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Typical Geothermal Wellhead
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17. TIDAL POWER

17.1 Tidal Power - Introduction.

There have been tidal mills in operation for many centuries e.g. at Woodbridge in Suffolk, but only in the last 25 years have major new schemes been constructed to generate electricity.

Examples include the 240 MW Tidal Power Station at La Rance near St Malo in France, a scheme in northern USSR, and more recent schemes in China.   All except La Rance are small schemes < 10 MW.

As early as 1925, consideration for a tidal barrage across the Severn Estuary was given by the Brabazon Committee.  The proposal was for a barrage just seawards of the present Severn Bridge.

Subsequent schemes have favoured a more seaward barrage some as far seaward as Minehead.

Three Energy Papers on Tidal power have been written (Nos. 23, 27, and 46).  The last of these is the so called Bondi Report (1981),  there are also references to Tidal Power in the very recent Energy Papers  55 - 66.

Other estuaries in the UK under consideration include:-

     1)  Solway Firth

     2)  Morecombe Bay

     3)  The Wash

     4)  Humber

     5)  Dee

     6)  Mersey

     7)  Strangford Lough

The total potential, if all sites were developed, would be to generate about  125 PJ of electricity per year, or about 16% of UK consumption. 

About 147 PJ per annum (6%) could be generated by the favoured scheme for the Severn which has the second highest tidal range in the world (after the Bay of Fundy in Canada).

In the klast few years ineterst has aso been shown into marine current deivces which operate in a similar manner to Wind Turbines.   Such devices are described in section 17.7
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Fig. 17.1   Generation from Tidal Power in the EBB Mode
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Fig. 17.2  Generation from Tidal Power in the FLOOD Generation Mode.
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Fig. 17.3   Tidal Power - Generation on both flood and  ebb.   Although generation is available for a greater part of the diurnal cycle,  the total amount generated is less than in EBB mode as the mean head difference during generation is lower.

17.2  Tidal Power - Theory  Basin Schemes

Tides arise from the rotational motion of the earth and the differential gravitational field set up by the Earth, Moon, and Sun.  The relative motions of these cause several different tidal cycles:-

1)
a semi-diurnal cycle - period 12 hrs 25 mins

2)
a semi-monthly cycle - (i.e. Spring - Neap Tides) corresponding with the position of the moon

3)
a semi-annual cycle - period about 178 days which is associated with the inclination of the Moon's orbit.  This causes the highest  the highest Spring Tides to  occur in March and September.

4)
Other long term cycles - eg a nineteen year cycle of the Moon. 

The Spring Tides have a range about twice that of neap tides, while the other cycles can cause further variations of up to 15%.

The Tidal range is amplified in estuaries, and in some situations, the shape of the estuary is such that near resonance occurs.  This happens in the Severn Estuary where a tidal range at Cardiff is over twice that at the mouth of the estuary (see diagram on separate sheet).

A barrage placed across such an estuary can affect the resonance conditions, and either enhance further the potential range or suppress it.  Careful modelling is therefore needed in the evaluation of any scheme.

Potential power is proportional to area impounded and the square of the tidal range.  Thus about 4 times as much power can be generated at spring tides as at neap tides.

17.3  Tidal Power - The Severn Barrage Schemes

Several schemes have been considered with a variety of locations for the barrage.

All schemes involve low and variable heads with large flow rates.  Kaplan or Bulb type turbines are thus the most suitable in all schemes.

Generally the schemes can be summarised as:-

1)   Generation on EBB flow only ( see Fig. 17.1) .  The basin fills through sluice gates which are closed at high tide, and the water allowed to pass through the turbines as the tide ebbs. 


NOTE: generation starts  4 hours after high tide to ensure the head is large, and hence the output is greatest.  Generation can be continued for up to 2 hours after low tide.  Generation is possible for only one-third of time.


The water in the basin is always above mean sea level, and thus the mean water level in the basin is raised compared to conditions before the barrage is constructed..
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Fig. 17.4    A proposed single basin scheme
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Fig.  17.5     A proposed double basin scheme.   The upper basin would be filled at high tide,  the lower one emptied at low tide.
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Fig.  17.6   A proposed single basis scheme.  This is largest of all and would generate about 12000 MW.

2)
Generation on FLOOD flow only. (Fig. 17.2)  The basin is emptied rapidly through sluice gates which are then closed at low tide.  Generation occurs as water flows in to flood the basin.


As with ebb flow schemes, generation is restricted to 4 hours in every 12 (2 hours either side of high tide).


The total energy generated would be less as less water would be able to pass through the turbines.

The mean water level in the basin would be below mean sea level, and hence would cause a hazard to shipping.     

3)   Two way generation on both EBB and FLOOD.  This is a combination of the above methods (Fig. 17.3).


Generation is possible for more than 8 hours in any 12 hour cycle.


However, the total energy output is reduced as the mean height of the basin is at about mean sea level, and the effective head during generation is reduced.  Also two way turbines are inherently less efficient.


Several ports need relatively high water levels for shipping for at least part of the time.  These would probably suffer.


The cost would be up to 20% greater than the equivalent single flow scheme.

4)
Pumping can be incorporated into any of the schemes so that the head may be artificially raised (or lowered) using energy imported from the grid.  Thus in EBB generation, pumping could be done for about 1 hour after high tide through a relatively small head to increase the effective head during generation.  


Pumping is usually considered for two stage schemes.

5)
Double basin schemes (Fig. 17.5).  In these there are two separate basins one which fills as the tide comes in, the other empties as the time goes out.  Turbines connect the two pools, and can generate power at any time.  However the total output may be  less than a single stage EBB scheme.


A variant is to incorporate additional pumps/turbines so that the schemes may also be used as a pumped storage scheme as well as generating electricity in their own right. 

After an extensive review, the Bondi Committee     considered that the EBB only schemes without pumped     storage were the most cost effective, and proposed     three schemes:-

a)
A seaward barrage near Minehead which would have an installed capacity of 12000 MW (i.e. 24% of current installed capacity, and would generated about 9% of the needs of England and Wales (Fig. 17.6).

b)
An inner barrage just seaward of Cardiff which would have an installed capacity of 7200 MW (Fig. 17.4).

c)
A staged scheme involving scheme (b) with the option to provide a second basin on the southern side of the estuary between Weston super Mare and Minehead.

The Bondi Committee favoured scheme (b).

Tidal Power from the Severn is predictable (unlike other renewables).  However, there will be many occasions when the peak demand will occur when now power is available.

It is estimated that an installed capacity of 7.2GW would only reduce the requirement for new fossil fuel / nuclear plant by about 1 GW.  Thus Tidal schemes save fossil fuel but do not significantly reduce demand for new conventional stations.

17.4  Tidal Power - Some Environmental Considerations of Basin Schems.

There are several effects which such a scheme would have including:-

1)
accessibility of shipping to existing Ports

2)
employment - the Severn Barrage would provide jobs for about 21000 for up to 10 years.

3)
large quantities of concrete will be needed and the materials for this and the earth fill barrage will have to be shipped to site.

4)
water quality in the estuary might be affected if pollutants are not dispersed so readily.

5)
recreation facilities could be provided in the basin.

6)
extra pumping would be needed for land drainage.

7)
sea defences would be less vulnerable to attack.

8)
reduced sediment transport might lead to siltation behind barrage - however, by allowing flushing during summer (or periods of low demand),  much of the impact of this can be reduced more easily than for hydro schemes,.

9)
some species of birds would decline (especially wading birds), but other species would probably increase.   However,  with the double basin scheme it is likely that the habitat for wading birds would increase.

17.5  Tidal Power - other considerations of basin schemes.

EBB generation tidal schemes would NOT increase the requirement for pumped storage schemes unless there is a high proportion of nuclear plant or if the proportion of fossil fired stations is low, or the proportion of other renewables is high.

Fossil fired plant would be used to provide firm power at times of demand with no tidal power available.  However, if these stations are displaced by large numbers of other renewable resources, then the need for extra storage would increase.

The CEGB were interested in Private money being spent on Tidal Schemes as large sums of money would be required - four times the capital cost of Sizewell.  However, the former CEGB will NOT give a guarantee that they will purchase all or even ANY of the power at a fixed price.  This makes the economics difficult to evaluate.  In the new regime following privatisation,  it would be difficult to guarantee a customer unless there was legislation.

The National Grid would argue that once sources of power are available (i.e. stations constructed) the decision to use power from that source is based solely on the marginal costs (including any subsidy (e.g. NFFO), and not the capital costs.  Unless there is an agreed price (as there was originally for wind under NFFO) the viability for tidal is less certain if large schemes go ahead.  On other hand smaller schemes such as the Mersey might well be more viable.

Double basin schemes have an advantage in that they can enhance the storage opportunity through additional pumped storage.    This aspects is not taken into account in financial considerations.   Since extensive renewable energy development would necessarily lead to an increase demand for pumped storage,  such an additional facility could be an added benefit.

Further since  shallow sea sites for offshore wind development have been identified in area where Tidal; Schemes are also favoured,  there is sense in considering an integrated renewal package, rather than allowing renewables to compete one with another.

17.6  La Rance scheme

The "La Rance Tidal Barrage" is situated a few kilometres upstream from St Malo at a location where the tidal range is 13.5m during Spring Tides.  The enclosed basin has an area of 2200 hectares and the barrage was completed in the late 1960s.   the barrage itself is 750m long and the foundations are 13 m below mean French Ordnance Datum.   The barrage incorporates shipping locks and provides a dual carriageway link between St Malo and  Dinard.2200 hectares and the barrage was completed in the late 1960s.   the barrage itself is 750m long and the foundations are 13 m below mean French Ordnance Datum.   The barrage incorporates shipping locks and provides a dual carriageway link between St Malo and  Dinard.

There are 24 units each with a maximum generation of 10 MW  generating at 3500 volts which is stepped up to 225 kV for the French SuperGrid.   The turbines are 4-bladed Kaplan Bulb turbines with a diameter of 5.35 m with output as follows.

TABLE 17.1  Output Power per unit for different head differences at La Rance.


Head


> 9m
7m
5m
3m

Ebb Flow
10
10
8
3.2

Flood Flow
10
9.5
5.5
2

The generation is thus greatest in the EBB generation mode.

The barrage can operate in a one way mode,  although EBB flow generation is only normally considered,  or on two way flow.   Overall,  the output in recent years indicates a load factor of around 25%,  which is higher than the 16 - 17% several text book imply.

In one way operation  the sluice gates are opened on the incoming tide to fill the basin and then closed at high tide.  As the tidal cycle is sinusoidal,  the fall in level from high tide is relatively small in the first 3 hours, and no generation takes place.   Generation will continue beyond low water as the head will still be sufficient for generation for up to 90 minutes after low water  (Fig. 18.7).

A variant of the scheme is to pump water for a period of about 1 hour after high water into the basin.  Though this introduces inefficiency (~85% efficient) the head difference is small and generation can later take place over a greater head and hence this pumping arrangement is a net energy producer.   Electricity for pumping is drawn from the grid, and clearly if this coincides with peak demand,  no pumping will be done on that tidal cycle (Fig. 18.7).

The Two way operation which is used  from time to time starts with the basin emptied with the sluice gates closed.  When the tide has risen sufficiently (usually about 4 hours after low water,  generation in the flood mode can occur for up to 1.75 hours.  The turbines are stopped and the sluice gates opened to allow the basin to fill - with pumping if relevant.     The sluice gates are closed at high tide, and generation on the Ebb tide then takes place as before except that generations ceases at low tie to allow the sluice gates to be opened to empty the basin.  In theory pumping to empty the basin is possible,  but cavitation problems may prevent this as the turbines must always be completely covered with water.  The cycle then resumes.
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Fig.  17.7 One way operation of La Rance – incorporating optional pumping.  Additional output can be obtained by overfilling basin at high tide.  The head difference during pumping is less than that in generation, and hence there is a net gain in the system.

In two way operation,  the basin does not rise to the same level as in single way operation as the turbines form a restriction to the incoming tide.  As a result,  the two way generation usually provides less electricity,  but the generation period is more uniformly spread over the diurnal cycle.   Assume that the tidal cycle is exactly 12 hours.

17.7   Marine Current Devices
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There are several regions around the coast of the UK where significant currents exists.  Often these occur in narrow straits between islands – e.g. Eynhallow Sound between Mainland Orkney and Rousay, and between Cap de la Hague and Aldernay.   Barrages are costly to build and several people believe they are environmentally undesirable.  It is possible, in theory to construct marine current turbines which are like underwater wind turbines to harness power from the currents.   Typical sizes will be 0.5 – 2MW and individual or clusters of devices can be installed.  The strong currents and corrosion do mean that technical developments are still needed and the technology is probably 20 years + behind that of wind.   A single demosntration scheme of 750 kW is planned off Cornwall this sumemr and a small cluster of 4 (amoutning to 3 MW) is planned for 2003/2004.  These are experimental and if successful, and if the costs could be brought down,  then ommercial exploitation might be possible in around 10 years time or so.
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.  The formula to get the power from a marine turbine will be exactly the same as for a wind turbine:-

where      SYMBOL 104 \f "Symbol" \s 12  is the efficiency (typically around 40% for the best machines)

SYMBOL 114 \f "Symbol" \s 12 is the density of  sea water which may be taken as 1070 kg m-3


R is the radius of the area swept


V is the wind velocity.

Typically the diameter of the blades should not be more than 50%

of the water depth and it makes sense to have all turbines in an area of the same diameter.  That means the size will be dictated by the minimum depth of water where the turbines are to be installed.  The density of sea water is nearly 1000 times that of air, and so even though the velocity is much less,  significant output is potentially obtainable from devices with blade diameters from about 10 m upwards.  For a 0.5 MW device a blade diameter of around 20m is required in a current of 2 m s-1,  whereas for a windturbine of equivalent output a 40 m blade diameter with a wind speed of 12 m s-1 is required.

Because the current speeds are relatively low (in normal generation terms),  it would not make sense to attempt to generated in synchronism with the mains.   Instead consideration is likely to be given to generating with DC and then inverting to AAC when the power comes ashore.

Marine Current Turbines will have to work in a harsh environment and technical problems such as offshore and underwater maintenance still need to be addressed.

17.8  Example of a Tidal Barrage.

A man made causeway is built joining two islands.  After construction it is found that there high tide on the east is  3 hours before high tide on the west.

The tidal heights are shown in the following table and graph

Time relative to east side (hrs)
Height on east side (m)
Height on west side (mj)

0
1.80
0.00

1
1.56
0.90

2
0.90
1.56

3
0.00
1.80

4
-0.90
1.56

5
-1.56
0.90

6
-1.80
0.00

7
-1.56
-0.90

8
-0.90
-1.56

9
0.00
-1.80

10
0.90
-1.56

11
1.56
-0.90

12
1.80
0.00

13
1.56
0.90

Estimate the daily electricity production and the mean power produced  if a turbine with a diameter of 3.953m is inserted into the causeway.   Power can be extracted whenever the height difference between the two sides of the barrier exceeds 0.9m.  The density of sea water is 1070 kg m-3, and the efficiency of the turbines is 80%.

First work out the height difference in column 4 and then the effective height in column 5.  Whenever the height is less than the critical 0.9m  there is no generation available.   The shaded values are direct copies from the data.   Notice the data is symmetric and many values are the same value (or same value but opposite sign)

Time relative to east
Height east
Height west
Height differ-ence
Effective Height
Velocity
Cube of velocity


(m)
(m)
(m)
(m)
(m/s)


0
1.80
0.00
1.80
1.80
5.94
209.87

1
1.56
0.90
0.66
0.00
0.00
0.00

2
0.90
1.56
-0.66
0.00
0.00
0.00

3
0.00
1.80
-1.80
-1.80
5.94
209.87

4
-0.90
1.56
-2.46
-2.46
6.95
335.08

5
-1.56
0.90
-2.46
-2.46
6.95
335.08

6
-1.80
0.00
-1.80
-1.80
5.94
209.87

7
-1.56
-0.90
-0.66
0.00
0.00
0.00

8
-0.90
-1.56
0.66
0.00
0.00
0.00

9
0.00
-1.80
1.80
1.80
5.94
209.87

10
0.90
-1.56
2.46
2.46
6.95
335.08

11
1.56
-0.90
2.46
2.46
6.95
335.08

12
1.80
0.00
1.80
1.80
5.94
209.87






(
2284.7

Now water flowing thorugh turbine, must be consistent.

i.e potential energy  of head difference = kinetic energy flowing thorugh turbines

i.e.   mgh  =  0.5 m V2

             or     V =  sqrt( 2 g h)

where g is the acceleration due to gravity = 9.81 m s-1

Hence enter the values of velocity as computed in the manner outlined above in column 6.  Notice you should disregard the –ve sign in these calculation as this merely implies two way flow.   This will the velocity of the water through the turbine.

