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Sources of Energy
Renewable and Non-renewable

What is Energy?
•Energy is the ability
to do work

Energy Forms
• Heat
Light
Sound
Kinetic
(movement)

Chemical
Electrical

Gravitational
Elastic (potential)

Sources of Energy
All forms of energy are stored in different ways, in the energy
sources we use every day. These sources are divided into 2
groups.

Sources of Energy
• Renewable
• Non – Renewable
An energy source that
An energy source that
can be replenished in a we cannot replace.
short period of time.

Renewable Energy
•Sun

Wind
Geothermal
Biomass (plants)
Water

Non-Renewable Energy
• Oil
Coal

Natural Gas
Nuclear

ENERGY FORMS AND CHANGES

Nature of Energy
• Energy is all around you!
• You can hear energy as sound.
• You can see energy as light.
• And you can feel it as wind.

Nature of Energy
• You use energy when you:
• hit a softball.
• lift your book bag.
• compress a spring.

Nature of Energy

Living organisms need energy for
growth and movement.

Nature of Energy
• Energy is involved when:
•
•
•
•

a bird flies.
a bomb explodes.
rain falls from the sky.
electricity flows in a wire.

Nature of Energy
• What is energy that it can be involved in so
many different activities?
• Energy can be defined as the ability to do
work.
• If an object or organism does work (exerts
a force over a distance to move an object)
the object or organism uses energy.

Nature of Energy
• Because of the direct connection
between energy and work, energy is
measured in the same unit as work:
joules (J).
• In addition to using energy to do work,
objects gain energy because work is
being done on them.

Forms of Energy
• The five main forms of
energy are:

• Heat
• Chemical
• Electromagnetic
• Nuclear
• Mechanical

Heat Energy
• The internal motion of the atoms is called heat energy, because
moving particles produce heat.
• Heat energy can be produced by friction.
• Heat energy causes changes in temperature and phase of any form of
matter.

Chemical Energy
• Chemical Energy is required to bond
atoms together.
• And when bonds are broken, energy is
released.

Chemical Energy
• Fuel and food are
forms of stored
chemical energy.

Electromagnetic Energy
• Power lines carry electromagnetic energy into
your home in the form of electricity.

Electromagnetic Energy
• Light is a form of electromagnetic
energy.
• Each color of light (Roy G Bv)
represents a different amount of
electromagnetic energy.
• Electromagnetic Energy is also
carried by X-rays, radio waves,
and laser light.

Nuclear Energy
• The nucleus of an atom is
the source of nuclear energy.

Nuclear Energy
• When the nucleus splits (fission), nuclear energy is released in the
form of heat energy and light energy.
• Nuclear energy is also released when nuclei collide at high speeds and
join (fuse).

Nuclear Energy
The sun’s energy is
produced from a
nuclear fusion
reaction in which
hydrogen nuclei fuse
to form helium nuclei.

Nuclear Energy
• Nuclear energy is the most
concentrated form of energy.

Most of us live within 10 miles of the Surry Nuclear
Power Plant which converts nuclear energy into
electromagnetic energy.

Mechanical Energy
• When work is done to an object, it
acquires energy. The energy it
acquires is known as mechanical
energy.

Mechanical Energy
• When you kick a football,
you give mechancal energy
to the football to make it
move.

Mechanical Energy
When you throw a
balling ball, you give it
energy. When that
bowling ball hits the pins,
some of the energy is
transferred to the pins
(transfer of momentum).

Energy Conversion
• Energy can be changed from one form to another. Changes in the
form of energy are called energy conversions.

Energy conversions
• All forms of energy can be converted into other forms.
• The sun’s energy through solar cells can be converted directly into electricity.
• Green plants convert the sun’s energy (electromagnetic) into starches and
sugars (chemical energy).

Other energy conversions
• In an electric motor, electromagnetic energy is converted to mechanical
energy.
• In a battery, chemical energy is converted into electromagnetic energy.
• The mechanical energy of a waterfall is converted to electrical energy in a
generator.

Energy Conversions
• In an automobile engine, fuel is
burned to convert chemical energy
into heat energy. The heat energy is
then changed into mechanical energy.

Chemical → Heat
→Mechanical

States of Energy
• The most common energy conversion is the conversion between
potential and kinetic energy.
• All forms of energy can be in either of two states:
• Potential
• Kinetic

States of Energy:
Kinetic and Potential Energy

•Kinetic Energy is the energy of motion.
•Potential Energy is stored energy.

Kinetic Energy
• The energy of motion is called kinetic energy.
• The faster an object moves, the more kinetic energy it has.
• The greater the mass of a moving object, the more kinetic energy it
has.
• Kinetic energy depends on both mass and velocity.

Kinetic Energy
K.E. = mass x velocity2
2

What has a greater affect of kinetic energy, mass or velocity? Why?

Potential Energy
• Potential Energy is stored energy.
• Stored chemically in fuel, the nucleus of atom, and in foods.
• Or stored because of the work done on it:
•
•
•
•

Stretching a rubber band.
Winding a watch.
Pulling back on a bow’s arrow.
Lifting a brick high in the air.

Gravitational Potential Energy
• Potential energy that is dependent on
height is called gravitational potential
energy.

Potential Energy
• Energy that is stored due to being stretched or
compressed is called elastic potential energy.

Gravitational Potential Energy
• A waterfall, a suspension bridge, and a falling
snowflake all have gravitational potential energy.

Gravitational Potential Energy
• If you stand on a 3-meter diving
board, you have 3 times the G.P.E,
than you had on a 1-meter diving
board.

Gravitational Potential Energy
• “The bigger they are the harder they fall” is not just a saying. It’s true.
Objects with more mass have greater G.P.E.
• The formula to find G.P.E. is
G.P.E. = Weight X Height.

Kinetic-Potential Energy Conversion
Roller coasters work because of the energy that is built into the
system. Initially, the cars are pulled mechanically up the tallest
hill, giving them a great deal of potential energy. From that
point, the conversion between potential and kinetic energy
powers the cars throughout the entire ride.

Kinetic vs. Potential Energy

At the point of maximum potential energy, the car has minimum kinetic
energy.

Kinetic-Potential Energy Conversions
• As a basketball player throws the ball
into the air, various energy
conversions take place.

