastrous events in the world.
Earth’s surface temperature has gone up by a few degrees centigrade resulting in melting of ice and hence rising of sea levels. For
the generation of power, the main source of fuel has been petroleum and coal, the burning of which has increased the carbon
dioxide in the atmosphere by almost 30% in the last century.
Therefore it is imperative that renewable sources like sunlight,
wind, biomass and such are used to generate a part of our power
requirement. In Part 2 of the series we learnt how solar power can
be used to generate electricity without emitting greenhouse gases.
The basic principles behind the photovoltaic and solar thermal
were described in detail. Solar parks are set up in many parts of
the world and the Government of India has started many initiaRESONANCE  December 2013
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tives to support solar technologies. In Part 3 of the series, how
wind power can be harnessed to generate electricity and the
science behind the wind energy technology were described. There
are different kinds of wind turbines and each one is good under
specific wind profiles and heights. In India, the government
envisages that by 2020, 65 GW of electricity will be generated
from wind power. In this part of the series, we will study the other
renewable resources like hydro, biomass and geothermal power
generation technologies.
Hydropower
Hydropower is a well-developed and mature technology that is in
use in 159 countries around the world. As per the hydrology
cycle, water reaches the earth as precipitation or rain (Figure 1).
Some of the water percolates into the soil to create a water table
under the ground or runs off on the surface into water bodies like
lakes, oceans or ponds. The percolated water will also flow into
water bodies with time. Similarly, the snow on the earth’s surface
also flows along the ground and percolates to inside the ground.
Water evaporates from the surfaces of trees, water bodies and
ground to condense into clouds and some of it returns to the earth
in the form of rain. Thus, water is a timeless and renewable
resource.

Water evaporates
from the surfaces
of trees, water
bodies and
ground to
condense into
clouds and some
of it returns to the
earth in the form
of rain. Thus,
water is a timeless
and renewable
resource.

Figure 1. Schematic representation of hydrology cycle.
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Figure 2. Schematic representation of a hydroelectric
plant.

Hydroelectricity, as
the name indicates, is

Hydroelectricity, as the name indicates, is the electricity obtained
by harnessing the power of flowing water. Water is usually stored
in dams and led down through large pipes or tunnels to lower
levels, as shown in Figure 2. In the course of the fall, the water
rotates turbines. The mechanical energy produced is converted to
electricity by the generators connected to it. Thus, the potential/
kinetic energy of the water is first converted into mechanical
energy and then into electrical energy. The structure that houses
the turbines and generators is called the powerhouse. Transformers change the alternating current produced by the generators into
current of very high voltage for easy transmission through long
distances.

the electricity
obtained by
harnessing the power
of flowing water.
Water is usually
stored in dams and
led down through
large pipes or tunnels
to lower levels. In the
course of the fall, the
water rotates
turbines.
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The energy potential of a hydroelectric power generation plant
site is dependent on the flow and the head. The flow is the volume
of water flowing per second expressed in cubic meters per second
(m3/s). The head is defined as the difference in height across
which flow takes place and is expressed in meters (m).
Potential (W) = Flow (m3/s)  Head (m)  9.81 (m/s2)  D (kg/m3)
 E . (1)

Here, 9.81 m/s2 is the acceleration due to earth’s gravity, D is the
density of water and E is the efficiency factor. The density of
water is assumed to be 1. The factor E has to take into account the
RESONANCE  December 2013
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inbuilt inefficiencies in the system. The factor E is usually taken
to be 0.7. Thus, if water is flowing at the rate of 250 liters/s from
a height of 10 m then the power generated can be calculated as,
Potential = 0.25  10  9.81  0.7 = 17.17 kW .

(2)

It is clear from this equation that just fast flowing water without
a drop from a height possesses low potential for useful power
generation except in the case of large ocean currents.
In the example under consideration in (2), if water flows for 1 h,
the number of units of electricity generated will be 17.17. This is
the theoretically possible electricity output from a hydroelectric
plant. But in reality, electricity cannot be generated at the same
rate all through the year. Hence, a term called plant load factor
(PLF) is defined as,
*

PLF = 100 (Actual output / Maximum possible output) .

