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SUMMARY LECTURE NOTES

1.1 Introduction

Energy is essential for all walks of modern dayietycand the
developed world is typically consuming 5 kW pergumer. Carbon
dioxide levels are rising, and this has causaedti&eable increase
in global temperatures in the last 200 years whichnchecked
may cause significant changes to society. Sofmtheo likely

effects are:
= Increased flooding in some parts
= Increased incidence of droughts
= Increased global temperatures
= General increase in crop failure, although some

regions may benefit in short term
Catastrophic climate change leading to next Ice Age.

Energy must also be studied from a multi-disciplnatandpoint
(Fig. 1.1).

PHYSICAL

ENERGY

POLITICAL

ENVIRONMENTAL

Fig. 1.1 Factors to be considered when studyingr@y Issues
1.2 THE ENERGY CRISIS - The Non-Existent Crisis

There is no shortage of energy on this planet, haar there ever
been, nor will there ever be.

There is a potential shortage of energy in the feonwhich we
have become accustomed.

We should more correctly talk o UEL CRISIS.

1.3 HISTORICAL USE OF ENERGY up to 1800

Man consumes about 15% of energy derived from faod
collecting more food to sustain life. To this mbstadded energy
expended in providing/making clothing and shelter.

Two early forms of non-human power harnessed were:-

fire
animal power

1)
2)

OTHER ENERGY FORMS HARNESSED

1)  Turnstile type windmills of Persians

2)  Various water wheels (7000+ in UK by 1085)

3) Steam engines (?? 2nd century AD by Hero)

4) Tidal Mills (e.g. Woodbridge, Suffolk 12t

Century)
1.4 The First Fuel Crisis
LONDON - late 13th /early 14th Century

®  Shortage of timber for fires in London Area

o Import of coal from Newcastle by sea for poor

Major environmental problems for high sulphur
content of coal

Pressure on fuel resources reduced following a iflvof
population as a result dhe Black Death.

1.5 The Second Fuel Crisis:-

UK - Late 15th/early 16th century
®  Shortage of timber - prior claim for use in ship-

building

Use of coal became widespread -even eventually for

rich

Chimneys appear to combat problems of smoke

Environmental lobbies against use

Interruption of supplies - miner's strike

Major problems in metal industries led to many

patents to produce coke from coal (9 in 1633 glone

1.6 Problems in Draining Coal Mines and Transport of
coal threatened a third Fuel Crisis in Middle/late
18th Century

Overcome by Technology and the invention of tharstengine by
Newcommen.

® a2 means of providing substantial quantities of
mechanical power which was not site specific (as
was water power etc.).

NEWCOMMEN's Pumping Engine was only 0.25% efficient (see
Fig. 1.3)

WATT improved the efficiency to 1.0% (Fig. 1.4)

Current STEAM turbines achieve 40% efficiencybut further
improvements are LIMITED PRIMARILY BY PHYSICAL
LAWS AND NOT BY OUR TECHNICAL INABILITY TO
DESIGN AND BUILD THE PERFECT MACHINE.

Coal fired power station will never be more effidighan about
45% (even with the most advanced developmentsdhntdogy).
This figure assumed IGCC technology - Integrated figasion
Combined Cycle Stations.

Gas fired CCGT (Combined Cycle Gas Turbine) Stati(ofs
DASH FOR GAS notoriety) are currently 47-51% effigcieand
there are prospects that these could improve uitiméo 55% or a
little higher.

1.7 Energy Capabilities of Man

Explosive sports - e.g. weight lifting

500f@v fraction of second
Sustained output of fit athlete --> 100 - 200 W
Normal mechanical energy output << 50 W

Heat is generated by body to sustain body at prerténed
temperature:-

approx.: 50 W per sg. metre of body area wheredeat
80 W per sq. metre of body area wétanding.
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1.8 Forms of Energy
NUCLEAR
CHEMICAL - fuels:- gas, coal, oil etc.

MECHANICAL - potential and kinetic
ELECTRICAL
HEAT - high temperature for processes

- low temperature for space heating

All forms of Energy may be measured in terms of Joas (J),
BUT SOME FORMS OF ENERGY ARE MORE EQUAL
THAN OTHERS

1.9 ENERGY CONVERSION

Energy does not usually come in the form we whan iand we
must therefore convert it into a more useful form.

All conversion of energy involve some inefficiency:
®  Pphysical Constraints (Laws of Thermodynamics) barvery
restrictive leading to MASSIVE ENERGY WASTE.
This is nothing to do with our technical incortggece. The

losses here are frequently in excess of 35-40%
®  Technical Limitations (e.g. friction, aero-dynandirag in
turbines etc.) are things which can be improvkedsses here are
usually less than 30%, and in many cases around 5%

Some forms of energy have low physical constraamd may be
converted into another form with high efficiency90%).

e.g. mechanical <-------- > electrical
mechanical/electrical/chemical

mechanical power € tar!
or in a povetation

USE APPROPRIATE FORMS OF ENERGY FOR NEED
IN HAND. e.g. AVOID using ELECTRICITY for LOW
TEMPERATURE heating
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1.10 WHAT DO WE NEED ENERGY FOR?
® HEATING - space and hot water demand
80%-+ of domestic use exclagdiransport)

LIGHTING

COOKING

ENTERTAINMENT

REFRIGERATION

TRANSPORT

INDUSTRY - process heating/ drying/ mechanical power

IT IS INAPPROPRIATE TO USE ELECTRICITY FOR
SPACE HEATING

2.11 GRADES OF ENERGY

®  HIGH GRADE: - Chemical, Electrical, Mechanical

®  MEDIUM GRADE: - High Temperature Heat

® | OW GRADE: - Low Temperature Heat

All forms of Energy will eventually degenerate to low Grade
Heat, and may thus be physically (and technicallypf little
practical use - i.e. we cannot REUSE energy which hdseen
degraded.

1.12 ENERGY CONSERVATION

e Energy Conservation is primarily concerned with
MINIMISING the degradation of the GRADE of ENERGY
(i.,e. use HIGH GRADE forms wisely - not for low
temperature heating!!).

e To alimited extent LOW GRADE THERMAL ENERGY may
be increased moderately in GRADE to Higher Tempegatu
Heat using a HEAT PUMP.

« However, unlike the recycling of resources likesglametals
etc., where, in theory, no new resource is neededmust
expend some extra energy to enhance the GRADE of
ENERGY.

2. UNITS

The study oENERGY is complicated by the presence of numerous

sets ofUNITS OF MEASURE which frequently confuse the issue.

It is IMPORTANT to recognise the DIFFERENCE between the
TWO BASIC UNITS:-

a) the JOULE (a measure of quantity)
b) the WATT (a RATE of acquiring/ converting/ or using
ENERGY).

2.1. QUANTITY OF ENERGY
The basic unit of Energy is tl©ULE.
It is defined as th&MORK DONE when a force moves
through a distance of 1 metirethe direction of the force.

The Sl unit is the JOULE, and all forms of Energpusd
be measured in terms of the JOULE.

FORCE is measured ilNewtons (N)
DISTANCE is measured imetres (m)
Thus WORK DONE = Newtons x metres = Joules.

A 1 kg lump of coal, or a litre of oil will have an
equivalent Energy Content measured in Joules (J).

Thus 1 kg of UK coal is equivalent to 24 x f0J.
or 1 litre of oil is equivalent to 42 x 1684.

The UNITS of (QUANTITY of) ENERGY in use are shown in
the Table 2.1:-

In earlier literature, the situation is confusedHar by the fact that
both the US (short) ton and Imperial (long) ton ased in place of
the metric tonne.

Finally, the situation is further confused in thia energy content of
coal and oil depends on its calorific value, and ih turn varies
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from one grade to another. However, it is commbmt not

universal to use a standard International converttiat 1 tonne of
oil equivalent is 41.868 GJ, and similarly 1 tormieoal equivalent
is 29.3076GJ. However, though these might beegatlieclared in
overall National Balance Tables this may not necédgsebe the

case when data on individual fuel types are presknti.e. in such
cases an attempt is made to display the physicaet consumed
rather than the equivalent energy content. Youadkgsed to check
this actual calorific value in the relevant datairse when using
units of coal or oil. An example in the UK. Casled in power
stations has a calorific value of around 24 GJ ¢oand thus the
physical weight of coal at this calorific value Wile around 20%
higher than data presented in tonnes of coal elgivaccording to
the International value of 29.398GJ per tonne.

Factors to convert one quantity of Energy into baotare given in
the Data Book. Always use the Sl unit (JOULE) ineaisays etc if
at all possibhle. If necessary cross refer tootfiginal source unit in
brackets.

CONSIDERABLE CONFUSION SURROUNDS THE USE OF
THE KILOWATT-HOUR -- DO NOT USE IT!!!!

 JOULE (J). « million tonnes of coal equivalent
»  calorie (cal) (mtce)million tonnes of oil
. erg equivalent (mtoe) - (often als

seen as - mtep - in Internationad
Literature).

Kalorie (or kilogram
calorie Kcal or Kal)

e British Thermal Unit |+ litres of oil

(BTU) » gallons (both Imperial and US) g
* Therm oil
. * barrels of oil

kilowatt-hour (kWh)

million tonnes of peat equivalen

Table 2.1 Energy units in common use.

2.2. RATE OF USING ENERGY

The RATE of doing WORK, using ENERGY is measured
WATTS.

i.e. 1 Watt = 1 Joule per second
1w =1J¢

Thus if we burn a kilogram of coal (Energy Conteireld J)in1l
hour (3600 seconds) we would be using Energy atatteeof:-

= 6666.7 W

Equally, a Solar Panel receiving 115 W it (the mean value for

NBSLMO1Elimate Change and Energy — Past, Present amnae-ut

2.3. SI PREFIXES

mill - m x 103
kilo - kx18

Mega - Mx18

Giga - G x 19

Tera - T x 182
Peta - P x40
Exa - E x 168

NOTE:-

1) The prefix for kilo is k NOT K

2) There are no agreed prefixes for ®# or 1024

3) Avoid mixing prefixes and powers of 10 wherever
possible.

i.e. 280 GJis permissible but not 280 GJ

or 2.8x18GJ.

2.4 EXAMPLE OF UNITS AN CONVERSION -
GDP/ENERGY RELATIONSHIPS.

The energy used to produce one unit of wealth eaa biseful
indicator of the overall efficiency (financial) aéing energy within
a country. This is often declared in terms efémergy required to
generate one unit of wealth defined by the Grossi@&xtic Product
(GDP) of a country. For a more realistic parami¢tis probably
more relevant to use the parameter GDP — PPP. rlieis
important to normalise the monetary values in teofrstandard
currency units according to a declared base year.

f

The data shown in Table 2.3 have been extracted fetevant data
tables from the Digest of UK Energy Statistics (200 popularly

. known as DUKES which gives historic data back tdd9 These

"yata sets are extended back to 1950 using infaom&dm previous
versions of DUKES. For consistency, the curyamnits for the
measure of GDP have been normalised to 2005 UKgmuwhile
to provide an exercise in unit conversion, thergymeonsumption
data for gas is displayed in Therms as it alwags historically
even though in recent years it is now displayeahiits of kWh for
easy comparison with electricity.