Ball slows down

Ball speeds up

The Law of Conservation of Energy
• Energy can be neither created nor destroyed by ordinary means.
• It can only be converted from one form to another.
• If energy seems to disappear, then scientists look for it – leading to many
important discoveries.

Law of Conservation of Energy
• In 1905, Albert Einstein said that mass and energy can be converted
into each other.
• He showed that if matter is destroyed, energy is created, and if
energy is destroyed mass is created.
• E = MC2

SOURCES AND USE

Sources of Energy
• Nature

• Energy is movement or the possibility of creating movement:
• Exists as potential (stored) and kinetic (used) forms.

• Conversion of potential to kinetic.
• Movement states:

• Ordered (mechanical energy) or disordered (thermal energy).
• Temperature can be perceived as a level of disordered energy.
• Major tendency is to move from order to disorder (entropy).

• Importance

• Human activities are dependant on the usage of several forms and sources of energy.
• Energy demands:
• Increased with economic development.
• The world’s power consumption is about 12 trillion watts a year, with 85% of it from fossil
fuels.

Sources of Energy
Chemical

Non-Renewable

• Fossil fuels (Combustion)

Nuclear
• Uranium (Fission of atoms)

Energy

Chemical
• Muscular (Oxidization)

Nuclear
• Geothermal (Conversion)
• Fusion (Fusion of hydrogen)

Gravity

Renewable

• Tidal, hydraulic (Kinetic)

Indirect Solar
• Biomass (Photosynthesis)
• Wind (Pressure differences)

Direct Solar
• Photovoltaic cell (Conversion)

Sources of Energy
• Energy transition
•
•
•
•
•

Shift in the sources of energy that satisfy the needs of an economy / society.
Linked with economic and technological development.
Linked with availability and/or remaining energy sources.
From low efficiency to high efficiency.
From solids, to liquids and then gazes:
• Wood, Coal.
• Oil.
• Natural gas and hydrogen.

Energy Use
• Energy and work
Energy

• Energy provides work.
• Technology enables to use
energy more efficiently and for
more purposes.
• Traditionally, most of the work
was performed by people:

Work
Modification

Appropriation &
Processing

Transfer

• Many efforts have been done
to alleviate work.

• Creating more work performed
by machines and the usage of
even more energy.

Energy Use
Modification of the
Environment

Appropriation and
Processing

Transfer

■Making space suitable
for human activities.
■Clearing land for
agriculture.
■Modifying the
hydrography (irrigation).
■Establishing distribution
infrastructures (roads).
■Constructing and
conditioning (temperature
and light) enclosed
structures.

■Extraction of resources
(agricultural products and
raw materials).
■Modifying resources
(manufacturing).
■Disposal of wastes
(Piling, decontaminating
and burning).

■Movements of freight,
people and information.
■Attenuate the spatial
inequities in the location of
resources by overcoming
distance.
■Growing share of
transportation in the total
energy spent

Challenges
• Energy Supply
• Providing supply to sustain growth and requirements.
• A modern society depends on a stable and continuous flow of energy.

• Energy Demand
• Generate more efficient devices:
• Transportation.
• Industrial processes.
• Appliances.

• Environment
• Provide environmentally safe sources of energy.
• Going through the energy transition (from solid to gazes).

Conventional Energy Resources
• What sources of energy have filled our requirements so far?
• 1. Coal
• 2. Petroleum
• 3. Natural Gas
• 4. Hydropower
• 5. Nuclear Power

Coal
• Nature
• Formed from decayed swamp plant matter that cannot decompose in the
low-oxygen underwater environment.
• Coal was the major fuel of the early Industrial Revolution.
• High correlation between the location of coal resources and early industrial
centers:
•
•
•
•
•

The Midlands of Britain.
Parts of Wales.
Pennsylvania.
Silesia (Poland).
German Ruhr Valley.

• Three grades of coal.

Coal
• Coal use

• Thermal coal (about 90% use):

• Used mainly in power stations to produce high pressure steam, which then drives turbines to
generate electricity.
• Also used to fire cement and lime kilns.
• Until the middle of the 20th Century used in steam engines.

• Metallurgical coal:

• Used as a source of carbon, for converting a metal ore to metal.
• Removing the oxygen in the ore by forcing it to combine with the carbon in the coal to form
CO2.

• Coking coal:

• Specific type of metallurgical coal.
• Used for making iron in blast furnaces.

• New redevelopment of the coal industry:
• In view of rising energy prices.

Petroleum
• Nature
• Formation of oil deposits:
• Decay under pressure of billions of microscopic plants in sedimentary rocks.
• “Oil window”; 7,000 to 15,000 feet.
• Created over the last 600 million years.

• Exploration of new sources of petroleum:
• Related to the geologic history of an area.
• Located in sedimentary basins.
• About 90% of all petroleum resources have been discovered.

• Production vs. consumption:
• Geographical differences.
• Contributed to the political problems linked with oil supply.

Petroleum
• Use
• Transportation:
•
•
•
•

The share of transportation has increased in the total oil consumption.
Accounts for more the 55% of the oil used.
In the US, this share is 70%.
Limited possibility at substitution.

• Other uses (30%):
• Lubricant.
• Plastics.
• Fertilizers.

• Choice of an energy source:
• Depend on a number of utility factors.
• Favoring the usage of fossil fuels, notably petroleum.

Natural Gas
• Nature
• Formation:
• Thermogenic: converted organic material into natural gas due to high pressure.
• Deeper window than oil.
• Biogenic: transformation by microorganisms.

• Composition:
• Composed primarily of methane and other light hydrocarbons.
• Mixture of 50 to 90% by volume of methane, propane and butane.
• “Dry” and “wet” (methane content); “sweet” and “sour” (sulfur content).

• Usually found in association with oil:
• Formation of oil is likely to have natural gas as a by-product.
• Often a layer over the petroleum.

Natural Gas
• Reserves
• Substantial reserves likely to satisfy energy needs for the next 100 years.
• High level of concentration:
• 45% of the world’s reserves are in Russia and Iran.

• Regional concentration of gas resources is more diverse:
• As opposed to oil.
• Only 36% of the reserves are in the Middle East.