Now by continuity  

the mass passing per second =  density x volume



  = density x velocity x cross section area



   = ( V  ( R2
and  kinetic energy  =   0.5 m V2 multiplied by efficiency

so energy available =  0.5 ( ( V  ( R2  V2     = 0.5 ( ( ( R2 V3 

substituting values for (,  (, and R  

gives the theoretical energy at any instant = 5252.7 V3
(remember that density of  SEA water is 1070 kg m-3).

Alternatively the energy available in a day will be 

               2 x 5252.7 x ( V3  

[the factor 2 comes from two tidal cycles per day)

Thus to find total energy work out V3 and enter values in column 7 and sum

total energy will thus be  2 * 5252.7 *2284.7 /1000/1000 MWh per day.

= 24.00  MWh per day 

and the rated output of the gturbine will be 24.00/24 = 1MW
17.9 Tidal Power Example:   based on Question 8,  ENV 258 (1991).

Several different schemes have been suggested for the extraction of energy from tides in the Severn Estuary.  Briefly describe them giving the advantages and disadvantages of each.

The height (h) of the water level above mean sea level in the Rance Estuary in Northern France may be approximately found from the relationship:-

Fi.g 18.8  Two Way Operation of La Rance                                            
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where t is the time in hours after high tide,

          d is the range (maximum-minimum) of the tide = 9m,

 and    p is the period between high tides (12.5 hours in this case).

Generation of electricity takes place whenever there is a head difference of 2.089m or more, and continues until the level of water in the basin falls to 0.779m below mean sea level.  The turbines have an efficiency of 60%.

Estimate how long generation can continue during each tidal cycle.  Estimate also the mean output from the power station if a total of 108.73 x 106 m3 of water pass through the turbines during generation.

SOLUTION:

First use the equation to work out the height of the tide at each hour from 0 up to 12.5 hours.  It is only necessary to do this once an hour:

HOUR
HEIGHT (m)
HOUR
HEIGHT (m)

0
4.500
7
-4.184

1
3.943
9
-0.843

2
2.411
10
1.391

3
0.283
11
3.280

4
-1.916
12
4.359

5
-3.641
13
4.359

6
-4.465



Now plot a graph with the time as the x-axis.

[image: image13.wmf]
Now draw on lines which are 2.089m below high tide (representing start of generation),  and 0.779m below mean tide (representing the end of generation.

The start coincides exactly with the 2 hour point.  This can be checked as at two hours the difference from high tide is 4.5 - 2.411 = 2.089m).

Similarly the generation ceases when the level is 0.779m below mean tide,  but the head of 2.089 must still be maintained.  So the level of the tide when generation ceases will be:-

                              -0.779 - 2.089  =    - 2.868     i.e. exactly the height after 8 hours.

So generation will occur for 8 - 2 =  6 hours  (answer to first part).

                                                              ======

There are now two ways to proceed for the second part:-

Method 1:    Graphical Method

Plot on the basin level assuming a linear decline from the start to the end of generation.

Then measure off at each hour the height difference between the basin level and the tide as shown in the following table:-

[image: image14.wmf]
HOUR
HEIGHT
HEAD

0
4.500
no generation

1
3.943
no generation

2
2.411
2.089

3
0.283
3.337

4
-1.916
4.656

5
-3.641
5.502

6
-4.465
5.446

7
-4.184
4.285

8
-2.868
2.089

9
-0.843
no generation

10
1.391
no generation

11
3.280
no generation

12
4.359
no generation

13
4.359
no generation

This method continues after the Numeric Method

NUMERIC METHOD

It is not difficult to linearly interpolate to get the height of the basin at any hour between the start and end of generation as shown in the table below.  Once this has been found it is a simple matter to subtract the tide level from the basin level to get the effective head.

HOUR
HEIGHT
BASIN
HEAD

0
4.500
4.500
no generation

1
3.943
4.500
no generation

2
2.411
2.089
2.089

3
0.283
3.620
3.337

4
-1.916
2.740
4.656

5
-3.641
1.861
5.502

6
-4.465
0.981
5.446

7
-4.184
0.101
4.285

8
-2.868
-0.779
2.089

9
-0.843

no generation

10
1.391

no generation

11
3.280

no generation

12
4.359

no generation

13
4.359

no generation

BOTH METHODS

The figures in the final columns for both methods are the same.

The energy generated at any one instant  is ......  m.g.h

To find out the MEAN OUTPUT we need to find the mean head over the period.

There is a small catch here:-

For the shaded area we can take the approximation that the head is that for 5 hours,  similarly for 4 hours and 6 hours etc.  But for both 2 hours and 8 hours, the generation is for only half the time,  so the mean height is given by:-

    0.5 x 2.089  + 3.337  + 4.656  + 5.502 

+ 5.446 + 4.285  + 0.5 x 2.089

---------------------------------------------------

                                 6

       


 =  4.219  m

The time interval is 6 x 3600 seconds

                                   volume    density of water 

                                         |                   | 

So mean output =    108.73 x 106 x 1000 x 9.81 x 4.219

                              ------------------------------------------

                                             6   x 3600                                      


                       =  125 MW



=======

So mean output is 125 MW

18. WATER POWER

18.1 Introduction and development of hydro power.

Early water power in Roman times was extracted using vertical axis machines, but most development in Medieval times was on horizontal axis machines of which there are several varieties.

Early machines were for providing mechanical power for grinding corn etc., or later for pumping water.  they were slow speed devices, and thus not that suitable for generating electricity as high rotational speeds are normally needed.

National Power,  PowerGen,  and Nuclear Electric have an installed capacity of 112 MW.    There  are also smaller systems associated with the water industry (e.g. 6MW at Kielder),  and plans by Welsh Water to install several 10's of MW as run of the river schemes.

Scottish Hydro has a significant hydro component,  but overall, the development in the UK is much less than many  other western countries, but it is comparable to Germany, Denmark etc..

The potential development for new large scale  schemes in the UK is somewhat limited, and has environmental problems with the flooding of valleys etc.  The ultimate potential is perhaps 2 - 3 times the current installed capacity.

However, there is also a potential for small scale Hydro plants and Salford University have estimated that there is a extractable potential of about 63MW in Wales, and a slightly larger amount in England.

Hydro is categorised into:-


micro scale

 
mini-scale


small scale


Large scale    > 5MW

Of the schemes,  the large scale do not qualify under NFFO rules,  and because the requirements for data are significant,  it is likely that majority of schemes which qualify will be of small scale range.

NOTE: Several figures given in FLOOD "Solar Prospects" are misleading and inaccurate. Thus in Dyfi Valley it is claimed that 5 - 6MW might be generated giving 0.15 TWh of electricity a year.  This implies a load factor of 300%!

18.2 Hydro Power - Theory

Energy available is directly proportional to flow rate, and also to the hydraulic head.

The head is equivalent to stored potential energy

          =   mgh

where m is the mass of water

            g is the acceleration due to gravity 

(can be  taken as 10ms-2) in most applications.

            h is the head difference.

The pipe diameters must be large enough to take the volume of water flowing.  Friction in the pipes will reduce the effective head of water and larger diameters are used, although cost then has a bearing.

Ideally the pipes should narrow as one proceeds downhill, however, friction losses are highest where the velocity is highest, and so usually there is little change in pipe diameter.  

Potential energy stored in the reservoir is converted into kinetic energy at the inlet to the water turbine.  Thus we can equate:-

 
                1

        mgh   =
-- mV2                        ................17.1                                                        

                                 2

where V is the velocity of the water at inlet.

Some times we need the equation the opposite way around e.g. in tidal applications

          i.e.   V =  sqrt ( 2 gh)

EXAMPLE 1:

A reservoir has an area of 1 sq km, and the difference between the crest of the dam and the inlet to a hydro station is 10m.  The station runs at an overall efficiency of 80%, and is situated 205m below the crest of the dam.  The rainfall is 1000mm per annum, the catchment area of the reservoir is 10 times the area of the reservoir, and the run off is 50%.

What should the rated output of the turbine be if its maximum output is designed to be 5 times the mean output at the site?

What is the maximum time the station could operate at full power during a sustained drought?
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Fig. 18.1    Schematic representation of a Hydro scheme

Mean head between max and min levels     = 205 - 10/2   = 200m

Average annual flow into reservoir      

                    = 50% of 10 times area multiplied 
by rainfall

                 =  0.5 x 10 x 1000 x 1000 x 1 = 5,000,000 m3  

                   ===============================

Mean energy generated per annum at 80% efficiency    





       =  [ mgh  x 0.8]

                                      =     5000000 x 1000 x 10 x 200 x 0.8

                                      =     8,000,000 MJ

                                         ============ 

Mean power (i.e. rated output )            

     =  8000000/(60 x 60 x 24 x 365) = 0.254 MW

    



========



So max power out = 5 x 0.254 = 1.27 MW

and time at max power assuming reservoir falls by 10m        


       =  area x depth x density x gh x 0.8

                  -------------------------------------------

                                max power

               =  1000 x 1000 x 10 x 1000 x 10 x 200 x 0.8

                -------------------------------------------------

                            1270000 x 60 x 60 x 24

                             =  145.8 days

                              ==========

==============================================

EXAMPLE 2:

If we require an output of 100MW, and our head is 125m we can work out what pipe diameter is needed.

Let us assume that the turbine is 80% efficient, and that there is a 20% loss in head in the pipe.

The density of water is 1000 kgm-3
so the potential energy of 1 m3 allowing for pipe losses is:-

        mgh    =   1000 x 10 x 125 x 0.8  =   1 MJ

                                                                   =====

[the factor 10 is an approximation to g = strictly 9.81 m s-2]

However, to generate the required power 100/0.8 MJ must be flowing each second i.e. 125 MJ, and so 125 m3 must be flowing

Rearranging equation 17.1

            


V2  = 2gh

                                             i.e. V2  =  2 x 10 x 100

                                               or V   =  44.7 ms-1
                                                               ====     

The total quantity of water flowing                   Q = VA

 where A is the cross-sectional area of the pipe

  so                                                  A = 125/44.7 = 2.80 m2
  hence the radius is                             
 0.895 m,

 and the diameter is                                   1.89m                                                                                  
                                                  =====.

18.3 Hydro Power - Types of Turbine

There are basically two types of water turbine in use - each has its advantages and disadvantages - some are much more suited to a particular application.

the two types are:-
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impulse turbines
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reaction turbines

18.3.1 IMPULSE TURBINES

a) PELTON WHEELS / Turgo Turbines

Water is fed to form a jet which is forced against a wheel having cup shaped 'buckets' causing the wheel to rotate Fig. 18.2.   The kinetic energy of the water in the jet is converted into rotational kinetic energy of the wheel.   In the Turgo Turbine,  the water jet is usually at an angle of about 20o to the impulse blades

The jet is directed at the base of the wheel, and in an efficient design where the cup speed is exactly half the jet velocity, theoretically, all the kinetic energy of the    water is converted, as the water is brought to a standstill and falls by gravity into the tailrace.  

Some water will inevitably be lost around the edges of the cups, and friction will also limit output, but efficiencies of about 80% are possible even on small devices. This device is suited only to high head situations (>50m, and normally in range 100 - 1000m) and low flow rates.

It is not fully immersed in water and is thus not affected by cavitation problems etc.  Devices as small at 10cm diameter can produce 1kW at 90 m head, but devices giving an output as high as 50 MW are in existence.
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Fig. 18.2 Impulse Turbines  - pelton Wheel and Turgo Turbine

b) CROSS FLOW TURBINES
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Fig. 18.3 Cross Flow Turbine

Water is ducted to a series of blades arrange around the periphery of a cylinder.  This is the modern version of the old water mill wheel.

The inlet duct may be horizontal as shown in Fig. 18.3.  In other cases,  the ducting may introduce the water from above.  These devices are particularly suited to low head (3 m +) schemes of the micro – small scale variety.    In the example shown,  the water flows out vertically beneath the turbine,  and in this way, the full potential of the inlet kinetic energy can be realised.

18.3.2  REACTION TURBINES

These turbines are suited to high flow conditions with heads normally up to 250m.  

These turbines must operate fully submerged and rely on the reaction of the water passing through a series of vanes for their operation.

There are two basic types:-

a) FRANCIS TURBINES
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Fig. 18.4  A Francis Reaction Turbine.

Water enters at the periphery and exits vertically beneath the runner.  As with the cross flow turbine,  this vertical outlet improves the extraction of energy from the device.

The guide vane are adjustable and rotate about axes perpendicular to the paper.  the function of these is to direct more or less water into the runner, and in this way the power generated can be regulated.

The six turbines at Dinorwig are of the Francis type – each generating 300MW.   However, these six can also operate in reverse as a pump during the pumping mode.

Francis Turbines are suitable for medium heads from 10 – 300+ m heads.  Water is directed into the ‘runner’ – i.e. the rotating vanes, from all sides by a series of adjustable guide vanes.  The angle of these guide vanes can be adjusted to maintain a steady output with small variations in the flow rate.

The outlet pipe goes vertically downwards from the centre of the turbine so that all the energy in the water is extracted.  A small vacuum is often created in this outlet thereby increasing the effective head.  However, problems of cavitation may arise.

Outputs of 300MW and more are possible with this type of turbine – e.g. Dinorwig.

b) KAPLAN TURBINES – and a  variety of propeller type turbines (Fig. 17.5)
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Fig. 18.5   Various Propeller type Water Turbines

2) These are suitable for  very low heads (<15 m, but typically 1 – 5 m) and fluctuating flow rates, however blades must be fully submerged.

2) The turbine blades are shaped like propellers whose pitch can be adjusted in response to flow rate variations, thereby maintaining a constant output. 

18.4    Hydro Power - Some Environmental Considerations.

1)
For high head devices, dams must be built across valleys and areas of land are flooded.  In some instances major disruption to communications has occurred, and the ecology has changed markedly, and including the widespread increase of river sickness - see for example the Upper Volta Scheme in Ghana.

2)
Major dams can induce seismicity

3)
Siltation behind the dam will eventually limit life span of resource.  The record is the siltation of a major dam in Pakistan in only 18 months!

4)
Erosion downstream of dam can threaten dam structure.

5)
Some schemes involve partial diversion of  the river for a short stretch - there are issue about the residual flow in the parent river.

6)
Fish will be affected,  but most schemes now have fish ladders to minimise the problem

7)
Water stored can be used for agriculture as  well, so utilisation of resource may be geared  to this purpose rather than energy generation - e.g. Roosevelt Dam in Arizona.

8)
Several major dams have failed in recent years some with large loss of life - e.g. Frejus (1960), Vaiont (1962), Teton (1978) etc.  The dam of the Maentwrog Power Station now operated by NUCLEAR ELECTRIC  was is in danger and the station  was closed.  This  has now been rebuilt and the station refurbished.

9)
Small scale schemes are possible which cause less environmental problems

10)
Run of the river schemes using low head Kaplan Turbines could be used to extract energy at many weir sites in the UK.

 19. WAVE POWER

19.1 Wave Power - Introduction and Theory

    Oceans integrate and store wind energy.  The power available is given by:- 

                                  g2 H2   T

                           P = ------------ x -  ~- H2T

                                        32      

 where P = power, H = wave height and T = period of wave.

   Off N. W. Scotland wave energy (annual average) is second highest in world and averages 80 kW m-1, but in storm conditions instantaneous values of 7500 kW m-1 are reached (or 3000 kW m-1 if averaged over 1 minute).

   Values in Southern North Sea, annual average values are as low as 3 kW m-1.

   Availability is greatest in winter, but even then there are periods of calm. However, power is roughly in seasonal phase with demand for electricity.

   Most waves off N. W. Scotland are in the energy range 10 - 40 kW m-1.

Wave power is a slow cyclic motion generating large forces.  But engineering problems are severe as wave periods, wave lengths, and wave amplitudes are variable and impose variable forces on structure which are very difficult to design for.

QUESTION
Should one go for maximum use of resource, or aim for most cost effective solution?   Initially, maximum use of resource was aim, but costs of order of 15 - 20p per kWh or higher were the norm, and present thinking is moving to the more cost effective evolution.

