The 20% Renewables Policy – An Idea without Logic
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INTRODUCTION

In March 2007, EU leaders accepted a proposal to reduce CO2 emissions by utilising more renewable energy. They have backed a mandatory overall cut in the EU’s CO2 emissions of 20 per cent by 2020, below 1990 levels. The 20 per cent could increase to 30 per cent if other key international players follow suit.  It is suggested that they have also accepted a binding target of 20 per cent of all energy to be renewable by 2020. (Note, this is stated as energy and not electricity)  Both of these objectives will generate immense challenges, but Tony Blair told the summit that the new targets would not be a burden on business, but an incentive to change direction to meet future global demands.  Is there any real prospect of meeting either of these objectives?

We must presume that the UK government understands energy supply.  It has undertaken two major energy reviews with wide consultation in the last four years and will soon publish its second Energy White Paper has just been published. One of the recommendations of the 2003 Energy White Paper (Ref.1) was the commitment for renewable forms of electricity generation to generate 20% of UK electricity by the year 2020.  

Many professional engineers and scientists associated with energy supply have submitted comments to the reviews. For example: -

· The Royal Academy of Engineering

· Energy Institute 

· Institution of Chemical Engineers

· Institution of Electrical Engineers

· The Government Chief Scientist, Professors James Lovelock and Frederick Holliday 

Swept Under The Carpet

They have advised that it will not be a simple exercise to introduce massive renewable energy schemes and reduce CO2 outputs.  Unfortunately, the many disadvantages of renewable systems, described in their submissions, have been swept under the carpet. The House of Commons Science and Technology Committee review of the low-carbon economy concluded that renewable power without nuclear was not a viable and secure option (Ref. 2).  Other European countries can offer supporting evidence.

For 25 years, Sweden has been attempting to introduce renewable energy and phase out its nuclear plants, but no adequate renewable replacement has been found, so that Swedish electricity is still 45% nuclear.  Barsbeck nuclear plant has been closed, but as renewables cannot replace its output, electricity is imported from coal-powered plants in Denmark, so increasing Swedish CO2 emissions.   

Unlike conventional coal, gas or nuclear plants, where a 1000 MW power station is not much larger than a 100 MW power station, renewable plants have to multiply in numbers to achieve increased output.  They can only gather the energy that is in nature and must be multiplied pro rata. 
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A modern nuclear power station in Europe                      Hundreds of wind turbines covering a large area
The lowest CO2 emissions are produced not by Denmark with its thousands of wind turbines, but by Sweden, France and Switzerland where electricity is derived from nuclear power and hydro-electricity.  Per capita emissions in Denmark are twice as high as Sweden and increasing so that Denmark is almost certain NOT to meet its Kyoto commitment.

It is sometimes suggested that some perfect renewable power source is waiting in the wings and that with more research its potential can be developed.  That is nonsense.  It is just not credible that some renewable technology is waiting to be discovered, since many industrialised nations have been working on this issue for decades.  The prospect is remote, because such a power source must be able to satisfy all the following criteria:

· Must be fully renewable and yet fully controllable ie not be affected by unpredictable climatic events

· In about 10 years, must be capable of being taken from pre-identification stage to producing power equal to tens of millions of tons of coal per year 

· Must be totally environmentally acceptable to all the communities that have to house it

· Must produce no waste, or only waste streams that are fully  recyclable during operations and at the end of life

· Must use technologies that will not exhaust all known supplies of constituent materials

· Must have development costs so low that it adds nothing to the current heavy subsidies to renewables.

There is absolutely no prospect of such a magic new power source being found.  If it had existed, it would have been identified by Germany, Sweden, Denmark, the USA or one of the other countries that have been pursuing these technical innovations.

The remainder of this paper explains some of the adverse consequences of massive expansion of renewables to achieve 20% to UK electricity supplies.  This is then extrapolated to the proposed 20% of all energy supplies.  

ELECTRICITY GENERATION

The objective/aspiration of the EU plan  is that Europe should generate 20% of energy/electricity from renewable sources by 2020.   What quantity of energy does this represent?    