Natural Gas
• Use
•
•
•
•
•
•

Mostly used for energy generation.
Previously, it was often wasted - burned off.
It is now more frequently conserved and used.
Considered the cleanest fossil fuel to use.
The major problem is transporting natural gas, which requires pipelines.
Gas turbine technology enables to use natural gas to produce electricity more
cheaply than using coal.

Hydropower
• Nature
•
•
•
•

Generation of electricity using the flow of water as the energy source.
Gravity as source.
Requires a large reservoir of water.
Considered cleaner, less polluting than fossil fuels.

• Tidal power
• Take advantage of the variations between high and low tides.

Hydropower
Sun
Evaporation

Water
Precipitation

Sufficient and regular
precipitations

Rivers
Flow

Reservoirs
Suitable local site

Accumulation

Dam
Gravity

Turbine
Electricity

Power loss due to
distance

Hydropower
• Controversy
• Require the development of vast amounts of infrastructures:
•
•
•
•

Dams.
Reservoirs.
Power plants and power lines.
Very expensive and consume financial resources or aid resources that could be utilized
for other things.

• Environmental problems:
• The dams themselves often alter the environment in the areas where they are located.
• Changing the nature of rivers, creating lakes that fill former valleys and canyons, etc.

Nuclear Power
• Nature
• Fission of uranium to produce energy.
• The fission of 1 kg (2.2 lb) of uranium-235 releases 18.7 million kilowatt-hours
as heat.
• Heat is used to boil water and activate steam turbines.
• Uranium is fairly abundant.
• Requires massive amounts of water for cooling the reactor.

Nuclear Power
Production and storage

Uranium

Suitable site (NIMBY)

Reactor
Fission

Waste storage and
disposal

Steam

Turbine

Electricity

Large quantities

Water

Nuclear Power
• Nuclear waste disposal
• Problem of nuclear waste disposal; radioactivity.
• Low level wastes:
• Material used to handle the highly radioactive parts of nuclear reactors .
• Water pipes and radiation suits.
• Lose their radioactivity after 10 to 50 years.

• High level wastes:
•
•
•
•

Includes uranium, plutonium, and other highly radioactive elements made during fission.
Nuclear wastes have a half-life about of 10,000 to 20,000 years.
Requirements of long-term storage in a geologically stable area.
Long Term Geological Storage site at Yucca Mountain.

Alternative Energy Resources
• What new sources of energy are likely to satisfy future demands?
• 1. Context
• 2. Hydrogen and Fuel Cells
• 3. Solar Energy
• 4. Wind Energy
• 5. Geothermal Energy
• 6. Biomass Fuels

Hydrogen and Fuel Cells
• Hydrogen
Hydrogen

Oxygen
Fuel

Fuel Cell
Catalytic conversion

Water

Electricity

• Considered to be the cleanest fuel.
• Compose 90% of the matter of the
universe.
• Non polluting (emits only water and
heat).
• Highest level of energy content.

• Fuel cells
• Convert fuel energy (such as
hydrogen) to electric energy.
• No combustion is involved.
• Composed of an anode and a cathode.
• Fuel is supplied to the anode.
• Oxygen is supplied to the cathode.
• Electrons are stripped from a reaction
at the anode and attracted to form
another reaction at the cathode.

Hydrogen and Fuel Cells
• Fuel cell cars
•
•
•
•

Most likely replacement for the internal combustion engine.
Efficiency levels are between 55% and 65%.
May be introduced by 2004 (working prototypes).
Mass produced by 2010.

• Storage issues

• Hydrogen is a highly combustive gas.
• Find a way to safely store it, especially in a vehicle.

• Delivery issues
•
•
•
•

Distribution from producers to consumers.
Production and storage facilities.
Structures and methods for transporting hydrogen.
Fueling stations for hydrogen-powered applications.

Hydrogen and Fuel Cells
• Hydrogen production
Fossil Fuels

Water

Steam
Reforming

Electrolysis

• Not naturally occurring.
• Producing sufficient quantities to
satisfy the demand.
• Extraction from fossil fuels:
• From natural gas.
• Steam reforming.

• Electrolysis of water:

Biomass

Pyrolysis

• Electricity from fossil fuels not a
environmentally sound
alternative.
• Electricity from solar or wind
energy is a better alternative.

• Pyrolysis of the biomass:
• Decomposing by heat in an
oxygen-reduced atmosphere.

Solar Energy
• Definition
• Radiant energy emitted by the sun (photons emitted by nuclear fusion).
• Conversion of solar energy into electricity.

• Photovoltaic systems
• Solar thermal systems

Solar Energy
Level of insolation
(latitude & precipitation)

Solar cells

Sun
Mirrors
Concentration

Water
Evaporation

Conversion

Steam

Turbine

Electricity

Solar Energy
• Photovoltaic systems
• Semiconductors to convert solar radiation into electricity.
• Better suited for limited uses such as pumping water that do not require large
amounts of electricity.
• Costs have declined substantially:
• 5 cents per kilowatt-hour.
• Compared to about 3 cents for coal fired electrical power.

• Economies of scale could then be realized in production of the necessary
equipment.
• Japan generates about 50% of the world’s solar energy.

Solar Energy
• Solar thermal systems
• Employ parabolic reflectors to focus solar radiation onto water pipes, generating
steam that then power turbines.
• Costing about 5-10 cents per Kwh.
• Require ample, direct, bright sunlight.
• Drawback of the solar thermal systems is their dependence on direct sunshine,
unlike the photovoltaic cells.

• Limitations
•
•
•
•

Inability to utilize solar energy effectively.
There is currently only about a 15% conversion rate of solar energy into electricity.
Low concentration of the resource.
Need a very decentralized infrastructure to capture the resource.

Wind Power
Sun
Heat

Air
Pressure differences

Wind

Major prevalent wind
systems

Wind mills
Site suitability

Fans

Turbine
Electricity

Wind Power
• Potential use
• Growing efficiency of wind turbines.
• 75% of the world’s usage is in Western Europe:
• Provided electricity to some 28 million Europeans in 2002.
• Germany, Denmark (18%) and the Netherlands.

• New windfarms are located at sea along the coast:
• The wind blows harder and more steadily.
• Does not consume valuable land.
• No protests against wind parks marring the landscape.

• United States:
• The USA could generate 25% of its energy needs from wind power by installing wind farms on
just 1.5% of the land.
• North Dakota, Kansas, and Texas have enough harnessable wind energy to meet electricity
needs for the whole country.

