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Energy sources are sometimes classified under headings such as renewable, traditional, modern,

commercial and conventional. The terminology is rather ambiguous, since it depends very much

on the context. For example, wind energy is clearly renewable, but is it traditional? Windmills

have been used for several centuries, making it traditional, but wind has been used to generate

electricity only in this century, so perhaps it is modern. In different areas of a country a source may

be classified differently. For example, fuel wood in rural areas is often non-commercial, whereas in

towns it generally has to be bought.

Renewable means that a source is not depleted by use – wind is always renewable, while biomass

can be renewable if regrowth is matched by consumption. Fossil fuels are nonrenewable, as they

will eventually be depleted (i.e. run out) as there is no viable way to produce more of them.

Another classification, new and renewable, covers all the renewable forms of energy plus ocean

and geothermal. Some energy analysts also include nuclear energy in this category, though clearly

not because it is renewable.

Whether an energy resource is traditional or non-traditional depends very much on the user’s

perspective. Many biomass users would be regarded as using a traditional source (that is, what

they have always used) and they would regard using fossil fuels as non-traditional. However, it can

be the conversion technology rather than the resource which determines the classification. Wood

can be regarded as a traditional energy resource, but if it is used in a gasifier it produces a non-

traditional energy source. Similar difficulties arise when categorising energy sources as

conventional and non-conventional.
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Commercial energy refers to those energy sources for which have to be paid for. This always

includes the fossil fuels and some new and renewable sources. Biomass is usually classified as non-

commercial – however, this depends again on where you are in the world. Table demonstrates that a

fuel can be placed in more than one category and that there are no hard and fast rules. Classification

depends on circumstances, and an energy analyst should be prepared to exercise some flexibility and

make clear what fuel classification is being used.

Energy supply terminology by different classifications
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Energy sources
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Energy ssytem
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Energy Sources
• Primary Energy sources-

– Fossil fuels (oil, natural gas, coal)

– Nuclear energy

– Falling water, geothermal, solar

• Secondary Energy sources-

– Sources derived from a primary source like…

• Electricity

• Gasoline

• Alcohol fuels (gasohol)

Dr. Pátzay György 7



SI units for energy

• The SI unit of energy is a Joule: 1 kg*m2/s2 = 1 Newton*m
(Newton is the unit of Force)

– mass * velocity 2

– mass * g * height (on earth, g = 9.81 m/s2 )

– for an ideal gas = c
v
k

B
T (c

v
=3/2 for a monatomic gas)

• Power is energy per time: 1 Watt = 1 Joule/s = 1 kg*m2/s3

– most commonly used in electricity, but also for vehicles in
horsepower (acceleration time)
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Energy conversion

Unit Quantity to Note

1 calorie = 4.1868000 Joule

1 kiloWatt hour = kWh = 3600000 Joule A power of 1 kW for a duration of 1 hour.

1 British Thermal Unit = btu 1055.06 Joule
It is a is a unit of energy used in North 

America. 

1 ton oil equivalent = 1 toe  4.19E+010 Joule

It is the rounded-off amount of energy 

that would be produced by burning 

one metric ton of crude oil. 

1 ton coal equivalent 2.93E+10 Joule

1 ton oil equivalent = 1 toe 1 / 7.33
Barrel 

of oil
or 1 / 7.1 or 1 / 7.4 ...

1 cubic meter of natural gas 3.70E+07 Joule or roughly 1000 btu/ft3

1000 Watts for one year 3.16E+010 Joule for the 2000 Watt society

1000 Watts for one year 8.77E+006 kWh for the 2000 Watt society

1 horsepower 7.46E+002 Watts

Other units for energy
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Energy is Conserved

• Conservation of Energy is different from Energy Conservation, the latter being about
using energy wisely

• Conservation of Energy means energy is neither created nor destroyed. The amount of
energy in the Universe is constant!!

• Don’t we create energy at a power plant?