(3)

Higher the PLF, better is the performance of a hydroelectric plant.
This would also amount to more power output so more revenue
from the plant. PLF is affected by non-availability of water,
unplanned breakdown and maintenance shut down.
The main advantages of hydroelectric power are:

Thus, if water is
flowing at the rate of
250 liters/s
from a height of 10 m
then the power
generated will be
17.17 kW and if water
flows for 1 h, the
number of units of
electricity generated
will be 17.17.

• There is minimal pollution as no fuel is burnt.
• The power plant is run by water that is provided free by
•

•
•

•
•

Nature.
Electricity can be generated only when required by opening
the intake or sluice gates. The water can be stored in dams
when not in use which means that energy can be stored until it
is needed.
Once the dams to store water are built, they last many decades.
The water that is let out into the river after electricity generation can be used for irrigation and other purposes because all
of the water is returned to the river.
Relatively low operation and maintenance costs.
The technology is time tested and reliable.
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Out of the total
electricity
production of 20,225
TWh in 2010, about
3,402 TWh was
from hydroelectric
power. This
amounts to over
80% of electricity
generated by all
renewable sources.

Figure 3. Global electricity
generation by fuel, 1973–
2010.
Source: IEA.
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• Large dams often become tourist attractions.
There are some disadvantages of hydroelectric power, namely:

• Dams are extremely expensive to build and must be built to the
highest standard of safety. The high cost means that plants
must operate for a long time to become profitable.
• The building of dams for hydroelectric power can cause water
availability problems. Construction of a dam in one location
may mean that those downstream have no control of water
flow.
• More importantly, adequate supply of water from rain or
snow is required for hydroelectric plants to continue operation. Lack of rainfall in a year can affect electricity production
severely.
Depending on the location and availability of water resources,
many countries around the world have opted for hydroelectric
power generation. Out of the total electricity production of 20,225
TWh in 2010, about 3,402 TWh was from hydroelectric power
(Figure 3). This amounts to over 80% of electricity generated
by all renewable sources [1].
The World Energy Council calculates the potential global hydropower resource at around 16,400 TWh per year, that is, about an
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Figure 4. Share of hydropower in country’s total power
generation.

eighth of total global energy consumption [2]. China is the
world’s largest producer of hydroelectricity, with the United
States, Canada, Brazil, and Russia rounding out the top five
countries. In China, hydropower generation has more than tripled
during the period of 2000 to 2010. If the share of hydroelectric
power in the total energy produced is considered, Norway is at top
with Brazil coming second as shown in Figure 4. There are many
smaller countries like Bhutan, Ethiopia and Paraguay where a
major portion of their electricity requirement is met by the
hydroelectric power stations. Hydropower capacities worldwide
have grown by 52% from 1990 to 2009 as shown in Figure 5.
There are now three hydropower plants larger than 10 GW
capacity in the world – Three Gorges Dam in China, Itaipu

Figure 5. Growth of global
hydroelectric power generation. Source : Earth Policy
Institute, http://www.earthpolicy.org/data_highlights/
2012/highlights29)
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Small and mini
hydropower plants
have shorter
gestation periods
compared to the
large hydropower
plants. They also
give a higher return on

Hydroelectricity Power Plant in Brazil and Guri Dam in Venezuela. The Itaipú Dam is built on Parana river between Brazil and
Paraguay – it is 190 m high and generates about 98.2 TWh of
electricity annually. This is the largest hydropower dam in the
world. The 185-metre high Three Gorges Dam, constructed in
China on the upper Yangtze River is expected to generate 80 TWh
of electricity, annually. The Three Gorges Dam is the world’s
largest power station in terms of installed capacity of 22,500 MW.

investment
because of the low
capital investment
and opera-tional/
maintenance costs.
Construction
of small hydropower
plants does not
disturb the local
habitat as is the case
with large hydropower.