Wind Power
• Farms are a good place to implement wind mills:
• A quarter of a acre can earn about $2,000 a year in royalties from wind electricity
generation.
• That same quarter of an acre can only generate $100 worth or corn.
• Farmland could simultaneously be used for agriculture and energy generation.
• Wind energy could be used to produce hydrogen.

• Limitations
• Extensive infrastructure and land requirements.
• 1980: 40 cents per kwh.
• 2001: 3-4 cents per kwh.

• Less reliable than other sources of energy.
• Inexhaustible energy source that can supply both electricity and fuel.

Geothermal Energy
• Hydrogeothermal
• 2-4 miles below the earth's surface, rock temperature well above boiling
point.
• Closely associated with tectonic activity.
• Fracturing the rocks, introducing cold water, and recovering the resulting hot
water or steam which could power turbines and produce electricity.
• Areas where the natural heat of the earth’s interior is much closer to the
surface and can be more readily tapped.

Geothermal Energy
• Geothermal heat pumps

Winter

House
5 feet

55o F
Summer

House

• Promising alternative to
heating/cooling systems.
• Ground below the frost line
(about 5 feet) is kept around 55oF
year-round.
• During winter:
• The ground is warmer than the
outside.
• Heat can be pumped from the
ground to the house.

• During summer:
• The ground is cooler than the
outside.
• Heat can be pumped from the
house to the ground.

5 feet

55o F

Biomass
• Nature
• Biomass energy involves the growing of crops for fuel rather than for food.
• Crops can be burned directly to release heat or be converted to useable fuels
such methane, ethanol, or hydrogen.
• Has been around for many millennia.
• Not been used as a large-scale energy source:
• 14% of all energy used comes from biomass fuels.
• 65% of all wood harvested is burned as a fuel.
• 2.4 billion people rely on primitive biomass for cooking and heating.

• Important only in developing countries.
• Asia and Africa: 75% of wood fuels use.
• US: 5% comes from biomass sources.

Biomass
• Biofuels
• Fuel derived from organic matter.
• Development of biomass conversion technologies:
• Alcohols and methane the most useful.
• Plant materials like starch or sugar from cane.
• Waste materials like plant stalks composed of cellulose.

• Potential and drawbacks
• Some 20% of our energy needs could be met by biofuels without seriously
compromising food supplies.
• Competing with other agricultural products for land.

Basics of Thermodynamics

Thermodynamics
❑ The word thermodynamics comes from the Greek word thermos which means
heat and dynamics which means power.
❑ Thermodynamics is concerned with the mathematical modeling of the real world.
❑ Thermodynamics is a branch of physics which deals with the energy and work of
a system.
❑ In other words, thermodynamics is a science which studies the changes in
temperature, pressure, and volume on physical systems on the macroscopic scale
by analysing the collective motion of their particles through observation and
statistics.
❑ it describes how thermal energy is converted to and from other forms of energy
and how it affects.

Thermodynamics versus Kinetics
❑ Thermodynamics deals with stability of systems. It tells us ‘what should happen?’.
‘Will it actually happen(?)’ is not the domain of thermodynamics and falls under
the realm of kinetics.
❑ At –5C at 1 atm pressure, ice is more stable than water. Suppose we cool water to
–5C. “Will this water freeze?” (& “how long will it take for it to freeze?”) is (are)
not questions addressed by thermodynamics.

The language of TD
❑ To understand the laws of thermodynamics and how they work, first we need to get the
terminology right. Some of the terms may look familiar (as they are used in everyday
language as well)- but their meanings are more ‘technical’ and ‘precise’, when used in TD
and hence we should not use them ‘casually’.
❑ System is region where we focus our attention (Au block in figure).
❑ Surrounding is the rest of the universe (the water bath at constant ‘temperature’).
❑ Universe = System + Surrounding (the part that is within the dotted line box in the figure below)
❑ More practically, we can consider the ‘Surrounding’ as the immediate neighbourhood of the
system (the part of the universe at large, with which the system ‘effectively’ interacts).
In this scheme of things we can visualize: a system, the surrounding and the universe at
large.
❑ Things that matter for the surrounding: (i) T, (ii) P, (iii) ability to: do work, transfer heat,
transfer matter, etc. Parameters for the system: (i) Internal energy, (ii) Enthapy, (iii) T, (iv) P,
(v) mass, etc.

In TD we usually do not worry about
the universe at large!

Open, closed and isolated systems
❑ To a thermodynamic system two ‘things’ may be added/removed:
➢ energy (in the form of heat &/or work) ➢ matter.
❑ An open system is one to which you can add/remove matter (e.g. a open beaker to which
we can add water). When you add matter- you also end up adding heat (which is contained
in that matter).
❑ A system to which you cannot add matter is called closed.
Though you cannot add/remove matter to a closed system, you can still add/remove heat
(you can cool a closed water bottle in fridge).
❑ A system to which neither matter nor heat can be added/removed is called isolated.
A closed vacuum ‘thermos’ flask can be considered as isolated.
Type of boundary

Interactions

Open

All interactions possible (Mass, Work, Heat)

Closed

Matter cannot enter or leave

Semi-permeable

Only certain species can enter or leave

Insulated

Heat cannot enter or leave

Rigid

Mechanical work cannot be done*

Isolated

No interactions are possible**

* By or on the system
** Mass, Heat or Work

Mass

Interactions possible

Work

Heat

❑ Matter is easy to understand and includes atoms, ions, electrons, etc.
❑ Energy may be transferred (‘added’) to the system as heat, electromagnetic
radiation etc.
❑ In TD the two modes of transfer of energy to the system considered are Heat and
Work.
➢ Heat and work are modes of transfer of energy and not ‘energy’ itself.
➢ Once inside the system, the part which came via work and the part which came
via heat, cannot be distinguished
➢ Before the start of the process and after the process is completed, the terms
heat and
work are not relevant.
❑ From the above it is clear that, bodies contain internal energy and not heat (nor
work!).
❑ Matter when added to a system brings along with it some energy. The ‘energy
density’ (energy per unit mass or energy per unit volume) in the incoming matter may be higher
or lower than the matter already present in the system.