The annual review of energy consumption in the UK by the DTi states that the total amount of electricity generated in 2004 was 395 TWh (Ref. 3 page Table 5.6).  Electricity consumption in the UK shows a growth of 1 to 2 % per annum (typical for Europe) and has increased by 40% since 1980.  If the trend continues (at 1.5% pa), electricity consumption in 2020 would reach 500 TWh.  The DTi in recent projections predict that electricity generation will actually decline up to 2010 and increase in 2020 to only about 410 TWh.  Such modest growth is an act of faith and would not reflect recent trends.

If it is assumed that conservation/efficiency measures will reduce consumption, a lower output may suffice.  This analysis uses a compromise assumption that growth of electricity will be slowed and that generation will increase, but only to 450 TWh.  A 20% renewables contribution of 90 TWh would therefore be needed.  However, 100 TWh will be required if established trends continue up to 2020.  

1 QUANTITY of renewable energy

Section 4 of the Performance and Innovation Unit (PIU) Review, 2002 (Ref. 4) made the following statement concerning renewable options.

The technologies with the largest potential in the UK are on- and offshore wind, wave and tidal stream, solar photovoltaics and biomass (energy crops and agriculture and forest materials), and large hydro - though most large hydro potential has already been harnessed.  Smaller contributions are possible from a range of other technologies, such as small hydro and solar water heaters. A significant contribution could also come from large estuarine tidal barrages, most notably the Severn barrage.

Various combinations can be postulated for the mix of renewables that would provide the 90 TWh of electricity, but one approach is to extrapolate from the current situation.  The table below shows DTi data for the contributions of various renewables to electricity in 2005.  Typically, renewables contribute about 4% of electricity.  This represents about 1.5% (3.8 Mtoe) of total UK energy consumption (240 Mtoe) about i.e..  Renewables also provide some minor non-electricity use as heat.   

Contributions Of Various Renewables

	Fuel Type
	Percentage per Renewable 2005
	Percentage of Electricity 2005

	Landfill Gas
	37.7 %
	1.88 %

	Other biofuels
	18.9 %
	0.94 %

	Waste combustion
	12.2 %
	0.61 %

	All Hydro  
	11.3 % 
	1.03 %

	Wood 
	7.6 %
	0.38 %

	Sewage gas 
	4.8 %
	0.24 %

	Wind and wave
	6.6 %
	0.33 %

	Geothermal and active solar
	0.8 %
	0.04 %
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The Big Snag - Acceptability

The most important point is that three of the most significant contributors, notably landfill gas, large hydro and waste incineration, are excluded from the White Paper list of acceptable 'renewables'.  The electricity generated by acceptable renewables is therefore about 1%. Wind plant output is sometimes held to be commercially sensitive, but 1000+ turbines produce less than 0.5% of UK electricity.  

Although a valuable renewable generator, new large-scale hydro schemes are not being considered, as they are considered environmentally unacceptable.  Three large contributors are thus eliminated; so that the expansion required from the acceptable renewables is even greater than might at first appear.   

The suggested contributions given below for renewable electricity in 2020 are therefore of necessity, different from extrapolating the current contributions, but the subdivision below is proposed as credible, using the small number of renewable options that are available and acceptable.     

1. Wind power (on shore and off shore) 50% - 45 TWh
2. Biomass 20% - 18 TWh

3. Solar 10% - 9 TWh
4. Wave power 10% - 9 TWh
5. Tidal 10%. - 9 TWh
The implications of achieving these contributions from the selected renewables are considered below.

2 wind POWER

Wind power is usually considered as the first choice renewable power source.  For this reason, it is assumed in this study to provide the largest renewable contribution in 2020 (45 TWh).  There are already about 2000  MW of installed turbines, with plans for more capacity both on land and offshore.  

Growth year-on-year has been steady, with new capacity commissioned in 2005 being 19 wind farms, 258 turbines and 446.81 MW, compared with the 2004 totals of 12 wind farms, 147 turbines and 240.68 MW.

