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1.  Introduction

2.  History of Electricity Supply

3. Generic aspects of the generation of Electricity  common to all forms of resources

4. Environmental Impacts of Energy Resources

1. INTRODUCTION 

1.1  GENERAL INTRODUCTION

Energy issues are complex and involve an understanding of the following  topics
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physical factors
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technical factors
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economic factors
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political factors
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social factors
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environmental factors

Considerations of Energy  matters which involve only one of these are likely to be flawed and lead to incorrect decisions.

 1.2 CONVERSION FACTORS etc.

Quantity of Energy  - basic unit is Joule  

                              (symbol (J =  1 Nm)


1   Btu (British Thermal Unit)
1.05506 kJ


1   Therm
0.105506 GJ


1   calorie
4.1868 J


1   kcal (or Kal)
4.1868 kJ






1   tonne coal equivalent (UK)`
24 GJ


1   tonne coal equivalent (EC)
29.4 GJ


1   tonne oil equivalent
46 GJ


1   barrel of oil
6.7 GJ


1   gallon (UK) oil
192 MJ


1   litre oil
42 MJ






1   tonne peat
14 GJ


1   tonne wood
15-20 GJ






1   cu m gas
38  MJ






1   kWh
3.6 MJ


1   MWh
3.6 GJ


1   GWh
3.6 TJ


1   TWh
3.6 PJ

Power:   rate of dissipation of energy

              basic unit - Watt (W)  =  1  J s-1

1   Btu hr-1
0.293072 W


1   kcal hr-1
1.1630 W


1   horse-power
0.7457 kW

NOTE:   You CANNOT convert kWh to kW or MW – they are totally different units.   kWh, MWh implies that a time interval is involved – in this case it is an hour.

If there is a wind turbine rated at 1.5 MW (e.g. Swaffham),  one cannot work out how much energy is generated unless a time interval is used,  and also the LOAD FACTOR- i.e. the proportion of time it actuall is in use.

For wind energy a typical Load Factor is between 28 and 33% (say 30%),  so in a year one might expect the turbine at Swaffham to generate  1.5 * 8760  * 0.3 =  3942 MWh –

[8760 is the number of hour in a year]

Specific Energy   unit kJ kg-1

                          1 Btu hr-1       =  2.326   kJ kg-1

Mechanical Equivalent of Heat

                    1 kcal     =       4.1868 kJ

Specific Heat of Water  

 (i.e. energy required to raise temperature of  1  kg of water through 1 degree Celsius).

                    1  Btu lb-1 F-1    =  4.1868 kJ kg-1  oC-1

Power per unit area/U - value conversion/conductivity


1   Btu hr-1 ft-2
3.1546 W m-2

U-value
1   Btu hr-1 ft-2 F-1
5.678  W m-2 oC-1

conductivity
1   Btu hr-1 ft-1 F-1
1.7307 W m-1 oC-1

Efficiency of combustion:-

Domestic

open coal fire            10 - 30%     

gas central heating       ~  75%

coal central heating     ~  40%

oil central heating    ~  65 - 70%   

gas condensing CH       ~  90%

Industrial

Oil/gas/coal                   85 - 90%

Efficiency of electricity generation and load factors

generation
typical efficiency
load factor UK

coal
35 - 37%
70%

oil
32-34%
10-15%

gas (CCGT)
47-53%
75%

Magnox
25%
80+%

AGR
39-40%
85%

PWR
31%
75% ?????

hydro
80 - 90%
35%

tidal
80 - 90%
16 - 20%  for barrage ? 30% for turbine

Wind
35 - 40%
21-29% (Llandinam)

typical modern turbine

 ~ 30%

S.I.   Symbols - basic units

J    -   Joule

K   -    Kelvin

s    -    second

m  -    metre

kg -   kilogram

Derived S.I. Unit used in energy

           N   -   Newton  (basic unit of force)

           J   -    Joule - basic unit of Work/Energy     

                           (1 J  =  1 Nm)

          W  -    Watt   1 J s-1

Other Symbols

Btu
British Thermal Unit


C
degree Celsius


F
degree Fahrenheit


ft
foot


hp
horse power


mtce
million tonnes of coal equivalent


mtoe  (mtep)
million tonnes of oil equivalent (million tonnes equivalent de petrole)

S.I. prefixes relevant to Energy Options

m
milli
10-3

k
kilo
103

M
Mega
106

G
Giga
109

T
Tera
1012

P
Peta
1015

E
Exa
1018

Total UK consumption of Energy is approximately   10.5 EJ

Total UK electricity consumption = 365 TWh   =  1.31 EJ

1.3.  ENERGY SUPPLY

SYMBOL 183 \f "Symbol" \s 18 \h
Prior to 1800 most sources of energy were obtained locally,  although there was an increasing movement of coal.
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In modern society,  the source of energy and the point of use are often widely separated.

UK situation - until late 1960's we had no natural gas

Gas
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Until  early 1970's all gas was generated locally
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Coal was transported to local gas works for generation, and chemical bi-products were sold.
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Coal was thus the national energy vector even though gas was the local vector

Electricity

The movement away from coal as the national energy vector began with the establishment of the Central Electricity Authority before the war

Since 1980 we have a highly integrated National Grid for the distribution of electricity and a complementary gas network as well as key oil pipe transmission lines.

All such transmission involves loss

             electricity   2.5%  on National grid

                                 5%  on Area and local grids

            gas and oil both require energy for pumping.

An integrated network will tend to lead towards a centralised system of supply,  although this does not have to be the case.

 e.g. coal fired power stations situated mostly on coal fields,  oil fired power stations adjacent to oil refineries etc.

An ideal energy vector would be one which is easily, efficiently, and conveniently transported,  has a high energy density,  and can be readily stored to meet fluctuations in demand.

Energy

Vector
convenience in transport
energy efficiency of transport
storage

coal
*
***
****

oil
**
**
*****

gas
**
**
**

electricity
***
*
negligible

Some Advantages of centralised supply
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less over capacity is needed to cover for emergencies as standby capacity can be shared.
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larger plant tend to be more efficient
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price variation over the country can be minimised
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countrywide security is probably higher than for a decentralised system

Some Disadvantages
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transmission is required - hence inevitable loss  (with electricity,  probably more than by transporting coal).
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large units are less suitable for energy conservation e.g. CHP
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tends to be controlled by few people
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no sense of local community "owning its own energy plant"

Centralised systems are a logical development of the use of fossil fuel or nuclear power.

