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Energy: Technical aspect

A In 1826 French physicistv.Ponceletcoined the
name from the Greekenhergeid which means
"the driving' in the sense ofiriving power

A 1t was only gradually recognized tHagat,
motion, light and chemical energare external
forms of the same basic energy

A The best short definition of energy originates
from Max Planck | acapacmﬁof aosystem to
determine external effects

A The popular dictionary formulatiomenergy is
0KS FToAfAOE (2 R2 62N]
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Energy: Technical aspect
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2.

categories of primary energy
resources

A continuously renewed presence of
an energy potentiabriginating from
the permanent action of three main
natural energy sourcesolar,
geothermal and gravitational energy
and

Afinite, non-renewable deposiof
primary energy resources, which enter
its circuit under anthropogenic action.

A Themainworld energy consumptioris currentlybased on the norrenewable
reserves of the second groymvhich in fact represent accumulated solar

energy

A increasing interest irthe socallednew and renewable primary energy
resources in futuredue to issues related teustainability of supply, globabHG
emission, local environment pollutants etc
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Structure of Energy System
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A An energy system consists of integrated network system with the final forms of use
energy required to satisfy consumer needs on the output side, and, a mixture of
primary energy resources available or made available for supply on the input side.

A Physically, it includes all facilities, plants and constructions serving for exploration,
extraction, harnessing, conversion, transport, distribution and utilization of primary

energy resources and converted energy carriers.
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A In energy system modeling field energy system is referred as Reference Enert
System (RES).

A The RES is a map, which, in a schematic way, illustrates the structure of an er
system. The RES describes the flow of energy from the sources to the final us
means of lines, which connect different components for energy conversion or
distribution.
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Needs for useful energy and supply of final (emde) energy

To satisfy its needs, humankind requires the services of
energy In the following useful forms

1) Heat and cola serving for space heating and
conditioning, food preparation and hot/cold water suppl
as well as for various industrial processes

2) Mechanical energyt needed for transportation and as
prime mover for industrial equipment and domestic
appliances

3) Radiant energyt for lighting and telecommunications.



Relevant terminology for the conversion potential in the fir
stage of an energy system

A Useful energy the amount ofone or moreuseful energyforms
absolutelynecessary to perform an activitgnd/or to assure
adequate ambient conditions for living and working

A Energy lossesThese represent thauxiliary consumption of ene
use energy in the final conversion proceskEhey can be reduced bu
hardly completely avoided. Taking the above exampesh losses
depend on the efficiencyf the electric motor, on the efficiency of ¢
heating stove or on the quality of conversion of electricity into
radiant energy for lighting.

A Final energy or energy consumption of the final stagethe energy
actually consumed for meeting the required demand for useful
energy including losseim the final stage. It is also calleert-use
energy', i.e. the energy supplied to the firatage consuming
sectors.
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Primary energy resources

The primary energy resources are basically characterized
following

A Renewable and Nomenewable (replenishablesnergy
resources?)

A Commercial and Nortommercial(traded in well
establishedmarket ?)

A Conventional and Noftonventional(resources usable by
well-establishedechnologiesor are still susceptible to
substantial progress)
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Primary energy resources

The primary energy resources are basically divided into followingysulps
A (1) Thecommercial primary energy resource&®ntaining:

A (18) thecommercial conventional energy resourcesolid fuels (hard coal,
brown coallignites peat), petroleum, natural gas, hydrand nuclear fission
energyt the latter often improperly designated as 'primary electrictty’
and

A (1b) thecommercial noaconventional energy resourcegeothermal energy
heavy oilsgeopressuranatural gas, oil shale, tar sands and nuclear fusion

A (2) Thenon-commercial primary energy resource&®ntaining:

A (24) the non-commercial conventional energy resourcefirewood, dung and
agricultural wastes as well as human and animal draught power, this subg
a2YSUAYSa o0SAy3a O2y aiRSNB Rcomrdercial2 y
primary energy resources, and

A (2b) thenon-commercial nonconventionalenergyresources solar(direct

radiation), wind, tidal, waveQTECbiomass (except firewood and agriculture
wastes).



Energy conversion and transport chaims
Intermediate energy forms

A Conversion into an intermediate energy forto be
supplied to the final consumenight be necessary for
many reasonssuch as technical adequatgnsport
possibility economy substitution, etc.