– No, we simply transform energy at our power plants

• Doesn’t the sun create energy?

– Nope—it exchanges mass for energy

• Though the total energy of a system is constant, the form of the energy can change
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Energy sources and properties
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• Potential

• Kinetic

• Gravitational

• Elastic strain

• Electrochemical

• Electrostatic

• Electromagnetic

• Nuclear fission and fusion

• Chemical

• Stored in chemical bonds

• Thermal

• Sensible heat

• Latent heat



Energy conversion
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Energy conversion
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Energy Flows and Balances
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Energy Transformations

Chemical/Nuclear

Thermal

MechanicalElectrical

Fusion

Fission

Combustion

Diffusion

Thermophoresis

Heat Engines

Hydro

WindFriction

Fuel Cells

Reaction

Photovoltaics

Peltier      

Thermionics             

MHD                      
Resistance

Gas Discharge  

Motors

Generators

Batteries

Electrolysis
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Typical conversion efficiencies of different energy conversion technologies
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It takes energy to make energy.
(All fuel conversion processes lose energy.)

Process Conversion Type Efficiency

Dry Cell Battery Chemical to Electrical 85-95%

Natural Gas to Compressed Chemical to Chemical 85%

Crude Oil to Gasoline Chemical to Chemical 79%

Natural Gas to H2 Chemical to Chemical 60%

Coal to Gasoline Chemical to Chemical 50%

Grid Electric to H2 Chemical to Chemical 22%

Photo-Voltaic Radiative to Electrical 15-25%

Soybean to Bio-Diesel Chemical to Chemical 30%

Corn to Ethanol Chemical to Chemical 5-10%

Plant Photosynthesis Radiative to Chemical 4-5%
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Efficiency of an energy conversion system
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Energy sources
• The total efficiency is the product of all conversion efficiencies:

Etotal = E1 x E2 x E3 x E4 x E5 x E6 x … 

• Total losses can be (and are) tremendous

• Most losses are in the form of radiated heat, heat exhaust

• But can also be non-edible biomass or non-work bodily functions (depending on 
final goal of energy)
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Power densities
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Electricity generation costs
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Area of different energy transformation
technologies

•Nuclear

•Coal

•Water

•Photovoltaic

•Wind

•Biomass

•Geotermal

•Gas turbine/fuel cell

•8,8 km2

•18,13-32,26 km2

•72,5 km2

•103,6 km2

•259 km2

•2590 km2

•7,8 km2

•Case dependent

1000 MWe areaTechnology



Area

Technology
Specific power

km2/GW

avaibility

%

Specific energy

Km2/GWh

Water 4000 30 13333

Biomass (direct fire) 4879 80 6098

wind 242 30 806,7

Solar – PV (flat plate) 50 20 250

Coal 96 70 137

solar – Thermal 

(parabolic trough) 22 34 65

Geotermal 34 90 38

Natural gas 15 40 37,5

Oil 7 30 23,3

Nuclear 12 90 13,3

Forrás: “Renewable Energy Technology Characterizations,” DOE’s Office of Utility Technologies, Energy Efficiency and 

Renewable Energy, and EPRI, 1997; “Generic Environmental Impact Statement for License Renewal of Nuclear 

Plants,” NRC, 1996; “The Most Frequently Asked Questions About Wind Energy,” American Wind Energy Association, 

2002; “PV FAQ’s,” DOE, Energy Efficiency and Renewable Energy, 2004; Capacity factors from Global 

Decisions/Energy Information Administration.
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Energy consumption in the EU for the production of a number of products
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Material Specific energy“costs” (MJ/kg) Raw material

aluminium 230-340 bauxite

brick 2-5 clay

cement 5-9 clay, limestone

copper 60-125 sulfide copper ore

glass 18-35 sand, clay

iron 20-25 ron ore

limestone 0,07-0,1 limestone

nickel 70-230 sulfide nickel ore

paper 25-50 Wood cellulose

polietilene 87-115 crude oil

polistyrol 62-108 crude oil

PVC 85-107 crude oil

sand 0,08-0,1 river bottom

silicium 200-250 silicium-dioxide

steel 20-50 pig iron

sulfuric acid 2-3 sulfur

titan 900-950 titan ore

water 0,001-0,01 Rivers, lakes, ground water

wood 3-7 forest
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Energy sources overview

