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The carbon equation for individual wind farms – the continuing story! Updated January 2009

To date it has been assumed as self evident that wind generated electricity will save carbon. There is very little evidence that this is the case and indeed mounting evidence that wind generated power is not carbon friendly. Current available figures bring us to conclude that during its lifetime one turbine will “save” 6,356 tonnes of carbon and “cost” somewhere between 27,213 and 40,773 tonnes of carbon.
National Governments have already made huge mistakes with biofuels! Failure to do a proper carbon equation on biofuels before they were developed has resulted in massive global carbon losses and worsening of the very situation they were intended to improve! We now know that biofuels generate more carbon than they save.

 A new study from The Nature Conservancy and the University of Minnesota finds that many biofuels — seen by many as a potentially low-carbon energy source — actually emit more greenhouse gases than the fossil fuels they aim to replace.

According to the study, co-authored by Joe Fargione, a regional scientist for the Conservancy, “converting rainforests, peatlands, savannas, or grasslands to produce biofuels in Brazil, Southeast Asia, and the United States creates a ‘biofuel carbon debt’ by releasing 17 to 420 times more carbon dioxide than the fossil fuels they replace."
 (ref www.scienceexpress.org/7February2008/Page1/10.1126/science1152747)
Let us not make the same mistake with wind generated power! Let us do a proper fully costed carbon equation before proceeding with development. It seems that National Governments of UK, Wales and Scotland are not addressing this issue, despite the following statement from BERR:
“it is unlikely that wind farm development will proceed should it not be proven to be carbon friendly.” (Ref: Personal communication BERRRef: 08/0377 Julie Farrow Renewables Dept)
In assessing the carbon cost of wind farms the following factors should be taken into consideration:

How much carbon is purported to be saved by wind generated power?
Against which we have the carbon costs of:

· Building and construction

· Grid connection
· Carbon cost of running the turbine
· Conventional power stations running less efficiently

· New and upgraded highways

· Peat and brown soils displacement

· Losses in transmission between wind farms and the National Grid

· Integration of wind energy into the National Grid

· Lifespan of turbine
· Subsidy

All these issues are pertinent to all wind farm applications. We have requested figures to backup these statements from the WAG, the WAG Sustainability Committee, the National Grid, BERR and the Carbon Trust. Some of these bodies have replied, but most of the questions have yet to be fully responded to. Any Planning Application should include a proper carbon equation otherwise the very imperative to develop is undermined, However the argument at present is as follows: 

How much carbon is purported to be saved by wind generated power?
This figure has been revised downwards. The original figure for carbon savings was 860g/kWh for wind generated power. This has been the subject of complaint to the Advertising Standards Agency who have revised this figure. On December 21, 2008, a press report in 'The Sunday Telegraph' (by Patrick Sawer) claimed that:


 "The wind farm industry has been forced to admit that the environmental benefit of wind power in reducing carbon emissions is only half as much as it had previously claimed." 
The report goes on to mention that the BWEA has agreed "to scale down its calculation" of CO2 emissions avoided, and to adopt the 430g/kWh basis that the ASA has called for in several adjudications.
This means that any calculation of carbon savings made previously on the basis of 860g/kWh carbon saved have to be reduced by 50%. This makes a massive difference!

Any carbon balance calculated prior to December 2008 needs to be adjusted down 50% to accommodate this new finding.
If one calculates according to these new figures, the 17 turbines will save 57,632 tonnes of carbon per annum, ie one turbine will save 3,390 tonnes of carbon per annum. (Ref: Nuon Environmental Statement for Llanbadarn Fynydd windfarm) ,
The potential carbon saving of one 3MW turbine (430g/kWh carbon) is 3,390 tonnes carbon per annum.
The carbon cost of building and construction.
A widely quoted paper (Milborrow 1998) conveniently states that the carbon cost of manufacturing turbines, transporting them to their site and erecting them is recouped in six to nine months depending on the output of the wind farm.  We have yet to see any paper that provides a scientific rationale for this. This paper is the most recent that one sees quoted in environmental statements despite more recent papers contradicting these figures. This is unacceptable.
The House of Lords’ Science and Technology Committee Report estimated a carbon pay back time for building and construction of 1 to 3 years. This figure was based on a carbon saving of 860g/kWh which has been revised down and so the time for building and reconstruction payback should be doubled  to 2-6 years! (The reason for this wide range is not clear but the higher figures probably include a component for transportation of the turbines by sea and lorry and mining iron ore for steel manufacture). 
I have written to the Sustainability Committee of the WAG, Chairman Mick Bates (Mick.Bates@Wales.gov.uk) , to clarify this issue.
We await further figures, but a working figure should be 2-6 years carbon payback time (assuming 430g/kWh carbon saving).
OR the carbon cost of building and construction is 6,780 – 20,340 tonnes carbon.
The carbon cost of grid connection
This is currently the subject of questions to the National Grid, Ofgem and the WAG. No such calculation has been made and there appears no intention to make such a calculation. Neither does there appear any intention to cost this massive building project. Indeed an Open Meeting in Kerry on 4.12.08, run by Scottish Power, I was told by Steven Edwards of Scottish Power that 
“neither the Carbon Trust nor the WAG nor BERR have made any requests for a carbon equation of the new proposed grid connection from Welshpoool to Llandinam wind farm.”
I have at least had a response from David Hunt of Ofgem, senior manager Electricity Transmission Policy, (David.Hunt@ofgem.gov.uk) who has attempted to address this issue and is currently making further enquiries on our behalf.