Processes in TD

We will deal with some of them in detail later on

❑ Here is a brief listing of a few kinds of processes, which we will encounter in TD:
➢ Isothermal process → the process takes place at constant temperature
(e.g. freezing of water to ice at –10C)
➢ Isobaric → constant pressure
(e.g. heating of water in open air→ under atmospheric pressure)
➢ Isochoric → constant volume
(e.g. heating of gas in a sealed metal container)
➢ Reversible process → the system is close to equilibrium at all times (and infinitesimal
alteration of the conditions can restore the universe (system + surrounding) to the original
state. (Hence, there are no truly reversible processes in nature).
➢ Cyclic process → the final and initial state are the same. However, q and w need not be
zero.
➢ Adiabatic process → dq is zero during the process (no heat is added/removed to/from the
system)
❑ A combination of the above are also possible: e.g. ‘reversible adiabatic process’.

Heat and Work
❑ Work (W) in mechanics is displacement (d) against a resisting force (F). W = F  d
❑ Work has units of energy (Joule, J).
❑ Work can be expansion work (PV), electrical work, magnetic work etc. (many sets of
stimuli and their responses).
❑ Heat as used in TD is a tricky term (yes, it is a very technical term as used in TD).
➢ The transfer of energy as a result of a temperature difference is called heat.
➢ “In TD heat is NOT an entity or even a form of energy; heat is a mode of transfer of
energy”
➢ “Heat is the transfer of energy by virtue of a temperature difference”
➢ “Heat is the name of a process, not the name of an entity”
➢ “Bodies contain internal energy (U) and not heat”
❑ The ‘flow’ of energy down a temperature gradient can be treated mathematically by
considering heat as a mass-less fluid → this does not make heat a fluid!

❑ Work is coordinated flow of matter.
➢ Lowering of a weight can do work
➢ Motion of piston can do work
➢ Flow of electrons in conductor can do work.
❑ Heat involves random motion of matter (or the constituent entities of matter).
➢ Like gas molecules in a gas cylinder
➢ Water molecules in a cup of water
➢ Atoms vibrating in a block of Cu.
❑ Energy may enter the system as heat or work.
❑ Once inside the system:
• it does not matter how the energy entered the system* (i.e. work and heat are terms
associated with the surrounding and once inside the system there is no ‘memory’ of how
the input was received and
• the energy is stored as potential energy (PE) and kinetic energy (KE).
❑ This energy can be withdrawn as work or heat from the system.

* As Aktins put it: “money may enter a back as cheque or cash− but once inside the bank there is no difference”.

Reversible process

‘Reversible’ is a technical term (like many others) in the context of TD.

❑ A reversible process is one where an infinitesimal change in the conditions of the
surroundings leads to a ‘reversal’ of the process. (The system is very close to equilibrium
and infinitesimal changes can restore the system and surroundings to the original state).
❑ If a block of material (at T) is in contact with surrounding at (T−T), then ‘heat will flow’
into the surrounding. Now if the temperature of the surrounding is increased to (T+T), then
the direction of heat flow will be reversed.
❑ If a block of material (at 40C) is contact with surrounding at 80C then the ‘heat transfer’
with takes place is not reversible.
❑ Though the above example uses temperature differences to illustrate the point, the situation
with other stimuli like pressure (differences) is also identical.
❑ Consider a piston with gas in it a pressure ‘P’. If the external pressure is (P+P), then the
gas (in the piston) will be compressed (slightly). The reverse process will occur if the
external (surrounding pressure is slightly lower).
❑ Maximum work will be done if the compression (or expansion) is carried out in a reversible
manner.
Reversible process
Heat flow
direction

Heat flow
direction

T
T−T

NOT a Reversible process
Heat flow
direction

T
T+T

40C
80C

How to visualize a ‘reversible’ equivalent to a ‘irreversible’ processes?
❑ Let us keep one example in mind as to how we can (sometimes) construct a ‘reversible’
equivalent to a ‘irreversible’ processes.
❑ Let us consider the example of the freezing of ‘undercooled water’* at –5C (at 1 atm
pressure). This freezing of undercooled water is irreversible (P1 below).
❑ We can visualize this process as taking place in three reversible steps ➢ hence making the
entire process reversible (P2 below).

P1

Water at –5C

Irreversible

Ice at −0C

Water at –0C

P2

Heat

Water at –5C

Ice at –5C

Reversible

Cool

Ice at –5C

* ‘Undercooled’ implies that the water is held in the liquid state below the bulk freezing point! How is this possible?→ read chapter on phase
transformations

The Laws of Thermodynamics

The First Law

❑ The internal energy of an isolated system is constant. A closed system may exchange energy
as heat or work. Let us consider a close system at rest without external fields.
❑ There exists a state function U such that for any process in a closed system:
U = q + w [1] (For an infinitesimal change: dU = (U2 − U1) = q + w)
➢ q → heat flow into the system
➢ w, W → work done on the system (work done by the system is negative of above- this is just ‘one’ sign convention)
❑ U is the internal energy. Being a state function for a process U depends only of the final
and initial state of the system. U = Ufinal – Uinitial. Hence, for an infinitesimal process it can be written as dU.
▪ In contrast to U, q & w are NOT state functions (i.e. depend on the path followed).
▪ q and w have to be evaluated based on a path dependent integral.
❑ For an infinitesimal process eq. [1] can be written as: dU = q + w

❑ The change in U of the surrounding will be opposite in sign, such that:
Usystem + Usurrounding = 0
❑ Actually, it should be E above and not U {however, in many cases K and V are zero (e.g.
a system at rest considered above) and the above is valid- as discussed elsewhere}.
❑

It is to be noted that in ‘w’ work done by one part of the system on another part is not included.

* Depending on the sign convention used there are other ways of writing the first law:
dU = q − W, dU = −q + W

The Second Law

The second law comes in many equivalent forms

❑ It is impossible to build a cyclic machine* that converts heat into work with 100%
efficiency → Kelvin’s statement of the second law.
❑ Another way of viewing the same:
it is impossible to construct a cyclic machine** that completely (with 100% efficiency)
converts heat, which is energy of random molecular motion, to mechanical work, which is
ordered motion.
❑ The unavailable work is due to the role of Entropy in the process.