Decentralised systems 
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will be local and available at point of use
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do not require transmission

Some Renewable sources are ideal in this respect.

1.4 Annual Requirement of Fuel to supply UK's Electricity Needs

UK  electricity demand would require approximately   


million tonnes coal


million tonnes  oil


billion cubic metres gas


tonnes of Uranium in conventional reactors


 tonnes of Uranium in Fast Breeder Reactors


   tonnes of Lithium (for conversion to Tritium  for D - T fusion)


   tonnes of deuterium in D - D fusion


    Wind Turbines the size of Swaffham


  sq km of solar collector 

     [taking note of UK climate data]


  sq km of land for biomass

Transport Requirements for Fuel
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Each Coal fired Power Station requires up to 20 train loads  of coal per day (20 000 tonnes) when working on full load.
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Currently each reactor in UK requires one delivery of fuel rods every 2 -4 weeks.
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A similar quantity of spent fuel rods is sent to Sellafield for reprocessing,  but since the load is very much heavier (50 tonne transport container for every 2 tonnes of spent fuel),  the number of  journeys is more frequent (typically once every 1 - 2 weeks).

1.5 Information about Energy
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Material is often presented in a very biased way

    DO NOT ACCEPT ANY VALUES  no matter how respected the text without appraising them in a critical and unbiased way – no matter what you view is.
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values quoted are often over-estimates or under-estimates
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often assumptions made are unrealistic or biased
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sometimes one side in the argument has it right! - more often the truth lies between extremes.
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Need to critically think about data and values quoted in references and particularly newspapers  and popular press.
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Must be able to see flaws in arguments and do simple calculations (if necessary) to check information  before  coming to a rational decision
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Your arguments for a particular standpoint which will be much more convincing if you can turn the opponents data to your advantage to prove your case rather than use data which may be challenged by your opponents.

for example:-
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if you take an anti-nuclear stance, then if you can use data from the pro-nuclear lobby to prove your case this will be much more convincing than using your own data which the pro-nuclear lobby may say is flawed

conversely
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if you can take a pro-nuclear stance using data or assumptions from anti-nuclear lobby it will enhance your case

Example:-   

To replace the equivalent of Sizewell B Power Station,  the land area required would be.

Pro Nuclear Lobby

around 800 - 900 sq kms    compared to just under 1 sq km for Sizewell

Anti Nuclear Lobby

Area required is only 5%   of  Sizewell.    - implying  0.05 sq km

WHO IS CORRECT?

Actual area of Sizewell is around  220 acres = 0.9 sq km. and is not in dispute.

1.5.1.  Nuclear Lobby calculation

Sizewell generates 1188 MW at a load factor of 75%

i.e.  equivalent to 891 MW (891000 kW) continuous output

The Swaffham Turbine is rated at 1.5 MW and has a blade diameter of 67m

However,  Wind Turbines have a load factor of 30% (extensive data now available from Llandinam), and an availability of 95%

Mean output per turbine is 1.5*0.3 *0.95 = 427.5kW

So total number of turbines needed = 891000/450

                            =  2084 turbines

Since turbines must be spaced at 10 blade diameters,

it is possible to get 9 turbines per sq km on a square array or

10.4 on the more compact triangular array.

So area for turbines is  935 sq km for a square array

                             but   810 sq km for a triangular array

So basic claim by Nuclear Lobby of ~ 800 – 900 sq km is correct.

What is potential flaw in their argument?

1.5.2 Anti Nuclear Calculation

Accept basic premises of Nuclear argument

i.e.    mean load  = 891 000 kW

         Load factor of Wind Turbines is 30%,  but would

suggest availability is higher as 98%.     This latter is very little different from 95%, but using the figure gives and effective output of  441 kW   (as opposed to 427.5)

On that basis only     2020 turbines are needed.

However,  the diameter of the supporting tower is about 4m,  so the area of land covered by each wind turbine is

                      SYMBOL 112 \f "Symbol"D2/4   =       3.1415926 *  52 /4 per turbine

                    =   0.039 sq km  in total or

                             or  4.35% of Sizewell

What is flaw in this argument?

                      ------------------------
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Nuclear argument does not recognise that intervening land can be used for a few purposes e.g. Agriculture - but not housing main roads etc.
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Anti-nuclear argument does not recognise that actual area of Sizewell includes landscaped areas,  administrative areas,  maintenance areas,  and maintenance access  roads.   Further  it does not allow land area needed for maintenance in wind farm.

1.5.3 Compare like with like

Each Wind Turbine needs  an area of 67 m dia around each turbine on which the ground has been stabilised to take weight of 20+ tonne cranes.  Also tracks for access to each turbine are needed.

So true area around each turbine is just over 1000 sq m,  and the

area of track 2.5m wide (and 670m long for each turbine) would be 1670 sqm


area around each turbine ~ 3525 sqm

So the total area of land unavailable for other purposes per turbine is 5195 sq m or for all turbines is  10.8 sq km
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very much less than nuclear lobby
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very much more than anti-nuclear lobby

Using the argument advanced by anti-nuclear lobby could thus backfire.

Important to concentrate on issues which are more relevant

e.g.   

all land from wind farm could be recovered for normal use readily

but

10%  of area of nuclear power station could not be recovered for at least 100 years



2.  HISTORY OF ELECTRICITY SUPPLY IN UK

2.1   Early Background   1900 - 1957
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Prior to 1900 - numerous small utilities sprang up in towns and cities.  Many operated on DC (Direct Current).
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In early 20th Century,  Local Authorities generally took control of supply.  Supply was switched to AC,  but some areas still had DC until after Second World War.
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Switch to AC was for several reasons,  but there are many disadvantages.  With the technology available today it is probably unlikely that we would have gone to AC.
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In 1924 there were about 435 power stations supplying electricity.
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In 1930s,  the Central Electricity Board was set up and this began establishing a National Grid,  initially at 33kV,  then 66 kV and finally by the early 1950's,  132 kV.  
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Higher voltages for transmission minimise transmission losses.

                            power  =      volts   x     amps

                   and   loss      =      resistance x   (amps)2
The CEB started building larger stations connected to grid, and these displaced older stations as they came for renewal.  At end of War,  the number of stations had dropped to 345.

                               cf     240  in 1965

                                       168  in 1976

                                         78  in 1986

1947  Electricity Act  (effectively Nationalisation)  included statement that " Electricity must be generated as efficiently as possible"  This (or the interpretation of this statement) hindered progress to a more effective system of supply.

In most other countries,  supply of electricity, gas etc. remained in the control of the Local Authority.

