
Future of Energy

Lecture @
Camp for young scientists of KAP

LJCE , Kanyakumari

S.Ingersol

Scientist / LPSC / ISRO

13 nov 2011
22-Nov-11 1



22-Nov-11 2



22-Nov-11 3



22-Nov-11 4



22-Nov-11 5



Global warming

• In 1900 world consumed 150 million barrels of 
oil, in 2000 it jumped to 28 billion barrels, a 185 
fold jump

• In 2008,  9.4 billion tons of CO2 were sent into 
the air from fossil fuel burning and also 
deforestation, but only 5 billion tons were 
recycled into the oceans, soil and vegetation. 

• The remainder will stay in the air for decades to 
come heating up the earth.

22-Nov-11 6



CLIMATE CHANGE - ARE WE RESPONSIBLE FOR IT ?

• The world is heating up, and it appears to be due to our actions. 
Emissions that drive global warming are obvious. They come from 
the energy we consume, the food we produce and the forest 
stocks we deplete. They come from the very fabric of modern life.

• Since 1750, the atmospheric concentration of carbon dioxide has 
increased by about 40% (from about 280 to 392 parts per million 
in 2011), primarily due to the combustion of fossil fuels and land 
use changes. Approximately 60% of that increase (60 parts per 
million) has taken place since 1959. 

• Human beings are fundamentally, and to a significant extent 
irreversibly, changing the diversity of life on Earth, and most of 
these changes represent a loss of biodiversity.
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Carbon dioxide (CO2) is an important greenhouse gas released through natural 
processes such as respiration and volcano eruptions and through human activities 
such as deforestation and burning fossil fuels. The chart on the left shows the CO2

levels in the Earth's atmosphere during the last three glacial cycles, as reconstructed 
from ice cores. The chart on the right shows CO2 levels in recent years, corrected for 

average seasonal cycles.

LATEST CO2

MEASUREMENT 
389.02 ppm  in FEB 

2010
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INCREASE IN CO2 IN THE 
ATMOSPHERE OVER THE 

LAST FEW YEARS AS 
MONITORED FROM SPACE



GHG  FACTORS BEHIND GLOBAL WARMING

• Year 2010 was tied for the second warmest year in the 
modern record and was the warmest year since modern 
records began in 1880. 

• The average global temperatures have increased by 
about 0.8°C since 1880.

• Climate scientists agree that rising levels of carbon 
dioxide and other greenhouse gases trap incoming heat 
near the surface of the Earth and are the key factors 
causing the rise in temperatures since 1880.
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CLIMATE INDICATORS

• Accurately estimating the extent of global warming these 
gases may cause, requires high-accuracy measurement of key 
climate indicators over time.

• Earth Observation can also map carbon 'sinks' such as tropical 
rainforests and peat bogs.

• It’s essential to move away from fossil fuels like Coal & Oil into 
renewable energy sources like Solar, Wind, Bio mass, Geo –
thermal & Tidal energy to meet the increased energy needs as 
well as to cap emission of CO2 to less than 1.2 tons of CO2 per 
capita.

1122-Nov-11



POPULATION GROWTH A MAJOR FACTOR IN ENVIRONMENTAL 
DEGRADATION

• The exponential growth of population from 0.5 billion in 1650, 
often referred to as the beginning of the modern era of science 
and technology, to the present level of  7.0 billion in  2011 is the 
single major factor that has affected the quality of life on earth. 

• The developing countries have to tackle with the problem of a 
35 year doubling period of population growth. 

• Even the most optimistic projections indicate that the present 
level of population of 4.3 billion in the developing countries will 
cross 7.2 billion by 2025 and reach 9.4 billion forming 85% of the 
projected global population in 2100.
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ENERGY AS A GROWTH FACTOR

• Energy consumption is undoubtedly one of the most 
sensitive indices representing the quality of life of any 
nation.

• From a meager productivity dependent on muscle 
power of 109 Joules in the nomadic era, human kind has 
progressed to consume machine energy of about 1011

joules per capita.

• Consumers around the world expect energy supply to be 
affordable, secure, clean, and available for all. 
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DIRECTION NEEDED IN ENERGY MANAGEMENT

• Future solutions would lie in the use of 
existing Renewable energy technologies, 
greater efforts at energy efficiency and the 
dissemination of decentralized energy 
technologies and options. 

• Alongside global warming, other challenges 
have become just as pressing. Worldwide 
energy demand is growing at a staggering 
rate. 
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Energy Management

• Over-reliance on energy imports from a few, often 
politically unstable countries and volatile oil and gas 
prices have together pushed security of energy 
supply to the top of the political agenda, as well as 
threatening to inflict a massive drain on the global 
economy. 