Heat reservoir

Heat q

Cyclic engine

100%

Work (w)



Not possible

Heat reservoir
Called the source

Heat q

H

Cyclic engine

G

Heat q’

T S

Cold Reservoir
Called the sink

Work (w)
* For now we are ‘building’ ‘conceptual machines’ !
** These ‘engines’ which use heat and try to produce work are called heat engines.

✓

Kelvin’s
statement of the
second law

Possible

Another statement of the second law → the Clausius statement
❑ Heat does not ‘flow*’ from a colder body to a hotter body, without an concomitant change
outside of the two bodies→ Clausius’s statement of the second law.(a)
❑ This automatically implies that the spontaneous direction of the ‘flow of heat*’ is from a
hotter body to a colder body.(b)
❑ The Kelvin’s and Clausius’s statements of the second law are equivalent. I.e. if we violate
Kelvin’s statement, then we will automatically violate the Clausius’s statement of the
second law (and vice-versa).

Hot body

H

Hot body

Not possible
Spontaneous flow not possible

Cold body

G

T S
Cold body

* Used here in the ‘common usage sense’.
(b) is obvious, but not (a) → though they represent the same fact.

Work

A combined (Kelvin + Clausius) statement of the II Law
❑ The entropy* of a closed system will increase during any spontaneous change/process.
If we consider the Universe to be a closed system (without proof!!)**, then,
▪ the entropy of the universe will increase during any spontaneous change (process).

You may want to jump to chapter on
equilibrium to know about Entropy first

Entropy sets the direction for the arrow of time !
* Soon we will get down to this mysterious quantity.
** For all we know the Universe could be ‘leaky’ with wormholes to other parallel Universes!

The efficiency of a heat engine
❑ The efficiency of a heat engine is the amount of work output divided by the amount of heat
input.
❑ This efficiency depends only on the ratio of the temperature of the sink to the temperature
of the source. The maximum efficiency achievable is given by the formula below.
❑ This is surprising as:
• there is no mention of the medium of the system (or its properties),
• the formula has only temperatures and
• the temperature of the sink seems to play a major role (as the presence of the sink is
usually not intentional or obvious→ in a steam engine sink is the air around the engine and
source is the hot steam).
Important message➢ Sink (characterized by its temperature) is as important as the source.
❑ To increase the maximum possible efficiency of a heat engine, either the temperature of the
source has to be increased on the temperature of the sink has to be decreased.

heat engine =

woutput
qinput
 Tsink 

T
 source 

max
heat
engine = 1 − 

“Reflections on the Motive Power of Fire”,
Chapman & Hall ltd, London, 1897.
Nicolas Léonard Sadi Carnot in 1824.

Clausius statement of the second law
❑ Heat cannot spontaneously flow from a cold (low temperature) body to a hot body.
❑ To make heat flow from a cold body to a hot body, there must be accompanying change
elsewhere (work has to be done to achieve this).

Q&A

What is the difference between ‘heat engine’ and ‘work engine’?

❑ Actually both the engines we are going to describe here are usually known as heat engines.
❑ We are differentiating two types of engines to see which one produces work and which one
actually transfers heat.
❑ In the heat engine as the temperature of the cold body tends to zero Kelvin, more and more
work has to be done to transfer the heat from the cold body to the hot body.
‘Work engine’

‘heat engine’

Like a steam engine

Like a refrigerator

Heat reservoir

Source

Heat q

Heat q

Cyclic engine

Work (w)

Cyclic engine
Heat q’

Heat q’

Cold Reservoir

Hot body

Sink

The main objective here
is to produce work

Cold Body

The main objective here is
to transfer heat from a
cold body to a hot body

Work (w)

The Third Law
❑ For substances in internal equilibrium, undergoing an isothermal process, the entropy
change goes to zero as T (in K) goes to zero.

lim S = 0
T →0

❑ The law is valid for pure substances and mixtures.
❑ Close to Zero Kelvin, the molecular motions have to be treated using quantum mechanics
→ still it is found that quantum ideal gases obey the third law.

Phenomenological description of the third law.
❑ There does not exist any finite sequence of cyclical process, which can cool a body to zero
Kelvin (absolute zero).
Other statements of the third law.
❑ For a closed system in thermodynamic equilibrium, the entropy of the system approaches a
constant value as the temperature goes to absolute zero.

Ideal and Perfect Gases
❑ To understand the basics often we rely on simple ‘test-bed’ systems.
❑ In TD one such system is the ideal gas. In an ideal gas the molecules do not interact with
each other (Noble gases come close to this at normal temperatures).
An ideal gas obeys the equation of state:

PV = nRT

❑ As the molecules of a ideal gas do not interact with each other, the internal energy of the
system is expected to be ‘NOT dependent’ on the volume of the system.
I.e.:
 U 


 =0
 V T

❑ A gas which obeys both the above equations is called a perfect gas.

❑ Internal energy (a state function) is normally a function of T & V: U = U(T,V).
➢ For a perfect gas: U = U(T) only.

Humorous look at
the three laws

❑ The first law says: “you cannot win”.
❑ The second law says: “you can at best break even- that too at zero Kelvin”.

❑ Third law says: “zero Kelvin is unattainable”.

GDP

Micro vs. Macro
• Microeconomics:
The study of how individual households and firms
make decisions, interact with one another in markets.
• Macroeconomics:
The study of the economy as a whole.

• We begin our study of macroeconomics with the
country’s total income and expenditure.
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Income and Expenditure
• Gross Domestic Product (GDP) measures
total income of everyone in the economy.
• GDP also measures total expenditure on the
economy’s output of g&s.

For the economy as a whole,
income equals expenditure
because every dollar a buyer spends
is a dollar of income for the seller.
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The Circular-Flow Diagram
• a simple depiction of the macroeconomy
• illustrates GDP as spending, revenue,
factor payments, and income
• Preliminaries:
• Factors of production are inputs like labor, land, capital,
and natural resources.
• Factor payments are payments to the factors of production
(e.g., wages, rent).
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Households:
▪ own the factors of production,
sell/rent them to firms for income
▪ buy and consume goods & services

Firms

Households

Firms:
▪ buy/hire factors of production,
use them to produce goods
and services
▪ sell goods & services
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The Circular-Flow Diagram
Revenue (=GDP)
G&S
sold

Markets for
Goods &
Services

Firms
Factors of
production
Wages, rent,
profit (=GDP)

Spending (=GDP)
G&S
bought

Households

Markets for
Factors of
Production
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Labor, land,
capital
Income (=GDP)

What This Diagram Omits
• The government
• collects taxes, buys g&s

• The financial system
• matches savers’ supply of funds with borrowers’
demand for loans

• The foreign sector
• trades g&s, financial assets, and currencies with the
country’s residents
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Gross Domestic Product (GDP) Is…
…the market value of all final goods & services
produced within a country
in a given period of time.
Goods are valued at their market prices, so:

▪ All goods measured in the same units
(e.g., dollars in the U.S.)