The largest wind turbines have a maximum continuous rating of 3 MW.   It is unlikely that 3 MW turbines would be acceptable in many sites, because of their massive height (150 m to top of blade tip) and base anchorage requirements.  It is therefore prudent and conservative to assume an average machine size of 1.5 MW in calculating the number of machines required far into the future.   

A 1.5 MW turbine operating continuously for a year would produce 13,140 MWh (0.13 TWh).  Wind output is intermittent but, assuming the typical 25% annual load factor continues,  the number of machines can be calculated.  With 25% load factor ( i.e. 2190 hrs per year), 0.032 TWh would be produced.  To generate 45 TWh would require 13700 turbines.  If the construction rate achieved in 2005 were to continue, it would take 52 years to construct that number of turbines.

Although as industrial equipment, turbines should be built in industrial areas, developers prefer remote unspoiled areas because the wind blows at higher speeds.   To obtain access to such sites means roads, the quarrying and transport of hundreds of thousands of tons of aggregate, including  tens of thousands of tons of earth excavated for the bases.  Power lines will also have to be erected, with transformers, switchgear and protection equipment.  With so many objections to land-based turbines and new transmissions lines, offshore farms are being planned urgently.

Installation offshore is more costly and complex than on land.   If 10,000 were to be installed offshore, it would require a rate of 2 per day over the next 13 years.  Since bad weather will prevent construction offshore in the winter, it will be necessary to erect at the rate of 4 per day.  These construction rates look very optimistic.   A 2.5 MW wind farm in the Baltic Sea, comprising five 500 kW turbines, 4 km off the south western coast of Gotland, Sweden, for power generating company Vindkompaniet, took five months to complete (Ref. 5).  The Greater Gabbard Offshore Farm off the Thames estuary, with 140 turbines, will not commence construction until 2009 and will take several years to complete (Ref .6).  

Wind turbine load factor is highest where the wind is strongest.  The best areas for strong winds are off the north and west coasts, particularly the west of Scotland, but little power is required locally, because the population is low.  Electricity has to be despatched to South East England where demand is greatest. 
The UK power system is based upon a 400 kV Grid Transmission system, which delivers the large flows of power from geographically dispersed plants, through bulk supply points to the low voltage distributors.  This historic practice has minimised infrastructure costs. The north west coast of Scotland, being sparsely populated, has no high voltage (400 kV) supergrid lines.  Complete new transmission systems would therefore need to be installed to transfer the power from the new wind farms.  The Beauly – Denny link is forecast to cost over £300 million to bring power from the most northern wind farms.  With typical perversity, green groups that have campaigned for years to close large remote power stations because of the transmission losses, but now support plans for new pylons because they approve of the power source.

Would the Scottish parliament judge that hundreds of pylons, through these wild areas would be worth the environmental damage?  If there were to be only a single power line, English, Welsh and Irish consumers could be held to ransom by its owners, as in the case of oil supplies by OPEC.  A single line of supply several hundred miles long would also be vulnerable to sabotage.  More lines would reduce risk, but would cause further environmental opposition and increase costs.   

With all the construction, planning and transmission problems, the UK may reach only about a quarter of the number of turbines needed to generate the 45 TWh.

3 Wood burning

Biomass plants (power stations burning firewood) are being proposed for some future power supplies.  They can achieve higher load factor – 65 % - than many renewable energy sources and can also generate useful heat.   To generate 18 TWh of electricity per annum would require 3160 MW of such plants. An electrical output of 1000 MWe requires about 1.4 million tons of oil per year, hence 4.43 Mtoe to generate 3160 MW.  The calorific value of coppice biomass wood, even when dried, will be at best about 33% that of oil,. Therefore 13.3 million tons of wood would have to be burned to generate 3160 MW.

The Forestry Commission has estimated the maximum production of wood from coppicing to be 6.8t/acre per annum – 17 t/hectare or 1700 t/ km2.  

(    13.3 million tons of wood would require about 7815 km2 of planted wood to be harvested each year
This is three times the area of an English county such as Suffolk.  Where is this land to be found? Enormous areas would have to be planted with a monoculture crop to provide the fuel for just 4% of future electricity supplies.  The Forestry Commission issues guidelines on protecting the landscape from such straight lines of tree planting – avoiding hilly ground, and forcing such developments into low lying areas.  These however are required for arable crops, towns, villages, dairy farms and orchards!