The data may be downloaded from the relevant couedsite link.
The following conversion factors should be usethmexercise —
the information is also displayed in cells E1 toi@%5he
spreadsheet.

the UK), the total energy received in the year wilbe:-

115 x 24 x 60 x 60 x 365 = 3.62 21D

Table 2.2. Standard Conversion Factors

1 toe 41.868 GJ
ltce 28.3076 GJ
1 MWh 3.6 GJ
1 Therm 0.105506 GJ

NOTE: THE UNITS:-
KILOWATTS per HOUR
KILOWATTS per YEAR
KILOWATTS per SECOND
are MEANINGLESS (except in very special circumstances).

WARNING: DO NOT SHOW YOUR IGNORANCE IN EXAM
QUESTIONSBY USING SUCH UNITS

The actual spreadsheet is a template with addltzoiamns to the
right of those shown in Table 2.3. To beginrageral analysis.
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Table 2.3 UK Energy Consumption Data and Gross Do mestic Product — from DUKES (2009) Table 1..1.4 and other tables.
Total Energy Gross domestic | Total electricity| Total Gas Total Oil Total Coal overall Overall
Consumption product consumption | Consumption | Consumption | Consumption Energ Energy
(temperature corrected), (2005 £)(1) 2) ?3) 4) (5) Y Ratio
Million tonnes of oil - billion Million Million
equivalent £ billion Uil Therms Tonnes Tonnes PJ MJ/E
1950 143.5 314.9 53.890 2.337 19.619 205.842 1950
1951 148.4 320.8 58.856 2.449 17.044 211.125 1951
1952 147.4 323.2 61.098 2.453 23.228 210.109 1952
1953 152.0 336.0 64.359 2.436 26.228 211.125 1953
1954 156.6 350.2 71.595 2.527 28.579 217.221 1954
1955 159.4 363.0 78.583 2.583 28.280 218.643 1955
1956 160.7 367.9 85.380 2.591 29.006 220.980 1956
1957 159.8 374.0 89.336 2.537 28.954 216.306 1957
1958 159.2 373.3 97.066 2.577 34.274 205.638 1958
1959 160.5 388.3 104.474 25115, 39.739 192.430 1959
1960 170.7 410.1 121.654 2.711 45.587 199.858 1960
1961 1715 421.3 127.588 2.682 49.855 194.879 1961
1962 172.4 427.1 141.292 2.838 53.512 194.269 1962
1963 177.8 444.0 152.809 3.020 54.500 197.114 1963
1964 183.5 468.7 160.530 3.121 60.255 190.205 1964
1965 189.5 482.6 176.471 3.405 65.405 187.564 1965
1966 190.8 491.8 182.777 3.757 72.663 177.505 1966
1967 1911 502.6 188.552 4.048 74.239 166.430 1967
1968 197.2 524.6 202.036 4515 84.555 167.148 1968
1969 203.5 537.7 215.187 5.081 94.395 163.746 1969
1970 2119 544.0 224.900 5.854 97.18 156.886 1970
1971 211.9 555.4 232.244 7.596 98.17 140.932 1971
1972 211.9 575.7 239.402 9.905 104.89 122.884 1972
1973 211.9 617.2 255.617 10.916 106.84 133.370 1973
1974 2119 609.1 247.089 12.877 100.39 117.888 1974
1975 211.9 605.3 247.795 13.350 88.85 122.217 1975
1976 211.9 621.2 250.070 14.251 87.92 123.604 1976
1977 2119 636.0 257.165 14.904 89.00 123.978 1977
1978 211.9 656.5 263.055 15.706 90.56 120.477 1978
1979 211.9 674.1 275.251 17.142 91.09 129.378 1979
1980 206.2 660.1 262.432 17.357 77.50 123.460 1980
1981 198.7 651.3 256.937 17.474 71.70 118.386 1981
1982 196.3 665.0 252.740 17.680 72.79 110.998 1982
1983 197.5 689.1 256.895 18.038 69.77 111.475 1983
1984 196.7 707.5 261.798 18.582 86.79 77.309 1984
1985 203.1 732.9 274.742 19.849 74.96 105.386 1985
1986 206.8 762.4 282.730 20.087 74.62 114.234 1986
1987 210.0 797.1 291.340 20.959 72.92 115.894 1987
1988 217.7 837.2 297.850 20.294 77.80 111.498 1988
1989 217.8 856.3 304.380 19.808 78.85 107.581 1989
1990 221.6 863.0 309.410 20.372 79.78 108.256 1990
1991 2214 851.0 317.060 21.898 80.56 107.513 1991
1992 220.6 852.3 315.240 21.866 81.55 100.580 1992
1993 222.5 871.2 318.590 24.477 82.18 86.757 1993
1994 2215 908.5 323.830 26.091 81.22 81.767 1994
1995 223.6r 936.2 334.240 27.597 80.17 76.942 1995
1996 227.1r 963.2 349.114 32.035 82.01 71.400 1996
1997 229.2r 995.1 348.203 32.765 79.25 63.080 1997
1998 236.8r 1,031.0r 355.168 34.302 78.44 63.152 1998
1999 238.0 1,066.8r 361.915 36.611 77.97 55.724 1999
2000 239.6r 1,108.5r 371.440 37.722 77.20 59.931 2000
2001 240.5 1,135.8r 374.57r 37.934 76.41 63.850 2001
2002 237.3 1,159.6r 375.07 37.406 76.23 58.554 2002
2003 237.5 1,192.2r 378.69 37.628 77.15 63.023 2003
2004 240.2 1,227.4r 380.89 38.386 79.07 60.450 2004
2005 239.6r 1,254.1r 385.10r 37.202 80.73 61.832 2005
2006 236.5r 1,289.8r 381.39r 35.262 79.75 67.522r 2006
2007 231.6r 1322.8 379.49r 35.693 77.72 62.932r 2007
2008 225.3 1,332.7 378.98 36.749 75.95 58.212r 2008

(1) GDP revised to be at 2005 prices 1970 onwards.

Prior to 1970 values djusted to allow for change in baseline year from 2002 to 2005

(2) Electricity Data from Long Term Electricity Tables from DECC Website (DUKES Table 5.1.2 - 2009)
(3) Gas Data from DUKES Table 4.1.1 (version in Therms) -data in early years were originally provided in Therms - this unit has been retained for

practice in unit conversion

(4) Oil from DUKES Table Table 3.1.2 - however data prior to 1970 needs checking

(5) Long Term Coal data refers to inland Consumption data published in Dukes 2.1.2
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As an exercise,

download the above spreadshmettiie WEB

Page and proceed as follows.

Data in columns A, B, and C have been obtained fiwen t
Digest of UK Energy Statistics (DUKES) 2009 with
additional data extracted from earlier editionscawver the
period back to 1950. The total Energy relatethetotal
national primary energy consumption and is expeksse
million tonnes of oil equivalent

For consistency the energy values should be coeento
PJ.

| tonne of oil equivalent has a calorific value4if.868 GJ
as declared icell F2

In cell i11 type the formula =B11 * F$2 —this will

display the total energy consumption in PJ. Nothe
quantity in column B is in millions of tonnes (i.&() and
GJ is already in terms of 10so multiplying the two
quantities will give units in units x 1di.e. PJ

Now copy contents of cellL1 through the rangdél1:i74.

Make sure you understand the purpose of ‘@& in the

formula typed in celill [entering $ before the 2 ensures
that as the formula is copied, reference alwaystpdo the
cell F2, whereas the reference to B11 changes gssiyely
to reflect the different rows of the spreadsheeilumn B}/

In cell J11 type the formula= i11/c11- this will give
the amount of energy required to generate £1 oftivea.

the Energy Ratio [1 unit of electricity is equivaieo 3.6
MJ]

NBSLMO1Elimate Change and Energy — Past, Present amnae-ut

Now plot the Energy ratio against time. A grapmikir to
that shown below should be obtained.

20

18 \

1 \VA

14 \’\

12 \

10 \’_\

MJ/E

0

1950 1955 1960 1965 1970 1975 1980 1985 1990 1555 2000 2005

Fig.2.1 Energy Ratio against time for UK.
2005 pounds.

Monetaglues in
Compared to 1950, the UK is produsieglth at

around 40% of the energy required in 1950

As An exercise for you to do in you own time, rapthe
above procedure separately to the four fuels — @ilalgas,
and electricity.

Note you will have to be careful with the powers16¥ for
the different fuels. — this will apply particuladyg gas

How do the trends differ for the different fuels€an you
explain the trends?

3. ENERGY - DEFINITIONS

3.1 Definition of Efficiency

All uses of energy involve the conversion of onenfoof
energy to another.

All

energy conversion processes will be

inefficient, meaning that in most cases we canaalise the
full potential of the unconverted energy.

We define efficiency as:-

the amount of useful energy out

X 100%
the amount of energy put in
Some typical efficiencies (*):-
steam (railway) engines 10%
cars -2Z6%
electric fire 0%
gas central heating boiler 70 - 75%
oil central heating boiler 65 - 70%
condensing gas or oil boiler ~90%
UEA boiler 87
Power Station Boiler 90-92%
Open Coal fire 10%

3.2

inherently

33

3.4

3.5

40-50%
45-50%

Coal Central Heating
Steam Turbine

PRIMARY ENERGY -

The energy content of the energy resource when it is the
ground.

DELIVERED ENERGY -

The energy content of the fuel as it is delivered tthe place
of use.

USEFUL ENERGY -
The actual amount of energy required for a given
function IN THE FORM USABLE FOR THAT
FUNCTION.

PRIMARY ENERGY RATIO (PER):-

Primary Energy Content of fuel

Delivered Energy content of fuel
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EXAMPLES:-

1.06
1.08
1.02

Gas -
oil -
Coal -

Thus for gas, 6% of the energy extracted is usedtbéer
directly, or indirectly to deliver the energy to the
customer. It will cover aspects such as the energysed
in:-

- exploration

- making production platforms

- making pipelines

- pumping

- administration and retail of fuel

- fractionating/blending fuel

3.6 Appliance Efficiency )

At the consumers premises, appliances are noteirergl
100% efficient in converting the fuel into a usefatrm of
energy.

Thus (from 4.1 above):-

The efficiency of the appliance may be expressed as:

useful energy out (in form required)

energy input to appliance (+)
in most cases, the efficiency will also be:-

useful energy

delivered energy

3.7 FURTHER COMMENTS ABOUT EFFICIENCY

If we want 1 GJ or useful energy, how much enengigt we
dig from the ground if we require the energy ast fiwan as
gas boiler with an efficiency of 70%7?

Primary Energy Required

1.06 =

Be sure you understand this relationship, and whytiis
not:-

0.7 x 1.06

or 1.3 x 1.06

3.8 ENERGY EFFICIENCY

Energy Efficiency is the efficient use of energy.

NBSLMO1Elimate Change and Energy — Past, Present amnae-ut

IT DOES NOT NECESSARILY MEAN A SAVING OF
RESOURCES.

Producing 20% more products for same enieqgyt would
not save energy overall even though it would redemergy
requirement per product.

e.g.

Insulating a poorly heated house will increasedtffieiency
of using energy, but the savings in resourcesheilsmall -
increased temperature - avoiding hypothermia ficieft
use of energy.

3.9 ENERGY CONSERVATION

Energy Conservation is the saving of energy resourse

Energy Efficiency is a necessary pre-requisite for Eergy
Conservation

(remember Energy Efficiency does not necessarillanrmEnergy
Conservation).

It is interesting to note the Government Office igermed

THE ENERGY EFFICIENCY OFFICE

3.10 OTHER DEFINITIONS OF ENERGY
CONSERVATION

®  Industry/Commerce often consider Energy
Conservation only as a saving in MONETARY terms

®  The moral definition is the saving of resources.This
often will not result in a MONETARY saving

® The so called Energy Conservation Grants to
Industry in late 1970's early 1980's were not
Conservation Grants at all, but Grants to encourag
switching of fuels from oil to coal.