19.2 Wave Power - Types of device
 Early (1970's) designs include:-

a)   Cockerell Raft

b)   Salter Duck

c)   Rectifier

d)   Clam

    Salter Duck and Cockerell Raft have hinges.  In Salter Duck take off is proposed as a sophisticated gyroscopic take-off to give smooth power take off.  But difficulty is how to design these moving parts to work in hostile environment with limited servicing.  Probably beyond technical capabilities at moment but could be solved, say, after 5 - 10 years' testing.

  Developments at end of 1970's and beginning of 1980's suggested that floating devices would be expensive and have very difficult moving problems.  So current view point amongst active researchers is to move inshore, sacrifice some energy but fixed devices would have several advantages, including:-

a)   no mooring problem

b)   easier to land on device

c)   easier maintenance

d)   easier power transmission

e)   better design life

f)   enhanced productivity

There are three types of Wave Energy Converter (Fig. 19.1):-

     1)     Terminators

     2)     Attenuators

3) Point absorbers

[image: image20.wmf]
Fig. 19.1    Types of Wave  Energy Converter
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Queen's Belfast floating oscillating water column device is of POINT ABSORBER type.
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Lancaster Flexible Bag is an ATTENUATOR
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Salter Duck, Russell Rectifier etc are TERMINATOR

  Rectifiers work on basis of oscillating water column where air is alternately pushed and sucked through an air-turbine. Conventional turbines (i.e. Francis turbines) would reverse direction of rotation from push to pull cycle, so complicated one-way valves are needed to open and close.  These valves have to cycle many millions of times and have been notoriously unreliable, e.g. the Japanese trials.

[image: image21.wmf]
Fig. 19.2   A schematic diagram of the Oscillating Water Column developed by Queen's University Belfast.    The J-shaped tubes are of differing lengths.   One is tuned to the mid point of the higher frequency peak in wave energies,  the other to lower frequencies.

A key point in the design is the use of the Wells Turbine.

The new design of turbine, the Wells Turbine, operates by lift forces on a symmetrical aerofoil section.  This Turbine was developed by Prof. Wells of Queen's University Belfast.

The Wells Turbine has further advantages in that there is little pumping action at period of air- flow reversal, so though peak power is slightly lower, the mean power is significantly higher.

Latest device from Queen's University Belfast has a series of J - shaped tubes facing the predominant wave direction.  Usually two tubes are placed above each other and are tuned to different resonant frequencies of the wave spectrum.

Note: frequency spectrum is biomodal

19.3  Wave Power - Costs

The device designed by Queen's University for floating would be about, 60m diameter and could produce 6MW.  Costs would be 8.06p./kWh (Prof Long's 1987 figures) for a 25 year life. 

But if it is assumed that concrete structure has 50 years life, then replacement of turbine/generator after 25 years would be possible.

In that case,   effective cost is 8.06p/kWh over 25 years but 1.32 p/kWh over next 25 years, giving an average of 4.69p/kWh - not that much above conventional generating capabilities.   Note these costs were 1987 values,  and did not involve discounting  (see Wind Power costing example for problems associated when discounting is used.

The predominant capital cost of such a device is of a civil engineering nature, and NOT mechanical or electrical.   Also costs for wave, unlike wind are based on estimates - these in the past have often been widely out.

 Possible reductions in cost could include prefabrication, but also reducing load factor/factor of safety as humans will be on devices only for short periods and are unlikely to be there in storm force conditions anyway.

 Foundations off N. W.Scotland are a SEVERE problem and consideration is being given to tunnelling out from land and then upward to sea bed rather than to create foundations from floating ship.  Alternatively move to S.W. England where foundation problems are less severe.

 In late 1970's about 1-1.5 times as much energy was required in construction as would be obtained in life span of device - and hence would be a NET CONSUMER OF ENERGY.    However, optimisation of components has brought figure down to 0.4 if device has a life of 25 years or 0.15 if device has a life of 75 years.

19.4  Other Considerations

Currently U.K. has a significant lead in wave power.  Other countries involved are Japan and Norway, but both other operating devices which have jumped scale too quickly and have a number of problems. Japanese system is very inefficient and very costly.

Small scale devices based on oscillating water column and generating 100W - 1kW are now operating for navigational buoys.

Next step was for a medium scale device.  A site on Islay has been an experimental  onshore device designed by Queen's University Belfast. This device generates about  150 kW peak or 40 kW average.

Norwegians have a similar device in operation but their coast line has a 30m sheer drop to sea bed beneath water level, so there is little attenuation of waves.  However, device has a number of problems,  and blew up after 18 months operation!!!!. 

19.5  Wave Power - Research Funding

Finance for research was £5 million in late 70's, but this was cut to about £300,000 per annum in early 80's and was increased again to ?? £1 million for the Islay project.  However, finance is NOT the GOVERNING problem over development of wave power in U.K. We need to test medium scale devices and slowly build up in size. Thus modest funding is required, otherwise money will be used ineffectively.

Much controversy surrounds the funding of the Salter Duck Project - much of the criticism is not valid, although some is.

19.6  Wave Power - Implementation
Wave power units are modular and it could, therefore, be exploited in increments rather than the massive investment needed for tidal or hydropower.  Commercial units of the oscillating water column design suggested above could be available from 2005 onwards giving, say, 1 - 2 GW over the following 20 years.

These units would probably arrange that the three upper and smaller J-tubes would discharge through 3 parallel turbines.  The same would apply for the lower larger J-tubes.  Thus in summer, when power produced is smaller, 1 unit could be isolated for maintenance.

Multiple devices would generate D. C. electricity and transport energy to shore before being inverted to A.C..  This overcomes synchronisation problems. 

In 2000 a floating wave power device developed by WAVEGEN was launched of the north of Scotland, but sank after a few weeks of trials.   Wavegen are continuing development in this area and with a new device “Stingray” which is scheduled to undertake trials off the Shetdland Islands in 2003.

20. GEOTHERMAL ENERGY

[Note this section of the course will be taught by Alan Kendall – these notes were compiled in the late 1990’s when NKT last taught this section].

20.1   Nature of Resource

Geothermal Energy is the thermal energy stored in rocks and fluids, and arises from the heat lost from the molten core of the earth and also from the radioactive decay of elements in the crust.   On average the heat flux is 60 mW m-2, but in regions close to the plate boundaries, it is very much greater.

There are four separate types of resource:-

20.1.1 Hydrothermal Reserves

Hot water and /or steam trapped in fractured porous rocks at depths from 100 m - 4500 +m

range of temperature    75oC - 350oC

but most field are in the range 150oC - 200oC

[most UK resources - e.g. Southampton Basin have temperatures below 100
oC.

Dry steam reserves occur in Geysers field in USA and,  Lardarello, Italy.   Most other fields have wet steam and/or water.

Hydrothermal resources can be used for power generation or for heating and exist as either dry steam or as hot water. Dry steam, which is a rare resource, can be routed directly to a turbine to generate power. For power generation from hot water, either flash steam or binary cycle must be used - see section 20.4.

Most geothermal resources exploited to data are of this type.

20.1.2  Hot Dry Rocks (HDR)

This resource is concentrated in regions with little or no water where the temperatures are above normal - usually in granitic areas (radioactive decay).  Experimental work on this resource has been going on in New, Mexico,  Cornwall,  Russia, Japan,  but most European work is now centre on France by a joint EU initiative funded by all member state governments.  The UK is represented by the Camborne School of Mines,    The following section (shown shaded) is a summary of the WEB home page on HDR technology which should be consulted for further information.

Hot Dry Rock (HDR) geothermal energy research in Europe

Cold water is injected down one bore hole while hot water flow from the second

The Earth's crust becomes hotter with increasing depth.   This means that very large quantities of heat are available as a resource for possible use.  Geothermal industry today uses hot aquifers or natural flowing zones for  production of energy   
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Fig. 20.1  The Hot Dry Rock Technology involves two of more deep bore-holes into the rock.  The intervening space at depth is then hydraulically fractured to may the rock porous.  

This resource is very limited compared with the huge   amount of energy stored in the large volume of high temperature rocks which exists at great depth without significant water resources.   We are learning how to exploit these hot rocks in order to gain access to this environmentally friendly and valuable resource.   This will be done by injecting cold water in some wells and pumping heated water from other wells.   

The scientific co-operation between French, German, British, Italian, Swiss and  Swedish teams is evolving toward the progressive validation of an original   concept for Hot Dry Rock exploitation.   For this reason, the experiences at  Soultz-sous-Forets / Kutzenhausen are becoming one of the key points in the world geothermal HDR research strategy (other major programmes are running in Japan and in the USA).

The programme at the Soultz-sous-Forets site

The geothermal research programme for the extraction of energy from hot fractured rocks at Soultz-sous-Forets, started in 1987.     The site is situated on the western edge of the Rhine Graben, about 50 km north of  Strasbourg.   The research at the site is based on the "Soultz concept" which consists initially of establishing efficient connections between boreholes and an open natural fracture system (with some degree of circulation) by injecting water at great depth under high pressure, then adjusting pressure in order to  force water to migrate between the wells using the natural fracture system. 

This may be a logical step forward for future heat extraction from fractured  systems with lower permeability, as it is closer to conventional geothermal  systems and may form a link between the technologies. Since the end of 1992, the site is equipped with one deep borehole (3600 m) and  four intermediate depth boreholes (1400 m to 2200 m), the deepest having been cored. 

These four wells are mostly used for the seismo-acoustic monitoring of  the pressure waves associated with water migrations during stimulations.    The deep well was used in 1993 and 1994 for injection, stimulation and production tests.   Results were extremely positive, indicating that it is advantageous to work in a graben setting where a relatively open fracture network with low stresses provides ideal conditions to form a circulating  system with moderate over pressure.

The future

The European programme at Soultz-sous-Fore has been included in the 4th Framework Programme for Research and Technological Development (1994-1998) of the European Union.   Even though the operations at the site today are only of scientific nature, they are still followed with interest by

an informal group of electricity companies [Electricite de Strasbourg,

ENEL (Italy), Pfalzwerke and Badenwerk (Germany)]. 

Following the drilling of the second deep well (GPK2) in early 1995, the  crucial evaluation will be done to test the water circulation between the two deep wells (1995-1997).   

Following this, the post-1997 programme will be a pilot phase consisting of testing circulation using an even deeper multi-well system to produce heat over a prolonged period and to evaluate the properties and the maintenance of the heat exchanger created. If the system created is promising then an industrial prototype will be constructed to produce electricity in the range of 10 to 20 MWe, followed by larger generation of electrical power.

Currently the development of HDR technology is a long way off and its exploitation is on a timescale comparable with fusion.  It is unlikely that there will be significant commercial operation of  HDR plant before 2020.

20.1.3 Geopressurised Systems

Geothermal energy is also found in the form of geopressured brines. These brines are hot pressurised waters that contain dissolved methane and lie at depths of about 3 km to more than 6 km. The  technology has been developed to use this resource, but because it is not currently cost-effective, no commercial power plants have been built.

Once again this a long shot method for extraction, and unlikely to exploited much before 2020.

20.1.4 Magma Systems

Molten Rock at 700 - 1200 oC presents a high potential resource, but no known technology can extract this.  An experiment is reputed to be under way at Lilauea in Hawaii.

20.2  Current Applications

It is estimated that the current exploitation of geothermal energy is of two forms:-


Direct Heat ~ 10 GW of which over 25% is in Japan


Electricity ~ 5 + GW of which 2.3 GW were installed in the USA.

20.3 Direct Heat Applications
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Many Industrial Processes require heat below about 150oC, and these are a suitable application of the low/moderate temperature hydrothermal resources.

BUT
heat transported over large distances (> 1 km - unless substantial quantities are involved) become uneconomic.

A solution is to site industry near geothermal sites - just as industry was sited near coal mines in the past.

If heat is at a temperature below that required then heat may be upgraded with a heat pump making it an effective way of utilising energy. [ remember if temperature rises are small, then high COP's are achievable]
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Space heating for homes/schools/offices/greenhouses etc.
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Geothermal heat may be used to pre-heat the feed water in a conventional electricity power station (see section on Thermodynamics).  This reduces the requirement for bleeding steam and hence the overall thermodynamic efficiency of a fossil fuel fired power station can be increased by up to 2% (say 36 - 38%), representing a saving of 6% in fuel consumed.

20.4  Electricity Generation

There are four methods possible:-

1)
Direct Generation using the dry steam directly - limited to a very few locations

2)
Flash Steam Systems

3)
Binary Cycle System

4)
Hybrid systems using both Flash Steam and Binary Cycles.

20.4.1   Direct Systems

Direct Dry Steam Systems pass the steam directly to the turbine,  and about form considerations of re injection the spent steam, there are no real technical problems.

20.4.2   Flash Steam Systems
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Fig. 20.2  A Flash Steam System for generating electricity from Geothermal Hydrothermal Fluids.  The brine laden geothermal water/steam is flashed to stem under reduced pressure where the latter is separated and passed through the turbine.  The spent brine can be used for low temperature heating purposes before being re injected.

Flash steam systems are normally used if the temperature of the hydrothermal fluid exceeds 175oC.

20.4.3  Binary Cycle Systems

These systems (see Fig. 20.3.) involve a heat exchanger in which the hot geothermal fluid passes.  In the opposite direction passes a fluid with a low boiling point - e.g. alcohol,  iso butane etc.,  which vaporises and this vapour is then used to drive the turbine instead of steam.  previously,  the refrigerants like freon were also used.
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Fig. 20.3   A binary cycle geothermal plant

20.5   Some Environmental Issues
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Contamination: Geothermal water is sometimes heavily laden with salts and dissolved minerals. In U.S. geothermal developments, the geothermal water is always injected back into the geothermal reservoir, both to replenish the reservoir and to dispose of unwanted dissolved salts. However, geothermal power plants also produce some solid materials, or sludges, that require disposal in approved sites.

[image: image25.png]



[image: image26.png]



Fig. 20.4  Typical Wellheads for Geothermal Power Plants.  The escape of steam can be very noisy.


However,  for low temperature resources, such as the Southampton Basin, it is very uneconomic to re inject,  and the spent brine is allowed to discharge into the sea.   However,  in other locations,  toxic chemicals may also be present.
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Subsidence:   in some sites it has been as high as 0.4m / year following extraction.
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Air-borne releases - (H2S for example) can be released in open systems,  and this is not only toxic, but can be detected by humans even in minute concentrations.
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Noise:   The noise of geothermal wells can be a problem - 70 - 80 dB in some instances (c.f. recommendations of  ~ 45 dB for wind).

20.6   Advantages of Geothermal Energy


Unlike most other renewables,  geothermal energy offers firm power that can be operated to suit demand.

20.7 Example of magnitude of Hot Dry Rock Potential

Temperature at say 4km depth   -   120 oC

How much energy can be extracted per square kilometre from the region 3.5 - 4.5 km deep if the temperature can fall by no more than 20oC before the field becomes unviable?

Total Energy store  per sq km:-

Volume x density x specific heat x temperature drop

[density is 2500 kg m-3,  specific heat ~ 1 kj kg-1}

=  1000  x  1000  x 1000 x  2500  x  1  x  20     kj


[ most rocks have specific heat in range 0.8 - 1.4 kJ kg-1]


total energy available  =    50 PJ

This would be sufficient to supply 10 MW continuously for 17 years.

How long will it take to replenish the resource

replacement is approximately  

                 0.06 W m-2 = 60 kW over whole area.

So replacement would take   

                  50 x 1015  /  (60000 x 365 x 86400)  years

 =  26425 years  or over 1500 times as long as the exploitation

20.8   Southampton Geothermal Scheme - A brief Summary

In the early 1980's as part of the Government's research into Hot Acquifer technology, two boreholes were drilled in the Southampton basin - one at the former Marchwood Power Station on the opposite side of the Solent from Southampton,,  the other near the city centre.

Neither scheme was shown to be a significant find,  but Southampton City Council decided to invest in the scheme, and together with a private company, Utilicom,  they formed Southampton Geothemal the aim of which was to supply district heating to buildings in the city centre area.

Because the resource was unlikely to meet peak demand,  the buildings have been connected together but retaining the existing boiler plants which can be used at peak times or in emergencies.   Several new buildings have been connected to the scheme and these have been built without convention heating - relying on the geothermal and surplus heat from existing buildings.

To further safeguard heat,  there are auxiliary boilers in the Geothermal Heat station, and also two 1MW CHP units.  In this way Southampton are constructing an integrated district heating system.

At present about 15 major buildings ranging from hotels to a supermarket,  the Civic centre,  the Hospital, and part of the University are connected.

The scheme operates using the single bore hole from which brine is abstracted at a temperature of 76oC.   This is passed through a plate heat exchanger which heats water which is circulated to the buildings.   The brine is discharged to the Solent.