The environmental damage is not restricted to the appearance.  The transport of 13 million tons of wood would have very severe adverse effects on the rural communities, roads, agriculture and wildlife. If there were 73 power plants rated at 50 MW, each would require 200,000 tons of fuel annually, or 100 lorry loads per day.  The scheme would require a fleet of about a thousand vehicles, all burning diesel, producing CO2, CO and other noxious gases and be causing rural traffic dangers.  

Wood burning is offered as a desirable renewable because the CO2 released when wood is burned is trapped again by new trees.  That could be a very dangerous assumption, given all the objections that can be put forward against replanting the massive plantations.   These factors make wood plants have a higher carbon footprint than wind turbines or nuclear power. If land is available on this scale, it should be restored to broad leaf woodland.  That would capture CO2, and enhance the countryside at the same time. Wood burning plants themselves produce waste gases.  The proliferation of small wood-burning plants will bring problems with the control of emissions and pollution that were last experienced 40 years ago.

The planting of thousands of square km of monoculture crop will conflict with Government commitments to increase species diversity (Ref. 7).  These large areas of a single species will present an ideal breading habitat for pests and viruses. Biomass would also be vulnerable to changes in weather patterns, such as flooding and droughts. Prolonged drought could bring very serious fire risks to neighbouring villages.  The continuous production/harvesting of a single crop will need the use of artificial fertilisers and insecticides. These problems do not trouble nuclear or large fossil fuel plants.

If ash production is only two percent of fuel supplied, there will still be two hundred and fifty thousand tons for disposal every year.  What landfill sites can take such wastes, including carcinogenic substances such as polycyclic aromatic hydrocarbons that might leak into watercourses?    

During the Foot and Mouth epidemic, large areas of the countryside were closed and all stock and vehicle movements banned.  If such an event were to happen again, wood harvesting would have to stop.  There would be a choice between electricity and Foot and Mouth containment. This same quantity of electricity could be generated by two PWRs like Sizewell B, each using 30 tonnes of uranium per year.
When biomass schemes are evaluated at the level where they produce useful power, the environmental impacts are seen to be more intolerable than the problem that they are intended to reduce.  

4 solar

Solar power in the UK can take two forms – direct heating of hot water as part of a pre-heat system or use of photovoltaic (PV) cells.    Only PV cells are considered here.

Solar power appears attractive because the output of the Sun will remain unchanged year after year.  That is correct, but there are long periods in England, with little or no sun in the winter.  PV cells also produce no electricity at night, nor in cloud or fog, so that solar is worse than wind, since its output tends toward counter-correlation with demand.  To generate the 9 TWh per annum would require 6860 MW of installed cells (assuming an optimistic 15 % availability – that is about 4 hours per day average sunshine).  

It requires an area of panels of 10,000 m2 to produce reliable power at the rate of 1 MW.  For a house to generate 2 kW, requires panels with an area of 20 m2 This is about the limit for the average modern house roof, supported on trusses. It would take 5,000,000 houses to generate the power required for the solar contribution.  That is about 25% of the houses in the UK. 

It is instructive to obtain a measure of the quantities of materials that would be required. Solar panels and supporting systems typically weigh about 20 kg/m2.  That is a weight of 400 tons/MW and 2,500,000 tons to provide 6860 MW. It would be necessitate new factories and new sources of the materials for the production of 500 MW of cells per year.  This is several times the PV manufacturing capacity in the UK. There will also be a severe problem with component disposal at the end of plant life.  No process plants have yet been designed to separate and dispose of the massive quantities of waste – 100,000 tons per year (based on 25 year life).  Landfill of the mixed wastes would conflict with sustainability policies.  

Solar power would also have a very detrimental impact on electricity supply quality.  As sunshine increases and decreases with changing cloud cover, there would be massive power surges into and out of the distribution and transmission system, with uncontrollable effects on mains frequency.