3.11 LOAD FACTOR - referred to as

Capacity factor

sometimes

The Load Factor is a measure of the utilisationplaint and is
important in all Energy related topics. Thus alcfired power
station may have a capacity of 2000 MW which iseasure of the
peak electrical output it can archive. On thesothand, there will
be times when it is under maintenance, and/or equired to
generate because the demand is low.  Typicatlyfmodern coal
fired station this will be 70+%.

A nuclear power station may actually have a 1008&a ltactor one
year as it is running continuously, but because stftutory
maintenance period which may last 60 days or Be,ldad factor in
the following year will be much lower. Unlike fdksfred stations,
nuclear stations are not readily capable of follmvdemand and
thus tend to be run for extended period. Loadofacin any one
year of 90+% have been achieved but at other timesh lower,
and average around 80+%.

Renewable generation has two separate aspects sidenon Not
only is there the variation in demand, but morpdntantly there is
the variation in the resource itself. In someesasay on a windy
day the supply for wind may be so high that it extethe local
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demand or capacity of interconnecting cables amndesof the plant |lower calorific value

have to be shut down.

Tvoical Load Fact ‘ b fon @0 This is amount of energy derived by combusting a
ypical Load Factors for renewable generation are ; :

reproduced here from the Project Assignment Sectiofor details fuel when the products of combustion are emitted at

for other years see the Project Assignment Section temperatures in excess of P i.e. any water
present Is emitted as steam.

Load factors 2006 -
Onshore wind 27.4% upper calorific value
Offshore wind (from 2004 onl 27.2 % L . .
Photovoltaic ( Y 8.1% ’ This is amount of energy derived by combusting a
Hydro 3;1 8 % fuel when the products of combustion are emitted at
. 0

temperatures below 168G i.e. any water present is

; . Py 0 _
Biofuels and wastes (excluding co-firing) 56.8% emitted as water vapour.

Fig. 3.1 Current Load Factors for Renewable Genettion

The difference between the two calorific values iabout
3.12 CALORIFIC VALUE 5% (UCV > LCV)

This is the Energy Content of the fuel per unit masanit
volume. It represents the maximum amount of engngy 3.13 SPECIFIC HEAT
can be extracted from a unit of the fuel. '

This is the Energy required to raise the temperaifilekg of

There are two Calorific Values:- a body through 1 degree Celsius.

Space for notes
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4. POTENTIAL OF ENERGY RESOURCES

4.1. CURRENT AND PROJECTED USAGE

Compare this to the Current World Proven Reserves:-

Country Energy Requirement

Population | Per Capita
World 12.0TW 6000 M 2.0 kW
USA 3.0 TW 300 M 10.0 kW
Europe 20TW 350 M 5.7 kW
UK 0.3TW 60 M 5.0 kW

Projected Saturation Population in 2050 -- 10000 M

If per Capita consumption averages current UK value

Energy Requirement in 2050 =

1013 w.

If per Capita consumption reaches current USA value

50 TW

Projected Requirement in 2050 will be 100 TW

i.e. 10 times current demand.

Oil Reserves:-

Gas Reserves:-
Uranium:-

Coal Reserves:-
Uranium (Fast Breeder):-
Fusion (Deuterium):-

Practically Achievable:-

Range of forecasts 20 - 100 TW with a likely ealu
in range 30 - 50 TW (say 40 TW).

4.2 PROJECTED LIFESPAN OF RESOURCES

1x 180

Orders of magnitude only

5x %
4x2by
1x1817

2.6x28J
1x183

ie. 5 4.3 "RENEWABLE ENERGY RESOURCES"

1010- Tidal (i.e. 1x 180t0 1 x 14}

1011- Geothermal; OTEC; Biomass; Wastes

decades:- | oijl, gas,23% (tar sands, oil shales)
centuries: | coal, geothermal, D - T fusioR38U, 2321h
millennia: | D - D fusion

With a project average consumption of 40 TW

annual consumption will be:-

1.25 240

4.4 POTENTIAL RENEWABLE RESOURCES (installed Capadty)

1013 - solar

1012 - Hydro; Wind; Waves

28 (Heat)

included — e.g. Brazil - Bioethanol

biofuels for transport which are currenfly

Theoretical | Practical Realised to date
(2007)
TW GW GwW
NON-SOLAR
Tidal 3 50 0.25 France, Russia, China
Geothermal 30 60+ 10.5 (Electrical) Italy, Iceland, USA, New Zealand
0.5 (Heat)
SOLAR Direct
3.6 (Electrical — PV | USA, Israel: Germany, Spain; third world
Solar 30000 30000 and thermal)
0.02 (Heat/Hot Water)| Does not include Passive Solar
SOLAR Indirect
Wind 30 1000 80 GW USA, Denmark, Germany, Netmeaita
Spain ~4 GW in UK (Dec 2009)
Waves 3 30 0.01 UK, Norway, Japan, Portugal
OTEC 30 300 0.001 USA (Hawaii)
Hydro 30+ 3000 800 USA, Brazil, Canada, Scandingvia
Switzerland, Malaysia etc.
Biomass/Wastes 300 1000 43 (electrical) Various countries also increasing use| of

Data for 2007 is based on actual amounts supplie¢eording to IEA Statistics and assumed average Loa@actors.
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4.5 POTENTIAL RENEWABLE RESOURCES (Actual produced Worldwide)

Municipal Industrial Primary |Biogas Liquid Geothermal | Solar Hydro Solar Tide, | Wind
Waste” nwustrla Solid Bi"}ml Thermal Photovoltaics |Wave,
asté  Ipjomass™* OHUES Ocean
[unit | gwh | ewh | Gwh |Gwh | gwh | Gwh | Gwh GWh GWh | Gwh || Gwh
choes Al 11473 15823728669 | 3562 61819 681 (3162165 4104 | 550 (173317
Generation
[unit [ » | =& | = | | 7 | TJ [ ™
GrossHeat | 50,5, 86631| 328261 |15274| 21744 10572 137
Production
From IEA Statistics

5. BARRIERS TO CONSERVATION

5.1 GOVERNMENTAL

preference to support supply rather than conserjapartly
because of long term historic memories, and coresgl
political overtones if they under estimate futurapmy
requirements.

where grants are made available, they have oféem lnade
too late, and too restrictive - and will deter gbovho have
made an investment in the past from doing so irfuthee.

Is the method adopted in US during the Carter Adstriation
a preferential one? - i.e. one where there arecteslits for
those who invest in low carbon energy irrespeatif/ehether
they would otherwise qualify for a grant?

historic lack of / or inadequate legislation toomote
conservation (Latest Building Regulations do addsesse
issues, but they are too late and there are mapyHoles - so
encourages minimum compliance rather than promo
conservation.). The new Code for Sustainable Hemehich
has set targets of zero carbon homes by 2016 israiolm —
but is it deliverable- and what about the missepoojunities
of the last 35 years in existing buildings?

delays in decision making favour supply rather ntha a)

conservation

reluctance in past at Local Government Level tplé@ment
tougher measures - e.g. Building Industry who aragainst
such measures - Exceptions:-
Milton Keynes, Woking..

reluctance to promote strategies which could Gasternment
votes at next election (e.g. higher taxation orrgbettc.) -
many measures take a period longer than lifetime
Government to become effective.

enactment of legislation which is has loose oroirnect
wording:- 1947 Electricity Act in UK. Conservati Bill in
USin 1979.

5.2 VESTED INTERESTS

manufacturing industries continuing to promote ofitdate
products and/or energy wasteful products - or ¥ giseudo-
Conservation | nformation.

retailers/developers promoting products on thdtabputlay,
or other attributes, and not energy consumptidre ESCO'’s
a way forward?

competition between supply industries leads themromote
their products which may not always be the mostrggne
conserving - e.g. off peak heating with electricityalthough
this is less an issue these days.

scheduling of TV programs — once again with midtip
channels this is less of a problem, but commetiannels
still seem to bunch adverts at similar times.

cowboy firms making unsubstantiated claims.

preference to view Energy Conservation
MONETARY saving rather than Resource saving.

5.3 ENVIRONMENTAL ISSUES

ting

e.g.

incorporation of retrospective pollution controlssually
INCREASES energy consumption.

Removal of SQOeads to:-

reduced efficiency at power stations, henceegsed C9

b) as SQ is converted even more GQy produced

c) Limestone required from Peak District etc.
d) Disposal of waste Gypsum

Southampton City Glounc €) Additional Transport needed to power stations

f)

FGD plant are large - comparable to size of postation
(excluding cooling towers).

5.4 PHYSICAL LIMITATIONS

of

11

laws of thermodynamics limit efficiency of energynversion.
climate affect energy consumption

geological resources in a country will affect igéition of
energy.

e.g. it makes sense to use electricithéating in
Norway which has abundant hydratieity,
but not in UK.

in terms of
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5.5 TECHNICAL PROBLEMS

old buildings/appliances which have a long
improvements in energy efficiency will take time hecome
effective.

difficulty in making perfect machine

difficulty in achieving high insulation starrda in brick built
buildings

5.6 SOCIAL ATTITUDES

desire for greater thermal comfort. Comfort terapaes have
risen over last 30 years.

desire for greater mobility.

desire for smaller households in larger and imtlis
buildings (unlike many other European Countries).

come to depend on reliability of energy supply nfcast
situation in late 50's).

purchasing larger and more energy wasteful appisin-e.g.
tumbler dryers, freezers,cars etc. There isastilrge potential
growth in appliances such as dish-washers. Coesiare
generally unaware that a tumble dryer consumesndstias
much energy as a washing machine.

Leaving appliances on standby

sliding back into old habits.

2 S 8 11 14 17 20 23 26 29
April 2005

. 5.1 UEA Switch off Campaign April 2005.

disregarding notices/adverts designed to promatergy
conservation.

short memories - previous high costs of energyfargotten
when energy becomes cheap.

energy conservation not often seen as importantisect
investment even when the
Alternatively given lower priority than pleasuregeholidays
etc.

problem of comfort taking

5.7 ECONOMIC

We expect a pay back for any investment in a ghenibd. Is
the idea of an Energy Service Company — a way arthisd

12

life so

returns are much greater.
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How would an ESCO work? Many Housing Developees a
reluctant to invest in higher standard buildingshes/ see the
capital cost rising and are concerned that potemigers
would not be prepared to pay the extra.  The ephof an
ESCO only became a legal possibility a few yearsadtgy the
relaxation of the 28 day rule.

Suppose a developer was building houses and haideoed
including heat pumps as an energy conservation uneasut
rejected them in terms of capital cost. Thdding would
still have to conform to building regulations arequire a
condensing central heating boiler and radiatofBhe internals
for the boiler, pipe work and installation may cotne£5000,
but a heat pump installation might be £10000. BE8CO
would negotiate with the developer and suggest heafit no
internals and instead pay the saved capital castt6000) to
the ESCO who would then seek a loan for a furth@®0850
pay for a heat pump installation. The ESCO wahien
negotiate with the householder saying that in tresid
construction he would have been paying a given amnéor
energy, and this he would now pay to the ESCOhe ESCO
would pay the actual bill to the utility which berse of
savings would be much less than normal, and tfiereince
between what the householder pays the ESCO andSB®OE
pays the utility company would building would pbsck the
loan and make the ESCO a profit for say 5 or sosyeaAfter
that time the ESCO would move on to a new project the
householder would then benefit from much reduceergn
bills.

e In this way the developer has to charge no mordhier
house,

e The householder pays no more initially for his eger
but sees a reduction in the longer term,

 The ESCO makes money through the contract,

*  The Environment wins.