Dr. Pátzay György 29



The energy chain
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Chemical technology in energy production

Chemical energy

Heat energy

CH4 + 2 O2 = CO2 + 2 H2O 

HV: 5,55*104 kJ/kg  LHV: 4,99*104 kJ/kg

Nuclear energy

Heat energy

235 236        90         143

92U + n  92U*  36Kr* +  56Ba* + 3n

Energy by nuclear fission. 8,21*1010 kJ / kg 235U

Chemical energyheat energymechanical energyelectric energy

Nuclear energy heat energymechanical energyelectric energy
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Coal
fossil fuel, from swamp plants of Carboniferous 

period (ending 286 million years ago).

Stages of coal forming over millions of years
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Coal types and composition

kJ/g
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Ranks of Coal
• Lignite: A brownish-black coal of low quality (i.e., low 

heat content per unit) with high inherent moisture and 
volatile matter. Energy content is lower 4000 BTU/lb. 

• Subbituminous: Black lignite, is dull black and generally 
contains 20 to 30 percent moisture Energy content is 
8,300 BTU/lb. 

• Bituminous:  most common coal is dense and black (often 
with well-defined bands of bright and dull material). Its 
moisture content usually is less than 20 percent. Energy 
content about  10,500 Btu / lb.

• Anthracite :A hard, black lustrous coal, often referred 
to as hard coal, containing a high percentage of fixed 
carbon and a low percentage of volatile matter.  Energy 
content of about 14,000 Btu/lb.

www.uvawise.edu/philosophy/Hist%20295/ Powerpoint%5CCoal.ppt 
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Extraction by Mining
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Coal advantages and disadvantages

© Brooks/Cole Publishing Company / ITP

www.bio.miami.edu/beck/esc101/Chapter14&15.ppt

Pros

• Most abundant fossil fuel

• Major world reserves

• 120 yrs. at current 
consumption rates

• High net energy yield

Cons

• Dirtiest fuel, highest carbon 
dioxide

• Major environmental 
degradation

• Major threat to health
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Refining crude oil.
Based on their boiling
points, components are 
removed at various 
levels
in distillation column.
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Advantages and disadvantages of using oil as
an energy resource
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Natural Gas

•fossil fuel;

•mixture of 50–90% methane (CH4), smaller 

amounts of ethane (C2H6), propane (C3H8), & 

butane (C4H10), and hydrogen sulfide (H2S);

• typically transported by pipelines;

Methane (CH4) is a greenhouse gas!
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Advantages and disadvantages of using oil as
an energy resource
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Fuel combustion - Fuel Type

• Solid
– Coal

• hcombustion= 89%

– Wood 
• hcombustion= 74% 

• Liquid
– Number 2 fuel oil

• hcombustion= 88%

– Number 6 fuel oil 
• hcombustion= 88%

• Gas
– Natural gas 

• hcombustion= 85%
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Fuel combustion
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Fireing technology
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AIR:FUEL RATIO FLUE GAS ANALYSIS
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Travelling grate coal fireing
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Fluid Bed Combustion
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IGCC
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IGCC Overview
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Examples for different combustion air supply
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How much work can be extracted from heat?

Th

Qh

Qc

W = Qh – Qc

Tc

Hot source of energy

Cold sink of energy

heat energy delivered from source

heat energy delivered to sink

externally delivered work:

efficiency =           =
W work done

Qh heat supplied

conservation of energy
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HeatBoyler

Pump

Turbine

Domain

Power plant. . .