However,  the return temperature from the buildings cannot fall below about 55o+C otherwise insufficient heat will be transferred.  So the spent brine is also about 55oC and much useful heat still remains.  In times of low demand,  this is of no consequence except that the effluent temperature of the brine water to the Solent can be high.

One way to improve matters and extract at least twice as much heat is to use the spent brine to act as a heat source in the evaporator of a heat pump.   In this evaporator,  the brine is cooled to about 20oC, while the heat give absorbed by the working fluid ( as least as much as directly transferred in the heat exchanger),  is used by the heat pump (an absorption cycle version in this cases) to heat up more hot water for use in the district heating system.

Not only is the amount of heat derived from the geothermal source effectively double by this means,  but the effluent temperature is reduced to closer to ambient.

Southampton City Council have plans to link the system with a heat generating station using fuel from the combustion of refuse.  In the way,  two separate sources of renewable energy will be utilised and effectively combined with two different conservation technologies - namely  a heat pump, and combined heat and power.

20.9   A Worked Example showing the potential saving from Geothermal Heating.

A district heating system in a city centre supplies heat from a coal fired boiler (efficiency 80%) through a system of pipes to several major buildings in the area.   The system operates at  flow and return temperatures of 75o and 55oC respectively with  10% of the energy supplied  lost in distribution.  

The total heat demand on a typical  winters day  from all buildings connected to the system is 15 MW.  .  How much coal is consumed each day if the calorific value of the coal is 24 GJ per tonne.  

It is proposed to supplement the boiler with a single geothermal well which will extract hot water at 75oC and discharge the effluent into the sea.  If the maximum flow rate is 71.65 litres per second,  how much coal will be saved each day, and what proportional saving will this be..

Total heat to be supplied (allowing for distribution loss)

                 =  15 / 0.9 =       16.67  MW

Total net energy supplied in day

 =   16.67x 10 6  x 60 x 60   / 1012
=       1.44 TJ

Coal consumed in a day (allowing for efficiency)  



=   1.44 x 1000 / 24 / 0.8     =    75 tonnes

  



           =========

Energy supplied by geothermal heat =  flow rate * temperature difference * specific heat of water

=  71.65 * (75 - 55) * 4.1868 * 103    =   6.00 MW

hence saving in coal consumed per day

 =   6 x 10 6 *  86400  / (24 x 109) /0.8   =  27 tonnes

                              |                              |          =========


  seconds in day
efficiency

[ alternatively since 6 MW of 16.67 MW is supplied,  saving is 6 / 16.67 * 75 = 27 tonnes again]

Proportional saving  is 27 / 75  =  36%

21.  BIOFUELS

21.1 Introduction

In the last few years there has been much increased interest in biofuels which can be used as an alternative fule for transport.  Unlike the Biomass discussed in section 17,  where the fuel is used for electricity generation and/or heat supply,  it is transport which is the focus.   There are two fuels:  biodiesel and bioethanol.

21.2  Biodiesel

Biodiesel may be derived from vegetable oil and has been referred to as using “chip pan oil” to fuel a vehicle.   Such vegetable oils are clean and in themselves are CO2 neutral, although there are some emissions associated with production so the saving is CO2 is not as great as might at first sight seem, alothough the actual saving dpeends on whether the energy source for production is fossil fuel or biomass itself.

All diesel powered vehicles produced since about 1997 will run successfully on biodiesel without modification.  However, it is not possible to swap directly from fossil diesel to biodiesel as an engine which has run on fossil diesel will have been contaminated with particulates, and an attempt to change directly will result in the filters etc being blocked.  It thus needs a controlled and gradual swap to biodiesel.   

There are, of course, problems as the infra-structure does not exist at present to provide biodiesel except in limited areas.  There is one factory in Norfolk producing biodiesel with a second one under consideration in Lowestoft.   The construction vehicles for the new ENV ZICER building used biodiesel.

In addition to vegetable oil,  oil seed rape may be grown to produce biodiesel.   However, there are limits to the amount that can be provided due to the land area required (see section 21.4).

Since July 2002 biodiesel has had a preferential duty (reduction of 20p).

21.3 Bioethanol

Just as biodiesel can replace fossil diesel,  bioethanol can be used as a substitute for or blended with petrol.  However, unlike biodiesel,  modification to the car engines are needed if the fuel is to be used unblended.   Blending is possible up to 10% (some people say 15%) without problems or the need for engine modification.

In Brazil,  both blended and pure bioethanol have been avialable, and they have the infra-structure in the form of different pumps at filling stations.   However, it is interesting to note that the sales of new “bioethanol” vehicles in that country are noticeably lower than those which are being scrapped,  and thus Brazil, having pioneered the technology, is moving away from it.

Bioethanol may be produced by fermenting sugar beet to produce alcohol,  but there are also other methods available such as the concentrated acid method,  the dilute acid method,  the enzyme fermentation method and a method which involves forming the ethanol from component products of gasification or pyrolysis.

The alternative methods allow woody biomass to be converted into bioethanol,  while the last method which is untried on a large scale could convert part of Municipal Waste into bioethanol thereby contributing to a solution to Waste , Energy resources and Carbon Reduction.

21.4  Potential of the resource

The energy yield for crops is around 200 GJ per hectare or 20000 GJ per square kilometre.   If it is assumed that conversion technoligies (including the overheads from harvesting etc)  are about 50%,  then  around 10000 GJ of energy is available per sq km.

The current transport requirement in the UK is around 1800 PJ and to supply that in total would require around 180 000 sq km or around 75% of the total land area solely for transport fuels.

22.  ENERGY STORAGE

21.1  ENERGY STORAGE IS NEEDED
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 as  demand is not constant  (applies to both renewables and non-renewables).    

It is usually more cost effective to provide a form of storage to cover peak demand.

e.g.   Dinorwig Pumped Storage scheme  has a maximum output of 1800 MW and cost  £450 million

At the same time a coal fired station with the same capacity would have cost  £1000 million
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if the supply cannot be called upon when required  (this applies to most renewables except Geothermal and  waste/biomass).

21.2   ENERGY may be stored in several forms:-

SYMBOL 183 \f "Symbol" \s 10 \h
   mechanical energy:-      

                  potential energy   (pumped - storage schemes)

                  kinetic energy   (flywheels etc)

                  compressed air
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  heat energy:-

                  thermal stores/ hot water cylinder
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  electrical energy:-

                  batteries 
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  chemical energy:-

                  hydrogen

21.3 - MECHANICAL STORAGE

a)
POTENTIAL ENERGY - energy may be stored by exploiting potential energy by pumping water to the top of a mountain at periods of low demand to let it run down again at peak demand.  The energy stored is given by:-
           mgh

where  m  is the mass of water

            h  is the difference in head

            g is the acceleration due to gravity.  

b) KINETIC ENERGY

 - energy storage as a rotating mass (usually as a wheel or series of cylinders).  Energy stored depends on angular velocity and moment of inertia.

thus for a cylinder energy stored 

      =  0.5 I  2
where I =  0.5MR2
      M is the mass of the cylinder =   R2H

        is the density of the material

      H is the height of the cylinder

High angular speeds would be used to cut down volume required to store energy.

Example:    JET fusion reactor test facility requires flywheel storage to avoid drain on Grid.

21.4  HEAT STORAGE
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Sensible heat storage using thermal capacity of material.  Energy stored is proportional to temperature range and thermal capacity.

[thermal capacity = heat required to raise temperature of body through 1 degree Celsius.  The thermal capacity of water is 4.1868 kJ/kg].

Water has a high thermal capacity and is therefore an ideal material for heat storage over a small temperature range (e.g. 20 - 40oC).

Bricks, concrete etc have a much lower thermal capacity, but may be operated over a much greater temperature range, (e.g. 200 oC) and hence can store more energy per unit volume - e.g. Electric storage heaters.
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Latent heat storage.  When a material changes phase e.g. from liquid to solid, a large quantity of heat is released at constant temperature (e.g. in forming ice, 80 times as much heat is evolved as is evolved by cooling water by 1oC).

Glaubers Salt undergoes a phase change at a convenient temperature for direct space heating, and would reduce volume required by a factor of about 7 compared to water.  However, after a dozen or so cycles, and particularly in the presence of impurities, irreversible structural changes in Glaubers Salt substantially reduce its effective storage capacity.

The ice water change is an effective cold source for heat pumps.

21.5   - ELECTRICAL ENERGY - can be stored in batteries, but volume required for a given quantity of energy is much greater than for oil etc.

21.6  - CHEMICAL ENERGY - energy is stored in fuels, and the density of storage may be assessed from the calorific value.

Thus 1m3 of natural gas has a calorific value of 38 MJ. 

     1 tonne of coal (occupying about 0.5 m3) has a calorific value of 24 GJ

     1  tonne of oil (occupying about 1.1 m3) has a calorific value of about 46 GJ.

Hydrogen compressed at 200+ bar is also used to store energy (could be useful with wave power).

- COMPRESSED GAS - Air may be compressed during periods of low demand, and then released to drive machinery at periods of high demand.  Germany is experimenting with compressing air into disused salt caverns as an alternative to pumped storage schemes of the Dinorwig type.

Gas may be compressed to reduce is volume, and hence increase its energy density.

- LIQUEFIED GAS - the volume required to store gas may be substantially reduced if the gas is liquified.  Gas in this form is transported from the Sahara to Canvey Island.  Also gas is stored in large Liquefied Gas plants around Country (e.g. Partington).  Significant problems are associated with liquefaction as all other impurities gas must be removed otherwise freezing and blocking of pipes occurs.

21.7  ENERGY STORAGE - examples of volumes required to store 1 GJ.

NOTE:-  all examples assume that storage is 100% efficient - i.e. there are no losses in storage or recovery of energy.



 

  cubic metres                      

HEAT                                    
6

POTENTIAL ENERGY      
1000

CAR BATTERIES              
9.25

FLYWHEEL                       
5.18

GAS (1 bar)                         
26

GAS (50 bar)                   
0.52

COAL                              
0.021

OIL                                   
0.024

21.7.1   HEAT STORAGE - SENSIBLE HEAT

Heat Energy Stored

   = Mass x Thermal Capacity x Temperature Range

[thermal capacity = heat required to raise temperature of body through 1 degree Celsius.  The thermal capacity of water is 4.1868 kJ/kg].

Assuming water is working medium as it has a high thermal capacity, and the temperature range is 40oC, the energy stored will be:-

        4.1868  x  1000   x 40    =   167 MJm-3    

      thermal   density   temp

    capacity             diff.

Thus to store 1 GJ will require 1000/167  = 6m3
                                                                     ====

-----------------------------------------------

21.7.2 POTENTIAL ENERGY - PUMPED STORAGE.

Potential Energy =  mgh

Assume water is stored up 100m above a lower reservoir, then 1 cubic metre stores:-

         1000 x 10 x 100   =   1 MJ

        density

NOTE: acceleration due to gravity (g) may be approximated to 10 ms-2
thus volume required to store 1GJ = 1000m3
21.7.3  ELECTRICITY - CAR BATTERY

A typical car battery is 0.3m x 0.3m x 0.2m, and can store about 45 ampere-hours.  The voltage is 12V, so the maximum energy stored in a battery is 12 x 45  =  0.54 kWh or 1.944 MJ

To store 1 GJ would thus require  1000/1.944 = 514 batteries which would occupy a volume of

    0.3 x 0.3 x 0.2 x 514 = 9.25 m3
                                            =======

21.7.4    KINETIC ENERGY - FLYWHEEL

Kinetic energy of rotating cylinder is given by:-

          0.5 x  I SYMBOL 119 \f "Symbol" 2
where I is the moment of inertia = MR2/2

      R is the radius of the cylinder

      M is the mass of the cylinder  =   SYMBOL 112 \f "Symbol"

SYMBOL 114 \f "Symbol"R2h

       SYMBOL 119 \f "Symbol" is the angular velocity

        SYMBOL 114 \f "Symbol"  is the density of the material,

  and h is the height of the cylinder

Assume cylinder is rotating at 3000 rpm which equals 50 revs per second.  But angular velocity is 2   times this = 100   = 314.159s-1.

So energy stored 

                    = 0.5 * 0.5 *  SYMBOL 114 \f "Symbol"  *  SYMBOL 112 \f "Symbol"  *  R4   *    h  *     SYMBOL 119 \f "Symbol" 2
For steel, density = 7800 kgm-3, and assuming a cylinder of 1m radius, energy stored 

= 0.25 x 7800 x 3.14159 x 1 x h x 314.1592
= 604h MJ, so to store 1 GJ will require 

  h = 1000/604  = 1.65 m, & volume = 5.18 m3
                                  ======                           ======

21.7.5  CHEMICAL ENERGY

GAS

Storage at normal supply pressure 

                (i.e. approx. 1 bar):-

Calorific Value = 38 MJm-3
So volume required  = 1000/38  = 26m3
                                                      ====

At 50 bar pressure,

   volume would be 26/50 = 0.52m3
                                             =======

since pressure x volume = constant (Boyle's Law)

COAL

calorific value is approx. 24 GJ/tonne, but 1 cubic metre weighs about 2 tonnes, so there are 2 x 24 = 48GJ per m3, 

i.e. volume required for 1 GJ = 1/48 = 0.0208m3
                                                                   ========

Similarly for OIL (density = 0.9 tonne/cubic metre), and calorific value = 46 GJ/tonne, 

volume required = 0.0242m3
                                   ========

21.7.6  Solar Energy Example  with ENERGY Storage 
A solar hot water system is to be designed to supply all the needs of a large house from March onwards.  The solar radiation (corrected for angle) falling on the collector,  and the number of litres of hot water used in each hour are shown in the Table.   If the efficiency of the collector is 55%,  and the availability of sunshine is 58% estimate the collector area required if the in coming water to the house is at 100C and the hot water is to be supplied at 55oC.  Also what must be the minimum size of storage tank

Time
Solar Radiation  (Wm-2)
litres of hot water used

00:00



01:00



02:00



03:00



04:00



05:00



06:00
16


07:00
70
14

08:00
245


09:00
450
12

10:00
675


11:00
800


12:00
800


13:00
675
4

14:00
450


15:00
245


16:00
70


17:00
16


18:00

6

19:00



20:00



21:00



22:00

294

23:00



First work out energy required in 24 hours period by summing litres of hot water used   =  330 litres per day.

Since specific heat of water is 4.1868 kJ kg-1 oC-1 and temperature difference is 45oC  = (55 - 10),  the energy required will be.

          330 * 4.1868/1000*45 =  62.174 MJ per day

Also the total amount of solar gain per square meter will be

0.55   *    0.58   *    3600   * sum of all radiation in column 2

           = 5.182   MJ / day

So collector area required =  62.174/5.182 =    12.0 sq metres

No look at each hour in more detail starting at 06:00 and work out net gain./loss in each hour

for 06:00 we multiply the 16 by 12 and the efficiency and availability and finally 3600 to get number of joules supplied [it is convenient to convert to MJ).  However we shall find that we have to multiply all the subsequent values by the same set of numbers so it makes sense to work out the net multiplier once and for all

i.e.  12 * 0.55 * 0.58 *3600 / 1000 000  =   0.01378

Similarly we need to work out the energy used in each hour.

Once again there is a common factor so work this out

=  specific heat * temperature difference 

= 4.1868 * (55 - 10)/1000

=   0.188406
Now working in a tabular form work out the total gain and total use in each hour.

Time
gain

(MJ)
litres used
gain in hour (MJ)
use in hour

(MJ)
Net storage

(MJ)

05:00






06:00
16

0.22

0.22

07:00
70
14
0.96
2.64
-1.46

08:00
245

3.38

1.92

09:00
450
12
6.20
2.26
5.86

10:00
675

9.30

17.16

11:00
800

11.02

26.18

12:00
800

11.02

37.20

13:00
675
4
9.30
0.75
45.75

14:00
450

6.20

51.95

15:00
245

3.38

55.33

16:00
70

0.96

56.29

17:00
16

0.22

56.51

18:00

6

1.13
55.38

19:00




55.38

20:00




55.38

21:00




55.38

22:00

294

55.38
0.00

23:00




0.00

Note:  the storage is negative at 07:00 as the use of water for washing would be greater than the cumulative supply up to that time.  In practice the boiler would cut in to supply that demand, and there would be a residual storage of 1.46 at the end of the day which would be carried into the next day, and thereby make that day fully self sufficient.