The Act also set up the BRITISH ELECTRICITY AUTHORITY  as the successor company to the CEB.

Finally in mid 1950's,  the BRITISH ELECTRICITY AUTHORITY was reorganised as follows:-

CEGB   -      responsible for generation and supply to the local  Electricity Boards.   Apart from a few customers  e.g.  British Rail, British Steel,  the CEGB did not  supply electricity to customers.  The CEGB only  operated in England and WALES,  and was  divided into 5 regions.    The CEGB operated nuclear, coal, oil, gas, and hydro stations.

ELECTRICITY BOARDS -  These purchased electricity from  the CEGB and distributed it to customers.  There   were 12 Area Boards (e.g.  MANWEB,   SEEBOARD etc).  These Boards did not generate electricity.

ELECTRICITY COUNCIL -  This was a body covering the  whole Electricity Industry,  and had a Research   Centre at Capenhurst.

IN SCOTLAND,  the organisation was different.

SOUTH OF SCOTLAND ELECTRICITY BOARD.   

This  generated and supplied electricity to customers in  the  South of Scotland.   It also operated nuclear power stations.

NORTH OF SCOTLAND HYDRO BOARD.   

This initially  generated electricity mostly by Hydro-electricity and supplied electricity to the North of Scotland  and  the outlying islands.  Fossil Fired power   stations were built, and the hydro component   became less than 50%.

The NSHB exchanged electricity with SSEB who in turn  exchanged electricity with the CEGB.

A low power link was also installed to link the CEGB with  Electricite de France (EdF).    

2.2   DEVELOPMENTS ELECTRICITY SUPPLY   1957-90

CEGB began installing Super-grid at voltages of 275 kV and finally 400 kV.

Decision taken in early 1960's to build new power stations to avoid shortages of late 1950's and early 1960's.  These were sited on coal fields or on coast (Nuclear and Oil).   Remoteness was a factor for nuclear,  but proximity of Oil Refineries was factor for Oil  e.g.  Pembroke Dock  adjacent to Milford Haven,  or Fawley (next to Esso)  or Ince (next to Shell) etc.  Essentially with the majority of coal in the north this meant that we would ship electricity around the Country rather than move coal to power stations in general locality where power was needed.

Consequences:-   

              Less coal by rail             -  closure of lines in 1960's?

             More Grid Lines needed

( even today there are parts of the  country which are vulnerable  eg    SW and SE).
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Made implementation of CHP difficult.
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Power stations became very  large as smokeless zones in cities became implemented. Large stations  did not have nearby heat sink for CHP.

2.3 HISTORICAL DATA on ELECTRICITY GENERATION

YEAR
UNITS

(GWh)
Capacity

(MW)
Max Demand

(MW)
Efficiency

(%)
YEAR
UNITS

(GWh)
Capacity

(MW)
Max Demand

(MW)
Efficiency

(%)

1930



17.93
1975
252359
69452
46677


1946
35509


22.00
1976
255879
69747
47902


1947




1977
262007
69911
48605
33.16

1948




1978
267299
71426
50144


1949




1979
278736
70886
49582


1950




1980
264862
68382
48284


1951




1981
258743
68106
49187


1952




1982
253328
67022
47333


1953




1983
255854
68632
47414


1954




1984
261534
69763
51710


1955
89093
22489


1985
274427
69787
50943


1956
95767
24615


1986
282754
70055
53980


1957
99967
26635
~20000
26.17
1987
291331
69637
52495
35.08

1958
107337
28023


1988
297884
74557
52229
35.47

1959
114748
30015


1989
291751
74557
53414
*

1960
129846
31865
26918

1990
297461
73518
54068
*

1961
138274
33922


1991
300540
70528
54472
*

1962
151641
37207


1992
298469
67499
51663
*

1963
163432
39289


1993
301793
69117
54848
*

1964
171567
39974


1994
305850
68988
52362
*

1965
183716
43941


1995
314780
70128
55611
36.0**

1966
189655
46233


1996     
327209
73172
56815
36.9**

1967
195244
50031
~39000
28.89
1997
329471
72696
56965
36.7**

1968
207656
53559


1998
342699
73380
56312
36.5**

1969
221491
60538
43027

1999
347670
75446
57849
36.8**

1970
230687
65567
43270

2000
357266
78451
58452


1971
237233
68794
44914

2001
364174
79678
58589


1972
244466
71125
45868

2002
366871
76991
61717


1973
261819
72136
44883

2003
377836
78524
60501


1974
253301
71816
46526

2004





*   Since Privatisation there have been no detailed records (which are accessible) kept of efficiency of individual power stations

** Efficiency Data for 1995 - 2003 refers only to conventional non-nuclear steam stations for compatibility with earlier data

2.4 Ordering of Power Stations pre- privatisation:-

In the early 1960's there was a massive ordering of power stations,  mostly coal-fired,  but as oil became cheap,  more and more oil stations were ordered,  and the "Oil Burn" increased to about 26%.

In 1970-1973,  all new stations ordered were oil,  and some were still under construction  8-9 years after oil crisis.

From a position of under - capacity in early 1960's,  to one of

adequate capacity around 1970,  the CEGB was faced with a massive over-capacity in mid 1970's as growth in electricity stagnated.

Two stations only ordered (mostly on grounds other than supply - e.g. unemployment etc.)  -   DRAX completion and Heysham II nuclear station.
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In early 1980's  CEGB mothballed some plant,  but accelerated closure of others.
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From over-estimating demand  (a trend which was apparent throughout 1970's),  they now under-estimated growth in demand.  Indeed their central assumption for Sizewell Inquiry proved a gross under-estimate,  and electricity demand grew at a rate approaching their high-growth scenario.
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DANGER by mid 1980's that there would be a short fall in capacity by mid 1990's as stations were getting progressively older and not being replaced.

· Electricity Act:-  Made CHP more likely.  Also made it

            easier for private generation of electricity.

1986  -   SIZEWELL ordered  - on line in 1994

               proposals for West Burton B and Fawley B - both

               coal fired.  Both turned down on "Environmental

               Grounds".

1988   Proposals for Privatisation - England and Wales

2.5   Privatisation    - 1990 - 

2.5.1 Generation:-
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Initially  Big  G  (thenNational Power)  to include    nuclear - later the nuclear side

        was separated as Nuclear Electric (Government Owned)
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 Little G  (now PowerGen)
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   But private companies/ Area Boards could also  generate.
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           POOL began operation on 1st April 1990

   SYMBOL 183 \f "Symbol" \s 10 \h
In 1996    Nuclear Electric   was split  into British Energy (privatised) and Magnox Electric.