Heat

H
ea

tin
g

Expansion

C
ooling

Compression

Condenser
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So the maximum efficiency is:
maximum efficiency = Wmax/Qh = (1 – Tc/Th) = (Th – Tc)/Th
this and similar formulas must have the temperature in Kelvin

So perfect efficiency is only possible if Tc is zero (in ºK)
In general, this is not true

As Tc  Th, the efficiency drops to zero: no work can be extracted

A coal fire burning at 825 K delivers heat energy to a reservoir at 300 
Kmax efficiency is (825 – 300)/825 = 525/825 = 64%.  This power station 
can not possibly achieve a higher efficiency based on these temperatures.
A car engine running at 400 K delivers heat energy to the ambient 290 K 
air max efficiency is (400 – 290)/400 = 110/400 = 27.5% not too far from 
reality

Power plant efficiency
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Nuclear Plant

Power plants
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Coal power plant

Typical generating capacity: 500 MW
250 tonnes of coal per hour
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Wind power
• Power = 0.47 x h x D2 x v3 Watts

– h = efficiency ~ 30% (59% theoretical 
maximum)

– D = Diameter (40 meters)

– v = wind speed (13 m/s)

– P = 500 kW
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Hydroelectricity (hydro)
Uses difference in potential gravitational energy of water above and 

below dam
• E = m x g x D h + m x D v2 / 2

• P = h x r x g x D h x (flow in m3/s)

• r is the density of water = 1000 kg /m3

• Efficiency h can be close to 90%

 h
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Common types of heat engines
• Rankine cycle: stationary power system (power plant for generating

electricity from fossil fuels or nuclear fission), efficiency around
30%

• Brayton cycle: improvement on Rankine to reduce degradation of
materials at high temperature (natural gas and oil power plants),
efficiencies of 28%

• Combined Rankine-Brayton cycle: for natural gas only, efficiencies
of 60%!

• Otto cycle: internal combustion engine, electric spark ignition,
efficiency around 30%

• Diesel cycle: internal combustion engine, compression ignition (more
efficient than Otto if compression ratio is higher), efficiency
around 30%

Dr. Pátzay György 76



Principles of Nuclear Power Production
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Nuclear Energy

• First sustained nuclear reactor

– Enrico Fermi 

• University of Chicago (1942)

• 200 Watts

• Isotopes 

– naturally occurring

– 238U  - 99.3%

– 235U  - 0.7%
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Nucleus 232Th 233U 234U 235U 236U 238U 237Np 239Pu 240Pu

Temporary 

nucleus

233Th 234Th 235U 236U 237U 239U 238Np 240Pu 241Pu

Neutron 

energy 

(MeV)

1,3 T 0,4 T 0,8 1,2 0,4 t >0

Potential fissionable-fertile nucleus

Fission and breeding
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Raw Materials

• Uranium Ore

– U3O8

• yellowcake

– deposit concentration varies

• cost of recovery varies
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Raw Materials

– uranium resources classified according to cost

• <$130/kg  
– = 1.7 x 106 tonnes (U.S)

– = 5.4 x 106 tonnes (other)

• $130/kg < $260/kg
– 1.3 x 106 tonnes (U.S)

– = 12.2 x 106 tonnes (other)
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Nuclear Reactors

• produces heat energy (Carnot efficiency)

– steam to drive turbine

– turbine connected to generator

• fuel 

– 97% U-238

– 3% U-235

– Problem with this ratio
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Moderators

• slow down the neutrons

– neutrons move through some material

• water

• graphite

• elastic collisions transfer energy to moderator

• neutrons slow

– K = 0.025 eV

– thermal neutrons
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Control Rods

• help control the fission rate

– frequently boron compound

– readily absorbs neutrons

– fully inserted

• reactor shuts down

– fully extracted

• maximum power level
– potential danger
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Paks NPP 440 MWe VVER-440/213, 1 fuel rod l=2,4 m, 99%Zr 1%Nb

1 fuel element contains 126  fuel rods, in the reactor  are 312 fuel elements (42 t UO2