There are smaller low-impact hydroelectric systems, often called
‘small hydro’. There is no universal guideline to define a small
hydro system. Depending on local definitions, these can range in
size from a few kilowatts to 50 MW, sometimes even more of
power output. These systems have been proposed as an alternative to large-scale projects. According to World Wide Fund for
nature (WWF), a realistic scenario for the next 50 years would be
a 100 GW increase in ‘small hydro’ capacity. Small hydro projects
are normally built for application at an isolated area for run-ofriver developments; water is not stored in a large reservoir and is
used only as it is available. A small low dam or a simple diversion
weir to increase the flow and head are constructed normally.
Attention needs to be paid in selecting the right turbine design
that operates efficiently at the limited flow range.
The hydropower systems with rated power output in the range of
100 kW to 1 MW are referred to as ‘mini’ hydro and projects less
than 100 kW are referred to as ‘micro’ hydro. Small and mini
hydropower plants have shorter gestation periods compared to
the large hydropower plants. They also give a higher return on
investment because of the low capital investment and operational/maintenance costs. Construction of small hydropower plants
does not disturb the local habitat as is the case with large hydropower. Thus, these constructions do not lead to the problems of
deforestation, submergence or rehabilitation. Also, they do not
require large land areas and can be constructed in areas with small
streams of water and small to medium rivers.
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Tidal and Wave technology
Tidal energy has been in use in Europe for many centuries to run
the grain pounding mills. For generating electricity, the tidal or
wave water is led into a storage dam or a barrage through sluice
gates. As the water (due to high tide or high wave) flows in or out,
an uneven water level on either side of the dam is created. The
sluice gate is opened and water flows through low-head hydro
turbines to generate electricity. For a tidal system to be feasible,
the difference between high and low tides must be at least 16 feet.
This technology has shown little environmental impact so far, but
the industry is still in its infancy. The largest barrage in the world
is in France with a rated electricity generating capacity of 240
MW that is operational since 1966.

As on January 31,
2013, out of a total
211.8 GW of
electricity generated
in India, 39.4 GW
was from
hydropower
stations and 3.6 GW
was from small
hydro stations.

Indian Scenario
In India, the first hydropower station was installed in 1897 with a
capacity of 165 KW at Sidrapong, in Darjeeling. Many large
hydropower plants have been set up since then across rivers in
almost all the states with capacity close to 48 GW (Figure 6). The
hydropower potential in India is estimated to be close to 84 GW
with plant load factor of 60%.
As on January 31, 2013, out of a total 211.8 GW of electricity
generated in India, 39.4 GW was from hydropower stations [3]
and 3.6 GW was from small hydro stations [4]. Bhakra Dam built
across the Sutlej River in Punjab is the largest dam in the country
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Figure 6. Growth of hydroelectric power generation in
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The heat from
burning the
biomass is used to
produce steam
that drives the
turbines to
generate
electricity. Just like
coal, biomass can
be gasified to
produce syngas
and used for
driving gas
turbines.

Table 1. Chemical composition of fuels (C, O and H are in
% by weight) and the energy
available when combusted.
Source: M Balat and G Ayar,
Energy

Sourc es ,

Vol.27,

pp.931–940, 2005.
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with power generation capacity of 1325 MW. In the Himalayan
mountain regions of the country there are many dams built to
generate electricity, Arunachal Pradesh tops the list with installed
capacity of about 9500 MW.
Bio-power
Biomass is the oldest known source of renewable energy. Energy
generation from biomass is too diverse and hence in this article,
very briefly, only electricity generation aspects will be dealt with.
Biomass contains mainly cellulose, hemicellulose and lignin,
with an average composition of C6H10O5. Biomass, because of
widespread vegetation around the world, is an important renewable energy resource that can be replenished continuously. There
are many commercially available technologies that can provide
heat and electricity from biomass feedstock. Biomass is a heterogeneous resource with feedstock coming from wastes of conventional crops and forestry products. Energy crops such as coppiced
wood and perennial grasses are specially cultivated to use as
feedstock that can help thermal power plants reduce their carbon
dioxide emissions.
The principle behind using biomass feedstock is similar to a coal
thermal plant. The heat from burning the biomass is used to
produce steam that drives the turbines to generate electricity. Just
like coal, biomass can be gasified to produce syngas and used for
driving gas turbines. Biomass can be co-fired along with coal in
thermal power generation plants. Burning biomass will release
greenhouse gases into the atmosphere. Table 1 shows the carbon
content in different fuels. However, the emissions from biomass
combustion tend to be lower and less noxious than from fossil