From 1996 - 2000
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Increased Number of Independents
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Deregulation of Supply to all consumers
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National Power and PowerGen required to sell some of their plant - mostly bouight by Eastern Energy
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National Grid sold interest in Pumped STorage to First Hydro - later Mission Edison who have now als purchased other fossil fuelled pwoer plant e.g. Fiddler's Ferry. 
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BNFL  took over Magnox Electric in 1997.

SYMBOL 183 \f "Symbol" \s 10 \h
In 2000 Ntaional Power demerged into INNOGY which took over most of UK business and International Power - which now devotes its effort mostly to overseas issues.

SYMBOL 183 \f "Symbol" \s 10 \h
Increased Number of Independents

SYMBOL 183 \f "Symbol" \s 10 \h
Deregulation of Supply to all consumers

SYMBOL 183 \f "Symbol" \s 10 \h
Renewables Obligation Document Published for Consultation
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New Electricity Trading Arrangements began on  27th March 2001

· Renewables Obligation came into force on 1st April 2002.

· Several problems have emerged in last 18 months as price of wholesale electricity has been forced down.  Examples – problems at AES (DRAX),  then British Energy,  then TXU (which had three generating stations),  and even PowerGen were not immune as they mothballed a gas fired station which was only around 8 years old.

2.5.2 Distribution:-

National Grid Company took over main distribution, but also have control of Pumped Storage Schemes.

Supply:-     Local Area Boards (or Regional Electricity

                   Company (REC))-  similar to pre-

                   privatisation but with increased powers.
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Large consumers (i.e. over 1MW) can purchase electricity from ANY AREA BOARD.   To be reduced to 100kW in 1995

SYMBOL 183 \f "Symbol" \s 10 \h
and restriction removed altogether in 1998/9

· In recent years there have been many take-overs/mergers in the Supply section of the Industry – e.g.  TXU taking over Eastern,  then in Autumn 2002 PowerGen took over TXU.

· Companies like PowerGen were soley involved in generation until mid 1990s.  Now they are also major players in supply sector.

2.5.3 SCOTLAND

SSEB and NSHB were privatised largely as they existed (apart from Nuclear component) - i.e. the cover everything from generation to supply.

Scotland generates about 50% electricity from Nuclear.

2.5.4 OTHER POINTS:-

· Introduction of non-fossil fuel obligation  (NFFO - details later)- to subsidise non-fossil fuels.  Initially  a single level was set to include nuclear and renewables.  Later there were separate targets for nuclear and renewables.  Finally,  there were separate targets for the different renewables.  

· For NFFO-1 and NFFO-2 this subsidy was phased out in 1998.

· NFFO-3 and SRO (Scottish renewables order was announced in January 1995).

· NFFO 4 and NFF05 followed in 1997 and 1999.

· Subsidy for NFFO-3, 4, 5 continues to run for 20 years after start.

· Renewable Obligation replaces NFFO 

2.5.5 GENERATION BY GAS

SYMBOL 183 \f "Symbol" \s 18 \h
Until the late 1980's,  generation of electricity from gas was uncompetitive as the prices charge for electricity generation were TWICE those for other uses.  This was partly a result of EC Legislation which was subsequently relaxed.
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The legacy of no power station building (apart from Sizewell) for a decade meant that new station were urgently needed.
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The UK had no Combined Cycle Gas Turbines in 1991 (apart from a very small demonstration unit 76 MW).
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Numerous proposals for CCGTs have been made and currently  13815MW (Jan 1st 1998) have been completed, with a further 5000MW + under construction.
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One small fluidized bed combustion plant has also been commissioned (80MW) compared to 2000 MW for a typical coal station.

SYMBOL 183 \f "Symbol" \s 18 \h
Construction of Power Stations is now in hands of private companies, and most new proposals are NOT from National Power or PowerGen.  In the past,  CEGB made estimates 7 years in advance and order stations accordingly.



3.    GENERATION OF ELECTRICITY

3.1   Introduction

Electricity is generated whenever there is movement of a conducting material within a magnetic field.  

Frequently the conducting material is a loop (or series of loops of copper wire) which is rotated within the poles of a powerful magnet.

Generation may be either as AC - alternating Current

or DC - direct current.

As we shall see later  A.C. has traditionally been better for centralised systems and  are likely to continue to be so UNLESS  super-conductivity becomes a reality.

Renewable Energy sources are much more suited to  a DC system,  but in most instances they have to conform to AC systems

In power generation,  the coil is mounted on a rotor which revolves at 3000 rpm (50 Hz in Europe) or 3600 rpm (60 Hz in North America).  The magnet is usually an electro magnet on the stator.

The motive force for rotating the coil may be provided by any convenient mechanical means (e.g. a water turbine,  wind turbine or by the expansion of steam in a steam turbine.

The generator is typically 95% efficient,  losses arising from friction,  air-resistance,  and heating in the copper wires.  Cooling is usually done using hydrogen as despite its fire risk,  it is the most efficient "dry coolant"

Electricity is also used in the generator to power the electro-magnet.  This is usually generated separately in the Exciter which is like a small generator,  but this time a permanent magnet is used because the power to be generated is relatively small.

3.2  The Turbine

The motive power to turn the generator comes from the turbine.

SYMBOL 183 \f "Symbol" \s 18 \h
In hydro stations,  either a jet of water may be directed at a series of cups or specially shaped blades are used to extract energy

SYMBOL 183 \f "Symbol" \s 18 \h
In wind power,  turbines normally use lift forces on specially shaped blades for higher efficiency in electricity generation - older machines used for mechanical pumping have many blades and operated by drag forces

SYMBOL 183 \f "Symbol" \s 18 \h
In steam turbines (nuclear, fossil fuel, biomass, waste,  geothermal),  high pressure steam is directed at a series of blades causing them to turn.  The outlet steam is then redirected via fixed blades onto further moveable blades.  In a modern power station there may be over 30 sets of moveable and fixed blades.  

3.3  Electric Power - 
A QUICK REVISION

Electric power is measured in Watts and is simply obtained by multiplying the voltage by the current.

thus     power   =     volts  x   amps

In the UK,  the voltage is 240 at the moment,  so an electric kettle consuming 3 kW will draw   3000 / 240  =  12.5 amps

(hence the reason why we have 13 amp plugs)

In the USA where the voltage is 120,  the current drawn would be 25 amps.

Since the size of the cables increases with the likely current,  the thickness of wire in all electrical circuits in North America will be larger than in the UK.