This concept is a bit like monthy contracts for m@Iiphones
where those on such contracts often get the pHoees

Assessment of an Energy project depends notambtpe rate
of return we expect (allowing for inflation etc.)high is

related to the Discount Rate, but on how fuel griaee seen
to change in the future.

In the mid 1970's, it was predicted by many thet REAL
price of energy would at least double by the endthsf
century. In practice energy is now cheaper in teahs than
in 1970's despite recent rises

Widely fluctuating fuel prices, and expectatiomsreturn can
create a STOP GO attitude towards rational spending
Energy saving projects.

In Industry,
productivity.

Energy Saving has to compete witbréased

Thus a new process which takes half the space ofdan
equivalent one, produces the same number of items i
half the time would be favoured EVEN if it consumed
50-100% more in Energy (as labour costs would be
reduced and profits increased because the priEaerfyy
is TOO LOW).

The choice of a particular Discount Rate (whichoften
dictated by Government) will load the dice in fawvof a
particular option if only Economics is used in cgan making
EVEN IF EXTERNAL ENVIRONMENTAL COSTS ARE
INCLUDED.



N.K. Tovey

4Present Value

& renewables/conservation

M
nuclear
Coal

coal

COSTS

-VE +VE

CAPITAL

Discount Rate

Fig. 5.2 Effect of Discount Rate on Economic Viability of
Energy Projects

®  High Discount Rates favour Coal
: Medium Discount Rates favour Nuclear

Low/zero/negative Discount Rates favour Conservatimmd
Renewables see Fig. 5.2

Peter Chapman’ book “Fuel's Paradise”, though wriite 1970 is
a very interesting perspective of energy. Ths fivo chapters are
particularly relevant to thoughts about a low carbeconomy
where the value of currency is linked to a uniteoergy.  His
ideas and those of his contemporaries started the raf “Energy
Analysis” which was a forerunner of “Carbon Footfirig” and
Life Cycle Analysis.

NBSLMO1Elimate Change and Energy — Past, Present amnae-ut

A Business a
Energy Demand usual

1973 Low

Growth

Projection

2000

>

Time
Fig. 5.3 Changing Energy demand with differerdatsigies.

Chapman discussed a diagram such as Fig. 5.3 whishbéen
modified in time scale to be more relevant to thespnt day. The
trend shows a business as usual growth in energgam
However, once a country or organisation moves tdsva policy
of reducing demand through technological meansthdt initially
be an increase in energy consumption as the ernergsovide the
necessary infrastructure is expended — e.g. matmgaof double
glazing units. Thereafter the consumption wouikbiize and fall
below that of the business as usual scenario. @aapalso
perceived that a sustainable low growth scenaridisnmythical
Island or Erg could lead to an even higher iniiatrease in
consumption

If any of you frequent Second Hand Book Shops or Zanayou
will often find second hand copies available.

6. CONSERVATION POSSIBILITIES.

® Technical
Energy Conversion
End use of energy
®  Education
Energy Management

Technical Measures will have limited impact on eyer
consumption if people are not educated to use gnveigely.

Energy Management is a key aspect in energy coatsenv

A good Energy Manager will:-

®  AsseSEnergy Demand - record keeping

i Analyse Energy Demand - examine trends relating to
physical factors

® Advise of technical and other methods to promote energ
conservation

® Advertise and publicise ways to save energy

o

Account for energy consumed
OTHER POINTS

» Significant saving are possible by reducing wasteni
conversion of energy to secondary fuels

13

« Effective Energy Conservation and Environmental
Legislation may well see a rise in electricity consaption in
the short term.

e promotion of heat pumps

industry switching to more efficient electrically diven
processes

e Hydrogen ????
A Paradox

Despite in efficiencies in electricity generatidmat pumps and
hydrogen offer significant opportunities for enexpnservation and

MO, emission reduction.

So effective promotion of energy conservation colddd to an
increase in electricity consumption.

echnical
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7. Summary of Consumption in UK (1993-2008) - per capa consumption

8.
6000 O Conversion and
B Transmission losses
50001 = (1 11T O nno - || @Commercial and Other
o
= B Agriculture
S 4000 9
&) -
5 I g EEEAHAHAEEEHEMBEH | OPublicadministration
2 3000 | B A A
§ O Domestic
2000 InilEE I EEEEEE —
= O Transport
OO0 HHHHHHEHHHHUW U L | ootherindustry
O e e e T T T T T T T T T T B Iron and steel
™ (o] (e} o N < (o] e}
(e} (e} (e} o o o o o
(2} (2} (2} o o o o o
i i — (QV (QV N N AN

Fig. 7.1 Variation in Energy Consumption 1993 — 2IB — see table 8.1 for detailed information

Note:

Rate of Population increase has increased from

Overall UK consumption has remained nearly stdtfmagh has shown a reduction in last two years.
Variations in Domestic, Administration, and Commateire largely due to climatic effects.

Industry overall has declined slightly

Conversion losses declined

Transport demand has risen by 11.4% sinc8 @BBough it has now declined from a peak of 16%006.

gapLNE
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Table 7.1 UK Per Capita Consumption in watts fodifferent sectors

15

Watts per Capita annual % change
1993 | 1995| 1996] 1997 1998 1999 2000 2001 2002  2p03004 4 2005 | 2006] 2007 2008 1993 1993- | 2000- | 2005-
2008 | 2000 2005 | 2008
Zﬁgﬂ':g'nodns 57714| 58025 58164 583188475 58684 | 58886| 59114 59322 59,557 59,846 60,209 60,98Y975| 61,383 0.41%  0.299 0.45%  0.65%
lronand steel| 159| 174 181 177 6L 86 86 g6 7 48 54 61 63 59 54 | -6.950 -8.41%  -6.64% -3.98%
Other Industry| 678| 685 706| 676 745 698 695 602 705693 | 671 | 678 | 657| 629| 608 -0.72% 0.35%  -049% -3.57%
Transport 1142| 113d 1180 1193 1219 1288 1247 132391 1260 | 1281| 1302 1314 1300 1272 0.72%  1.26%  0.879.77%
Domestic 1039| 967| 1088 1048 1047 1043 1057 1090 91061063 | 1078| 1040 1003 963 987 -0.34% 029%  -0.32%.73%
Public | 46 | 193 | 202 | 193 18§ 190 181 180 15 150 160 159 155146 150 | -1.42%| -0.23% -2.77% -1.92%
administration
Agriculture 31 30 32 30| 31| 29 27 29 25 21 2( 20 20 20 20 | -2.88%| -1.95%| -4.01% -3.13%
gﬁg‘gﬁﬁa' 256 | 259 | 274 | 274 273 269  27¢ 288 26 248 270 267 261217 220 | -1.01%| 1.08%| -0.66%  -6.25%
Conversion and
Transmission | 1693 | 1555| 1601| 1554 1690 1684 1678 1672 1666 16496351 1649 | 1628| 1552 1503 -0.79% -0.13%  -0.35%  -3.04%
losses
Total Direct i o o o
Energy Use | 5184 | 5003 5261 51065231| 5236 | 5249| 5272 5194 5172 | 5179 | 5178| 5101 4895 4814  -049%  0.18%  -0.279R.40%
l':';’; energy 281| 280| 279 278 2771 268 270 267 261 217 220 -0.88% | -0.88%| -6.250
5440 | 5449 | 5445 | 5362 | 5112 | 5034 10.30% | -0.30% | -2.58%
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8 CONVENTIONAL GENERATION OF ELECTRICITY

8.1 Introduction Typically only 35-37% of energy in fuel in a contiemal coal-
fired power station is output as useful electricity further 3% is
There are major losses in delivering energy to tpofnend use. lost in transmission. Gas stations can reach66-éfficiency.
The majority of this is accounted for by conversiminfuel into
electricity. Multi-stage
Turbine
COAL/OIL POWER Generator
CHEMIOAL STATION Boler
A 4
BOILER HEAT ENERGY
\
TURBINE
— +
Pump
GENERATOR _‘ll" Condenser
MECHANICAL ENERGY

| -

EL:,\?;:C';?(AL > Fig. 8.2 Typical configuration for generation oéetricity showing
unit sent out power circuit.

Fig. 8.1 Summary of Energy Conversions in a Powati@®t

Supply of electricity
NORMAL ELECTRICITY SUPPLY
Amﬂmm 0.52 4 O.10
Fuel
in .38
?=@ /—‘DDDDDDDDDD &
—_

W

Electricity o
supplied 0.35 units Overall efficiency:- 35%

Fig. 8.3 Conventional Generation of Electricity

»  Why not use the heat from power station? - it jgdglly at 3®C?

»  This too cold for space heating as radiators mesigerated much hotter than this otherwise thelynatlbe able to supply
sufficient heat (alternative is to have radiattes size of walls).

e What about fish farming - tomato growing? - Yest this only represent about 0.005% of heat output.

* Problem is that if we increase the output tempegadfithe heat from the power station we get |ésstrécity.

* Does this matter if overall energy supply is insedf 1947 Electricity Act blinked our approach3bryears into attemptirtg
get as much electricity from fuel rather than asmenergy

16
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ED HEAT Al VER
10.14 40.10

@ ~ 0.33

Transmission losses

0.03

[ N PaN Py |
=<

0.30 units Overall Efficiency - 73%

Fig. 8.4 Generation of Electricity using Combineé Heat and Power

In this situation, the waste heat from the powati@h is rejected at

about 98C and can be piped to homes etc. for space heating. To understand what is going on we need to consider
thermodynamics.

Though the amount of electricity has reduced, therall amount
of useful delivered energy has increased substigntia

9. BASIC THERMODYNAMICS

9.1 Introduction

Classical thermodynamics is an exact science andisfoa
fundamental requirement in the understanding ofcggees in
many branches of science.

The beginnings of thermodynamics can be tracedhto late
eighteenth century when attempts were made to ecthe steam
consumption of the early beam engines of the Neweconype
(Fig. 9.1). It was Watt's idea to condense tharstén a vessel
other than the working piston that led to dramatiprovements in
the performance of mechanical devices (Fig.9.2).

W f<Chain |
g \
Water supply !H | |
to top of i
ston .
T P || Cylinder |

The improvement in the fuel consumption lead ergjimeand
scientists to consider whether or not the fuel oomsion could be
reduced indefinitely. If the answer was no, thehatvlaws
governed the processes and what theoretically hasrinimum
fuel consumption for a given amount of work? lopding the
answers, the science of thermodynamics was born.

water valve W] pepe
\ H .l Smfting
Irs valve

|| 1njection l} Eduction |

0. Injection
water pump

It must be stressed that the initial consideratiorese for the
extraction of the greatest amount of work or podrem any f
process and not for the production of work at theatest overall
usefulefficiency.

Fig. 9.1 The original steam engine - Newcommen

17
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Even in the 1960's this philosophy existed in tesigh of power

stations. Heat at low temperature was considesdzbang useless,
and in the production of power we still see thatrethe most
efficient methods reject vast quantities of hedbat temperatures
which, until the recent so called energy crisisreveonsidered as
being virtually useless. Students in Engineerihgrinodynamics
were taught that work was all important and thasteigheat was
useless, particularly as one could heat buildiregdity by the

burning of fossil fuel.