To install 5,000,000 sets of panels in 13 years will require almost 400,000 per year, or 1600 per working day.  With an average costs of £5000, that would require expenditure of £25 billion to generate only 2% of UK electricity.  To compare this scheme with a practical option, that same £25 billion could build a fleet of twenty five 1200 MW PWRs, capable of supplying some two thirds of UK electricity demand at secure prices for 60 years, with minimal greenhouse gases.

5 wave power

Wave power has been proposed as a natural option for generating electricity in an island nation. The waves and tides appear extremely dependable.  Schemes have been investigated with public funds since the 1970s, but have proved difficult to scale up to industrial size.  To generate 9 TWh per annum from wave plants would require 2570 MW of installed equipment (assuming an optimistic 40% load factor).    

The former government agency ETSU has predicted an average energy potential of 1 MW per 30 m wave front around the UK coasts.  In March 2002, the Professional Engineer journal included an item about Ocean Power Delivery (OPD) and their plant called Pelamis, of which an example design 150 metres long would produce 750 kW i.e. 1 MW per 200 metre.  In April 2003, there was an item in the same journal reporting a new design of plant operating horizontally (Dragon wave power converter), claiming that a device 300 m long could generate 7 MW.  This equates to 1 MW per 45-metre wave front, a value between the other two. 

Based on this middle value, it would require 115 km of wave machines to generate 2570 MW, whilst to replace each 2000 MW coal station like Radcliffe or Eggborough would require wave machines 90 km long.  This makes no allowance for spacing to permit ships to pass.  If it weighed 100 tonne/metre, it would have a mass of nine millions tons.  The environmental implications of such massive structures (similar in size to oil platforms joined together) are not good.  Oil platforms are fixed solidly to the sea bed.  Massive parts of wave machines have to move up and down against other parts that are fixed. These would have to be assembled out at sea.  The dangers of construction, operation and maintenance are frightening, but are not publicised when these schemes are put forward.

Wave machines of the size required are clearly going to be enormous structures with the potential to produce unprecedented local environmental damage.  Their prime function is to extract a large quantity of energy that normally arrives and is dissipated on the shoreline.  They will by definition affect the way the sea interacts with the coast.  Many of these schemes will alter complete local ecosystems through seabed damage, silting, loss of habitats etc.  Before decisions are made, extensive computer and scale modelling should be undertaken to ensure that irreparable harm is not caused to our coastline.  

Smaller plants have been tried.  The 2 MW OSPREY wave plant lasted two days off the coast of Scotland before being wrecked in 1995. That might have been predicted.  In the 1944 Normandy invasion, one of the two Mulberry harbours weighing about 1.5 M tons was buffeted and wrecked in a summer storm in the English Channel after only 10 days' use.   There are other ideas for using the energy of the waves in tidal flows.  Such underwater turbines are covered in the next section.  

6 TIDAL

The Severn Barrage scheme has been under review for several decades and has been considered by the Performance and Innovation Unit (PIU) Review, 2002 (Ref 4).  It would cost £12,000 million, but would provide 6 per cent of UK electricity (ca 25 TWh) and last for 120 years (Ref. 8).  The impact of this development would be enormous and would affect up to perhaps 200 km2 of the Severn estuary.  The effect on the river flow, tides, local habitats and microclimate would be unprecedented.   

There are other estuaries, but apart from the Mersey, the others have relatively little potential, because of their area or low hydraulic head. A river such as the Mersey or the Thames with substantial shipping traffic would require complex and extensive locks to maintain their port functions.  The only major tidal power scheme operating anywhere in Europe is in the Rance estuary in France, where a barrage with 240 MW of turbines was completed in 1966.  This produces less than 1 TWh per year, with a load factor up to 27%.  To generate 9 TWh (without the Severn Barrage) would require almost every large river in the UK to be used - Dee, Morecambe Bay, Solway, Humber and Wash etc.  Is it credible that all the suitable tidal sites apart from the Severn could be planned, designed, approved and constructed in a little over fifteen years?  The consequences of changing any one of these could be irreversible environmental damage to substantial areas of the UK.

It has also to be recognised that although tidal power is predictable, it is not continuous.  Close to high and low tides, no water is moving and no power is generated.  As this will often coincide with peak demand, other, more controllable power stations will have to be retained.