Alternatively, of course,  if the same current is drawn,  then the power will be less,  and the kettle will take longer to boil.

3.4 Synchronism

Almost all electricity in generated as ALTERNATING CURRENT in which both the voltage and current follow a sine curve - see Fig. 3.1.  In Europe,  the oscillation is 50 Hz (50 cycles per second).

[image: image2.wmf]
Fig. 3.1   Variation in voltage in the UK domestic supply.  The cycle frequency is 50 Hz.

Suppose an additional generator comes on line.  It must be in EXACT SYNCHRONISM (or phase) with all the other generators otherwise it could oppose the electricity generated elsewhere.

ALL GENERATORS IN THE UK ARE RUNNING AT PRECISELY THE SAME SPEED AND ARE IN PHASE WITH ONE ANOTHER. 

3.5  Reactive Appliances

If AC. is passed through a resistance such as an electric fire,  power is dissipated as given in section 3.3.     In such appliances,  both the current and the voltage are in phase.

However,  many appliances are REACTIVE (e.g. electric motors,  fluorescent light tubes etc.).    In these cases,  the current (I) and the voltage (V) are NOT in phase (see Fig. 3.2) ,  and the useful power consumed will be:-
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where SYMBOL 106 \f "Symbol" is the phase difference between the current and voltage.

If the current and voltage are in phase,  SYMBOL 106 \f "Symbol" = 0 and all the power supplied is useful power.

cos SYMBOL 106 \f "Symbol" is known as the power factor and may be 0.8 or lower.

[image: image4.wmf]
Fig.  3.2 Effect of a reactive load is to cause a phase shift between voltage and current.

Thus the useful power (measured in kilowatts) may be 20% less than the power supplied (measured in kilovars).

Some appliances cause the current to lead the voltage,  for others the reverse is true.  With careful management it is possible to apply POWER FACTOR CORRECTION to improve the utilisation of energy.

3.6.  ELECTRICITY SUPPLY

SYMBOL 183 \f "Symbol" \s 18 \h
All utilities supply power as A.C.  (although this was not always the case).

SYMBOL 183 \f "Symbol" \s 18 \h
D.C. (direct current)   does not generally suffer from the above problems (except as transients).

SYMBOL 183 \f "Symbol" \s 18 \h
Renewable Energy Sources are more suited to D.C. and there is thus a technical bias against the Renewables.

SYMBOL 183 \f "Symbol" \s 18 \h
 D.C. is used for some transmission lines but requires inversion and rectification at each end of line.

SYMBOL 183 \f "Symbol" \s 18 \h
D.C. transmission becomes economic for long  (> 500 km) overhead lines (e.g. Canada,  USA,  Scandinavia)

SYMBOL 183 \f "Symbol" \s 18 \h
D.C. transmission becomes economic for underground cables for relatively short lengths (~30 km).

SYMBOL 183 \f "Symbol" \s 18 \h
A reason why link to FRANCE is DC is that the phase of the UK supply is generally different from that in Europe

3.7 ADVANTAGES OF AC and DC.

3.7.1 ADVANTAGES of AC

SYMBOL 183 \f "Symbol" \s 18 \h
almost all appliances run of AC.

SYMBOL 183 \f "Symbol" \s 18 \h
voltages can be readily transformed from one voltage to another. 

[This is important in transmission as the power lost in transmission is equal to  I2 R  (where R is the resistance of the wire).  For a given amount of power,  the current may be reduced by increasing the voltage in the same proportion]

Thus a single QUAD 400 kV circuit can carry 1000 MW.

                                             but  power = volts x amps

so current flowing is  1000 x 106 /400 000   =  2500 amps

if voltage were only 100 kV,  the current would be 10000 amps, and the loss in transmission would be 16 times as great.

3.7.2 DISADVANTAGES OF AC.

SYMBOL 183 \f "Symbol" \s 18 \h
all generators must be in synchronism

SYMBOL 183 \f "Symbol" \s 18 \h
separate transmission networks cannot be interconnected directly unless both systems are in exact synchronism

SYMBOL 183 \f "Symbol" \s 18 \h
power carried though an overhead line is lower than for DC.

SYMBOL 183 \f "Symbol" \s 18 \h
power carried through an underground cable can be significantly lower than for DC.

SYMBOL 183 \f "Symbol" \s 18 \h
reactive power losses can cause significant waste of electricity.

3.7.3 ADVANTAGES OR DC.

SYMBOL 183 \f "Symbol" \s 18 \h
no problems with synchronism (ideal for renewable sources)

SYMBOL 183 \f "Symbol" \s 18 \h
separate transmission networks can be interconnected (provided voltage is compatible)

SYMBOL 183 \f "Symbol" \s 18 \h
can be used to interconnect separate AC. networks

SYMBOL 183 \f "Symbol" \s 18 \h
greater power can be transmitted through both overhead and underground cables

SYMBOL 183 \f "Symbol" \s 18 \h
reactive power loads cause little difficulty except when switched on or off.

3.7.4 DISADVANTAGES OF DC.

SYMBOL 183 \f "Symbol" \s 18 \h
voltages cannot be changed except with costly invertors (which temporarily convert DC. into a quasi AC)

SYMBOL 183 \f "Symbol" \s 18 \h
few appliance run on DC.

SYMBOL 183 \f "Symbol" \s 18 \h
Most early electricity supplies used DC,  but decision to switch to AC. was a close thing,  and mainly hinged on ability to transform voltages as large power inverters/ rectifiers were unavailable at the time.

SYMBOL 183 \f "Symbol" \s 18 \h
If decision were made now,  the reverse decision may well have been made.

SYMBOL 183 \f "Symbol" \s 18 \h
IF super conductivity at ambient temperature becomes a reality,  then the whole question of transmission may well be reviewed.

SYMBOL 183 \f "Symbol" \s 18 \h
??   DC.  would be used for UHV transmission and inverted to AC. for local transmission/use.

SYMBOL 183 \f "Symbol" \s 18 \h
Ultimately end users may be given supply in DC. with local inverters to run older AC. appliances

3.8 THREE PHASE

Electricity in the domestic market is usually as single phase A.C.  Three wires are connected to most appliances.

one wire is the local earth (there is an earthing point in each house,  and all metal pipe work must also be connected to this earthing).

one wire is the NEUTRAL (NOT NEGATIVE!!!!) line

one wire is the LINE voltage (NOT LIVE!!!!)