3,5% 235U)

POWER REACTORS

THERMAL (n)

WATER COOLING

HEAVY WATER 
PRESSURIZED 

WATER REACTORS
(CANDU)

LIGHT WATER 
REACTORS

(LWR)

PRESSURIZED 
WATER REACTORS

(PWR, VVER)

BOILING WATER 
REACTORS

(BWR, RBMK)

GAS COOLING

HIGH TEMPERATURE 
REACTORS

(HTR)

FAST (n)
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Types

• Boiling Water Reactor (BWR)

– water flows through core

• reactor heats water

• water boils

• steam piped to turbines

• Pressurized Water Reactor (PWR)

– naval propulsion
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Egyszeri felhasználású nukleáris üzemanyagciklus

Nuclear Fuel Cycles
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The Carnot Vapor Cycle
9-1

Heat Source

TH > TL

QH

QL

Heat Sink

TL

Heat

Engine Wnet

Steam Power Cycle 

Turbine

2

Pump 

Conden

ser

Wturb 

1

3

QI 

n

Qou

t 

4

Boiler

Wp
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T-s Diagrams for a Possible
Carnot Vapor Cycle

9-1

The Cycle is Not Practical 
because:

1. Pumping process 4-1 requires the 
pumping of a mixture of saturated 
liquid and saturated vapor at state 4 
and the delivery of a saturated liquid 
at state 1.

2. The turbine needs to handle steam 
with low quality, that is, steam with a 
high moisture content.
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Another Possible
Carnot Vapor Cycle

9-1

The Cycle is Not Practical 
because:

1. To superheat the steam to take 
advantage of higher temperature, 
elaborate controls are required to 
keep TH constant while the steam 
expands and does work
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The Rankine-Clausius cycle

1

3
2

4

5

6

T(K)

s (J/kg·K)

1

2 3

4

56

1

3

2

4

5

6

1-2 heating of water 2-3 evaporation 3-4 superheating

4-5 Expansion 5-6 Condensation6-1 pumping
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The Simple Ideal Rankine Cycle
9-1

© The McGraw-Hill Companies, Inc.,1998
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The Simple Ideal Rankine Cycle

• The model cycle for vapor power cycles is the Rankine cycle which is 
composed of four internally reversible processes: 

• 1. constant-pressure heat addition in a boiler
• 2. isentropic expansion in a turbine 
• 3. constant-pressure heat rejection in a condenser 
• 4. isentropic compression in a pump (Steam leaves 

the condenser as a saturated liquid at the condenser pressure)

9-14
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Rankine Cycle: Actual Vapor Power Deviation and Pump and Turbine 
Irreversibilities

9-2

• (Fig. 9-4)

(a) Deviation of actual vapor power cycle from the ideal Rankine cycle.
(b) The effect of pump and turbine irreversibilities on the ideal Rankine 
cycle.

Dr. Pátzay György 99



Dr. Pátzay György 100



Ways to Improve the Efficiency of a Simple 
Rankine Cycle

• Superheat the vapor
• Higher average temperature during heat addition
• Reduces moisture at turbine exit (we want x4 in the 

above example > 85%)

• Increase boiler pressure (for fixed maximum  temperature)
• Availability of steam is higher at higher pressures
• Increases the moisture at turbine exit

• Lower condenser pressure
• Less energy is lost to surroundings
• Increases the moisture at turbine exit

9-14
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The Concept of Cogeneration

• The production of more than one useful form of energy (such
as process heat and electric power) from the same energy
source is called cogeneration. Cogeneration plants produce
electric power while meeting the process heat requirements
of certain industrial processes. This way, more of the energy
transferred to the fluid in the boiler is utilized for a useful
purpose. The faction of energy that is used for either
process heat or power generation is called the utilization
factor of the cogeneration plant.

9-18
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An Ideal Cogeneration Plant
9-9

(Fig. 9-21)
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Combined Gas-Steam Power Plant
9-12
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Electric Load

• The load changes continuously

– Daily

– Seasonal

• The daily maximum occurs 
around 4-6 PM , the minimum at 
night.