Fuel

Carbon

Oxygen

Hydrogen

Energy available (MJ/Kg)

Coal

85

9

6

27

Methane

75

0

25

55

Wood

49

45

6

8–20
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fuels since they are relatively low in sulphur content. The main
advantage of burning biomass instead of coal is, burning fossil
fuels converts stable carbon that is stored deep in the ground
millions of years ago into atmospheric carbon dioxide whereas
burning biomass fuels returns to the atmosphere contemporary
carbon that is taken up by the growing plant in recent times.
Electricity generation capacity from biomass has increased around
the world in the last decade. During 2007–2011 alone, power
generation plants of about 8,200 MW capacity were installed and
this is likely to boom in the coming years. Currently, about 2200
biomass power plants are operational around the world with
electricity generation capacity of over 260 TWh (Figure 7).
Power production from biomass is about 7% of the total power
from renewable sources. USA, Brazil, Germany, China and Sweden are the top five countries that produce power from biomass.
Providing a global biomass supply chain is very complicated
because the composition of feedstocks – their chemical structure,
moisture content, etc.– is a highly variable entity depending on
the location. The design of the processes before combustion in the
power plant will also depend on the composition of the feedstock.
Expanding the use of biomass to make a major contribution to the
global energy mix would require significant and sustained investment – first, to develop a sustainable chain of supply of biomass
and then to design the technologies that can make an efficient use
of a wide range of biomass feedstocks. Secondly, the cost involved in accumulating, harvesting biomass in its raw state and
transporting to the power plant is high. Sufficient cultivable land
should be available.

The main advantage
of burning biomass
instead of coal is,
burning fossil fuels
converts stable
carbon that is stored
deep in the ground
millions of years ago
into atmospheric
carbon dioxide
whereas burning
biomass fuels returns
to the atmosphere
contem-porary
carbon that is taken
up by the growing
plant in recent times.

Figure 7. Growth of global
electricityproduction from biomass. Source: Eurobserv’ER
Fourteenth Inventory, 2012
Edition.
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Many sugar
industries in the
country generate
electricity locally
from the crushed
cane waste and
also use the steam
from the turbine for
their requirement.

Indian Scenario
In India, biomass has been widely used as a source of energy in
rural areas but the usage was not very common in the electricity
generation sector. The Government is actively initiating many
programs to promote newer technologies to use biomass for
electricity generation. Financial incentives for biomass-based
power projects like providing capital subsidy and fixing preferential tariffs are given.
The main technology that is used in the country is combustion of
biomass to generate steam that can drive the turbines. Steam can
be extracted from the turbine at suitable stages and used in
industries for some of their processes. Many sugar industries in
the country generate electricity locally from the crushed cane
waste and also use the steam from the turbine for their requirement. Thus, a total of 5000 million units of electricity is being
generated from biomass in the country. The potential for power
generation from biomass in India [5] stands in the range of 18,000
– 50,000 MW.
Geothermal

Figure 8. Temperatures in
the earth as a function depth.
Source:
http://www.geo-energy. org/

Another renewable resource that is used to generate electricity is
the geothermal energy. As the name suggests, geothermal energy
is the thermal energy that is stored deep inside the earth. The
primary source of the earth’s heat is the gradual decay of longlived radioactive isotopes. The heat emanating from the interior
of the earth is essentially limitless which makes geothermal
energy a renewable resource. Also, during electricity generation from these power
plants no greenhouse gases are emitted; it
is a clean source of energy.
The temperatures at a few kilometers depth
in the earth can be high enough to boil
water as shown in Figure 8. The water
that is present deep in the ground gets
heated up. When hot water or steam is
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Figure 9. Geothermal power
generating system.
Source:
http://www.