The voltage oscillates at 50 Hz from +340 volts to - 340 volts as a sine wave  (Fig. 3.3)

[image: image5.wmf]
Fig. 3.3   The normal electricity supply in the UK has a voltage which varies between +340 and - 340.   The root mean square (RMS) is 240.

The ROOT MEAN SQUARE  is 240 volts and this is the figure which is normally used as it is the effective voltage.

SYMBOL 183 \f "Symbol" \s 18 \h
In theory the voltage of the neutral line should be zero and should not differ from earth potential.  In reality,  there is always a small varying voltage on the NEUTRAL LINE.

SYMBOL 183 \f "Symbol" \s 18 \h
Using a SINGLE PHASE supply means that two wires must connect the consumer to the generator.

SYMBOL 183 \f "Symbol" \s 18 \h
This is satisfactory for resistive loads (like electric fires),  but does not give the most effective power for motors as there can be only two 'kicks' to the motor for each revolution.

SYMBOL 183 \f "Symbol" \s 18 \h
For large consumers,  a three-phase supply is provided,  where the phase angle of phase 1 is zero, that of phase 2 is 120o, and that of phase 3 is 240o.

SYMBOL 183 \f "Symbol" \s 18 \h
If a three phases supply is connected to a motor,  then it will received six 'kicks' per revolution and will thus run more smoothly and efficiently.

SYMBOL 183 \f "Symbol" \s 18 \h
If the current consumed on each of the three phases is the same,  there will be no flow in the neutral lines,  and these can be dispensed with entirely.  This obviously leads to a significant saving in the number of cables needed (from 6 to 3).

SYMBOL 183 \f "Symbol" \s 18 \h
In the domestic market,  one third of the houses are connected to the RED phase,  one third to the BLUE phase,  and one third to the YELLOW phase

SYMBOL 183 \f "Symbol" \s 18 \h
Corresponding to the 240 (RMS) volts of single phase,  the equivalent three phase (RMS) volts between adjacent phases is 415 volts.

SYMBOL 183 \f "Symbol" \s 18 \h
The supergrid transmission lines typically have two circuits each of three wires representing the three phases.  An additional cable is usually strung along the top of pylons to mitigate against lightning strikes.

SYMBOL 183 \f "Symbol" \s 18 \h
Each wire of each circuit may consists of a bundle of up to 4 separate cables (Think why this should be - have a look on the field course as we pass National Grid Pylons).

In the UK,  six different voltages are used as transmission lines:-

a)  400 kV - National SuperGrid - the largest towers

b)  275 kV - National SuperGrid

c)  132 kV - a few National Super Grid, but mostly   these belong to REC's

d)    66 kV )  the smallest pylons:  owned by REC's

e)    33 kV )   

f)     11 kV    owned by REC's - the supports are   usually timber poles.                       



4.  Environmental Impacts of Energy Resources
Energy

Source
Environmental Issues

Coal
Mining: 

SYMBOL 183 \f "Symbol" \s 12 \h
Open cast - landscape, ecology, river pollution from tailings, release of radon gas

SYMBOL 183 \f "Symbol" \s 12 \h
Deep mining:  settlement problems, methane,   disease amongst miners etc.  Spoil heaps

Use:       

SYMBOL 183 \f "Symbol" \s 12 \h
SO2 emissions; NOx radioactivity (~30 ManSievert cumulative for UK population per EJ).

SYMBOL 183 \f "Symbol" \s 12 \h
Flyash, solid ash.  Large amount of CO2 -   significantly worse than gas, oil or biomass

Resource base:  centuries

Comments:

SYMBOL 183 \f "Symbol" \s 14 \h
FGD reduce SO2 by 90% - also reduces gaseous radioactive emissions, but increases liquid radioactive waste

SYMBOL 183 \f "Symbol" \s 14 \h
NOx can be reduced by 60% using new burner types

SYMBOL 183 \f "Symbol" \s 14 \h
Proposals to freeze CO2 but that would require and increase in power stations by ~30+%

SYMBOL 183 \f "Symbol" \s 14 \h
New technologies include IGCC, (? MHD).  But likely to be 10 - 20 years before they are on stream at least.   Even with these the CO2 emissions will still be higher than for gas.

Gas
Extraction and transmission: 

SYMBOL 183 \f "Symbol" \s 12 \h
some loss of methane a potent greenhouse gas (~1%+)

Use:     

SYMBOL 183 \f "Symbol" \s 12 \h
CO2 but 40-60% that of coal depending on  technology  

SYMBOL 183 \f "Symbol" \s 12 \h
NOx increased over coal unless special burners are  fitted

SYMBOL 183 \f "Symbol" \s 12 \h
Low radioactive emission (from radon)

Resource base:  decades

Oil
Extraction and transmission:  

SYMBOL 183 \f "Symbol" \s 12 \h
oil spills causing local ecological disasters

Processing:   
SYMBOL 183 \f "Symbol" \s 12 \h
Discharge of chemicals to environment

Use:            

SYMBOL 183 \f "Symbol" \s 12 \h
CO2 (intermediate between gas and coal),

SYMBOL 183 \f "Symbol" \s 12 \h
SO2 can be high if orimulsion is used and NOx
SYMBOL 183 \f "Symbol" \s 12 \h
Radioactive emission (about same as nuclear but lower than coal)

Use for transport: 
SYMBOL 183 \f "Symbol" \s 12 \h
NOx, lead, Benzenes, ozone etc. emitted at  low level causing respiratory diseases etc.

Resource base:  decades

Nuclear

Power -

Nuclear Fission
Uranium mining: 

SYMBOL 183 \f "Symbol" \s 12 \h
Require massive amount of earth movement if using older technologies. 

SYMBOL 183 \f "Symbol" \s 12 \h
Newer methods use pumping of water which causes less problems, but can leak into water courses.

SYMBOL 183 \f "Symbol" \s 12 \h
Spoil for solid mining also presents a problem

Fuel Fabrication: 

SYMBOL 183 \f "Symbol" \s 12 \h
Requires energy for enrichment (slight radioactive emissions ~1-1.5                            ManSieverts per Exajoule).

Use:                    

SYMBOL 183 \f "Symbol" \s 12 \h
Slight radioactive emission in normal operation (3-10 ManSieverts per EJ)

SYMBOL 183 \f "Symbol" \s 12 \h
Possibility of serious accident in reactors with positive void coefficient: remote possibility of serious accident in reactors with negative void coefficient, but                            likelihood is dependent on reactor type

4.  Environmental Impacts of Energy Resources  continued
Nuclear Power

Nuclear Fission – contd.