To work out maximum storage required we need to note the maximum energy stored = 56.51 MJ at 17:00.  As this is water stored after a 45oC temperature rise,  the volume required =

56.51 /   45   /   4.1868   *   1000   =    299.9 = 300 litres

               |              |

      temp diff         |

                   specific heat

23.  Energy Review February 2002

The following section is a reformatted version of the Executive Summary of the Energy Review.  The full Document may be consulted from the link from the Energy Web Pages.

Key points

Trends in energy markets have been comparatively benign over the past 10–15 years: the UK has been self-sufficient in energy; commercial decisions have resulted in changes in the fuel mix that have reduced UK emissions of greenhouse gases; and trends in world markets and domestic liberalisation have reduced most fuel prices.

The future context for energy policy will be different. The UK will be increasingly dependent on imported oil and gas. The Californian crisis has highlighted the importance of putting in place the right incentives for investment in energy infrastructure. And the UK is likely to face increasingly demanding greenhouse gas reduction targets as a result of international action, which will not be achieved through commercial decisions alone.

The introduction of liberalised and competitive energy markets in the UK has been a success, and this should provide a cornerstone of future policy. But new challenges require new policies. The policy framework should address all three objectives of sustainable development – economic, environmental and social – as well as energy security. Climate change objectives must largely be achieved through the energy system. Where energy policy decisions involve trade-offs between environmental and other objectives, then

environmental objectives will tend to take preference.

Key policy principles should be: to create and to keep open options to meet future challenges; to avoid locking prematurely into options that may prove costly; and to maintain flexibility in the face of uncertainty. Increasingly policy towards energy security, technological innovation and climate change will be pursued in a global arena, as part of an international effort.  Within the UK, the overall aim should be the pursuit of secure and competitively priced means of meeting our energy needs, subject to the achievement of an environmentally sustainable energy system.

The UK’s future energy strategy should have the following elements:

i). energy security should be addressed by a variety of means, including enhanced international activity and continued monitoring. However, there appear to be no pressing problems connected with increased dependence on gas, including gas imported from overseas. The liberalisation of European gas markets will make an important contribution to security;

ii). continued attention to long-term incentives is needed, though recent levels of investment in the energy industries have been healthy; 

iii). there is a strong likelihood that the UK will need to make very large carbon emission reductions over the next century. However, it would make no sense for the UK to incur large abatement costs, harming its international competitiveness, if other countries were not doing the same;.

iv). keeping options open will require support and encouragement for innovation in a broad range of energy technologies. The focus of UK policy should be to establish new sources of energy which are, or can be, low cost and low carbon;

v). the immediate priorities of energy policy are likely to be most cost-effectively served by promoting energy efficiency and expanding the role of renewables. However, the options of new investment in nuclear power and in clean coal (through carbon sequestration) need to be kept open, and practical measures taken to do this;

vi). the Government should use economic instruments to bring home the cost of carbon emissions to all energy users and enable UK firms to participate in international carbon trading. Achieving deep cuts in carbon would require action well beyond the electricity sector where cuts have been concentrated in recent years;

vii). step changes in energy efficiency and vehicle efficiency are needed, with new targets for both. In the domestic sector, the Government should target a 20% improvement in energy efficiency by 2010 and a further 20% in the following decade;

viii). the target for the proportion of electricity generated from renewable sources should be increased to 20% by 2020;

ix). institutional barriers to renewable and combined heat and power investments should be addressed urgently; and

x). the Government should create a new cross-cutting Sustainable Energy Policy Unit to draw together all dimensions of energy policy in the UK.

In the light of this review, the Government should initiate a national public debate about sustainable energy, including the roles of nuclear power and renewables.

Recent trends in energy markets have been benign for policy

In recent decades, the context for energy policy in the UK has been remarkably benign. The UK is currently one of just two G7 countries which is self-sufficient in energy. Energy prices have generally been falling in real terms, partly because world oil prices have fallen and partly because of the successful liberalisation of UK gas and electricity markets. UK industry and consumers, including the fuel poor, have gained. And the UK has found it easier than many other countries to achieve greenhouse gas reductions – the “dash for gas” in particular (which was driven by commercial decisions) reduced carbon emissions from electricity generation.

But the future context will be much more challenging

The future for energy policy seems likely to be much less benign for two reasons: issues of energy security are likely to become more important. The UK will become increasingly dependent on imported oil and gas. And the Californian energy crisis has highlighted the importance of getting incentives for new investment in energy right; the UK is likely to face increasingly demanding carbon reduction targets. A low carbon future, if it were to be adopted, could not be achieved on the basis of spontaneous changes within the energy system, especially when at present, one low carbon source, nuclear power, faces a progressive run-down as existing plant reach the end of their lives and are decommissioned.

In addition, although good progress is being made towards the elimination of fuel poverty, many people continue to spend a substantial proportion of their income on fuel, largely as a result of the age and energy inefficiency of the housing stock.

New challenges require new policies

The introduction of liberalised and competitive energy markets in the UK has been a success, and competitive markets should continue to form the cornerstone of energy policy. But new challenges require new approaches. The future framework for energy policy needs to address all three objectives of sustainable development – environmental, economic and social – as well as energy security. But climate change objectives must largely be achieved through the energy system.

Consistent with this, the future aim of energy policy should be the pursuit of secure and competitively priced means of meeting the UK’s energy needs, subject to the achievement of an environmentally sustainable energy system.

The strategy articulated in this review thus has three main dimensions:

· measures to address the security of the energy system;

· measures to ensure the energy system is environmentally sustainable – these are intended in particular to create options to put the UK on a path to a low carbon economy; 

and

· approaches which take full account of the potential costs of achieving the objectives of policy, in terms of higher energy bills.

Concerns about security need to be addressed

There are a number of reasons why security is on the agenda. These include: 

· the Californian experience of electricity blackouts;

· concerns resulting from the terrorist attacks in the USA of September 11; 

and 

· the sensitivity to the UK’s future need to import gas, possibly across long pipelines and from trading partners who seem to offer less security than we are used to.

There is general agreement that a diverse energy system – both in terms of types of energy and their sources – can benefit security.

Some people argue that self-sufficiency is needed for security. But this is not necessarily so. As in other markets, imports can be a valuable means of increasing diversity and reducing risks – most other G7 countries already rely substantially on imported energy. 

Some submissions to the review have suggested that the Government should decide the fuel mix to be used for electricity generation. This review has rejected these proposals on the grounds that they would seriously distort the efficient functioning of energy markets.

Instead, the approach taken is to view issues of security in risk management terms. Some risks are essentially international, others domestic. There are three main ways to safeguard security: 

· to make maximum use of competitive markets to meet customers’ needs. A key conclusion of the review is that the liberalisation of EU gas and electricity markets is important for energy security. Liberalisation would add flexibility and depth to European energy markets, increasing substantially the resilience of the energy system;

· to create a more resilient and flexible energy system. The review considers various options for enhancing the resilience of the UK energy system including increased gas storage; greater use of liquid natural gas (LNG); and greater ability to use coal than would otherwise be the case. In the first instance, these are matters for market participants to address. The role of government should be to monitor the actions of market participants; to remove any barriers due to policies, such as the planning system; and to intervene directly, as a last resort, where there is clear evidence of market failure and where the benefits of intervention are likely to outweigh the costs; 

and

· to use international action to address global threats to energy security. On just about any scenario the UK will become more dependent on imports both for both its gas and its oil. There is little risk of there being insufficient gas available internationally: there is plenty, and 70% of the world supplies can be accessed from Europe. But the UK cannot be sanguine about the path that the gas will take from its source to the European market and the risks it may encounter en route.

Particular concerns are:

· the level of investment in the exporting countries;

· investment in the transit countries; 

and

· facility failure overseas.

These risks need to be monitored. They are outside the direct control of UK purchasers or the UK Government. The key is to develop strong links with trading partners, so that the UK can ensure that the benefits associated with trade are mutually recognised and delivered.  

Making sure suppliers face the right investment incentives is essential.

The other main area of risk to energy security is the set of issues which arise as a result of the Californian experience. Supplies of electricity investment had been made both in the network and in electricity generation. The Californian problems were very specific to that state and were due in considerable measure to failures in regulation, which have no parallels in the UK.

Present levels of capacity in the UK in both electricity and gas networks and in electricity generation are healthy. The processes of privatisation and liberalisation seem to have succeeded well. Even so, the situation needs to be monitored since future investment might be constrained if the wrong signals and incentives come through the regulatory structures. But there is no reason for immediate concern. Care is also needed to ensure that the anticipation of public intervention does not lead the private sector to hold back its own investment plans.

Moving to a low carbon economy poses a major potential challenge

Looking to the longer-term, the central question for energy policy is the weight to be given to environmental and other objectives.  The strong likelihood of a stringent greenhouse gas target being adopted in the future is sufficient to justify giving the environmental objective a strong priority within future energy policy – especially since the energy system is the source of 80% of UK greenhouse gases and 95% of CO 2 . Low carbon options also have the merit that, particularly where they are local and dispersed, they generally contribute to the security of the energy system.

This review has not considered the scientific case for carbon reductions – this was the task of  the Royal Commission on Environmental Pollution (RCEP), and of bodies such as the Intergovernmental Panel on Climate Change (IPCC). Neither has the review conducted a cost-benefit analysis of the different ways of responding to the challenge: this is a matter for is a lot of work on the possible overall costs to the economy of meeting a substantial carbon reduction target. Most estimates suggest that the impacts on GDP are likely to be small – though precise costs will depend on the methods chosen to reduce carbon, the rate of technical progress, and the scope for trading reductions elsewhere in the world.

Possible future energy worlds in 2020 and 2050  have been analysed using scenarios. Credible scenarios for 2050 can deliver a 60% cut in CO2 emissions, but large changes would be needed both in the energy system and in society. Two opportunities stand out. Substantial improvements in domestic and business energy  efficiency could be made, and there are prospects for significant improvements in energy efficiency in the transport system. Yet even if these improvements can be achieved, and even if the electricity system was to produce no carbon whatsoever, a 60% cut in CO 2 emissions could only be met if we were also to go on to make very large reductions in the use of fossil fuels as the main means of  powering future vehicles. This shows the scale of the challenge.

The Government will need to make decisions about its longer-term approach to carbon reducing policies in the light of the UK’s international commitments. The RCEP has proposed that the UK should adopt a strategy which puts the UK on a path to reducing CO2 emissions by 60% from current levels by 2050.  This would be in line with a global agreement which set an upper limit for the CO2 concentration in the atmosphere of some 550 ppmv. It would be unwise for the UK now to take a unilateral decision to meet the RCEP target, in advance of international negotiations on longer term targets. Greenhouse gases are global pollutants, and it would make no sense to incur abatement costs in the UK and thereby harm our international competitiveness, if others were not contributing.

Given the strong chance that future, legally binding, international targets will become more stringent beyond 2012, a precautionary approach suggests that the UK should be setting about creating a range of future options by which low carbon futures could be delivered, as, and when, the time comes. The focus of this review is on ways of creating new options, and building upon the options we already have. Attention has been given to the cost-effectiveness of different options, both immediately and in the longer term.

There is a central role for market-based instruments and for support for innovation and

R&D

A centrepiece of any long-term carbon-reducing policy should be the use of market-based instruments to put a price on carbon emissions and to help determine the most cost-effective opportunities. This need not happen immediately, but decisions about long-term approaches are needed soon, since early commitment will start to influence decisions in many markets.  A central aim should be to enable the UK to participate in  international carbon trading.

A vital means of increasing the range of options for the future is innovation. This is a theme that needs to pervade all areas of energy policy and a range of policies should be directed towards it. The encouragement of renewables is one means of increasing innovation and new technologies.

Central to that process will be a stronger research and development (R&D) base. A group convened by the Government’s Chief Scientific Adviser (CSA) has undertaken a review of energy research to inform this review. The findings of this group suggest there is a need for much greater investment in R&D if the cutting-edge technologies for a low carbon will not only facilitate the achievement of environmental goals but should create valuable export opportunities for British industry. A healthy R&D base is also necessary to attract and foster the scientific expertise needed by the new industries which will arise from the innovation it stimulates. The CSA’s group suggested that a national Energy Research Centre should be established to provide the focus for such scientific activity.

A step change in energy efficiency is needed

Increased energy efficiency is obviously worthwhile if it saves money. There is no point in wasting energy that can easily be saved. The scope for cost-effective energy efficiency improvement is large and new potential will continue to be created by innovation. Major energy users have the incentive to save energy,  but where energy is a small part of an individual’s or firm’s budget the opportunities are often ignored, partly because there are risks and bother involved in making the necessary investments.

This review puts forward a programme to produce a step change in the nation’s energy efficiency. At the centre would be a new target – to ensure that domestic consumers’ energy efficiency improves by 20% between now and 2010, and again by a further 20% between 2010 and 2020. This would approximately double the existing rate of improvement. It is a challenging proposition.  The gains in terms of energy savings in a year could reach about 0.25% of GDP by 2020, over and above the cost of the investment needed to unlock these savings.

Combined Heat and Power (CHP) – which is sometimes viewed as a form of energy efficiency – is a low cost option for carbon abatement, but not zero carbon. In the long term, it will benefit from policies that put a price on carbon. Industrial CHP is a mature technology. It does not need support to encourage “learning by doing” cost reduction, in the same way as new renewable technologies do. Yet it is important that current market and institutional barriers to CHP are removed – many of these barriers are similar to the ones confronting renewable investments. The scope for CHP will be increased substantially by micro-CHP suitable for use in homes.

An expanded role for renewables should be a key plank of future strategy

Renewables are not just a single technology but a highly flexible set of options. Some of these options will be developed under the existing Renewables Obligation. At the moment, the use of renewables nearly always costs more than the use of fossil fuels. Government support is justified for two reasons:

· use of renewables will help the UK to obtain carbon savings in the short term which helps in meeting international obligations; 

and 

· support for renewables will induce innovation and “learning”, bringing down the longer-term unit costs of the various technologies as volumes increase and experience is gained. In this way, today’s investment buys the option of a much cheaper technology tomorrow. Although learning will be international, some of the new technologies – notably the marine technologies – may have particularly British applications and require UK based technological development.

In order to bring down the cost of new renewables and to establish new options, an expanded renewables target of 20% of electricity supplied should be set for 2020. The review estimates that meeting the whole of this 20% target could produce domestic electricity prices in 2020 around 5-6% higher than otherwise. The longer-term assurance which an extended target would give to the industry could, however, help to bring down the costs of supporting renewables over the next decade.

The review has not come to a conclusion about the means by which the 2020 target should be delivered. This should wait upon the review of the working of the Renewables Obligation in 2006/07.

Achieving the existing target that 10% of  electricity should be supplied by renewable energy by 2010 is by no means guaranteed.  The renewables industry faces three institutional barriers that must be removed if it is to succeed. These are: 

· the excessive discount which, following the introduction of the New Electricity Trading Arrangements, is currently imposed on the prices paid to small and intermittent generators;

· the urgent need to change the way in which local distribution networks are organised and financed; 

and

· the working of the planning system, which at present fails to place local concerns within a wider framework of national and regional need.

Recommendations are made to address all of these barriers.

Measures are needed to keep the nuclear option open . . .

Nuclear power offers a zero carbon source of electricity on a scale, which, for each plant, is larger than that of any other option. If existing approaches both to low carbon electricity generation and energy security prove difficult to pursue cheaply, then the case for using nuclear would be strengthened.

Nuclear power seems likely to remain more expensive than fossil fuelled generation, though current development work could produce a new generation of reactors in 15–20 years that are more competitive than those available today. Because nuclear is a mature technology within a well established global industry, there is no current case for further government support.

The decision whether to bring forward proposals for new nuclear build is a matter for the private sector. Nowhere in the world have new nuclear stations yet been financed within a liberalised electricity market. But, given that the Government sets the framework within which commercial choices are made, it could, as with renewables, make it more likely that a private sector scheme would succeed.

The desire for flexibility points to a preference for supporting a range of possibilities, and not a large and relatively inflexible programme of investment such as would be implied by the 10GW programme currently proposed by the nuclear industry. If the UK does not support nuclear power today, the option will still be open in later years, since the nuclear industry is an international one, using designs that have been developed to meet circumstances in many countries. The desire for new options points to the need to develop new, low waste, modular designs of nuclear reactors, and the UK should continue to participate in international research aimed in this direction.

The nuclear skill base needs to be kept up-to-date.  In particular the Government should ensure that the regulators are adequately staffed to assess any new investment proposals. Action is also required to allow a shorter lead-time to commissioning, should new nuclear power be chosen in future. Finally, within a new framework for encouraging a low carbon economy, the Government should ensure that, as methods to value carbon in the market are developed, additional nuclear output is able to benefit from them.