• The load or demand is defined 
as the average load (MW) for 15 
minutes

• Seasonal changes: Summer load 
is higher than the winter load in 
AZ.

240 6 12 18

Base load

Intermediate load

Peak 
load

P_max

• Base load (large thermal and 
nuclear plants)

• Intermediate loads (medium steam 
and hydro)

• Peak load (gas turbine and 
combined cycle plants)



Power plant & fuel cell efficiencies

Source: Miroslav Havranek, 2007
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Energy – Quality - Exergy
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Renewable energy sources
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Geothermal energy
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Geothermal energy
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Geothermal energy
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Water energy
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Wind energy in Germany
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What is biomass?
Biomass (in our case more correctly phytomass) as very diverse material has no
exact chemical formula. For average biomass the mole ratio formula of main
elements – C, H, and O (S and N are minor) is:
Biomass = CH1.4O0.6

This formula is workable for a large number of tree and plant species in case when
the water and ash are eliminated from biomass. On the basis of this formula is
possible to write approximate chemical equations for different biomass chemical
conversion processes. For instance, gasification of biomass would be presented:
CH1.4O0.6 + 0.35O2 → 0.4CO + 0.6H2 + 0.4CO2 +0.1H2O + 0.2C

A biorefinery is a technologies cluster, which integrates biomass conversion into
transportation fuels, power, chemicals and advanced materials within zero emissions
framework.

Biomass
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Biomass
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Biomass
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Biomass
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Sun energy
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• Grid-connected centralized (power
plants)

• Grid-connected distributed (rooftop)
• Off-grid non-domestic (power plants)
• Off-grid domestic (rooftop)

Solar PV

Sun energy
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Crystalline Silicon modules can be produced in three ways:
1. Re-melting of scraps of high-purity “Electronic Grade” Silicon (EGSi)
and wafer cutting (sc-Si / mc-Si)
2. Direct production of medium-purity “Solar Grade” Silicon (SoG-Si)
and wafer cutting (mc-Si)
3. Direct production of medium-purity “Solar Grade” Silicon (SoG-Si)
and ribbon casting (mc-Si)

Amorphous Silicon (a-Si) modules makes use of a thin layer of
hydrogenated silicon deposited on glass

Sun energy
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Sun energy
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• Hydrogen must be produced like electricity!
• Today hydrogen is produced for the industry from fossil fuels (98 % in 

Germany) and electrolysis (2 % in Germany)
• Hydrogen can be produced in large central plants or in smaller

distributed units
• Low carbon hydrogen can be produced from fossil resources (in future 

with carbon capture and storage, CCS), nuclear, renewables
• Hydrogen can be produced by photo-biological and photoelectrolysis
• processes, thermochemical water splitting, ...
• Hydrogen can be transported and stored
• Hydrogen can be used in fuel cells (some fuel cells can use hydrogen-

containing fuel directly), in internal combustion engines, in gas turbines
• Hydrogen can replace oil and gas and contribute to energy security and 

independence from imports

Why Hydrogen?
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• The use of fuel cells contributes to energy efficiency (and:
electricity is produced and the right amount of heat at the right
temperature regime)

• Residential: fuel cells replace oil/gas central heating systems and
reduce amount of electricity taken from the grid

• Stationary: fuel cells replace CHP with fossil fuels
• Transport: fuel cells replace internal combustion Why Fuel Cells?
• engines running on gasoline and diesel

Why Fuel Cells?

• Reducing the impact on local and 
global environment

• Energy security
• Diversification of energy supply
• Creation of new jobs
• Industry opportunities

Why Hydrogen and Fuel Cells?
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Fuel cells
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ENVIRONMENTAL EFFECTS OF CONVENTIONAL POWER PLANTS
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biofuels
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Basic question  Energy storage
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 Energy storage
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