Reprocessing
· Effluent discharges are radioactive,  but generally less than emissions in normal operation - typically  8 ManSieverts per EJ, [although this was not always so ]- SIXEP has reduced effluent discharges at Sellafield by a factor of 500, and radioactive discharges will be reduced further over the  next 5 years.

Waste Disposal:  


Depends onpproach adopted:

                           a)  reprocess reduces HLW but increases ILW and LLW

                           b)  higher component of HLW and more difficult to encapsulate

                           Long term storage may present problems

Decommissioning [controversy over correct approach]

Resource Base:   decades

SYMBOL 183 \f "Symbol" \s 12 \h
can be extended to centuries using Fast Breeder Reactors, but this introduces new problems (e.g. pure Plutonium) 



Nuclear

Fusion
Potentially a vast source of energy with no toxic waste products (apart from reactors themselves): commercial plants unlikely to be available before 2020 and may be later




RENEWABLES

Solar

Thermal
Land use: 
SYMBOL 183 \f "Symbol" \s 12 \h
US estimates give about 1 m2 per GJ per annum collected - hence large areas required for High temperature applications including steam raising for electricity generation (e.g. Bairstow  California).  In UK all low temperature space heating requirements will require about ~40+m2  for an average house in UK

Material:  

SYMBOL 183 \f "Symbol" \s 12 \h
Substantial quantities of steel, copper, fibre glass, glass, and aluminium are used in construction of  solar panels, and these all have high energy  requirements (typically first 2+ years of running  is needed to pay back energy invested in construction).  

SYMBOL 183 \f "Symbol" \s 12 \h
Attendant environmental problems  associated with production of these primary   materials including chemical discharges etc.

SYMBOL 183 \f "Symbol" \s 12 \h     Material use is significantly more per unit of  energy than conventional technologies but less than wave or OTEC

Use:         

SYMBOL 183 \f "Symbol" \s 12 \h
Discharges of chemical used in circuits for anti-freeze, anti-bacteria fluids etc. problems of  overheating (even fire) if allowance is not made  for excess energy problem in summer.

Health Problems:  

SYMBOL 183 \f "Symbol" \s 12 \h
Danger to human/animal eyesight in centralised focusing systems, toxicity of transfer fluids in centralised schemes.

SYMBOL 183 \f "Symbol" \s 12 \h
Legionnaires Disease could be come more widespread with large scale use of  'direct' solar water heaters.

Solar

Voltaic
Manufacture:  

SYMBOL 183 \f "Symbol" \s 12 \h
Large quantities of gases many of which are  highly toxic are used in manufacture of thin film  photo-voltaic cells.  Some are flammable, e.g.  hydrogen, methane, others warrant concern (e.g. arsine, phosphine, H2S etc., and can be a serious  hazard to workforce, and may lead to releases to the environment.

 Use:         

SYMBOL 183 \f "Symbol" \s 12 \h
Photovoltaic cells generate electricity directly  (without being switched on), and the hazard from electric shocks is significantly increased over other methods of electricity generation.



4.  Environmental Impacts of Energy Resources  continued
Wind
Use:   

SYMBOL 183 \f "Symbol" \s 12 \h
Visual impact including unsightly tracks for maintenance, 

SYMBOL 183 \f "Symbol" \s 12 \h
noise, 

SYMBOL 183 \f "Symbol" \s 12 \h
television interference, 

SYMBOL 183 \f "Symbol" \s 12 \h
interference with communications, 

SYMBOL 183 \f "Symbol" \s 12 \h
bird strikes,

SYMBOL 183 \f "Symbol" \s 12 \h
physical injury from blade failures (7% of original  blades in California Wind farms failed or showed signs of fatigue), 

SYMBOL 183 \f "Symbol" \s 12 \h
ice formation on blades causing uneven running leading to premature failure, 

SYMBOL 183 \f "Symbol" \s 12 \h
ice thrown off blades.  

SYMBOL 183 \f "Symbol" \s 12 \h
Problems of distraction to drivers etc near main roads, “flashing” sun through blades of

SYMBOL 183 \f "Symbol" \s 12 \h
turbines on horizon can be serious.

Geothermal
Use:   

SYMBOL 183 \f "Symbol" \s 12 \h
Airborne Emissions (particularly H2S which is highly toxic) causing ecological changes, chemical and thermal pollution of rivers and surrounding land from spent geothermal fluid, 

SYMBOL 183 \f "Symbol" \s 12 \h
induced seismicity, 

SYMBOL 183 \f "Symbol" \s 12 \h
noise,

SYMBOL 183 \f "Symbol" \s 12 \h
visual intrusion of escaping steam from numerous wells, 

SYMBOL 183 \f "Symbol" \s 12 \h
ground subsidence (e.g. 3m over 65 sq km area  at Wairakei, New Zealand), 

SYMBOL 183 \f "Symbol" \s 12 \h
need to continually drill new wells even in “renewable” locations because of            deposition in pipes etc (2% replacement rate per annum in New Zealand needed to maintain resource),

SYMBOL 183 \f "Symbol" \s 12 \h
conflict with uses by indigenous population which is affecting tourism (Rotorua, New Zealand).

Hydro
Construction:  

SYMBOL 183 \f "Symbol" \s 12 \h
Large quantities of materials are needed in  large hydro electric schemes.  

SYMBOL 183 \f "Symbol" \s 12 \h
Large dams affect river regime - leading to siltation and down-stream erosion.

SYMBOL 183 \f "Symbol" \s 12 \h
Loss of habitat, 

SYMBOL 183 \f "Symbol" \s 12 \h
increased soil erosion, 

SYMBOL 183 \f "Symbol" \s 12 \h
change of  salinity in some circumstances can have drastic effect  on ecology.

SYMBOL 183 \f "Symbol" \s 12 \h
Displacement of population (China is displacing 1 million people in one scheme alone (see  New Scientist Jan 1995 - see also problems on  Danube and several other countries).

SYMBOL 183 \f "Symbol" \s 12 \h
Chemical changes can occur in ground water affecting nutrient balance or increasing toxicity as submerged organic matter decays.

SYMBOL 183 \f "Symbol" \s 12 \h
Weight of dam and impounded water can induce seismicity.

Use:    

SYMBOL 183 \f "Symbol" \s 12 \h
Large impounded lake can be breeding ground for insects - hence disease (upper Volta scheme).  

SYMBOL 183 \f "Symbol" \s 12 \h
Visual impact when water level in reservoir is low can be extensive.  