Some underwater tidal flow turbines are being developed as their output is more reliable than wind turbines and wave machines. They use the flows of tides just above the seabed.  They are been installed and tested off the Devon coast.  Three such underwater turbines are also to be installed on the seabed off the coast of Alderney. Devices currently being tried have dimensions of 10 metre x 15 metre to produce 250 kW.  Larger equipment may be developed, but installation still involves work out at sea where conditions are often unfavourable.  It will require 5,000 of the 250 kW turbines to replace the output of a large fossil-fuelled power station.

7 bio fuels for transport

There have been many proposals in the EU for the proportion of transport fuels derived from naturally grown species to be increased to 5 or 10% of all liquid fuel consumed. This will require very large quantities of biofuel and very large areas of land.  DEFRA have forecast that they will need 2.5 - 2.8 million tonnes of wheat to achieve the 5% contribution to UK transport fuels. The implications for the countryside of using such massive quantities of crops are serious and ominous.  DEFRA statistics show that average production of barley in the UK between 2000-04 was 6.293 million tonnes, from an average area during the same period of 1.112 million hectares. I.e. 5.5 tonnes per hectare. 

To achieve the 5% contribution (assuming barley and wheat crop at the same rate) will therefore require between 454,000 and 510,000 hectares. It is predicted that we will also require about 1 million tonnes of biodiesel per year and could produce 720,000 tonnes from the 570,000 hectares of land currently used for rape seed.  Together these are about four times the area of Suffolk.  There are no such areas of new land, so other crops have to be sacrificed  Either we will have to import much more food and stop the export of 2.5 million tons of wheat or we will have to import millions of tons of feed stock from abroad. With serious food shortages in many African countries, is this switch to fuel production morally justifiable?

8 the 20% of energy supplies conundrum

The analysis above reveals the massive environmental impact were renewables to provide 20% of UK electricity supply. The impact would be altogether greater when faced with the problem of generating 20% of energy.  Less than a quarter of the energy used in the UK is used as electricity.  The rest is used in the form of natural gas, coal or petroleum products. Twenty percent of UK electricity consumption in 2020 is forecast above to be 100 TWh or 8.6 million tonnes oil equivalent (Mtoe). ( 1 Mtoe = 11.6 TWh). Twenty percent of UK energy consumption in 2020 would be about 50 Mtoe or about 580 TWh.  This is the start of the real difficulties.

Renewable energy sources generally produce energy only as electricity. For renewable sources to produce 20% of energy, they have to produce the 580 TWh as electricity.  The analysis above is based on them producing just 90 TWh.  So all the numbers discussed above would have to be multiplied by about six. In fact, renewables would have to produce more electricity than all current fuels in the present energy mix combined. That would double the total quantity of electricity used.  This could only be achieved by displacing natural gas, coal and oil through massive expansion of all-electric homes and cars.


That would require re-equipping homes and the motor vehicle infrastructure and in turn massive investment in transmission/distribution, not to mention the redirection of massive tracts of agricultural land. That is in parallel with the huge investment required in carbon capture and sequestration under the North Sea, if coal and natural gas are still to be used as major fuels for electricity generation. Similar analyses in other countries would serve only to reveal the sheer enormity of the change required, although the problems would be smaller in France, Sweden and Switzerland where electricity is generated from hydro and nuclear plants, so that per capita CO2 emissions are already lower than for the rest of Europe.

 
The ill thought out nature of the 20% policy was underlined by the well-documented weather experienced in the UK on March 26-28, 2007. A strong anti-cyclone, with light easterly winds, brought overnight frosts with freezing morning fog. With little or no wind there was no power from wind turbines. With freezing fog there is no sunshine and no solar power. With no wind, the sea is becalmed so no wave power. At the same time, with cold mornings, electricity demand is high. Where would the necessary supply come from in 2020? The blunt truth is that existing conventional power plants would have to be retained (at enormous cost) to prevent blackouts. 

The question that arises from this is analysis is this: Do politicians who invent these targets ever seek or take engineering advice before making these impossible commitments? 
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