▪ Things that don’t have a market value are
excluded, e.g., housework you do for yourself.
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Gross Domestic Product (GDP) Is…
…the market value of all final goods & services
produced within a country
in a given period of time.
Final goods: intended for the end user
Intermediate goods: used as components
or ingredients in the production of other goods
GDP only includes final goods – they already
embody the value of the intermediate goods
used in their production.
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Gross Domestic Product (GDP) Is…
…the market value of all final goods & services
produced within a country
in a given period of time.
GDP includes tangible goods
(like DVDs, mountain bikes, beer)

and intangible services
(dry cleaning, concerts, cell phone service).
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Gross Domestic Product (GDP) Is…
…the market value of all final goods & services
produced within a country
in a given period of time.
GDP includes currently produced goods,
not goods produced in the past.
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Gross Domestic Product (GDP) Is…
…the market value of all final goods & services
produced within a country
in a given period of time.
GDP measures the value of production that occurs
within a country’s borders, whether done by its own
citizens or by foreigners located there.
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Gross Domestic Product (GDP) Is…
…the market value of all final goods & services
produced within a country
in a given period of time.
Usually a year or a quarter (3 months)
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The Components of GDP
• Recall: GDP is total spending.
• Four components:
• Consumption (C)
• Investment (I)
• Government Purchases (G)
• Net Exports (NX)
• These components add up to GDP (denoted Y):

Y = C + I + G + NX
120

Consumption (C)

• is total spending by households on g&s.
• Note on housing costs:
• For renters,
consumption includes rent payments.

• For homeowners,
consumption includes the imputed rental value of the
house, but not the purchase price or mortgage payments.
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Investment (I)

• is total spending on goods that will be used in the
future to produce more goods.
• includes spending on
• capital equipment (e.g., machines, tools)
• structures (factories, office buildings, houses)
• inventories (goods produced but not yet sold)

Note: “Investment” does not
mean the purchase of financial
assets like stocks and bonds.
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Government Purchases (G)
• is all spending on the g&s purchased by govt
at the federal, state, and local levels.

• G excludes transfer payments, such as
Social Security or unemployment insurance benefits.
They are not purchases of g&s.
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Net Exports (NX)
• NX = exports – imports
• Exports represent foreign spending on the economy’s
g&s.
• Imports are the portions of C, I, and G
that are spent on g&s produced abroad.
• Adding up all the components of GDP gives:

Y = C + I + G + NX
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U.S. GDP and Its Components, 2009
billions

% of GDP

per capita

Y

$14,242

100.0

$46,299

C

10,133

71.1

32,940

I

1,556

10.9

5,059

G

2,955

20.8

9,608

NX

–402

–2.8

–1,307
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ACTIVE LEARNING

1

GDP and its components
In each of the following cases, determine how much
GDP and each of its components is affected (if at all).
A. Debbie spends $200 to buy her husband dinner
at the finest restaurant in Boston.
B. Sarah spends $1800 on a new laptop to use in her
publishing business. The laptop was built in China.
C. Jane spends $1200 on a computer to use in her editing
business. She got last year’s model on sale for a great
price from a local manufacturer.
D. General Motors builds $500 million worth of cars,
but consumers only buy $470 million worth of them.

ACTIVE LEARNING

1

Answers
A. Debbie spends $200 to buy her husband dinner
at the finest restaurant in Boston.

Consumption and GDP rise by $200.
B. Sarah spends $1800 on a new laptop to use in her
publishing business. The laptop was built in China.

Investment rises by $1800, net exports fall
by $1800, GDP is unchanged.
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ACTIVE LEARNING

1

Answers
C. Jane spends $1200 on a computer to use in her
editing business. She got last year’s model on sale for
a great price from a local manufacturer.
Current GDP and investment do not change, because
the computer was built last year.
D. General Motors builds $500 million worth of cars, but
consumers only buy $470 million of them.
Consumption rises by $470 million,
inventory investment rises by $30 million,
and GDP rises by $500 million.
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Real versus Nominal GDP
• Inflation can distort economic variables like GDP, so we
have two versions of GDP:
One is corrected for inflation, the other is not.
• Nominal GDP values output using current prices. It is
not corrected for inflation.
• Real GDP values output using the prices of
a base year. Real GDP is corrected for inflation.
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EXAMPLE:
Pizza

Latte

year

P

Q

P

Q

2005

$10

400

$2.00

1000

2006

$11

500

$2.50

1100

2007

$12

600

$3.00

1200

Compute nominal GDP in each year:

Increase:

2005:

$10 x 400 + $2 x 1000

= $6,000

2006:

$11 x 500 + $2.50 x 1100

= $8,250

2007:

$12 x 600 + $3 x 1200

= $10,800
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37.5%
30.9%

EXAMPLE:
Pizza

Latte

year

P

Q

P

Q

2005

$10

400

1000

2006

$11

500

$2.00
$2.50

2007

$12

600

$3.00

1200

Compute real GDP in each year,
using 2005 as the base year:
2005: $10 x 400 + $2 x 1000 = $6,000

1100

Increase:
20.0%

2006: $10 x 500 + $2 x 1100 = $7,200
2007: $10 x 600 + $2 x 1200 = $8,400
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16.7%

EXAMPLE:
year
2005

Nominal
GDP
$6000

Real
GDP
$6000

2006

$8250

$7200

2007

$10,800

$8400

In each year,
• nominal GDP is measured using the (then) current
prices.
• real GDP is measured using constant prices from the
base year (2005 in this example).
132

EXAMPLE:
year
2005

Nominal
GDP
$6000

2006

$8250

2007

$10,800

37.5%
30.9%

Real
GDP
$6000
$7200
$8400

20.0%

16.7%

• The change in nominal GDP reflects both prices and
quantities.