forteac hers for

students.com.au/

trapped in cracks and pores under a layer of impermeable rock, it
forms a geothermal reservoir.
There are three types of geothermal power plants, namely, dry
steam, flash steam and binary cycle depending on the temperature of the water underground. Dry steam power plants are set up
where steam is being discharged from the ground. Deep wells are
drilled and the steam is directly piped out to the turbine in the
power plant. Flash steam power plants use geothermal reservoirs
of water in the temperature range of about 180 °C. Under its own
pressure, the hot water flows up through the holes. As the water
flows up because of the reduction in pressure some of the hot
water becomes steam. This steam is used to drive the turbines.
The leftover hot water and the condensed steam are injected back
into the reservoir, and thus water is recycled as shown in
Figure 9. Binary cycle power plants work with water in the
temperature range of 100–180 °C. The hot water is used to heat up
an organic fluid with low boiling
temperature. The vapors of this
fluid are used to drive the turbine.

Figure 10. Top 10 countries
using geothermal power as
of May 2012.
Source: http://www.geo-energy.
org/

Around the world few countries
are using geothermal energy to generate electricity and the total capacity is a little over 11.2 GW.
Figure 10 shows the top ten countries that have set up geothermal
power stations.
RESONANCE  December 2013
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Figure 11. Geothermal resource in India. The numbers
in red inside the map are the
Heat Flow values in mW/m2
and in blue are the Thermal
Gradients in oC/km.
Source:
http://www.indiaenergy portal.
org/

In India, geothermal resources are identified in a few places, as
shown in Figure 11. The estimated geothermal power potential is
around 10,000 MW that can be harnessed for electricity generation. However, there is no operating geothermal power plant in
the country.
Concluding Remarks
It was seen in Part 1 of this series, because of various activities of
human beings, the concentration of greenhouse gases (GHG) is
increasing in earth’s atmosphere. These greenhouse gas molecules absorb the heat and release it back to the earth which has
increased the global mean temperature. This temperature increase has lead to several extremities not only in the weather
pattern but also in the survival of living species and vegetation.
Electricity is a major commodity all over the world and its
generation is the single most GHG emission source. Just in 2011
[6], 31.6 gigatonnes of CO2 was released into the atmosphere
from burning the fossil fuels in thermal power generation sta-
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Electricity generation Technology

CO2 released (g per kWh)

Coal

800 to 1050

Gas Combined Cycle

400 to 450

Wind

3 to 22

Solar (thin film & some Si)

19 to 70

Geothermal

< 180

tions.
There is no doubt that energy is fundamental for our development. Energy issues are at the core of social, environmental and
economic growth challenges. It is known that energy production
from renewable sources can help in controlling the GHG emissions, and they are expected to play a key role in the future. The
production of renewable energy worldwide is also expected to
grow quickly, increasing its share of the global energy mix. The
release of CO2 for electricity generation from these sources is
much lower compared to fossil fuels as shown in Table 2. It
should be noted that using renewable energy sources to generate
power is not a complete solution in itself to the global warming
problems. There are several issues with using renewable energy
sources that the users have to carefully negotiate to make renewable energy a practical resource. Let us consider the drawbacks of
each of the renewable sources.

• Power generation from solar panels requires sunshine. Hence,
when sunshine is not available electricity supply will have to
come from other sources. Alternatively, investment into energy storage devices and their maintenance will have to be
made. Energy storage devices can be in the form of batteries or
molten salts/hot oils in the case of solar thermal facilities.

• Wind farms require wind for power generation. They also
have an inherent problem of bird deaths; however, significant
changes in wind-farm safety practices are being made to
reduce the rate of bird deaths. All new turbine proposals are
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Table 2. Amount of CO2 released from the production of
1 kWh of electricity from different resources.