[

" ‘ Steam
inlet
)| | valve

“ Piston it

iSiEEARRRRIR
e |

‘ Air i
pump i

Fig. 9.2 Watt's Steam  Engine increased efficjerf
Newcommen Enegine by a factor of 4.

In the early days of the industrial revolution n&leas could be
built and tested to see if they worked. In mangesathe designs
resulted in failures. In the current financialnwdite we cannot
afford to advance our standards of living by cogdilures, and
although the testing of prototypes is absolutelgessary, the early
designs will have invoked thermodynamics in thedjmtion of
performances, and many inefficient processes caelibgnated
before construction commences.

If, for instance, we have a plentiful supply of aoknergy as we
will have in many of the underdeveloped countriesvould be

possible at least in theory to estimate how muelarat could be
produced and at what temperature and pressuren these latter
two we can predict that maximum total power, worketectrical

energy that can be produced by this steam.

We could, of course, have produced this steam &yctmbustion
of a fossil fuel, and once again thermo-dynamicsildi@nable us
to predict the likely quantities and nature of ste& electricity.

The reader may think that this introduction is bmow over
concerned about the production of power as have oidke texts
on classical engineering thermodynamics been ipésé

It is, however, necessary to consider the use®if the produced
power and the hitherto 'useless' waste heat. Thduption of
power is of importance even in considerations o gimple
heating of buildings since the input of a small amtoof power can

18
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lead to the transference of large quantities of hea a building.

In other words the input of one unit of energyhie form of power
can lead to the transference of several units efgnin the form

of heat, into a building. This apparent 'sometHimgnothing' can
only be explained with reference to applicationshef Second Law
of Thermodynamics.

Clearly thermodynamics is of importance in any coesition of
the energy production whether it be in the forntbwaifning of fossil
fuels or in the use of alternative energy sources.

9.2 The discovery of the laws of thermodynamics

There are four laws of thermodynamics, namely th®'th, first,

second and third. Of these the first and secoedoargreatest
importance to us, while the zero'th is of impor@nas unless it
were true, we should not be able to measure terypera

Chronologically the first aspects relating to thec@@®l Law of
Thermodynamics were put forward by Carnot in 182efore
Carnot it was appreciated that one had to put e&d get work
out, and the question which required solution wafhdt laws
governed the Conversion of heat into work?'

Carnot perceived that TEMPERATURE provided the kegl ba
utilised the method of arguing by analogy. He riéé the work
produced for heat to that produced when water flibms a high
level to a lower level to a low level. Could noghiand low
temperature be the counter- parts of the high wrl&vels? This
analogy is indeed correct and is now embodied imtws now
known as the second law of Thermodynamics.

In one respect Carnot was incorrect and this doesause he used
the water analogy. In the case of water, the sgumatity of water
flows out at the low level as entered at the higlel. In the case
of heat it is now known that less heat flows out laiv
temperatures. In Carnot's day even the best engiadsheat
inflows and heat outflows which differed by lesarth10%, and
such a difference would hardly have been detectable

It was in 1850 that Joule discovered that the''tesat had "turned
into" work and this law is now known as the Firgiw.of Thermo-
dynamics. This law is the one which most perpetuaition

machines contravene. The remainder contravenseitend law.

The remainder of this document is given to an efaarg
introduction to the thermodynamics but for furthgormation it is
suggested that the reader consult an appropriatt o@
thermodynamics.

9.3 KEY POINTS of THERMO-DYNAMICS:

Heat In
Q
1
Heat Work Out
Engi
ngine W

Q2

Heat Out

Fig. 9.3 Schematic Diagram of a Heat Engine cdings Heat to
Work
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FIRST LAW equates the algebraic sum of thekvdmne by a
system to the algebraic sum of the heat transt#feom the
system.

Heat into system is "positive":

Heat rejected is "negative”

Work done BY system is "positive":
Work done on system is "negative"

In atypical system W =1Q- Q

SECOND LAW is more restrictive than the FIRST LAakd
states that when WORK is obtained from heat, thevexsion
process must ALWAYS reject heat. This limits thedretical
(or CARNOQT) efficiency.

work out

heat in

3) Efficiency is defined as

Since heat flow is proportional to temperatwe can replace
heat flows by temperature.
1T b

x 100

i.en
1T

This the theoretical or Carnot efficiency.
4) Practically, the efficiency will always be sethan the Carnot
Efficiency. To obtain the "real" efficiency wefide the term

Isentropic Efficiency as follows:-

@at work out

Nisen
work outgram Carnot Cycle

Thus "real” efficiency =Ncamot X MNisen

5) A power station involves several energy coniers. The
overall efficiency is obtained from the product dfe
efficiencies of the respective stages.

EXAMPLE:

In a coal fired power station like DRAX, tls¢eam inlet

temperature is 568 and the exhaust temperature to the
The combustion efficiency is

condenser is around 80.
around 90%, while the generator efficiency is 9586 she
isentropic efficiency is 75%. If 6% of the elecity
generated is used on the station itself, and tmigsson
losses amount to 5% and the primary energy ratib.02,
how much primary energy must be extracted to delive
unit of electricity to the consumer?

(566 + 273B0 + 273)

63.9%

Carnot efficiency

566 + 273

so overall efficiency in power station:-

NBSLMO1Elimate Change and Energy — Past, Present andeFutu

09 x 0639 x 0.75 0.9% 0.94 0.385

combustion carnot isentropic generator etati
loss

X

allowing for transmission losses and the primarergy
ratio, 1 unit of primary energy will produce:-

1 x 0.385 x 0.95

=0.359 units of dewered energy

1/0.359 2.79 units of primary enedye needed to
deliver 1 unit of electricity.

i.e.

If we could increase { or decrease Jthen we could improve the
Carnot Efficiency

WE CANNOT change Ty, but we could increase 1.
However, the properties of water/steam means thahere
is an upper limit of around 600°C.

We can improve matters by the use of combined oyateturbine
stations CCGTs.

9.4 Heat Pumps

Heat Out

Q1
Heat Work In
Engine W
Q2
Heat In

Fig. 9.4 Schematic Representation of a Heat PURIPTE: it is a

reversed heat engine. IT IS NOT A REVERSED
REFRIGERATOR.
Heat to High Pressure
building High Temperature

A~

CONDENSER

EVAPORATOR

Heat from

: Low Temperature
outside

Low Pressure

Fig. 9.5 A typical Heat Pump showing components

A heat pump consists of four parts:-

19
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1) an evaporator (operating under low pressure@mgerature)
2) acompressor to raise the pressure of the wgifkid

3) acondenser (operating under high pressureeamgerature)
4) athrottle value to reduce the pressure frorh ligow.

Low temperature heat from an external source @rgground, or
water) is pumped through the evaporator (a comoa-fheat

exchanger). In this, the refrigerant is under foessure typically
0.1-1.0 bar, and enters as a liquid but soon haslsit passes
through. On leaving the evaporator, the fluigmirely a gas but
still under low pressure. The heat transfer ftonthe refrigerant
is essentially at constant temperature (as the fhiboiling) and

therefore efficient. For a heat pump for a housiagithe ground

as the heat source the temperature will typicathatwund 8C.

The fluid is now compressed to typically one baaicompressor
(usually a reciprocating one for small devices aptary one for
large devices). The outlet gas is now under highsgure
(typically 3-7 bar) and at high temperature.  Fordomestic

application, this high temperature will typicathg around 509C
(for hot water systems it is likely to be somewhagher (around

659C), and for hot air systems, rather lower.

Heat is released from the refrigerant in the coedewhich is once
again a contra flow heat exchanger and transfetwethe heat
medium to heat the building. The refrigerant corsdes back to a
liquid at constant temperature.

Finally, the high pressure condensed liquid isaexied through a
throttle valve to complete the cycle. This expanss unrestricted,
and an obvious inefficiency, but the amount of kvibrat could be
recovered here is small (as the volume changelioua is small
on expansion) that technically and economicallyauld not be
feasible to utilise this work. (Indeed it affecetlbverall practical
COP very little).

If Qqp is the heat rejected to the building,, @ the amount of

heat extracted from the source, and W is the wagukt, then by
the FIRST LAW:-

Q,=Q, +W
i.e. COP=& = L = Ty
W Q, -Q, T, -T,

CONVENTIONAL GAS TURBINE GENERATION

Waste Heat
0.76 units

Fuel in
1.0 units
Generator 0.01 unitioss
Gas Turbine

overall efficiency ~ 23%
Fig. 9.6 Open Circuit Gas Turbine
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If the heat pump has a heat source as the grour@PGtand

supplies heat at 8€, then the Coefficient of Performance COP is
given by:-

cop = (277 + 50) 6.46
(273+ 50 — ( 273+ 0 '

Note the temperature used in the equation must Belvin

Thus, theoretically, for every one unit of energy put in we get
6.46 units out. Practically, we can achieve alisf6 of the
theoretical COP, i.e. about 3.23 in this case.

The heat pump allows us to work with the Laws of
Thermodynamics and extract heat which would otiswbe
unusable.

If we have an electrically driven heat pump, ea#awing for the
3:1 inefficiency in generation, we can more thacover the "lost"
energy in the power stations.

i.e. we need only 3/3.23 = 0.93si0f primary energy
to supply 1 unit of useful energy as heat.

in the best alternative (using a condensing gakefpiwe would
require:-

1/0.9 units = 1.11 units (i.e. a hpamp would save over
16% in the case and considerably more with othgegyf heating

9. 5. COMBINED CYCLE GAS TURBINE STATIONS

A combined cycle gas turbine station overcomespifodlem in
steam stations that the temperature cannot bedrdise high
because of the properties of water/steaminstead gas is
compressed and burnt at a significantly increasatpéerature in a
gas turbine, which by itself is not that efficieddowever, by using
the waste gases to raise steam (replacing the otomel boiler),
the overall efficiency is greatly improved.

A typical OPEN CIRCUIT gas turbine
station, which was the only form of gas
turbine in use until mid 1990s, is shown in
Fig. 9.6 .

The turbine is nothing more than an enlarged
aircraft engine. Gas is burnt and the gases
expand through the turbine to provide motiye
power for electricity generation, but the
temperature of the waste gases is very high
so the overall efficiency is low. These
stations were used at peak times only as they
could be ‘fired-up' in about 3 minutes.
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COMBINED CYCLE GAS TURBINE

|

Generator
(N

N\ :
N Waste Heat Boiler

aniAVAY

Condenser 4

Gas Turbine

4

=

Practical Efficiencies:-

Gas Turbine alone la

Waste Heat

]
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Combined cycle gas turbines (Fig.
9.7) generate electricity at two pointg
firstly from the gas turbine, and
secondly from the steam turbine. Th
majority of the exhaust heat from the
1 gas turbine can be used to raise stegm,

D

but in most cases there will still be a
condenser to reject low-grade waste
heat.

The first CCGTs had an efficiency of
47%, significantly above that of the
coal fired power station. Newer
CCGTs now achieve over 50% with

20 - 25%

Steam Turbine alone
35 - 38%

CCGT - 47 - 50%

Steam Turbine

Fig. 9.7 A typical configuration for a CCGT

Generator

claims of stations with overall
efficiencies as high as 56%.

The CCGT station we shall be visiting
on the field course has an efficiency pf
about 56% and is has the highest
efficiency of any station in the UK.