We await figures. Presently there are no figures, not even an assessment.
The carbon cost of running the turbine
This is currently subject to a FoI search, Turbines require power to run – power to turn the blades to face the wind and adjust the angle of the blade (yaw) (1.5MW turbine blades and nacelle weigh 92 tonnes!), power to cool the gear box and warm other components in freezing weather, power to brake in windy conditions, power for lighting, thristers to connect to grid (uses 1-2% of energy generated), magnetising the stator, motor to help rotation in low wind speeds (up to 10% of output, more in low wind speeds) etc
The carbon cost of conventional power stations running less efficiently   unknown – very substantial
Energy suppliers have no choice but too accept wind generated electricity when it comes on stream. To do this is has to switch off other generation. In doing this, generators run slower and therefore less efficiently. This also causes more wear and tear. The carbon cost of this has yet to be calculated but is likely to be substantial.
David Hunt of Ofgem has yet to respond to this issue.

We await figures. Presently there are no figures.
The carbon cost of highways
We have a very particular problem in mid-Wales because the road transport system is not sufficient to bring in the large components of turbines, nor the volume or weight of traffic required for building and construction. This also needs calculation in terms of carbon cost. This has been the subject of a question to the WAG but no such calculation has been made and it appears no such calculation is going to be made.
This too is a nonsense. The carbon cost of highways with respect to building and construction, soil displacement and cost will be very substantial. 

This has been the subject of a question to the WAG Sustainability Committee. They have not responded to this question, simply sent me a list of all statutory consultees. We have looked through the issues covered but cannot find any references which address the issues of carbon cost. So we have written to Mr Bates asking that he direct us to the evidence which answers these very specific questions.
We await figures. Presently there are no figures.
Peat displacement

At Whinnash a carbon equation was drawn up by Dr Mike Hall of Renewable Energy Systems. Compared to many sites in Wales and Scotland it has a shallow peat covering and patchy areas of blanket bog. The carbon payback time is calculated at 2.35 years. There appears to be no evidence of a carbon payback equation having been made in Environmental Statements for peat despite the Scottish Government having made an algorithm to calculate this. (Ref: The Scottish Government Calculating carbon savings from wind farms on Scottish peat lands – A New Approach  htpp://www.scotland.gov.uk/Publications/2008/06/25114657/9 )
It is quite shocking that in defining their strategic search areas (SSAs), no consideration has been given by the Welsh Assembly Government to the peat issue.  Furthermore in their recent Interim Development Control Guideline, Onshore Wind Farm Developments Consultation Draft May 2008, it is not considered necessary to undertake strategic environmental assessment in order to assess the peat burden.  

The carbon payback time is calculated at 2.35 years (assuming carbon savings of 860g/kWh carbon – recently revised to 430g/kWh carbon – ie this figure should be 4.7 years).
The carbon cost of peat displacement is 15,933 tonnes carbon (430g/kWh carbon). 
Losses in transmission between wind farms and the National Grid

BERR statistics show that transmission and distribution losses are 

“about 6-7% in Wales. This loss may well be accentuated by the energy market in terms of supply sites and demand locations” (ref personal communication Dr Harvard Prosser WAG technical adviser 3.11.08)

This illustrates the point that power stations are normally sited close to consumers. Distal wind farms sites will suffer substantial grid losses before electricity gets into the National Grid.

We have questions lodged with Gareth Leigh of BERR (gareth.leigh@berr.gsi.gov.uk) in an email dated 9.12.08 with respect to this and a reply has been promised.
About 6-7% of all electricity generated is lost in transmission. This means the Installed Capacity should be reduced to 93-94% of stated figures.
Integration of wind energy into the National Grid

This has been a major problem in other countries and has been the single most important factor in halting wind farm development.  The problem is that energy from wind is very unpredictable.  National Grids cannot store any energy, they require a regular and constant supply of energy in order to prevent power cuts and voltage drops.  This can easily be achieved from fossil fuels, hydro power, tidal power and nuclear power because their outputs are entirely predictable.  
Furthermore all these energy generating sources have a momentum – they simply cannot be switched on and off at a whim.  This makes it extremely difficult to accommodate wind energy coming on tap unpredictably.  The current position in Germany is a system whereby energy producers other than wind are obliged to buy electricity generated from wind, whether or not they can use it. This makes wind generated power extremely expensive and wasteful. In Denmark, energy is being dumped into the Swedish grid at no cost, regardless of whether the Swedes can use it – needless to say, most is simply wasted.
The ability to incorporated electricity into the National Grid is quantifiable and is called the CAPACITY CREDIT. We quote from EON:

“Wind energy is only able to replace traditional power stations to a limited extent. Their dependence on the prevailing wind conditions means that wind power has a limited load factor even when technically available. It is not possible to guarantee its use for the continual cover of electricity consumption. Consequently, traditional power stations with capacities equal to 90% of the installed wind power capacity must be permanently online in order to guarantee power supply at all times.”
In other words the capacity credit is 10% of the installed capacity (according to EON) and 15% according to BERR. The WAG appear to refuse to state what the capacity credit is but this is the subject of a further FoI search. 
We have questions lodged with Gareth Leigh of BERR (gareth.leigh@berr.gsi.gov.uk) in an email dated 9.12.08 with respect to this and a reply has been promised.

The capacity credit is between 10 and 15% of the installed capacity. This means that only 10-15% of the potential carbon saving can be made!
Lifespan of Turbine
Environmental statements usually state the expected life span of a turbine is 25 years, in actual fact this is rarely the case. Most are decommissioned before 15 years. The House of Lords Science and Technology Committee Report further states that the average life of turbines is 9-12 years. Therefore we can conclude that at worst, a wind farm takes three years to pay back the carbon cost just for building and construction.
Ofgem states that the average life of windfarms is 15 years. (ref: Personal communication David Hunt Ofgem 6.1.09)
We have questions lodged with Gareth Leigh of BERR (gareth.leigh@berr.gsi.gov.uk) in an email dated 9.12.08 with respect to this and a reply has been promised.

Current working figures should assume turbine lifespan of 15 years

The carbon cost of subsidy

We can find no evidence that this question has been addressed, but it deserves serious consideration.  Wind energy is not subsidised by governments or the European Union, it is entirely subsidised by the consumer by a levy on electricity. Indeed it has been estimated that to meet our European Renewables Obligation of 20% energy from renewables, UK electricity bills will rise on average by £400 per annum. On the one hand you could argue that the increasing cost of electricity to the consumer will result in them being more efficient with energy use.  However, if indeed this was the aim of National Government policy then a far more effective incentive to reduce consumption will be simply to put a carbon tax on electricity.  

We argue that the generation of any profit carries a carbon cost. This is currently the subject of a question to the Carbon Trust to which they have yet to respond. Tim Jackson, Professor of Sustainable Development at Surrey, does put a carbon weighting on profit. The global population is 7 billion and the average level of affluence $8,000 per person. The technology factor is 0.5 tonnes of carbon dioxide per thousand dollars of GDP – in other words every $1,000 dollars of production releases 0.5tonnes of carbon dioxide into the atmosphere. (Ref New Scientist “What politicians dare not say” 18.10.08)
Each turbine generates approximately £100,000 worth of electricity and £400,000 worth of subsidy annually (ref Financial Times). This amounts to approx $600,000 and therefore 300 tonnes of carbon dioxide.

We have questions lodged with Gareth Leigh of BERR (gareth.leigh@berr.gsi.gov.uk) in an email dated 9.12.08 with respect to this and a reply has been promised.
The carbon cost of one turbine amounts to approximately 300 tonnes of CO2 per annum

A THEORETICAL WORKED EXAMPLE OF A TYPICAL 3MW TURBINE BUILT ON A PEAT SITE

The potential carbon saving of a 3MW turbine is 3,390 tonnes per annum, over a lifespan of 15 years producing a maximum potential carbon saving of  50,850 tonnes of carbon. This assumes that all the electricity can be incorporated into the National Grid. Actually it cannot. The capacity credit is 10-15%. So for a working figure let us use 12.5%
Integration of wind energy into the National Grid      Capacity credit 12.5%   carbon saving is 12.5% of the above ie 6356 tonnes
Thus the actual carbon saving of one 3MW turbine is 6356 tonnes carbon for its 15 year lifetime use.
The carbon cost of this 3 MW turbine is: 
The carbon cost of building and construction          1-3 years                 6,780 – 20,340 tonnes carbon.

The carbon cost of grid connection                                                   unknown – very substantial

The carbon cost of conventional power stations running less efficiently   unknown – very substantial
The carbon cost of highways                                                             unknown – very substantial
Peat displacement                                                  2.35-4.7 years                      15,933 tonnes carbon
Losses in transmission between wind farms and the National Grid         6-7% of installed capacity 
The carbon cost of subsidy      300 tonnes carbon per turbine per annum (15 years)      4,500 tonnes.
Calculating the carbon cost of this development

Even missing crucial figures on the carbon cost of grid connection, conventional power running less efficiently, carbon cost of highways and transmission losses, it is clear that wind generated power is not carbon friendly. Simply the cost of building and construction, peat displacement and subsidy gives us the following conclusion:
One turbine will “save” 6,356 tonnes of carbon during its lifetime and “cost” somewhere between 27,213 and 40,773 tonnes of carbon.
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