• But while there is a broad consensus that we need 
to change the way we produce and consume 
energy, there is still disagreement about how to do 
this.
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RENEWABLE ENERGY TECHNOLOGIES

• Renewable energy, combined with the smart use of energy, 
can deliver half of the world’s energy needs by 2050. 

• It is economically feasible to cut global CO2 emissions by 
almost 50% within the next 40 years. A massive uptake of 
renewable energy sources is technically possible. All that is 
missing is the right policy support.

• The bad news is that time is running out. An overwhelming 
consensus of scientific opinion now agrees that climate change 
is happening, is caused in large part by human activities (such 
as burning fossil fuels), and if left un-checked, will have 
disastrous consequences 
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POWER FROM SPACE

• Space solar power systems utilize well-known physical principles --
namely, the conversion of sunlight to electricity by means of 
photovoltaic cells. Giant structures consisting of row after row of 
photovoltaic (PV) arrays could be placed either in a geostationary Earth 
orbit or on the Moon.

• A complete system would collect solar energy in space, convert it to 
microwaves, and transmit the microwave radiation to Earth where it 
would be captured by a ground antenna and transformed to usable 
electricity. 
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METHODS FOR POWER GENERATION FROM SPACE

• Photovoltaic arrays in a geostationary Earth orbit (at an 
altitude of 36000 Km) would receive, on average, eight times 
as much sunlight as they would on Earth's surface. Such 
arrays would be unaffected by cloud cover, atmospheric dust 
or by the Earth's day-night cycle.

• Lasers are also under consideration for beaming the energy 
from space. Using lasers would eliminate most of the 
problems associated with microwave transmission of power. 

• Space-based solar power offers energy from an unending 
source with no emissions and very little environmental 
impact.
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ENERGY FROM MOON

• The Moon offers mineral resources of great value on Earth.               
Helium - 3, an isotope extremely rare on Earth, exists in 
quantity in the lunar soil, implanted by the solar wind. 

• If thermonuclear fusion energy is produced on Earth, helium 
3 would be extremely valuable for fusion reactors because it 
does not make the reactor radioactive. 

• A Load of helium 3 using the Space shuttle and processed as 
nuclear fusion could meet the energy needs of the earth for 
more than an year.

• Research on the use of helium - 3 would clearly benefit if 
large quantities could be exported to Earth when low cost 
space transportation systems play their role in the near 
future.
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From Mass to Energy
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Nuclear Energy & Indian Scene

• India has a flourishing and largely indigenous
nuclear power program and expects to have 20,000
MWe nuclear capacity on line by 2020 and 63,000
MWe by 2032. It aims to supply 25% of electricity
from nuclear power by 2050.

• India has a vision of becoming a world leader in
nuclear technology due to its expertise in fast
reactors and thorium fuel cycle.
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Nuclear Energy & Indian Scene

• Nuclear power supplied 15.8 billion kWh (2.5%) of
India's electricity in 2007 from 3.7 GWe (of 110 GWe
total) capacity and after a dip in 2008-09 this will
increase steadily as imported uranium becomes
available and new plants come on line.

• In the year to March 2010, 22 billion kWh was forecast,
and for the 2010-11 year 24 billion kWh is expected. For
2011-12, 32 billion kWh is now forecast. Some 300
reactor-years of operation had been achieved by mid
2009.
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Nuclear Energy & Indian Scene

• India's fuel situation, with shortage of fossil 
fuels, is driving the nuclear investment for 
electricity, and 25% nuclear contribution is 
foreseen by 2050, when 1094 GWe of base-
load capacity is expected to be required. 

• Almost as much investment in the grid system 
as in power plants is necessary.
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WHAT YOU SOW THAT YOU REAP

* IF YOU PLANT HONESTY, YOU WILL REAP TRUST 

* IF YOU PLANT GOODNESS, YOU WILL REAP FRIENDS

* IF YOU PLANT HUMILITY, YOU WILL REAP GREATNESS

* IF YOU PLANT HARD WORK, YOU WILL REAP SUCCESS

* IF YOU PLANT FORGIVENESS, YOU WILL REAP RECONCILIATION

SO, BE CAREFUL WHAT YOU PLANT NOW; IT WILL DETERMINE 
WHAT YOU WILL REAP LATER.

'WHATEVER YOU GIVE TO LIFE, LIFE GIVES YOU BACK‘

LIVE WITH OUR CORE VALUES AND REAP THE RETURNS 



THANK  YOU

s.ingersol@yahoo.co.in
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