The main focus of public concern about nuclear power is on the unsolved problem of long-term nuclear waste disposal, coupled with perceptions about the vulnerability of nuclear power plants to accidents and attack. Any move by government to advance the use of nuclear power as a means of providing a low carbon and indigenous source of electricity would need to carry widespread public acceptance, which would be more likely if progress could be made in dealing with the problem of waste.

... and to create future options for coal by carbon sequestration

In the medium-term, coal has a continuing role to play in the energy mix. Its longer-term contribution depends on there being a practical way of handling the CO2 that it produces. CO2
capture and sequestration – whereby carbon is taken out of fossil fuels and stored:

· could be a means to preserve diversity of fuel sources, while meeting the need for deep cuts in CO 2 emissions;

· has the potential to allow fossil fuels to be a source of hydrogen for transport and other applications without large-scale carbon release into the atmosphere; 

and

· seems to be well suited to UK circumstances, since the UK has potential repositories in the Continental Shelf, and the carbon could possibly be used to get more oil from existing wells.

At the moment uncertainties surrounding costs, safety, environmental impacts and public and investor acceptability are large. Steps should be taken to reduce these uncertainties – as discussed more fully in the DTI Clean Coal Review. As part of this work, the legal status of disposing of CO 2 in sub-sea strata needs to be clarified, in the light of possible conflicts with the London and OSPAR Conventions.

Increased vehicle efficiency and investment in new options for transport fuels is required in the longer-term

The transport sector is likely to remain primarily oil-based until at least 2020. Access to oil supplies is not a current concern. Nevertheless, the economy’s dependence on transport, coupled with increased imports as UKCS production declines, reinforces the need to improve the energy efficiency of oil-driven vehicles. Prospective advances in vehicle technology hold out the possibility of significant reductions in fuel use.

The potential long-term requirement for significant CO 2 emissions reductions from the transport sector combined with the possibility that oil will become scarcer, raise the need to develop alternative fuels. There is the long-term prospect that the technology for powering vehicles by fuel cells fed on hydrogen will fulfil its current promise, and so ultimately provide a substitute for oil. Other options, such as liquid biofuels may also have a role. International efforts are needed to develop these technologies.

Handling the projected growth in aviation energy use and CO2 emissions must become a priority. Taxation and other measures to manage aviation demand should be prioritised for discussion in EU and other international forums.

Institutional changes, including to the planning

system, need to be made to deliver the strategy.
The approach adopted in this review suggests that in the long-term the Government should be aiming to bring together the three interlinked themes in this review – energy policy, climate change policy and transport policy – in one department of state. In the shorter-term, consideration should be given to locating responsibility for energy efficiency and CHP policy with other aspects of energy policy.

As an immediate response to the challenge, the Government should set up a Sustainable Energy Policy Unit. This would be a cross-cutting unit staffed by civil servants from all the  departments with an interest in sustainable energy, as well as staff from the Devolved Administrations, external experts and people from the private sector. The Unit would focus on providing ministers with cross-cutting analytical capability to ensure that key developments in energy use and supply were monitored and assessed. It would lead on the development of strategic policy issues, adapting quickly to changing circumstances.

The different responsibilities of the DTI and the regulators, most notably Ofgem, should continue. The DTI and DEFRA should do more to set out their priorities in guidance to Ofgem,

so that Ofgem can further consider the impacts of its proposals for non-economic objectives.  But it is Ministers who should take responsibility for intervention in markets, if economic objectives conflict with environmental and social goals.

In many parts of the energy industries, investors have found that their projects have difficulty in gaining planning permission. The attitude of local communities to proposals for new energy developments is important. They must continue to have their say in the planning process, which is one reason why it is important to engage the public in the energy policy debate. But national planning guidance needs to make it clear where there is a national case for new investment in energy-related facilities by establishing the relevant national and regional context for each type of development.

Next steps: a national public debate is now needed

The review develops a radical agenda – to enable the UK to put itself on the path to a low carbon economy, while maintaining competitively priced and secure energy.  Precautionary action is needed in advance of further international agreement. Tasks that should be undertaken within the next five years include:

· Government should move towards a clear  rationale for the balance of policy instruments – taxes, permits and regulation – to create powerful incentives for long-term carbon reduction; 

and

· immediate action is needed to assist innovation and to create new options, and also to manage risk.

But these are not matters for the UK alone. Increasingly, policy towards energy security, technological innovation and climate change will be pursued in a global arena, as part of an international effort.

The implementation of an ambitious low carbon policy would be a demanding task.  Change of this kind takes a long time. It would be wrong to imagine that everything can be “win-win”: there will be some hard choices, and there will be losers as well as winners. For this reason the Government needs to take the

issues to the public soon. During the review, proposals were made to the PIU for an extensive process of public involvement. There was insufficient time for this, but it should

constitute a central part of the implementation of the findings of the review.

The nation must not be lulled into inaction by the focus of much of the expert debate on long timescales and on energy systems in a future which will belong mainly to our grandchildren: the time for action is now and all players in the

energy system have a role to play. Given that there is considerable inertia in the system, and that the low carbon technologies are not part of the conventional energy system, a change of direction will be difficult to achieve. It will require clarity of purpose in all parts of Government.

The above is the Executive Summary of the Energy Review covering the first 14 pages of the 218 page document

__________________________________________________________________________________________

24. New & Renewable Energy Prospects for the 21st Century

Executive Summary (reformatted from the Consultation Paper October 2001). 

 [The full document can be access via the Energy WEB Pages]

The aim of government policy for renewable energy is that it should make an increasing contribution to UK energy supplies in the years to 2010 and,more importantly, beyond.To this end,the Government took powers through the Utilities Act 2000 to impose an obligation on licensed suppliers in Great Britain to source specified amounts of electricity from renewable sources. This consultation paper addresses the Government ’s proposals for an obligation upon electricity suppliers in England and Wales (the Renewables Obligation,or RO). The Scottish Executive will be publishing a consultation on similar proposals for an obligation on electricity suppliers in Scotland (the Renewables Obligation Scotland,or ROS).Together these two obligations are referred to as “the Obligation ”in this document.

The Government ’s preliminary proposals for the RO were published in October 20001.  Over 200 responses were received and these have been taken into account in preparing the detailed proposals presented here.  State Aid clearance on these proposals is currently being sought from the European Commission.Following this statutory consultation,the Government intends to lay an Order before Parliament to implement its final proposals.

Comments are invited from the wider community,as well as the statutory  consultees,on these detailed proposals.  Responses should be made by 12 October 2001,ideally by e-mail,and a series of meetings to discuss the proposals with key stakeholders will be held in September.  All written responses will be published on the DTI website unless marked ‘Confidential ’.

The RO will place an obligation on all licensed electricity suppliers in England & Wales to source a growing percentage of their total sales from eligible renewable sources. Most sources of renewable energy will be eligible, although existing large hydroelectric stations (over 20MW) will be excluded. Energy recovery from the incineration of waste, unless it is biomass such as forestry material, will also be excluded. Energy recovery from the non-fossil element of mixed wastes will only be eligible when advanced technologies such as pyrolysis and gasification are used.

Compliance with the RO will be demonstrated by presenting Renewables Obligation Certificates (ROCs) to the Gas and Electricity Markets Authority, Ofgem, in respect of year-long periods. These certificates will be issued to accredited generators for eligible renewable electricity generated within the UK, its territorial waters and Continental Shelf, and supplied to customers in Great Britain.

As an alternative to supplying renewable energy, suppliers may fulfil part or all of their obligation by paying a buyout price to Ofgem, which will be set at £30/MWh until 1 April 2003 and thereafter be adjusted in line with the retail price index (RPI).The proceeds will be returned to suppliers by Ofgem, in proportion to the number of ROCs  that each supplier presents to discharge its obligation. This will provide a strong financial incentive to fulfil the RO through presenting ROCs, rather than buying out.  Subject to specified limits, suppliers will be able to bank ROCs for use in the period after they are issued, but we do not propose to allow any borrowing from future periods or banking for longer timescales.

We propose that the obligation on each supplier will rise from 3%of sales in the first obligation period (ending on 31 March 2003) to 10.4%of sales in the year ending 31 March 2011.It is proposed that the Obligation will then remain at least constant at 10.4%of sales until 31 March 2027,but may well be increased to meet more ambitious targets for renewables beyond 2010.This will provide long-term stability for the renewables market and the Government has no plans to reduce the level of the Obligation once in force. As the effects of climate change continue to be felt, the need for carbon dioxide emissions reduction is likely to increase. The Obligation will

therefore be reviewed in the light of performance, new policy developments, and the best scientific advice at the time, which may well lead to an increased Obligation in the future and we will need to take account of developments in Europe.

Executive

The Obligation will increase the cost of electricity to consumers in Great Britain by around 0.5%each year until 2010, a total increase of a little under 5%,equal to about £780 million by 2010/11. We believe that this is a price worth paying to address the problem of climate change and represents

good value for money at around £310/tonne of carbon, in reducing the UK ’s carbon dioxide emissions. It is anticipated that the RO will start the month after the Order is made.

The Obligation should be seen as part of the UK ’s Climate Change Programme and as part of a wider programme to support and develop the renewable energy sector. Exemption from the Climate Change Levy will provide a further incentive for the uptake of renewable generation. The Government also continues to invest in renewables research and development, both through the Research Councils and through DTI ’s own research and development programme.

In addition,a programme of capital grants worth £39 million for offshore wind has been announced by DTI.A further £10 million is being made available to fund the launch of a major market stimulation programme for solar photovoltaics, aimed at matching the major solar roofs programmes of our competitors, whilst establishment grants for energy crops will be available from DEFRA.  The New Opportunities Fund will also make available £50 million for offshore wind,  energy crops and small-scale biomass heat projects, while in March, the Prime Minister announced a further £100 million of support

for renewables. This will be allocated following a Cabinet Office Performance and Innovation Unit ’s report on renewable

energy due shortly. In total, over £260 million has been committed over the next few years to develop the UK ’s renewable energy resources. The Obligation will create a strong and growing demand, worth over £1 billion by 2010,for renewable energy.

The consultation pack includes a draft Order for the RO. Comments on both the policy proposals set out in this document and the extent to which the Order delivers those policy objectives, and suggestions for improvement, are invited. Comments on the draft Regulatory Impact Assessment

at Annex A are also invited.

More details on the other renewables policy instruments can be found at Annex B. Ofgem has been developing its procedures for implementing the Renewables Obligation and will publish a consultation covering its intended procedures on its website www.ofgem.gov.uk shortly. Responses to specific issues raised in the Preliminary Consultation that do not relate directly to the Order are presented at Annex C. 

25.   Renewables Obligation Consultation 2005

Section 1: Introduction

Purpose of Consultation

1.1 This statutory consultation exercise applies to England and Wales only.   A similar consultation on proposed amendments to the Renewables  Obligation (Scotland) Order 2004 will be a separate exercise handled by the Scottish Executive.

1.2 There will be a full review of the Renewables Obligation Order 2002 in 2005/06 and we are currently seeking views on the proposed terms of reference for this review. The Obligation is working well but there are some issues that need to be addressed in advance of the full Review. These are the amendments to the Renewables Obligation Order consequential upon the Secretary of State’s new powers acquired through the Energy Act 2004, the extension of the Renewables Obligation profile to 2015/16 (announced in December 2003), and a possible single recycling mechanism for the three different buy-out funds, together with flexibility for small generators under 50kW. These are narrowly focused and the adjustments proposed are designed not to unbalance other aspects of the Obligation.

Responses to this Consultation

1.3 The Electricity Act 1989 requires us to consult, before an Order under Section 32 of that Act is made, with certain bodies (the statutory consultees):  the Gas and Electricity Markets Authority, the Gas and Electricity Consumer Council, electricity suppliers to whom it would apply and generators of electricity from renewable sources. We would also welcome comments on these detailed proposals from other interested parties. The consultation will be advertised in the national press in order to reach as many stakeholders as possible. Views are sought on the proposed changes to the Renewables Obligation as set out in this document, on the attached draft Regulatory Impact Assessment and on the draft Order.

Section 2: The Renewables Obligation

2.1 The Renewables Obligation is the Government’s main policy measure to encourage the development of electricity generation capacity using renewable energy sources in the UK. The Obligation is underpinned by a substantial package of financial and non-financial supporting mechanisms including Renewables UK, which provides help for the renewables industry to grow and compete internationally. The Obligation has already provided, and will continue to provide, an impetus for the new renewable generating capacity that will be needed to meet the UK’s 10% 2010 target (subject to the costs being acceptable to the consumer) and the longer-term aspirations, and as a basis, together with the Emissions Trading Scheme, for further reductions in carbon dioxide emissions.

2.2 The Renewables Obligation (Renewables Obligation Order 2002 in England and Wales and the Renewables Obligation (Scotland) Order 2004 in Scotland),  requires all licensed electricity suppliers in Great Britain to supply a specified and growing proportion of their sales from renewable sources – with the aim of achieving 10% by 2010, subject to the costs being acceptable to the consumer.  

2.3 In proposing these amendments to the Renewables Obligation Order, we are mindful of the forthcoming full review of the Renewables Obligation in 2005/6 and also our commitment to maintain investor confidence in the Obligation and deliver its goals in the most cost effective manner. 

2.4 Our proposed amendments are set out in paragraphs 2.6 – 2.72. 

2.5 We have taken this opportunity to consolidate the Renewables Obligation Order 2002, the Renewables Obligation (Amendment) Order 2004 and the new proposed amendments into a draft consolidated Order.

Amendments to the Renewables Obligation subject to Statutory Consultation

The Amendments proposed are listed below:

RO Profile to 2015/2016

2.6 In response to calls from the renewables sector to give confidence beyond 2010, the Government announced on 1 December 2003 proposals to raise the level of the Renewables Obligation beyond 2010-11 to 2015-16.

Statutory Consultation

2.7 When the Renewables Obligation was introduced in April 2002, the level of the Obligation was 3% for 2002-03, rising to 4.3% for 2003-04 and 4.9% for 2004-05. As the Obligation is currently framed, it will increase each year to reach 10.4% in 2010-11, remaining at that level through to 2026/27. The obligation for each supplier is calculated by applying a percentage obligation to that supplier’s total electricity sales to customers in England and Wales during each Obligation period. This is based on the estimated sales provided by suppliers to the DTI as reflected in the statistics that DTI publishes on its website in Table 5.5. of “Energy Trends” as they appear on 1st August each year.

2.8 The Government has proposed the following extension to the profile of the Obligation:

                 2011-12 11.4%

                 2012-13 12.4%

                 2013-14 13.4%

                 2014-15 14.4%

                 2015-16 15.4%

2.9 The level of the Obligation would then remain at 15.4% from 2015/16 through to 2026/27.

2.10 This extension requires an amendment to Schedule 1 of the Order.

2.11 Do you agree that the level of the Obligation should be extended in this way?

Northern Ireland Renewables Obligation

2.12 The Energy Act 2004 provides new powers in relation to the proposed Northern Ireland Renewables Obligation. We propose to exercise these new powers by amending the Renewables Obligation Order.

2.13 Since the introduction of the Renewables Obligation, and to honour a commitment given at that time, work has been undertaken to move from a Great Britain to a UK-wide system of tradable certificates for eligible renewables electricity. The Northern Ireland Renewables Obligation is expected to be introduced from 1 April 2005 and the Energy Act 2004 provides for the full recognition and tradability of certificates there with those issued in Great Britain.  

2.14 Certificates from electricity generated from renewable energy sources (“renewables electricity”) and supplied in Northern Ireland will be able to be used towards compliance with the renewables obligations of electricity suppliers in England and Wales and suppliers in Scotland. Subject to Parliamentary and State Aids approval the aim is that this will come into force from 1 April 2005 and apply to Obligation periods from that date. By allowing  “NIROCs” for renewable electricity supplied in Northern Ireland access to a wider ROCs market large enough to set an appropriate price for them, a Northern Ireland Renewables Obligation will be made viable.

2.15 The Northern Ireland Assembly is expected to enact analogous provisions so that, from 1 April 2005, GB ROCs may be used towards discharging the Northern Ireland Renewables Obligation. The NI obligation is expected to be identical to that in Great Britain in terms of the technologies covered and the level of the buy-out price, although the size of the obligation will differ. It is expected that only electricity generated in Northern Ireland using those technologies eligible for ROCs in Great Britain will be able to qualify for NIROCs.