A Thelines of supply in RES represent energy transport
flows between the different stages and energy forms of
an energy systemTogether with the conversion processe
they constitute the various energy chains whictk the
Input side and output side of the energy system
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Types of Energy Commodities



Primary and Secondary Energy commoditiZ4 2005)

A Energy commodities are either extracted or captured
directly from natural resource@nd are termed primary)
such as crude oll, hard coal, natural gasare produced
from primary commodities

A All energy commodities which are not primaiyut
produced from primary commoditiegare termed
secondary commodities

A Secondary energy comes frothe transformation of
primary or secondary energy.

I The generation of electricitisecondary) byurning fuel oil
(secondary)

I petroleum products (secondary) from crude olil (primary),
I cokeoven coke (secondary) from coking coal (primary),
i charcoal (secondary) from fuelwood (primary), etc.
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Primary and Secondary Energy commodity

A Primary energy commoditiemay also bealivided into
fuels of fossil originandrenewable energy
commodities.

A Fossil fuels are taken from natural resourcesich
were formed from biomass in the geological padBy
extension, theerm fossil is also applied to any
secondary fuel manufactured from a fossil fuel

A Renewable energy commoditiegapart from
geothermal energyare drawn directly or indirectly
from current or recent flows of the constantly
avallable solar and gravitational energy

I For example, the energy value of biomass is derived from
the sunlight used by plants during their growth.
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IEATerminology for Energy Commodities
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A A schematic illustration of renewable versus remewable
energy, and primary versus secondary energy



Energy Commodity Flow



Commodity Flow IEA 2005)

A Fossil tuels are extracted from natural reservasd
biofuelsare taken from the biosphere amgther used
directly or converted to another fuel productA country
may import a commodityit needsor exporta commodity
In excess of its requirements.

A Main commodity flowillustrates the general pattern of the
flow of a commodity from its first appearance to its final
disappearancgfinal use) fronthe statistics

A A commodity flow can be=corded at the main points
between its arrival and disappearan¢and the important
criterion for a successful statistical account of the flow is
that the commodity must not change its characteristics
during its lifetimeand that theguantities must be
expressed in identical unitfor each source of supply and
type of use.

A The characteristics which matter are those which affect its
energy producing capagltxé .
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Indigenous Production
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A A similar flow diagram exists for heat and electrical or mechanical power

A(seelEAENnergy Statistics Manual, 2005)
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Crude oil

PRIMARY
OlL Natural gas liquids
PRODUCTS
Other hydrocarbons
SECONDARY PRODUCTS Additives/blending components
INPUTS TO REFINERY Refinery feedstocks
Refinery gas Transport diesel
Ethane Heating and other gasoil
Liquefied pefroleum gases Res. fuel: low-sulphur content
MNaphtha Res. fuel: high-sulphur content
SECONDARY Aviation gasoline White spirit + SBP
0OlL
Unleaded gasoline Bitumen
Leaded gasoline Paraffin waxes
Kerosens type jet fuel Petroleum coke
Other kerosene Other products
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Economidssues of Energy System



Economic Issues:
The socieeconomic integration of the energy system

Need for usable energy

Fundamental social needs Expressmn.and intensity
of social needs

*

Technological
environment

Socio-cultural
environment

Economic
environment

National and

Global
Environment

Anational energy system is deeply embedded in the country’'s seef@Tmomic
environmentand has alsexternal relations of international or even worldwide
character

Its integration occursboth atmacro- and microeconomic levelsince, energy permeates
the whole economy andcts as the physical counterpart of money

Figure illustrates the socicultural, economic and technological environment in which the
energy system is embedded and how it finally serves the fundamental social needs of
mankind and society.

Now Environmental aspeds alsoconsidered ashe most important integral partof
energy system S.R.ShakyaS2 23



Economic Issues:
The socieeconomic integration of the energy system

A Themultilateral and complex relationshipf the
energy system with the biosphere, economy and
societymakes an optimization of its development
very difficult

A In factit could only be tackled with the help of
modern tools in a global systems analysis approach
and using computer models of comprehensive
structure and high computing power

I Multi-optimization energy system planning tools

S.R.ShakyaS2 24



Relationship of per head energy consumption to per head GNP

Energy consumption per head {toe per year}
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GNP per head versus energy consumption per head in: (a) developed countries,
(b) developing countries

350+

250~

200

e ; i i
A USA : i

120 = rrrrens

T SWITIERLAND
UNITED KiraCom

P LA
i S ;
H - 1981

[TTe 7 F——

100 e

- —

B _JAPAN

[T/ 8 —.