It should be noted
that using renewable
energy sources to
generate power is
not a complete
solution in itself to
the global warming
problems.There are
several issues with
using renewable
energy sources that
the users have to
carefully negotiate to
make renew-able
energy a practical
resource.
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reviewed for ideal, bird-friendly locations avoiding birds’
migratory pathways and areas with high bird populations. The
other issue with wind farms is that it is believed by some to
cause adverse health effects to those living in close proximity
like sleep disturbances, headaches and concentration problems. These symptoms and others could be explained as the
effects of infrasound as well as constant humming and vibrations. This problem is addressed by employing improved
sound-dampening systems. It is hoped that these new systems
will reduce sound-related problems associated with wind farm
communities.

• Hydroelectric stations depend heavily on the availability of

There are many

water. Large dams and reservoirs used for hydroelectric power
stations often damage the surrounding environment and become an imposition on the ecosystem. Building dams across
rivers does affect the marine life downstream. Dams can also
alter the natural river flow and affect wildlife. The release of
water from the dam can cause flooding in surrounding areas
causing destruction of natural vegetation and relocation of
people. The decay of vegetation along the riverbed can cause
the buildup of methane. According to Brazil’s National Institute for Space Research (INPE), each year the world’s dams
give off over 100 million metric tons of methane, which is
released from water churning through dam turbines [7]. INPE
scientists are developing ways to produce energy by burning
this methane.

advantages to the

• The tidal barrages also have several environmental draw-

use of renewable

backs, including changes to marine and shoreline ecosystems,
most notably fish populations [8]. Hence it is important to
choose an appropriate site for constructing tidal power stations that have the least impact on the ecosystem.

energy sources. It
would not be
right to say that
there are no
disadvantages in
the use of
alternative
energy resources.
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• Biomass burning produces tons of fine particulate matter
(PM), a pollutant associated with asthma, heart disease, and
cancer for which no safe level is known. A single 50-megawatt
biomass plant burns about 650,000 tons of trees a year, over a
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ton of wood a minute. If deforestation operations are used to
produce fuel and no new growth is encouraged then carbon
emissions will approach those of conventional fossil fuel
systems. Hence safety standards during burning of biomass
and proper re-plantation procedures need to be followed to
make biomass power plants environmentally friendly.

• Geothermal energy is very site specific. Along with the heat,
harmful gases can also escape from deep within the earth,
through the holes drilled for this purpose. The plant must be
able to contain any leaked gases, but disposing of the gases
safely can be very tricky. Hot water from geothermal sources
may also hold in solution trace amounts of toxic chemicals
such as mercury, arsenic, boron and antimony. If these chemicals are let out they can be hazardous. The modern practice of
injecting the water back into the earth has reduced the risk of
chemical pollution.

In addition, we
will have to
reduce the
quantity of
energy that we
consume by
making major
changes in our
lifestyles.

These resources can be used as energy mix with other sources of
energy rather than a stand-alone system because some of them are
seasonal. There are many advantages to the use of renewable
energy sources. It would not be right to say that there are no
disadvantages in the use of alternative energy resources. However, it would also be wrong to imply that fossil fuel is better than
alternative energy. With people growing more concerned for the
environment, alternative energy is gaining popularity.
The fact is that energy demands around the world will continue to
increase. Through research and development, and new technologies, the hope is that many of the disadvantages of renewable
sources of energy can be eliminated and we can successfully
incorporate it into our power supplies. Currently, the initial cost
of setting up a renewable energy power station is higher than a
fossil fuel power station. Many governments around the world
are attempting to give subsidies and tax holidays on investments
for setting them up.
Hence, power generation from renewable resources is an impor-
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tant step towards reducing the GHG concentration in the atmosphere. Based on some of the drawbacks mentioned above, these
renewable sources have to be used responsibly after thorough
feasibility studies of the surroundings. In addition, we will have
to reduce the quantity of energy that we consume by making
major changes in our lifestyles.
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