10. ENERGY BALANCE TABLES

10.1 Introduction

Energy Balance Tables show in a reasonably conceg the
energy supply and demand in different sectors givan country.
They may be used to ascertain key issues abouttiee of energy
consumption and consequential carbon dioxide earissi Some
countries like the UK have reasonably comprehen8edéance
Tables. However, all countries have simplified &3ale Tables
published by the International Energy Agency.

The nature of (i.e. fuel types) used in the econarihg particular
country will influence its overall carbon emissipnbut although
the carbon emissions from many fuels such as gagemerally
consistent from one country to another, those sions from
electricity vary widely from one country to anothdepending on
the mix of fuels used for generation, the efficien€ generation in
that country, and finally the losses in transmisgio the point of
end use.

There are three different areas to tackle with eespo Energy
Conservation:-

1) The losses in conversion to and distributiosexfondary fuels

2) The waste in converting energy into the formwant at the
point of end use,

3) The social and behavioural issues which aftbet use of
energy.

» Energy Balance Tables allow us to estimate the ihadm of
the first of these.

» Energy Balance Tables can also be constructed partacular
fuel such as electricity and these can be usefudgeessing the
carbon emissions factor in a given country.

21

10.2 Energy Balance Tables — the basics

. Energy Balance Tables are constructed to show rieegg
flows within a country. They provide a useful suamgnon a
year basis to assess where energy losses areingcurr

. Energy Balance Tables are best constructed on aTHEA
SUPPLIED BASIS (UK used to use Millions of Thermkigh
was fairly accurate, but now uses MTOE which ottmintries
use MTCE etc. The problem with this is that gwual
values depend on the calorific values used. InUiKel tonne
of ail is assumed to have an energy value of 4G8;7but will
vary from one country to another and between orgdiuins.
If displayed in MTOE or MTCE, then it is importatitat the
calorific values of the fuel used to generate tiferimation is
know so that comparison can be made.

When comparing one country with another:-

4 CHECK the calorific value of fuel if MTOE or MTCEra
used.

4 Check whether higher or lower CV is used.
Statistics currently use the Higher CV)

(UK Byer

e Primary Electricity (hydro, nuclear, renewable) ates a
problem with convention. It is generally agreedtthuclear
electricity should be treated as though electridigd been
generated in a fossil-fired thermal station. lmsocountries,
and also in the past in the UK, it was also comrmitump
renewables into this category as well. It isstimportant to
assess exactly what convention is used in a phaticountry of
interest.

All energy extracted in primary form is +ve
All energy imports are +ve
All energy exports are -ve

LA B 4
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Energy Balance Tables in recent years lmen condensed
into Aggregate form, which reduces space taken upyt
removes distinctions between different related duslich as
motor spirit and diesel and fuel oil, instead luntpithem all
under Petroleum Products. Similarly processed dakls are
mostly aggregated. Instead, detailed Balance Tdblesach
fuel are given. The following explanation refeesthe latest
data available and is derived from the Aggregatedld 1.1 in
DUKES (2009) which gives data for 2008. The deatae been
converted from the original units of Thousand Tesof Oil
Equivalent into PJ. Subsequently data are alssemted for
2006 from DUKES (2007):-

It should be noted that both Nuclear ancdydascale hydro are
classed as primary electricity

10.3. Supply

Line A is total supply allowing for extraction, imporexports
and stock changes. The Statistical Differencésr e the
differences between the Primary Supply and Prinbsegnand.
the reason for the differences are many fold, maude
rounding errors from the many suppliers, diffenan
accounting periods etc.

The figure 0f9815.5 PJ or more correctlp.815 EJ,is the total
annual UK consumption of Energy and represents allsm
increase of 0.7% fron9.75 EJ since 1991. In 2000 this
figure was10.22 EJand there was little change until 2006
when it10.215 EJ. In the last two years there has thus been a
decrease of 3.9% as a result of the very high rigep in mid
2008 and the start of the recession. A small amofienergy

in the form of oil/gas is uses as chemical feedkst@s shown
in line K, and thus the true Energy use in the 4K.B155 -
0.4221 = 9.39 EJ- a fall from 2000 when it wa8.70 EJ
The fall over last two years is more dramatic asas9.72EJ

in 2006.

Line B refers to transfer and arises partly because ef th
aggregation of data to simplify the table. It nhposépresents
reclassification between the raw suppliers and ¢hergy
conversion industries. For instance some gasruym@ssure

at the well head would be in liquid form, but alvir pressure
at use would be as gas. Equally, some gas is yiesd
before pumping and is received in liquid form.indfy in the
electricity column, electricity from Renewable oasce
appears in the transfer figure -@f4.2PJwhen it is transferred
directly to the next column.

Line C indicates the energy consumed (-ve numbers) or
produced in (+ve numbers) in the Energy Conversion
Industries. Thus of a Primary Demand1&63.0 PJof coal
1488.5 PJwere directly used in producing secondary fuels
such as electricity, coke etc. Similag$88.5 PJof crude oll
was converted in refineries whil@624.4 PJof petroleum
products were produced.1430.1 PJof gas andl48.1PJof
renewables (mostly as waste/biomass) were used in
conversions. Finally, of the42.8 PJof primary electricity
the 498.6 PJ represents the nuclear electricity and was
converted in the energy conversion stage, whaer¢maining

NBSLMO1E Energy Balance Tabl2610

the final column is significant as this, being niga
represents the losses incurred in converting energy

The lines shown by &* beneath line C in the detailed table
18.2 show the distribution of each fuel for coni@rs Thus

of the 1488.5 PJof coal, 1252.3 PJwent to the Power
Stations, whilel79.2 PJwent to coke manufacture for the Iron
and Steel Industry. Equally all the crude oil wénm the
refineries, while of thel430.1 PJof gas used in conversion,
the majority or1346.7 PJwas used in Power Stations with
83.4 PJin centralised Heat Production. The figure of
1346.7PJ1117.3 PJrepresents an increase from just 49PJ in
1991 i.e. a 27 fold times increase in just 15 yead reflects
the so-called dash for gas particularly in the rddgears of
the last decade. Furthermore in just 2 years sh@6 there
was an increase in gas consumption framl7.3 PJto
1346.7PJor 21% just at the time when the UK is running out
of gas. Row C in the detailed table 18.2 is in fhetsum of
the values in the “*” rows.

The line "Major Power Producers” refers motly to the
established names such as E.ON and RWE, but also the
Independents such as Lakeland Power etc. The
Autogenerators refer to generators who produceradieg for

their own use - such as UEA.

The previous section refers to the actual energy insthe
conversion process - e.g. the thermodynamic coioreis the
case of electricity. It does not reflect the egenge by the
supply industries. Row D (both tables) shows thewts of
energy used in these industries. For instancergliggtis used
in power station to drive pumps, grind coal, wilectricity is
also used in coal mine to cut coal. The aggregateunts of
each fuel used by the energy supply industriesh@ve in
Row D.

Thus electricity generation consunts7 PJin station use
and a furthed.6 PJin pumped storage, while the refineries
use18.4 PJof electricity,200.0 PJof oil 6.8 PJ of natural gas
and3.0 PJof Heat.

Line E refers to the transmission losses between the powe
station and the consumer in the case of electrigitye use of
gas and leakages in the case of gas distribution.

Examples of losses in supply and distribution o Ga

1) Compression of gas for storage
2) Liquefaction of gas for stogag
3) heating of gas on expansion
4) Pumping
Line F is the net amount of energy available to the corsu
Line F = Line A + Line B + Line C - Line D - Line E
This represents the main energy balance

Below Line F the table changes from the Sufp and
Conversion side to the demand sectors

44.2PJ of primary electricity was converted directly as 10.4. Demand

renewable electricity.

Note: the498.6 PJof primary electricity assigned as nuclear .
does NOT represent the physical amount of electricity
generated. This is the effective energy inpupravide the
actual amount of such electricity generated assgirfiat the
electricity had been generated by fossil fuel meatier than
nuclear [ this is International Convention] T2462.0 PJin

22

Line G shows the total amount of each fuel used by imgust
for each fuel type, while below that line in thél fiable the
figures are disaggregated into the separate iridusérctors.

Line H relates to transport, and once again, this sediafiso
disaggregated in Table 18.2.
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 Line | shows the aggregated Delivered Energy to all other

sectors with a split between the different sectorsthe
following Rows in Table 18.2.

Line J shows the total amount of energy actually delidefor use
while, as indicated abovd,ine K represents the Non-Energy
uses.

10.5. Derived Statistics

The above raw table provides the raw siesistrom which
many parameters can be obtained.

We must however remember the implied definiof Primary
Electricity which applies to all forms of electticigenerated
other than in waste or fossil fuel powered thersiations.
The terms includes renewables like hydro, wind, afgb
nuclear. In the tables, the figures entered & sapply
sections are thequivalent thermal input i.e. the figures
represent those that would have been required Heaérergy
been produced by normal thermal generation. Thiegse
represent grossly inflated figures of the eledyickctually
generated by these means.

10.5.1. Efficiency of Electricity Conversion

We need to first evaluate the efficiency of eledtyi
conversion, and this may be done by looking aste®nd line
C in Table 18.1 or the two shaded figures in the& below
line C in Table 18.2. These indicate that a tofal®43.8 PJ
of electricity were generated, while thermodynasmmici other
losses in generation amountedl&/9.3 PJ (Table 18.2).

Thus the efficiency of conversion =
1979.3) * 100 = 40.44%.

13438 / (113438 +

While the efficiency represents a significamprovement over
the 34.9% in 1991 and has been achieved primarigugh
the use of more gas fired electricity generatiorCombined
Cycle Gas Turbine (CCGT) stations associated withste
called “dash for gas”.

We can estimate thus estimate the true amaofuelectricity

generated as primary nuclear electricity. Wevkitioat498.6

PJ was the net input of primary electricity equivalent The

actual amount entered as primary energy dependshen
thermal efficiency of the nuclear power plants.n dome
countries this is a fixed value usually around 30#b.the uK

this is the actual nuclear efficiency in the yearguestion
which from Table 5.10 in DUKES(2009) 87.894% (note in

the spreadsheet it is possible to increase thaspacof that

declared in the PDF version). Thus the actuabiarh
generated in 2008 was and at an efficiency of 3®8%his

represents and actual generation ©88.94 PJrepresenting
14.1% of electricity supply compared to a figureuard 27%

in 1998 and 19.3% in 2006. This proportion walll ffurther

over the next decade irrespective of what decisamersmade
on nuclear power.

We note that we have 1343.8 PJ of electricity gersted
However we also note that 58.7 PJ (column 9 in linkeelow
line D) are used in the stations themselves.

This represent a station use of 58.7/1343:800 = 4.37%
compared to 4.5% in 2000 and 4.8% in 2006. The
decreased percentage in 2008 is consistent with @gher
use of gas in 2008 compared to 2006 as in thesetistass
there is no requirement for activities such as griding coal.

Finally we note that losses in electricity transmision
amount to 98.7 PJ and so we can estimate transmissi
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losses as 9.87 / (1343.8 — 58.7) * 100 = %68n
improvement on 2000 when it was nearly 1% higher.

10.5.2. Overall €efficiency of energy conversion and
transmission

We may deduce the Overall efficiency of Syppi energy in
the UK by noting that the total supply of energy9815.5PJ
while the net amount of energy available6B07.1PJ PJi.e
there is a (9815.5 — 6907.1)/9815.5*10028.57% loss in
energy through conversion, compared to 29.5% ir02@@d
30.48%in 2006. Much of the losses here could be mirgchis
if city wide Combined Heat and Power was commotit &s
in Denmark, Russia etc. .