SYMBOL 183 \f "Symbol" \s 12 \h
In some cases transport communications may be improved, in others they will not.

SYMBOL 183 \f "Symbol" \s 12 \h
Catastrophic failure of large dams leading to large loss of life (e.g. Malplasset, Vaiont, Teton etc.)

Wave
Construction:  

SYMBOL 183 \f "Symbol" \s 12 \h
Mooring problems for offshore devices - 

SYMBOL 183 \f "Symbol" \s 12 \h
foundation problems for devices sitting on sea bed

SYMBOL 183 \f "Symbol" \s 12 \h
Durability in hostile environment - has to be over designed to withstand extreme storm force conditions

Use:    

SYMBOL 183 \f "Symbol" \s 10 \h
Hazard to shipping

SYMBOL 183 \f "Symbol" \s 10 \h
Reduces waves hitting shore hence coastal erosion

SYMBOL 183 \f "Symbol" \s 10 \h
ecosystem will be changed to lower energy environment

SYMBOL 183 \f "Symbol" \s 10 \h
Synchronism problems more acute than wind for offshore devices.

SYMBOL 183 \f "Symbol" \s 10 \h
Most of UK high energy waves are remote from centres of population - hence additional power lines needed

SYMBOL 183 \f "Symbol" \s 10 \h
Onshore developments (e.g. Islay) are easier to develop, but resource is greatly reduced.

SYMBOL 183 \f "Symbol" \s 10 \h
Would be ideal using hydrogen as the energy vector

SYMBOL 183 \f "Symbol" \s 10 \h
Maintenance of offshore devices would be a problem

4.  Environmental Impacts of Energy Resources  continued

Tidal
Construction:  

SYMBOL 183 \f "Symbol" \s 12 \h
Large quantities of materials are needed for the enclosure barrages.

Use:   

SYMBOL 183 \f "Symbol" \s 12 \h
Tidal regimes are affected, siltation can limit life of project severely. 

SYMBOL 183 \f "Symbol" \s 12 \h
Barrier poses obstruction to shipping and marine life.  

SYMBOL 183 \f "Symbol" \s 12 \h
Ground water levels will change as will the mean salinity thus affecting the ecological balance.  

SYMBOL 183 \f "Symbol" \s 12 \h
Effluent discharges from the surrounding  land will not disperse as tidal range is reduced.  Some species of birds may thrive, but many will lose their  habitat.  

SYMBOL 183 \f "Symbol" \s 12 \h
Increased resource for recreation.

· Alternative could make use of existing man-made causeways – e.g. Churchill Barriers in Orkney: difference in tide times of several hours.

Marine Current
Construction:

· Design presents challenge – large horizontal thrusts 

· Foundation problems

Use:

· Under water devices pose a threat to shipping

· Under water maintenance

· Can be constructed as modules – thus less environmentally damaging than conventional enclosure tidal schemes.

· Operates like a wind turbine, but needs less materials as water is nearly 1000 times as dense as air

· Could extract energy offshore

Biomass
Land Use:  
SYMBOL 183 \f "Symbol" \s 12 \h
Significant areas of land are required for energy crops, and some authorities question whether energy crops are in fact net producers of energy in view of  significant quantities of fossil fuels used for machinery for transport etc..

Use:    

SYMBOL 183 \f "Symbol" \s 12 \h
Energy Crops can be harvested and “burnt” or  transformed into other fuels (e.g. “ethanol” a petrol substitute).  

SYMBOL 183 \f "Symbol" \s 12 \h
There are emissions including CO2,  although in sustainable use, this is neutral on the            overall CO2 balance.  

SYMBOL 183 \f "Symbol" \s 12 \h
Reduced SO2 but increased  NOx can be expected from plant.  

SYMBOL 183 \f "Symbol" \s 12 \h
Other emissions can  include aromatic compounds such as benzene which are carcinogenic.

SYMBOL 183 \f "Symbol" \s 12 \h
Areas of crops need to be cleared and this can have a  temporary visual impact, but such changes can lead to adverse changes in soil erosion characteristics and  also soil chemistry and biology.  

SYMBOL 183 \f "Symbol" \s 12 \h
Managed crops would reduce likelihood of fire damage to forests, but  climate and ground water flow may be affected.

Waste
Sources:                Sewage, Landfill, Refuse
SYMBOL 183 \f "Symbol" \s 12 \h
Sewage from human and animal waste can be digested to generate methane, but significant quantities of the methane are needed to keep the process up to temperature.

SYMBOL 183 \f "Symbol" \s 12 \h
Landfill causes releases of methane (a potent greenhouse gas), and burning this although generating CO2 reduces the effective greenhouse impact.

SYMBOL 183 \f "Symbol" \s 12 \h
Other waste may be collected and burnt to generate heat, processed to develop refuse derived fuel or used to generate electricity.  There are numerous processes available, but some of the key environmental concerns are:

SYMBOL 183 \f "Symbol" \s 12 \h
Release of dioxins and other toxins from incorrect combustion of waste products.  Emission of carbon monoxide, NOx, HCl, SO2 etc, the exact proportions depend on the nature of the waste.  HCl is in higher concentrations than the combustion of coal, SO2 should be less than for coal while there is disagreement as to whether NOx emissions are greater for waste than for coal.

SYMBOL 183 \f "Symbol" \s 12 \h
There is a visual impact of the plant and an associated smell, but there is also a benefit in that less landfill space is required with its own attendant problems.

4.  Environmental Impacts of Energy Resources  continued

Limits to Exploitation  - No stars – no limitation – more stars = greater restriction

Resource

Technical
Economic
Environmental
Planning/

Social Acceptance

Coal
Conventional

*
****
***


FBC
*
*
**
*


IGCC
**
*
**
**

Oil


*
****
*

Gas






Fission
Thermal

?
- normal
?





** disposal
?


FBR
***
?
* normal
?





** disposal
?

Fusion

****
**
*
?

Solar 
Hot Water

****




Central
***
***

?


Photovoltaic
**
***
*


Wind
Onshore

*
*?
**???


Offshore
**
***
?
?

Geothermal
Steam


**
?


Hot aquifers

***
?
?


HDR
***
***
* (seismisity ?)
?


Other
*****
*****
?
?

Hydro
Large Scale


*?
**


Small Scale
*
**



Wave
Shore based
*
**
?
?


Off shore
****
***
?
?

Tidal
Barrage

*
*?



Marine currents
***
***
?


Waste



*
**

Biomass
Direct

*
?
*


gasification
**
**
?
*


Energy Crops
**
**
?
*
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