2.16 To provide for mutual recognition, changes are necessary to the Renewables Obligation Order and the amendments proposed are:

· to expand Article 2 to include the definition of several new terms, including: NIROCs, NIAER, NI supplier, definition of supply in Northern Ireland and the Northern Ireland Renewables Obligation Order;

· to allow NIROCs to be used (as an option) to comply with the Renewables Obligations in England and Wales and on, the basis that analogous amendments are made to the ROS in Scotland. NIROCs are certificates issued by NIAER, or issued on NIAER’s behalf by Ofgem, for eligible renewables electricity generated on land (including inland waters) in Northern Ireland and supplied in Northern Ireland;

· to enable Ofgem to issue ROCs for “GB/NI electricity”, namely eligible renewables electricity generated in Great Britain or offshore Northern Ireland and supplied to customers in Northern Ireland. These ROCs will be usable for the same purposes as ROCs issued in respect of renewables electricity that is both generated and supplied in Great Britain. Only electricity generated using those technologies eligible in Great Britain will be able to qualify for these ROCs;

· to allow Northern Ireland suppliers access to the recycling of the England and Wales buy-out fund (likewise, analogous amendments are expected to the ROS). This will allow NIROCs to play a full part in the development of a true UK-wide ROC market;

· to ensure the smooth and fair issue of GB/NI ROCs, Ofgem and NIAER will need to be able to exchange information related to the issue and revocation of all ROCs and for supplier compliance purposes;

· Ofgem will not issue ROCs for any GB/NI renewables electricity that NIAER is not satisfied has been supplied to customers in Northern Ireland. If NIAER so decide after such ROCs have been issued, they shall be revoked by Ofgem.

· At present, all generating stations located outside the United Kingdom are excluded as eligible for support under the Renewables Obligation. However, the waters around the cost of Northern Ireland may well include areas where some renewables generation may take place. We have in mind, in particular, prospective renewables developments on parts of the Tunes Plateau off the North Antrim coast which may link directly and exclusively to the Northern Ireland grid. To allow such generating stations to be unambiguously elegible for ROCs, we have amended the definition of excluded generating stations to read:

“Article 11 (c) generating stations located outside the United Kingdom, except generating stations which are not located on land and which are directly and exclusively connected to a transmission or distribution network located in Northern Ireland.”

Eligible generating stations on, for instance, the Tunes Plateau would then receive GB ROCs from Ofgem (wherever in the UK their electricity is supplied) rather than NIROCs as the powers devolved to Northern Ireland are exercisable only in or as regards Northern Ireland and the decision has been taken to ensure that ROCs for all offshore renewables around Northern Ireland are unambiguously issued by one authority.

Do you agree that these changes should be made in order to provide for mutual recognition? If not, what alternative approach would you prefer?  Changes to secure the buy-out fund.

2.17 The aim of these changes is to mitigate the impact of any further shortfalls in the renewables buy-out fund. The shortfall in 2003, following the failure of TXU, amounted to a reduction of some £23m in the expected buy-out fund (or nearly 20%) and caused a temporary loss of confidence in the renewables market.

2.18 The Government has therefore taken powers in the Energy Act 2004 to address this problem and reduce the impact of a supplier shortfall in the future.

2.19 We are aware that these steps will not remove all risk of a shortfall, and indeed we are not seeking to remove all such risk. The Renewables Obligation is a market-led mechanism and there is inevitably an element of risk as, in markets, companies can and do fail. The Government’s approach therefore is to strive to achieve the right balance between providing sufficient protection to maintain investor confidence without placing undue additional costs on suppliers, and ultimately consumers.

2.20 The Energy Act 2004 gives the Government the necessary powers to take steps to reduce the risk and impact of supplier shortfall, but the detail must be set out in the Renewables Obligation Order to give effect to the changes. The purpose of this consultation is to seek views on the proposed amendments to the Order.

(A) Surcharges on late payments

2.21 The power to levy surcharges on late payments is being taken under section 115(2) of the Energy Act 2004.

2.22 Following the failure of TXU last year and the resulting shortfall in the renewables buy-out fund, the DTI consulted last autumn on proposals to amend the Renewables Obligation Order specifically to allow Ofgem to receive late payments from suppliers, and to disburse those payments.

2.23 The purpose of the provisions on surcharges is to provide a further deterrent to suppliers making late payments to the buy-out fund. By attaching surcharges to late payments, in a way that allows the surcharges to increase every day for which the payment is late, we expect that suppliers will continue to treat their obligation to make the due payments to the buy-out fund as a priority and make the payments before the specified day.

2.24 The powers in the Energy Act 2004 enable the Secretary of State to make an Order setting out the means by which surcharges will be payable. Our proposals for the surcharge procedure are as follows:

(i) Level of the surcharge

2.25 The rate clearly needs to be sufficient to make the existence of surcharges an incentive for suppliers to make their payments on time, without being an undue burden on business and consumers. The rate should be linked to a published interest rate so that it moves in line with general interest rate movements. We propose 5% over the Bank of England base rate, chargeable on a daily basis. The surcharge would apply from the day after payments should have been made i.e. the “specified day”.

2.26 Do you consider that 5% above the base rate is too high, too low, or about the right level?

(ii) Period in which a late payment and surcharge should be payable

2.27 The Energy Act 2004 includes provision for the Order to state an end date for acceptance of late payments and surcharges. This is necessary as the provision also specifies that Ofgem cannot take enforcement action, such as issuing a penalty to the defaulting supplier, while the late payment regime is in force. There has to come a point where no payments are likely to be forthcoming and the enforcement regime begins.

2.28 We propose that the late payment period should run for 3 months from the specified day after which late payments can no longer be accepted. So the late payments period would run from 1 October to 31 December.

2.29 Do you consider a late payment period running from 1 October to 31 December to be reasonable?

(iii) Late payments fund

2.30 We propose that the surcharges (together with the late payments) should form a separate fund (the late payments fund) which sits alongside the Renewables Obligation buy-out fund. The late payments fund will be recycled by Ofgem to the suppliers providing ROCs in the same proportion as the main buy-out fund. For example, if a supplier is entitled to 5% of the buy-out fund, the same supplier would be entitled to 5% of the late payments fund in respect of the same obligation period.

2.31 Do you agree that surcharges and late payments should form a separate fund to the RO buy-out fund?

(iv) Recyling of Late Payments Fund

2.32 We have identified three alternative options. Late payments could be recycled within a set time after they are received; or at set intervals (e.g. every two months after the start of the late payment period); or on one occasion only after the end of the late payment period.

2.33 The first two options are administratively complex and could be expected to increase uncertainty for suppliers as to when the recycling payments would be made and also add to compliance costs. On balance we favour the third option, as the period for late payments is of relatively limited duration, any delays in suppliers receiving the money will be relatively short. We therefore propose that the late payments fund should be recycled by 1 March (i.e. two months after the end of the late payment period). This has the advantage of mirroring the arrangements for recycling the buy-out fund itself.

2.34 Do you agree with the third option above which means that recycling of the Late Payments Fund will occur on one occasion only after the end of the late payment period?

(B) Mutualisation

2.35 Section 115(4) of the Energy Act 2004 gives the Secretary of State power to make an Order, under Section 32 of the Electricity Act, to require suppliers to make payments to Ofgem in the event of a shortfall in the buy-out fund.

2.36 The effect of this mutualisation provision is that where a supplier has failed to comply with its Renewables Obligation and there is a shortfall in the expected buy-out fund, each supplier (excluding the defaulting supplier) is required to contribute a sum to make up the shortfall. These sums will make up the mutualisation fund. The mutualisation fund will then be distributed in the same way that the buy-out fund was for that obligation period. Each supplier bears some of the cost, regardless of whether they are to receive any sums from the mutualisation fund. As those suppliers with ROCs will receive recycled payments from the mutualisation fund, ROC prices and investor confidence should be protected.

2.37 Mutualisation involves some additional cost to customers in the short term. Mutualisation involves suppliers making additional payments, and the cost of these is likely to come from consumers. But the money raised is then recycled among the suppliers, so overall the industry (taken as a whole) has not incurred additional costs. But while some suppliers will get back more in recycled payments than they paid into the mutualisation fund, others will get back less, or none at all (if they held no ROCs for the relevant period).

2.38 The detail of the mutualisation arrangements must be set out in the Order. We have identified the following issues that need to be specified in the Order and on which we would welcome comments:

(i) When a shortfall occurs, it may not always be appropriate for the mutualisation process to be initiated. It would not be appropriate to set in motion a complex process where the shortfall was a small one that did not significantly affect confidence in the Renewables Obligation. We therefore propose that there should be a minimum level of shortfall that would trigger mutualisation. Our proposal would be to set the threshold at a 10% shortfall in the total of the buy-out fund. So none of the shortfall would be recovered if it fell below the threshold, but if at or above the threshold, then all the shortfall would be recovered. 10% would represent a shortfall around half the size of that caused by the failure of TXU.

Do you consider that 10% is the appropriate level for the trigger? If you consider it should be lower or higher, please explain your reasons.

We also need to consider whether or not the whole of the shortfall should be recovered. We would not want the additional burden of contributing to the recovering of a large shortfall to cause financial difficulties for other suppliers or to increase costs to consumers. We identified two options – seeking to recover a percentage of any shortfall – say 50%, or a cap on the level of shortfall recovered.

A study by Cornwall Consulting has addressed the impacts of both shorter obligation periods and mutualisation (see also reference to shorter obligation periods below) on the main stakeholders involved. This is available at www.dti.gov.uk/energy/renewables/policy/cornwallconsulting.pdf. Key findings from the report are set out in the draft Regulatory Impact Assessment. This study concluded that only full mutualisation would restore confidence in the market following a shortfall.

         While partial mutualisation (e.g. seeking to recover 50%) would involve less cost to suppliers in the short term than full mutualisation, it is unlikely to provide a sufficient level of investor confidence since a shortfall would always mean lower recycling payments to suppliers holding ROCs, even taking account of mutualisation.

On the other hand, a cap reduces the risk that the burden of mutualising a very large shortfall, say over 50% of the buy-out fund, triggers further failures among suppliers.

We therefore propose that any shortfall of 10% or more of the buy-out fund would be recovered in full, subject to a cap of 50% of the buy-out fund. Thus if a shortfall amounted to more than 50% of the total of the fund, the proportion over 50% of the fund would not be recovered.

We would welcome views on both the principle of a cap and the level of the cap.

In summary, our proposals are:

· Shortfall of less than 10% of the value of the buy-out fund – no recovery sought.

· Shortfall 10 – 50%: all the shortfall recovered.

· Shortfall over 50%: all of the first 50% recovered.

We have considered whether to address issues such as the impact of a series of shortfalls just below the level required to trigger mutualisation, or a lower recovery level in the years following a very large shortfall. Our preliminary view is that these modifications would be overly complex and burdensome to operate.

(ii)   Suppliers will be required to pay a contribution to the shortfall based on the proportion of their Renewables Obligation. If a supplier’s share of the Obligation is 5%, they will pay 5% of the sum to be mutualised (plus their share of the defaulting supplier’s share of the obligation), whether or not they were due any money back from the buy-out fund.

We have considered the arguments for seeking payments on the basis of a supplier’s share of the fund at the time of the default, or their share at the time of recovery. We recognise that there are arguments on both sides. The main argument in favour of using market share at the time of the shortfall is that of equity – only suppliers who were in the market at the time of the shortfall were directly affected. To involve new suppliers would mean that such suppliers would contribute to the costs but would not have been directly affected by the shortfall and could not have benefited from the protection offered by mutualisation in that obligation period.

The main argument against this approach is that a supplier’s market share may have changed substantially since the default and any supplier with a declining share would be disadvantaged and put at risk of failure through the requirement to pay on the basis of their former share.

On balance, we consider that the equity argument is stronger. We therefore propose to seek payments only from those suppliers who were licensed at the time the shortfall occurred and who had an obligation (i.e. new suppliers will not be affected). The proportion of the mutualisation payments that suppliers need to meet will be their share of the obligation for that year, plus their share of the failed supplier’s share of the obligation.

However we recognise that there are arguments on both sides and we would welcome views on this issue. Do you think that payments to the mutualisation fund should be based on suppliers’ market share at the time of the shortfall, or at the time of recovery?

(iii) We need to decide over what period any shortfall should be recovered.  This must be contained but if the shortfall is very large there is a case for recovery over a longer period. However the report by Cornwall Consulting found that recovery over one year was more beneficial to generators than a longer period. It is also simpler to operate (especially if there are shortfalls to recover in successive years). We therefore propose that the recovery period should be up to one year. This can be summarised as:

Supplier fails in Obligation period 1;

Mutualisation triggered in Obligation period 2;

Mutualisation payments made in Obligation period 3.

Do you agree that mutualisation payments should be made over one year, or should there be a longer period?

We also need to consider recycling of the mutualisation fund. The regular buyout fund is recycled within two months after suppliers have provided evidence of their compliance with the Obligation. For consistency we propose that the mutualisation fund also should be recycled two months after the date when suppliers have to make mutualisation payments.

Do you agree that the mutualisation fund should be recycled two months after the due date for mutualisation payments to be made? If not, when should the mutualisation fund be recycled?

(iv) We have considered the implications of two very large shortfalls occurring in successive years as this could place an additional strain on suppliers. Given the need to restore confidence on the part of investors and the existence of a cap on the recovery level of the shortfall in any one year, we do not propose any reduced level of recovery where a shortfall occurs in the obligation period immediately following an earlier shortfall that had triggered the mutualisation process. We are however open to argument on this point.

Do you consider that there is a need for a reduced level of recovery when a shortfall occurs in the year immediately following an earlier shortfall which triggered the mutualisation process? If so, what should the reduced level of recovery be?

(v) We propose that Ofgem should publish a formal information notice to notify suppliers when mutualisation has been triggered.

Do you agree that suppliers need a formal notice to inform them when the mutualisation process has been triggered?

(vi) We need to consider the impact of mutualisation on different stakeholders.  We asked Cornwall Consulting to consider the impact of mutualisation on suppliers and generators. Their report noted that, while there are no direct benefits to renewable energy generators, indirectly, generators benefit from more secure cash flows, as do suppliers holding ROCs. For suppliers, mutualisation increases barriers to entry (as it has the potential to increase the costs of operation), though to a lesser extent than shorter obligation periods (see below).

The Cornwall Consulting report also noted that mutualisation offers benefits as small suppliers seeking to enter the “green” electricity market should be better able to compete since the Renewables Obligation would be more secure with

mutualisation, so they can obtain the full value of recycling.

Do you consider that mutualisation will have any significant adverse impact on particular groups of stakeholders? If so, which group(s) will be affected,  and to what extent?

Issues where the Government is not minded to make changes

2.39 We considered two other changes: shorter obligation periods, and netting off of partial defaults in suppliers’ obligations against recycling payments and concluded that these changes should not be proposed.

(a) Shorter obligation periods

2.40 Section 115(1) of the Energy Act 2004 provides the powers for the Secretary of State to specify obligation periods shorter than a year in duration.  Shorter obligation periods would reduce the impact of any future shortfalls in the buy-out fund: the fund would be smaller and therefore any shortfall correspondingly reduced. This effect would reduce in later years as the level of the Obligation increases, and the impact of a shortfall grows, but would be less than with annual obligation periods.

2.41 We considered carefully the case for reducing the length of obligation periods to six months, and asked Cornwall Consulting to address the implications of this change.

2.42 As their report indicated, Cornwall Consulting found that, if mutualisation was introduced, there was no need also to introduce shorter obligation periods to restore confidence following a shortfall in the buy-out fund. While shorter obligation periods had some impact by themselves, they did not add any significant value when combined with mutualisation.

2.43 In addition, there are other disadvantages in that shorter obligation periods have adverse impacts on the cash flow of smaller suppliers, and may act as a barrier to market entry. The seasonal nature of some renewable sources may also mean that obligation periods of less than a year introduce rigidities into the market. Shorter periods also introduce more complexity and therefore greater compliance costs in what is already a complex mechanism.

2.44 On the other hand, there are some advantages with shorter obligation periods. Recycled payments would be made earlier, to the benefit of generators. It is also arguable that shorter obligation periods provide a greater incentive for suppliers to meet their obligations through ROCs rather than the buy-out fund.

2.45 While on balance, we do not propose to reduce the duration of obligation periods, we are open to arguments on the benefits of so doing.

2.46 Do you consider that there are other benefits arising from shorter obligation periods which justify reducing the duration of obligation periods?  If so, what are these benefits?

(b) Netting off shortfalls against recycling payments

2.47 This option does not arise from a power taken in the Energy Act 2004: the powers are already available under existing legislation.