10.5.3 Primary Energy ratio for Electricity

From the electricity generation line below line & the full
table the total electricity generatedl343.8PJ with1979.3PJ
losses. The total input is thti843.8 + 1979.3 = 3323.1 PJ

The total losses associated with electricity getiiwmaare the
transmission losses 88.7 PJ the industry’s own use &B8.7
PJ and the4.6PJ electricity lost in pumped storage making a
total loss 0f162.1PJ.

In attempting to estimate the Primary Energy R&RE&R) of
Electricity as it is supplied to the point of enseuit is noted
that we have inputs from coal, oil, and gas, alimpich have
Primary Energy Ratios of their own. To begin with shall
ignore the overheads in extracting these fossilsfijiee. we
shall assume a PER of 1.00) and will return to tkeger.

A very first approximation of the overall Primarn&gy Ratio
for electricity as it is delivered to the point o$e is thus =
3323.1/(1343.8 — 162.1)2812

This is our very approximate initial estimate, and ve shall
need to return to this later, but it does give us basis on
which to estimate the PER of other fuels.

10.5.4 Primary Energy Ratios for Oil and Gas

Approximate values for the Primary Energy Ratio @i, Gas
and Coal may be obtained from an Energy BalanceeT dioit
assuming this initial approximate PER for electyiaf 2.81 we
can refine the estimates of the PER for coal, all gats.

Thus in oil and gas extractid?20.7 PJ (full Energy Balance
Table) of gas are consumed. In additi@?2 PJof electricity
are used, but since the primary energy ratio e€tdtity is
~2.81 this in reality represen&18 PJ [as indicated above
we don't know that2.81 is the true value but we need an
approximate value to proceed]. Also, strictly deg as with
the case of electricity above, we should also afiptyPrimary
Energy Ratio to Oil and Gas, but at this stage waatoknow
the values and will assume that initially they &r@0. In any
case, the errors in these figures will be relagiszhall. Ideally
we would estimate the PER by this method and tremati to
obtain more accurate values, but the full detaflshis are
beyond this Module although values derived usinghsen
iterative procedure are shown below.

Overall energy consumed in gas and oil producticgpsesents
226.88 PJ (this is 220.7 + 6.18).

We need now to make an apportion of this energyirement
between gas and oil. To do this we must make sunastion.
Sometimes apportionment is done on economic value,
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sometimes on a mass or volume basis, and sometimes
energy basis. In this case, it makes sense g¢oengrgy
extracted as the basis of apportionment. A wit&290.0 PJ

of oil and2917.01 PJof gas are extracted i.e. oil represents
53.0% of the energy extracted and thus we can attribl80

* 226.88 PJor 120.3 PJto oil extraction.

In the Oil Refineries we us200.0 + 6.8 PJof oil and gas
respectively andl8.4PJ electricity equivalento 51.7 PJ
gross [i.e. 18.4 *2.81] This represents a total 258.5 PJ In
addition there is a loss of 11.1PJ [3688.5-3G7@ohverting
crude oil into petroleum products.  The total &sghus
amount ta269.6 PJ.

Combining both the extraction energy and that usedhée
refineries gives389.9PJ Noting that the total oil supply is
3829.0 PJ the primary energy overhead for oil, to a first
approximation is10.2% corresponding to a Primary Energy
Ratio of1.10.

The analysis is strictly a little more complex, imshe above

we have attributed the extraction energy to boghitldigenous
supply and imports, but since there is not toomuitference
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in imports and exports, this approximation onffieefs the
results a little.  Strictly speaking we should@att for the
extraction and transportation energy for each agumm
which we import, but that then becomes a near isiptestask.
In addition the oil used in the refineries shoudddr the PER
included, and an iterative procedure is needegt@ more
accurate value. While this is an approximate vildees
demonstrate how such figures are derived. Fomoe
detailed analysis it is necessary to consult metailgd tables
in DUKES.

However, based on the 2008 data the PER derigeatiitely
for each UK fuel is as follows

Fuel Primary Energy Ratio
Coal 1.0227
Qil 1.1292
Gas 1.062
Electricity 2.911
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The following two tables show the simplified andl nergy Balance Table for the Uk in 2008. eTdata are produced annually in around July/Augngtrefer to the 12 month period
ending on 31 December of the previous year. For comparituese tables are followed by the correspondingfimme DUKES (2007).

Note: all values have been converted to PetaJdutes the original values quoted using the statidiaternational Conversion factor of 1 tonne ofegjbivalent = 41.868 GJ

Simplified Aggregate Energy Balance 2008 - derived  from Table 1.1 of Dukes (2009)

Annotated for use in NBS-M016 and NBS-LMO1E PetaJoules (PJ)
Coal Manufactured || Primary | Petroleum Natural Renewable|| Primary Electricity Heat Total
fuel(1) oils products gaq?2) & waste(3) || electricity

UK Production 475.7 - 3,290.0 - 2,917.0 182.6 542.8 - - 7,408.1
Net imports 1,087.3 22.0 544.6 -331.5 1,009.5 39.7 - 35.9 - 2,407.4
Net Energy Available 1,563.0 22.0 3,834.6 -331.5 3,926.5 222.3 542.8 35.9 - 9,815.5 A
Transfers - -5.3 -146.1 146.3 -0.2 - -44.2 44.2 - -5.3 B
Net Consumption | 15630 167 | 3,6885) -1852 | 39263 | 2223 | 4986 | 801 | - | 98102 | A* [A+B
Energy Conversion [ e

inputs -1,488.5 -3,688.5 -1,430.1 -148.1 -498.6 -

outputs 69.9 3,624.4 1,343.8 53.6 - C

net energy balance - - - - - - - - - -2,162.0
Energy Industry Use 0.2 35.6 - 200.0 249.1 - - 95.6 3.0 583.4 D
Transmission losses - 9.9 - - 49.1 - - 98.7 - 157.7 E
Delivered Energy 74.4 41.1 - 3,239.2 | 2,198.0 74.2 - 1,2296 | 506 | 6,907.1
Available F
Balance Check 74.4 41.1 - 3,239.2 2,198.0 74.2 - 1,229.6 50.6 6,907.1 A;*: E
Enerqy Demand [ e
INDUSTRY 52.2 31.1 - 266.3 477.0 14.1 - 408.8 32.4 1,281.8 G
TRANSPORT - - - 2,397.7 - 34.4 - 30.4 - 2,462.4 H
OTHER 22.1 10.0 - 186.5 1,687.6 25.7 - 790.5 18.3 2,740.7 |
Final Consumption G+H
(Energy only P 74.4 41.1 - 2,850.5 2,164.6 74.2 - 1,229.6 50.6 6,485.0 3 |+
Non-Energy use - - - 388.7 33.3 -0.1 - -0.1 - 422.1 K [F-J

Note: This Balance Table for the UK is a simplifiegtsion of that shown in the following Table.
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UK Energy Balance Table- Annotated for NBS-M016/LMO1E Derived from DUKES 2009 Table 1.

PetaJoules Coal | Manuf- |Primary [Petroleum | Natural [Renewable | Primary |Electricity | Heat | Total
Actured oils products | gas(2) |& waste (3)|electricity
fuel (1)

Supply

Indigenous production 475.7 - 3,290.0 - 2,917.0 182.6 542.8 - - 7,408.1

Imports 1,189.8 21.0 2,747.0 1,091.6 1,465.4 39.7 - 44.3 - 6,598.7

Exports -19.1 -6.0 -2,218.7| -1,311.8 -441.6 - - -4.6 - -4,001.8

Marine bunkers - - - -114.4 - - - - - -114.4

Stock change(4) -90.1 6.5 10.7 0.5 -11.1 - - - - -83.5

Primary supply 1,556.2 21.5 3,829.0 -334.2 3,929.7 222.3 542.8 39.7 - 9,807.1

Statistical difference(5) -6.7 -0.4 -5.5 -2.6 3.2 - - 3.8 - -8.4

Primary demand 1,563.0 22.0 3,834.6 -331.5 3,926.5 222.3 542.8 35.9 - 9,815.5 A

Transfers - -5.3 -146.1 146.3 -0.2 - -44.2 44.2 - -5.3 B

UEESIEMIRIED -1,4885| 69.9 |-36885| 36244 |-1,4301| -148.1 -498.6 13438 | 53.6 |-2,162.0( C

[Energy Conversion]

Electricity

generation -1,252.3| -35.9 - -41.4 -1,346.7 -148.1 -498.6 1,343.8 - -1,979.3 *

Major power producers -1,213.7 - - -16.2 -1,227.8 -31.4 -498.6 1,229.8 - -1,757.9

Autogenerators -38.6 -35.9 - -25.2 -118.9 -116.7 - 114.0 - -221.4

Heat generation -11.9 -2.2 - -2.5 -83.4 - - - 53.6 -46.4 *

Petroleum refineries - - -3,688.5| 3,677.4 - - - - - -11.1 *

Coke manufacture -179.2 170.1 - - - - - - - 9.1 *

Blast furnaces -35.7 -71.9 - 9.1 - - - - - -116.7 *

Patent fuel manufacture -9.3 9.8 - - - - - - - 0.5 *

Other - - - - - - - - - - *

Energy industry use 0.2 35.6 - 200.0 249.1 - - 95.6 3.0 583.4 D

Electricity generation - - - - - - - 58.7 - 58.7 +

Oil and gas extraction - - - - 220.7 - - 2.2 - 222.8 +

Petroleum refineries - - - 200.0 6.8 - - 18.4 3.0 228.2 +

Coal extraction 0.2 - - - 0.3 - - 35 - 4.0 +

Coke manufacture - 18.0 - - - - - 0.3 - 18.3 +

Blast furnaces - 17.6 - - 2.6 - - 1.6 - 21.8 +

Patent fuel manufacture - - - - - - - - - - +

Pumped storage - - - - - - - 4.6 - 4.6 +

Other - - - - 18.7 - - 6.2 - 25.0 +

L osses - 9.9 - - 49.1 - - 98.7 - 157.7 E
Final consumption 74.4 41.1 - 3,239.2 | 2,198.0 74.2 - 1,229.6 | 50.6 | 6,907.1 F

ndustry 52.2 31.1 - 266.3 477.0 14.1 - 408.8 324 | 1,281.8 G

Unclassified - 9.9 - 101.6 0.1 14.1 - - - 125.7

Iron and steel 0.0 21.2 - 0.5 24.5 - - 17.5 - 63.8

Non-ferrous metals 0.8 - - 2.0 11.9 - - 25.5 - 40.2

Mineral products 31.8 - - 7.3 39.9 - - 27.9 - 106.9

Chemicals 3.8 - - 7.4 129.5 - - 76.1 151 231.9

Mechanical engineering et{ 0.4 - - 4.1 27.8 - - 29.8 0.1 62.3

Electrical engineering etc 0.2 - - 2.0 14.0 - - 251 - 41.3

Vehicles 1.4 - - 4.9 31.1 - - 20.1 - 57.5

Food, beverages etc 1.2 - - 11.8 93.3 - - 44.0 0.1 150.4

Textiles, leather etc 2.2 - - 4.4 22.0 - - 11.5 - 40.0

Paper, printing etc 4.4 - - 2.7 38.4 - - 47.6 0.1 93.2

Other industries 5.9 - - 111.2 35.1 - - 78.2 17.0 247.4

Construction - - - 6.7 9.3 - - 54 - 21.4

Transport (6) - o - 2,397.7 o 34.4 - 30.4 - | 24624 || H
Air - - - 562.1 - - - - - 562.1
Rail - - - 31.3 - - - 304 - 61.6
Road - - - 1,730.5 - 34.4 - - - 1,764.8
National navigation - - - 73.9 - - - - - 73.9
Pipelines - - - - - - - - - -