21976 8o

g was .

L

Od ¢ X HBOX

+

GREECE : i
noonesia i
KOREA, REP,

THALAND i

SEESE s tetaa

704

Energy per Head (GJ)

150

P 197136 3976 ¢

60

Energy per Head (GJ)

S0+

100

1}(19:81

50

f1978
i 1981 ;

............................................

0

; ; ; T y i T T
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 0

GNP per Head (USS '000, 1975)

S.R.ShakyaS2

T T T 7
1000 1500 2000 2500

GNP per Head (USS "000, 1975)

;
500

26



Economic Issues:
Energy and economic development
Energy/economic growth relationship assumed in the past

The relationships between energy and GNP are expressed either on the global level o
a per head basis by using elasticity concept:

Plotted on logarithmic scales, all these different clouds of points are analytically
estimated by a linear equation in ldgg:

logE=a+b-log¥
Where, E is energy consumption and Y is GNP
or a power function: E = AYP

The second step consists of evaluating the coefficient of elasticity between energy
and GNP, that is to say, the ratio between the increase rate of both, thus:

_AE[E
AY[Y

Thecoefficient of elasticity b is used later on to make energy forecasten the
future GNP is assumed to be known

e = SlogE/6logY = b



Economic Issues:
Energy and economic development
Energy/economic growth relationship assumed in the past

A Several remarks could be made on these types of simple and very
aggregate relationships:

I Most of the graphs are drawn on logarithmic paper which hesge
scale effect, smoothing resultwhich otherwise could appear
Incoherent.

I The elasticity coefficient thereby obtained is an approximation of the
Income elasticity. GNP is a useful substitute for the national income
generally less ascertainable by statistics. Battax system of a given
country can completely bias the relationshipecause:

GNP = National Income + Taxes + Depreciation (amortization)

I If such a correlation between energy and GNP were structurally correct
It should be possible to verify it at any level of the economy's structure;
which is not the case. Therefore, one could suspect that suphod
correlation is rather due to the effect of large numbetsan to a real
structural link.

A Although such a relationship is too genenal be the basis of energy
consumption forecasts, it has unfortunatelgntinued to prompt a
number of longterm energy demand projections
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Comparison of the Energy Content of GNP in the USA and in Western Europe
Energy content of the GNP in the USA is 1490 toe per million US dollars and in Westerr
Europe is 1000 toe per million US dollars in 1972

+ 58 are due to distances.
+134 are due + 52 are due to means of

transport of transport.
people. +24 are not explained.

+75 are due to amount and
distance.

-5 are due to means of
transport.

=40 are unexplained.

+30 are due
to trans-—
port of
goods.

GNP content to house— households

exceeds by > hold +30 are due to means of
+490 TOE the heating/ heating/conditicning
European copdition— =20 are due to climate
energy content ing

of GNP

-200 are due to structure of
indugtrial sectors

4300 are due to techniques
ucilized.

+100 are duc
to Industry

The US energy +40 are due %+30 are due to size of

+186 are due
to unexplained
factors.

S.R.ShakyaS2 30



Evolution of Energy content of GNP in industrialized countries
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Economic Issues:

Energy and economic development
The energy content of the GNP
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Sourcehttp://en.wikipedia.org/wiki/Energy_intensity

Energy intensitys ameasureof the energy efficiency of a natioregonomy. It is
calculated as units anergyper unit of GDP.

High energy intensities indicate a high price or cost of converting energy into GDP
Low energy intensity indicates a lower price or cost of converting energy into GDP
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Figure 1. Primary energy intensity of GDP evaluated with market exchange rates (2004
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Figure 2. Primary energy intensity of GDP evaluated with purchasing power parity (2004}
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GDP/capita Vs Energy use/person
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GDP/capita Vs CO2 intensity of GDP