2.48 Netting off seeks to address the situation where a supplier meets their share of the Obligation through a combination of ROCs and payments to the buy-out fund, or where they seek to meet their obligation entirely through ROCs. Where, for whatever reason, they either submit insufficient ROCs or insufficient payments, the first remedy for Ofgem would be to net off the deficit against their entitlement to a share of the recycled buy-out fund.

2.49 On investigation, while netting off is a useful house-keeping measure, it has a number of disadvantages.

2.50 First, the option of having recycled payments netted off gives suppliers the opportunity to use their ROCs as a banking mechanism. Suppliers may, in some circumstances, choose to forego recycling payments by making insufficient payments to the buy-out fund. In this way, suppliers can use netting off for gaming purposes. Netting off would also enable suppliers who held a number of ROCs and had cash-flow problems to use the ROCs as a means of not making the required level of payments to the buy-out fund, relying instead on netting off.

2.51 Finally, there are difficulties in working out a satisfactory interaction

between netting off and late payments. Use of netting off first delays the late payment regime and, second, may disadvantage suppliers who inadvertently fail to meet part of their obligation and make a late payment just after the specified day.

2.52 For these reasons, we do not propose to introduce netting off.

2.53 Do you think that there are circumstances where netting off could be beneficial? If so, what are they?

Possible single recycling mechanism for the buy-out funds

2.54 The Government is committed to ensuring that the requirements on all licensed suppliers and all accredited generating stations are the same across the UK. There is at present one buy-out fund for England and Wales and another for Scotland. With the introduction of the Northern Ireland Renewables Obligation a third fund will be added.

2.55 ROCs are portable and can be redeemed in either Scotland or England/ Wales without the need to prove a physical flow of electricity. The Government is concerned that the current arrangements may offer an opportunity for a supplier with a large share of one of the smaller markets to under-present ROCs there (thus forcing the recycle payments per ROC in the smaller market to rise) and to present extra ROCs in England/Wales. It wishes to remove any such arbitrage opportunity and believes that it would be fairer for all parties if, while the separate buy-out funds for England and Wales and Scotland and the proposed Northern Ireland fund should remain, the recycling mechanism should be handled on a UK-wide basis. In this way, the value of recycled payments for each ROC presented will be the same in England and Wales, in Scotland, and Northern Ireland.

2.56 This would work by adding up the total number of ROCs provided for all three obligations (i.e. in England and Wales, in Scotland, and in Northern Ireland) and also the total in the three buy-out funds. Then the value of recycling payments would be calculated across the three funds, and applied to all ROCs. This would mean that the recycled payments would be the same for all obligations. The averaging involved would mean that some suppliers would get higher recycled payments than under the present system, others would get less. This would depend on the relative proportion of ROCs in each fund and each supplier’s share of ROCs in the different funds.

2.57 In considering this approach however, we have identified a potential problem. If a shortfall were to occur in one of the buy-out funds (due to failure of a supplier) and the failed supplier did not supply customers in the other two markets, then a single recycling mechanism could lead to ROC holders in those other markets suffering losses. An example may help to illustrate this problem. The numbers are purely for illustrative purposes and to make the sums simpler.

2.58 We assume that the defaulting supplier only supplies electricity in England and Wales. It fails, leaving a shortfall of £20m in the RO buy-out fund. As a result, this fund only contains £80m when it should have been £100m The Scottish buy-out fund (which amounts to £15m) has no shortfall, and neither does the Northern Ireland fund (which amounts to £5m).

2.59 Taken together, the funds now total £100m rather than £120m. A total of 8 million ROCs are presented (taking all the three Obligations together). Whereas the anticipated recycling payment per ROC was expected to be £15 per ROC, the England and Wales shortfall now makes this £12.50. As there is a single mechanism for recycling in place, all ROC holders would suffer lower payments – including those who supplied ROCs to the other two funds.  

2.60 Mutualisation, as currently planned (see paragraph 2.36 above) would help the ROC holders in England and Wales, since all suppliers in this market would make an additional mutualisation payment which would then be recycled to the affected ROC holders in the England and Wales market.

2.61 But, as the single recycling mechanism does not mean actually merging the buy-out funds, mutualisation, as currently proposed, would not directly provide any additional money for ROC holders in Scotland or Northern Ireland in the situation outlined above. There would be no shortfall in their buy-out funds, so no mutualisation would be triggered. Particularly badly affected would be suppliers who hold ROCs in either of these markets but who are not  active in England and Wales so no mutualisation payments are recycled to them, and would therefore have to accept lower than expected recycling payments.

2.62 One possible means of addressing this would be to merge the mutualisation process, so that mutualisation would be carried out across all three Obligations when any of the buy-out funds suffers a sufficient default.  However it may be premature to consider this before the Northern Ireland Obligation is established.

2.63 Alternatively, consideration could be given to limiting the impact of a shortfall to the Obligation area in which it arose, so that a shortfall in one of the three areas would affect the recycling payments only for ROCs submitted in that area until a mutualisation process was effected to address the shortfall. Each area could then decide whether to adopt a mutualisation system independently. Under this approach, the recycling payments would only be reduced for ROCs in the Obligation area where the shortfall had occurred. Thus there could be different levels of recycling payments between the funds, but the only difference would be that caused by shortfalls.

2.64 We would welcome views on whether this approach would be sufficient to address the problem.

2.65 The Government remains committed to discouraging arbitrage between the different buy-out funds. However we are concerned at the potential problem identified.

2.66 We would welcome views on the following issues:

a) Are the benefits of a single recycling mechanism sufficient to outweigh the problems that a shortfall in one of the buy-out funds would cause?

b) Would a merged mutualisation approach have the potential to address this problem?

c) What would be the benefits for suppliers in moving to a single recycling mechanism?

d) Assuming there is clear consensus on this issue, we plan to make this change to take effect for the obligation period 2005/06. Do you agree with this timing?

2.67 At this stage, given the potential problem identified, we have not prepared legal provisions to address a single recycling mechanism. If however there is clear consensus among stakeholders as to the preferred option, we will seek to make this change with effect from 1 April 2005. Otherwise we will seek to resolve this issue within the wider review of the Renewables Obligation in 2005/06.

Small generators

2.68 Under the Renewables Obligation 2002, generators were required to produce a minimum of 0.5MWh in any one month to qualify for 1 ROC. The Renewables Obligation (Amendment) Order 2004 provided for small generating stations (up to 50kW DNC) to accumulate output and be awarded ROCs on the basis of their annual output and for these generators to make a declaration to Ofgem on an annual rather than a monthly basis.

2.69 It has been brought to our attention that the effect of this provision in the Renewables Obligation (Amendment) Order 2004 is that small generators are limited to claiming ROCs on an annual basis. In order to allow greater flexibility, we propose to amend this provision in the Order to allow generating stations up to 50kW DNC to claim ROCs on either an annual or monthly basis but with a limited amount of switching permitted. 

2.70 Existing small generators may switch from monthly to annual claims and declarations (and may subsequently switch back). Switching, however, can be done once only per obligation period and must take effect from the start of an obligation period. 

New generators can opt at the start for annual or monthly claims for ROCs and declarations and they will have an annual opportunity to switch later. Again the change must take effect from the start of an obligation period. We consider that this proposal offers a balance between greater flexibility for the small generators and an excessive administrative burden on Ofgem.

2.71 This proposal envisages limiting generators to changing once per year.  There is an argument that we should go further and limit the opportunity to change to once only for the duration of the Renewables Obligation.

2.72 Do you consider that a once only approach is preferable, and if so, why?  

State Aid Clearance

2.73 We will notify the European Commission of our proposed changes to the Obligation, and all proposals are subject to state aid approval.

Section 3: Conclusion

3.1 The net impact of the changes we are proposing should positively help in the achievement of the UK’s aim for renewables to supply 10% of UK electricity in 2010, subject to the costs being acceptable to the consumer.

3.2 We welcome comments on the specific proposals and the options outlined above and invite interested parties to alert us to any details that require amendment before the draft consolidated Order (at Annex A) is laid before Parliament.

3.3 We welcome also your comments on the Draft Regulatory Impact Assessment attached at Annex B.

3.4 We look forward to receiving your responses on the content of this consultation paper.
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				44m								ENERCON

												Windspeed		Power		Ce						Rated Power		600 kW

												[m/s]		[kW]								Small Generator		0 kW

				Windspeed		Power		Ce														Variable Speed		No, (One generator)

				[m/s]		[kW]						2.00		0.0		0,000						Power control		Pitch

				4.50		0.00		0.00				4.50		0.0		0,195						Âed				No, (One generator)

				5.00		30.40		0.26				5.00		42.1		0,362						Power control		Pitch

				7.00		135.00		0.42				7.00		126.5		0,396						Blade Type		VESTAS 20

				9.00		287.00		0.42				9.00		278.7		0,410						Swept Area

				11.00		450.00		0.36				11.00		484.6		0,391						Rpm at rated power		28 rpm

				13.00		558.00		0.27				13.00		590.0		0,288						Â 

				15.00		594.00		0.19				15.00		600.0		0,191						Tower		Tubular

				17.00		600.00		0.13				17.00		600.0		0,131

				19.00		600.00		0.09				19.00		600.0		0,094

				20.00		600.00		0.08				20.00		600.0		0,081

				cut out speed 20 ms-1

												0.3499893333		0.360225

								100

				0 - 2				7.6		0		0

				2 - 4 ms-1				11.8		0		0

				4 - 6 ms-1				22.4		6.8096		9.4304

				6 - 8 ms-1				18.8		25.38		23.782

				8 - 10 ms-1				11.4		32.718		31.7718

				10 - 12 ms-1				9.8		44.1		47.4908

				12 - 14 ms-1				7.4		41.292		43.66

				14 - 16				5.1		30.294		30.6

				16 - 18				2.9		17.4		17.4

				18 - 20				2		12		12

								0.8		0

										209.9936		216.135
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				h =  0.5*d*cos(360*t/p)

				where t is the time in hours after high tide,

				d is the range (maximum-minimum) of the tide,																		0.8

				and  p is the period between high tides (12.5 hours in this case).

																		gh=0.5v*v				v=(2gh)^0.5				1050

						12		2.4		2				0.6		area		15		5.035		298.6620782285				mass=A*velocity *denisty

												head		velocity		velocity		mass		power

				0		1.20		0.60		0.60		0.00		0.00		0.00		0		0.00

				1		1.04		1.04		0.00		0.00		0.00		0.00		0		0.00

				2		0.60		1.20		-0.60		-0.82		4.01		-4.01		-1257546.03005999		8.09

				3		0.00		1.04		-1.04		-1.12		4.69		-4.69		-1469783.20385223		12.91

				4		-0.60		0.60		-1.20		-1.12		4.69		-4.69		-1469783.21440478		12.91

				5		-1.04		0.00		-1.04		-0.82		4.01		-4.01		-1257546.06375581		8.09

				6		-1.20		-0.60		-0.60		0.00		0.00		0.00		0		0.00

				7		-1.04		-1.04		-0.00		0.00		0.00		0.00		0		0.00

				8		-0.60		-1.20		0.60		0.82		4.01		4.01		1257545.99636417		8.09

				9		-0.00		-1.04		1.04		1.12		4.69		4.69		1469783.19329966		12.91

				10		0.60		-0.60		1.20		1.12		4.69		4.69		1469783.22495734		12.91

				11		1.04		-0.00		1.04		0.82		4.01		4.01		1257546.09745162		8.09

				12		1.20		0.60		0.60		0.00		0.00		0.00		0		0.00

				13		1.04		1.04		0.00		0.00		0.00		0.00		0		0.00

				14		0.60		1.20		-0.60		-0.82		4.01		-4.01		-1257545.96266835		8.09

				15		0.00		1.04		-1.04		-1.12		4.69		-4.69		-1469783.1827471		12.91

				16		-0.60		0.60		-1.20		-1.12		4.69		-4.69		-1469783.2355099		12.91

				17		-1.04		0.00		-1.04		-0.82		4.01		-4.01		-1257546.13114743		8.09

				18		-1.20		-0.60		-0.60		0.00		0.00		0.00		0		0.00

				19		-1.04		-1.04		-0.00		0.00		0.00		0.00		0		0.00

				20		-0.60		-1.20		0.60		0.82		4.01		4.01		1257545.92897253		8.09

				21		-0.00		-1.04		1.04		1.12		4.69		4.69		1469783.17219453		12.91

				22		0.60		-0.60		1.20		1.12		4.69		4.69		1469783.24606245		12.91

				23		1.04		-0.00		1.04		0.82		4.01		4.01		1257546.16484324		8.09

				24		1.20		0.60		0.60		0.00		0.00		0.00		0		0.00

				25		1.04		1.04		0.00		0.00		0.00		0.00		0		0.00

																				168.03

																				7.0011892092





tidal

		





gepthermal

		

		112.5		385.5				0.76

		25		298				0.2269779507		0.1725				58.5

												115.9420289855		3.6563478261

														15.9995719178





Sheet3

		

				ENERCON

				Windspeed		Power		Ce

				[m/s]		[kW]

				2.00		0.0		0,000

				3.00		4.9		0,195

				4.00		19.1		0,320

				5.00		42.1		0,362

				7.00		126.5		0,396

				9.00		278.7		0,410

				11.00		484.6		0,391

				13.00		590.0		0,288

				15.00		600.0		0,191

				17.00		600.0		0,131

				19.00		600.0		0,094

				20.00		600.0		0,081





example

																						15

																				0.7071067907		0.9659258274		0.2588190408		0.5000000106

										h =  0.5*d*cos(360*t/p)

										where t is the time in hours after high tide,

										d is the range (maximum-minimum) of the tide,																		0.8

										and  p is the period between high tides (12.5 hours in this case).

																								gh=0.5v*v				v=(2gh)^0.5				1050

						3.6		3

						SIN		0.7071067717				12		3.6		3				0.9		area		15		5.035		298.6620782285				mass=A*velocity *denisty

						COS		0.7071067907										head		velocity		velocity		mass		power

		0.2928932093		0		0.5272077768				0		1.80		0.00		1.80		1.23		4.91		4.91		1540173.05085483		14.86

										1		1.56		0.90		0.66		0.00		0.00		0.00		0		0.00

										2		0.90		1.56		-0.66		-1.23		4.91		-4.91		-1540173.05085483		14.86

										3		0.00		1.80		-1.80		-2.13		6.46		-6.46		-2026981.73290605		33.87

										4		-0.90		1.56		-2.46		-2.46		6.95		-6.95		-2178133.63376835		42.03

										5		-1.56		0.90		-2.46		-2.13		6.46		-6.46		-2026981.76426354		33.87

										6		-1.80		0.00		-1.80		-1.23		4.91		-4.91		-1540173.12233445		14.86

										7		-1.56		-0.90		-0.66		0.00		0.00		0.00		0		0.00

										8		-0.90		-1.56		0.66		1.23		4.91		4.91		1540172.9793752		14.86

										9		-0.00		-1.80		1.80		2.13		6.46		6.46		2026981.70154855		33.87

										10		0.90		-1.56		2.46		2.46		6.95		6.95		2178133.63376835		42.03

										11		1.56		-0.90		2.46		2.13		6.46		6.46		2026981.79562102		33.87

										12		1.80		-0.00		1.80		1.23		4.91		4.91		1540173.19381406		14.86

										13		1.56		0.90		0.66		0.00		0.00		0.00		0		0.00

										14		0.90		1.56		-0.66		-1.23		4.91		-4.91		-1540172.90789558		14.86

										15		0.00		1.80		-1.80		-2.13		6.46		-6.46		-2026981.67019106		33.87

										16		-0.90		1.56		-2.46		-2.46		6.95		-6.95		-2178133.63376834		42.03

										17		-1.56		0.90		-2.46		-2.13		6.46		-6.46		-2026981.8269785		33.87

										18		-1.80		0.00		-1.80		-1.23		4.91		-4.91		-1540173.26529367		14.86

										19		-1.56		-0.90		-0.66		0.00		0.00		0.00		0		0.00

										20		-0.90		-1.56		0.66		1.23		4.91		4.91		1540172.83641594		14.86

										21		-0.00		-1.80		1.80		2.13		6.46		6.46		2026981.63883356		33.87

										22		0.90		-1.56		2.46		2.46		6.95		6.95		2178133.63376833		42.03

										23		1.56		-0.90		2.46		2.13		6.46		6.46		2026981.85833598		33.87

										24		1.80		-0.00		1.80		1.23		4.91		4.91		1540173.33677327		14.86

										25		1.56		0.90		0.66		0.00		0.00		0.00		0		0.00

																										572.86

						0.6830127279																				23.8693337008
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