Other 22.1 10.0 - 186.5 1,687. 25.7 - 790.5 18.3 | 2,740.7 |
Domestic 21.6 10.0 - 127.0 1,307. 18.0 - 424.2 2.2 | 1,910.9
Public 0.2 - - 19.8 170.2 4.2 - 79.6 15.7 289.7
Commercial 0.2 - - 16.8 136.6 0.5 - 272.0 0.4 426.5
Agriculture 0.1 - - 12.8 7.8 3.1 - 14.6 - 38.4
Miscellaneous - - - 10.2 65.0 - - - - 75.2

Final consumption 74 41 - 3,239 2,198 74 - 1,230 51 6,907 J

Non energy use K

Calorific Values used

1 tonne oil equivalent = 41.87 GJ
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The following two Tables show the correspondingadat 2006 base on DUKES (2007)

Simplified Aggregate Energy Balance 2006 - derivefilom Table 1.1 of Dukes (2007) — for comparison pynoses
Peta Joules (PJ)

Specifically Annotated for use in ENV-M558

Coal Manufactured | Primary | Petroleum | Natural | Renewable| Primary | Electricity Heat Total
fuel(1) oils products gaq2) | & waste(3) | electricity

UK Production 476.3 - 3,515.3 - 3,350.1 149.9 742.9 - - 8,234.5
Net imports 1322.5 17.6 407.5 -234.8 419.8 20.8 - 26.8 0.0 1980.2
Net Energy Available 1798.8 17.6 3922.9 -234.8 3770.0 170.7 742.9 26.8 0.0 10214.7 A
Transfers - -4.4 -118.7 120.1 -0.2 - -31.8 31.8 - -3.1 B
Net Consumption 1798.8 13.2 3804.2 | -114.7 3769.8 170.7 711.0 58.6 0.0 102116 ||A* [A+B
Energy Conversion [ e e e

inputs -1732.9 -3804.2 -1197.1 -145.4 -711.0

outputs 75.4 3758.6 1388.4 56.4 C

net energy balancsg -2311.9
Energy Industry Use 0.1 36.5 - 208.8 286.3 - - 101.6 3.0 636.3 D
transmission losses - 7.4 - - 43.2 - - 111.3 - 162.0 E
Delivered Energy 65.8 44.7 . 34352 | 2,243.1| 253 . 12341 | 534 | 7,014
Available =

*

Balance Check 65.8 44.7 - 3435.2 2243.1 25.3 - 1234.1 53.4 7101.4 I_A\D-t (E:
EnergyDemand [ e e e
INDUSTRY 47.7 35.4 - 302.3 517.6 6.7 - 418.7 35.0 1,363.3 G
TRANSPORT - - - 2,472.3 - - - 30.7 - 2,503.0 H
OTHER 18.1 9.3 - 200.1 1,691.3 18.6 - 784.7 18.3 2,740.4 |
Final Consumption G+H
(Energy only 65.8 44.7 - 2,974.7 | 2,208.9 25.3 - 1,234.1 53.4 6,606.7 J |+ |
Non-Energy use - -0.1 - 460.4 34.2 -0.1 - - - 494.6 KJ|1F-J
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Derived from DUKES 2007 Table 1.1

Coal Manuf- | Primary | Petroleum | Natural | Renewable| Primary | Elect- | Heat Total
actured oils products gag2) | & waste(3) | electricity | ricity
fuel(1)

Supply

Indigenous production 476.3 - 3,515.3 - 3,350.1 149.9 742.9 - - 8,234.5

Imports 1,365.7 28.6 2,716.2 1,228.2 878.5 20.8 - 37.0 - 6,275.0

Exports -14.3 -5.0 -2,297.6| -1,317.8 -434.1 - - -10.0 - -4,078.9

Marine bunkers - - - -104.1 - - - - - -104.1

Stock chang@) -34.1 -6.4 -16.4 -38.4 -23.2 - - - - -118.4

Primary supply 1,793.6 17.2 3,917.5 -232.1 3,771.4 170.7 742.9 27.1 - 10,208.2

Statistical differencg) -5.2 -0.4 -5.3 2.7 1.4 - - 0.3 - -6.5

Primary demand 1,798.8 17.6 3,922.9 -234.8 3,770.0 170.7 742.9 26.8 - 10,2147 A

Transfers - -4.4 -118.7 120.1 -0.2 - -31.8 31.8 - -3.1 B

Transformation [Energy -1,732.9| 75.4 | -3,804.2| 37586 | -1,197.1| -145.4 7110 [1,388.4 56.4 | -2,311.9| cC

Conversion]

Electricity generation -1,497.9| -40.5 - -29.0 -1,117.3 -145.4 -711.0 |1,388.4 - -2,152.8 *
Major power producers | -1,460.0 - - -11.6 -1,001.3 -30.5 -711.0 |1,274.7] - -1,939.7
Autogenerators -37.9 -40.5 - -17.4 -116.0 -114.9 - 113.6 - -213.1

Heat generation -12.1 -2.2 - -2.6 -79.8 - - - 56.4 -40.2 *

Petroleum refineries - - -3,804.2| 3,800.1 - - - - - -4.0 *

Coke manufacture -180.7 179.3 - - - - - - - -1.4 *

Blast furnaces -34.2 -69.7 - -10.0 - - - - - -113.9 *

Patent fuel manufacture -8.1 8.5 - - - - - - - 0.3 *

Other - - - - - - - - - - *

Energy industry use 0.1 36.5 - 208.8 286.3 - - 1016 | 3.0 636.3 D
Electricity generation - - - - - - - 66.8 - 66.9 +
Oil and gas extraction - - - - 249.3 - - 2.0 - 251.3 +
Petroleum refineries - - - 208.8 9.3 - - 15.9 3.0 237.0 +
Coal extraction 0.1 - - - 0.4 - - 3.7 - 4.3 +
Coke manufacture - 17.3 - - 1.0 - - 0.4 - 18.7 +
Blast furnaces - 19.1 - - 2.2 - - 1.9 - 23.2 +
Patent fuel manufacture - - - - - - - - - - +
Pumped storage - - - - - - - 3.8 - 3.8 +
Other - - - - 24.2 - - 7.1 - 31.3 +

Losses - 7.4 - - 43.2 - - 111.3 - 162.0 E

Final consumption 65.8 44.7 - 3,435.2 2,243.1 25.3 - 1,234.1] 53.4 | 7,101.4 F

Industry 47.7 35.4 - 302.3 517.6 6.7 - 418.7| 35.0 | 1,363.3 G
Unclassified - 9.5 - 126.4 0.2 6.7 - - - 142.7
Iron and steel - 25.9 - 0.8 29.4 - - 21.1 - 77.2
Non-ferrous metals 1.0 - - 2.2 115 - - 27.7 - 42.4
Mineral products 28.9 - - 8.4 44.0 - - 28.7 - 110.0
Chemicals 3.7 - - 8.1 141.2 - - 74.8 17.0 244.8
Mech; engineering etc 0.4 - - 4.4 30.6 - - 30.8 0.1 66.4
Electrical engineering etc 0.2 - - 35 15.0 - - 26.4 - 45.1
Vehicles 1.5 - - 5.2 33.4 - - 21.0 - 61.1
Food, beverages etc 0.7 - - 11.8 99.4 - - 44.0 0.0 155.9
Textiles, leather etc 2.1 - - 5.5 23.3 - - 12.5 - 43.4
Paper, printing etc 4.1 - - 25 42.6 - - 48.6 0.9 98.8
Other industries 5.0 - - 116.2 37.8 - - 77.2 16.9 253.1
Construction - - - 7.3 9.2 - - 5.9 - 22.4

Transport (6) - - - 2,472.3 - - - 30.7 - 2,503.0| H
Air - - - 586.1 - - - - - 586.1
Rail - - - 30.4 - - - - - 30.4
Road - - - 1,779.9 - - - - - 1,779.9
National navigation - - - 75.9 - - - - - 75.9
Pipelines - - - - - - - - - -

Other 18.1 9.3 - 200.1 1,691.3 18.6 - 784.7 | 18.3 | 2,740.4 |
Domestic 17.4 9.3 - 136.1 1,3125 11.0 - 419.2 | 2.2 1,907.7
Public administration 0.3 - - 20.5 175.9 3.7 - 79.2 15.8 295.3
Commercial 0.2 - - 16.5 123.4 - - 2714 | 0.3 411.7
Agriculture 0.1 - - 12.8 7.2 3.1 - 14.9 - 38.2
Miscellaneous 0.1 - - 14.2 72.3 0.8 - - - 87.5

Final consumption 66 45 - 3,435 2,243 25 - 1,234 | 53 7,101 J

Non energy use - - - 460.5 34.2 - - - - 494.7 K

Calorific Values used

1 tonne oil equivalent = 41.87 G.
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Points for Discussion

The following are some questions/statements wttich hoped will
promote discussion in small groups. The questant statements
are all related to Energy or related matters, &edirttention behind
this is to promote awareness and to assess whabvgn already by
students taking the course. Some of the questicnselatively easy
and require just a few words to answer. Othersl seene thought.

Answers to these questions will be posted on theBVdier the
session.

1 When cooking vegetables on a stove. How muchggn@s a
percentage) is saved by putting a lid on the sarcép

2. What are the major sources of heat loss fidrouse? List the
conservation measures which should be adopteddar asf
effectiveness, and also cost? What measureklwou take
to improve the energy efficiency of your home?

3. How important is insulation to the fabricaobuilding in a warm
climate compared to that in a cold climate?

3. By time switching the heating in a househst it is off from
11pm until 7am the next morning, a saving of omiedtin
energy will be possible. Is this correct? Whatadivantages
are there from time switching ?

4,
Either
a)lt is often argued that with a well insulated haiter tank
it does not matter if the heating source is left dn
what circumstances is this statement correct, iand
what circumstances is it not?
Or

b)A well insulated house will save proportionallydemnergy
than a poorly insulated one when the heating i® tim
switched. Is this statement correct?

29

5. What problems does the Electricity Sugpbustry in the UK
have in meeting the targets set for £ahd SG emissions?

Does it make sense to fit Flue Gas Desulphurisapiamt
onto our coal or oil fired plant?

6. Fluorescent lights use as much energy whettled on as
they do in running for 15 minutes [some people 88y
minutes] or is this a myth?.  What evidence yaun use to
confirm this or otherwise..

7. If we effective in promoting Energy Consergatiin the UK
then we will obviate the need for between 2 ancargd
power stations. Is this necessarily correct? Wnaleat
circumstances would it not be?

8.
Either
a) Aiding those on Low Income to insulate their hormek
provide significant savings in costs to those iwed|, and
will also save substantial amounts of energy foe th
country as a whole.
Or

b) The Government should target Energy Conservation
schemes which are the most effective in reducing th
demand for Energy.
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9. You return home to your house at 16:30 tal fihe house 10. The radiators in your room is fitted with thermdistavalves.
feeling cold. (you have time-switched the heatmgome on at The room is only just OK with regard to temperatutait the
16:00). Which of the following would you do?:- radiator feels very cold. What would you do, atljine valve

a) turn up the room thermostat; or leave it as it is?

b) turn up the boiler thermostat;
c) reset the time clock;
d) nothing; set an alarm!

Explain your answer

Space for notes.