▪ The change in real GDP is the amount that
GDP would change if prices were constant
(i.e., if zero inflation).
Hence, real GDP is corrected for inflation.
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Nominal and Real GDP in the U.S.,

billions

1965-2009

Real GDP
(base year
2005)

Nominal
GDP
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The GDP Deflator
• The GDP deflator is a measure of the overall level of
prices.
• Definition:

nominal GDP
GDP deflator = 100 x
real GDP

▪ One way to measure the economy’s inflation
rate is to compute the percentage increase in
the GDP deflator from one year to the next.
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EXAMPLE:
year

Nominal
GDP

Real
GDP

GDP
Deflator

2005

$6000

$6000

100.0

2006

$8250

$7200

114.6

2007

$10,800

$8400

128.6

Compute the GDP deflator in each year:
2005:

100 x (6000/6000) =

100.0

2006:

100 x (8250/7200) =

114.6

2007:

100 x (10,800/8400) =

128.6
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14.6%
12.2%

ACTIVE LEARNING

2

Computing GDP
2007 (base yr)

P
Good A
Good B

$30
$100

Q

2008

P

2009

Q

900 $31 1,000
192 $102
200

P

Q

$36
$100

1050
205

Use the above data to solve these problems:
A. Compute nominal GDP in 2007.
B. Compute real GDP in 2008.
C. Compute the GDP deflator in 2009.
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ACTIVE LEARNING

2

Answers
2007 (base yr)

P
Good A
Good B

$30
$100

Q

2008

P

2009

Q

900 $31 1,000
192 $102
200

P

Q

$36
$100

1050
205

A. Compute nominal GDP in 2007.

$30 x 900 + $100 x 192 = $46,200
B. Compute real GDP in 2008.

$30 x 1000 + $100 x 200 = $50,000
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ACTIVE LEARNING

2

Answers
2007 (base yr)

P
Good A
Good B

$30
$100

Q

2008

P

2009

Q

900 $31 1,000
192 $102
200

P

Q

$36
$100

1050
205

C. Compute the GDP deflator in 2009.

Nom GDP = $36 x 1050 + $100 x 205 = $58,300
Real GDP = $30 x 1050 + $100 x 205 = $52,000

GDP deflator = 100 x (Nom GDP)/(Real GDP)
= 100 x ($58,300)/($52,000) = 112.1
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GDP and Economic Well-Being

• Real GDP per capita is the main indicator of the
average person’s standard of living.
• But GDP is not a perfect measure of
well-being.
• Robert Kennedy issued a very eloquent
yet harsh criticism of GDP:
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Gross Domestic Product…
“… does not allow for the health of our
children, the quality of their education,
or the joy of their play. It does not
include the beauty of our poetry or
the strength of our marriages, the
intelligence of our public debate or
the integrity of our public officials.
It measures neither our courage, nor our wisdom,
nor our devotion to our country. It measures everything,
in short, except that which makes life worthwhile, and it
can tell us everything about America except why we are
proud that we are Americans.”
- Senator Robert Kennedy, 1968
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GDP Does Not Value:
• the quality of the environment

• leisure time
• non-market activity, such as the child care
a parent provides his or her child at home
• an equitable distribution of income
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Then Why Do We Care About GDP?
• Having a large GDP enables a country to afford better
schools, a cleaner environment,
health care, etc.
• Many indicators of the quality of life are positively
correlated with GDP. For example…
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Life expectancy (years)

GDP and Life Expectancy in 12 countries
Indonesia
China

Japan
U.S.

Mexico

Germany

Brazil
Pakistan
India

Russia

Bangladesh
Nigeria

Real GDP per capita
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GDP and Literacy in 12 countries
China

Russia

Germany

Adult Literacy
(% of population)

Mexico

Japan

U.S.

Brazil
Indonesia
Nigeria

India
Pakistan
Bangladesh

Real GDP per capita
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GDP and Internet Usage in 12 countries

Internet Usage
(% of population)

Japan

Pakista
n
Nigeria

U.S.

Germany

Brazil
Indonesia
Mexico
Russia
China
India

Bangladesh

Real GDP per capita
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CHAPTER SUMMARY
• Gross Domestic Product (GDP) measures a country’s
total income and expenditure.
• The four spending components of GDP include:
Consumption, Investment, Government Purchases, and
Net Exports.

• Nominal GDP is measured using current prices. Real
GDP is measured using the prices of a constant base year
and is corrected for inflation.
• GDP is the main indicator of a country’s economic wellbeing, even though it is not perfect.
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NATIONAL ENERGY
POLICY

• The National Energy Policy (NEP) aims to chart the way forward to
meet the Government bold ambitions for India's energy sector
developments.
• This includes providing access to electricity to all the Census villages
by 2018, and for universal electrification to be achieved, with 24x7
electricity by 2022
• The share of manufacturing in GDP is projected to go up to 25% from
the present level of 16%, while the Ministry of Petroleum is targeting
reduction of oil imports by 10% by 2022 compared to 2014-15 levels
• National Development Council (NDC) target reduction of emissions
intensity of 33%-35% by 2030 over 2005, through increasing
renewable energy capacity to 175 GW by 2022, and increase the share
of non-fossil fuel based capacity in the electricity mix to above 40%
by 2030.

• This is also expected to mainstream emerging energy technologies,
and provide consumer energy choices
• The NEP builds on the achievements of the earlier overarching policy
framework -the Integrated Energy Policy (IEP), and sets the new
agenda consistent with the redefined role of emerging developments in
the energy world.
• There are four key objectives to India's broad arching energy policy
under the IEP:
1. Access at affordable prices;
2. Improved security and Independence;
3. Greater Sustainability; and
4. Economic Growth.

• To achieve these four objectives, seven areas of intervention were
identified, of which energy efficiency is one.
(i) Energy Consumption by businesses, households, transportation and
agriculture
(ii) Energy Efficiency/de-carbonisation measures on the demand side
(iii) Production and distribution of coal
(iv) Electricity generation, transmission and distribution
(v) Augmenting supply of oil and gas, both by domestic E&P, and
through
acquisition of overseas acreages
(vi) Refining and distribution of oil and gas.
(vii) Installation, generation and distribution of renewable energy
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