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SUBMISSION FROM THE SCIENTIFIC ALLIANCE  

 
Introduction 
 
The Scottish government has ambitious plans for the expansion of renewable energy 
by 2020 and beyond. Although electricity accounts for only about a quarter of total 
energy used, it is power generation which is the primary focus of attention across the 
whole energy sector. However, it is also the most controversial, because plans to 
build more wind farms (the only technology which is developed sufficiently to deploy 
on a large scale) have aroused considerable public opposition.  
 
We welcome the opportunity to respond to this consultation and address some of the 
practical realities underlying the planned expansion of renewable electricity 
generating capacity. Although much of the opposition to wind farms stems from 
aesthetic and environmental concerns, the question of whether they can actually 
deliver secure, affordable, low-carbon electricity is ultimately more important: there is 
certainly no justification for despoiling the countryside and coastline if the technology 
does not deliver what it is supposed to. More detailed information on the topics 
addressed here can be found in our recently-published report.1 
 
For the record, we support the continued development of a range of new renewable 
energy technologies, such as wave or tidal generators and vertical axis wind 
turbines. Although there is no guarantee that any particular approach will ever be 
commercially viable, innovation must be encouraged and will ultimately help to 
deliver an efficient and economic mix of electricity generating technologies. 
 
Response to individual questions 
 
Are the 2020 renewables targets (for electricity and heat) achievable? If not, 
why not? 
 
The government aims for the country to generate ‘the equivalent of 100% of 
electricity needs’ from renewable resources by 2020 (increased from the original 
80% target). This means that approximately 50% of Scotland’s total electricity 
demand would be met by renewables, with the balance coming from conventional 
power stations. The intention is to export all the energy surplus to Scotland’s 
requirements: about half of the total generated from renewable resources. The 
additional capacity to be installed between now and 2020 would essentially all be 
wind farms.  Wave and tidal power will still be at the development or demonstration 
stage by then, there is little if any scope for expansion of hydro power, and 
photovoltaics make even less sense in Scotland than elsewhere in Europe. 
  
Torness nuclear station, with a capacity of over 1.3GW, will still be operational after 
2020, generating low carbon base load electricity. This is a significant proportion of 
the country’s required capacity of about 3.5GW but, although producing essentially 
zero emissions, is not classified as renewable. Hydroelectric power capacity is 
essentially the same as nuclear, providing roughly 35-40% of the country’s capacity. 
Generating the equivalent of Scotland’s total energy demand from renewables 
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means that wind would have to deliver considerably more than current hydro 
capacity: 2.2GW in total. The capacity factor – the percentage of rated output which 
the wind turbine fleet actually produces over a year – obviously varies from year to 
year, but across the UK has averaged around 25% recently (rather less than the 
assumption by DECC of 30%). If we take the more optimistic official figure, the 
installed capacity needed to give a good chance of producing an average of 2.2GW 
across the year would be about 7.5GW.  
Given the current state of development, it seems quite feasible for the government to 
achieve its aims, subject both to planning constraints and the availability of sufficient 
wind turbines and installation capability, and bearing in mind that the output of wind 
farms will vary from year to year. The feasibility of the goal also depends on 
achieving the planned reductions in overall energy demand. However, the point is 
not whether such a goal is achievable in practice, but whether it makes any sense for 
the Scottish economy and consumers. The consequences of meeting the targets are 
considered in more detail below.  
 
The second goal is for 30% of overall energy use (ie, including heating and 
transport) to come from renewables. Outside of electricity generation, there are 
fewer opportunities to replace fossil fuels. The small additions of bio-diesel and bio-
ethanol to transport fuels cannot make a contribution of more than a few percent 
overall; this is also the energy use sector which will continue to show steady growth. 
Use of wood (or other biomass), anaerobic digestion and/or (expensive) heat pumps 
are the main possibilities in the large heating energy sector, but more effective 
insulation might also be expected to reduce overall energy demand to some extent. 
The overall target of 30% renewable energy therefore remains highly dependent 
upon meeting the goal for generation of renewable electricity.  
 
What contribution will achievement of the 2020 renewables targets make to 
meeting Scotland’s CO2 emissions targets (a reduction of at least 42% by 2020 
and an 80% reduction target for 2050) under the Climate Change (Scotland) Act 
2009? 
 
Meeting the 2020 target will be challenging and will also depend on where the 
boundaries are set. Because of the intermittent nature of wind energy, generating 
capacity from wind farms has to be matched by conventional or nuclear capacity. No 
matter how much nominal capacity the fleet of wind farms has, there will be times at 
which virtually no electricity is produced, and these may come during periods of peak 
demand (in winter, where stationary areas of high pressure result in calm, intensely 
cold periods). This is acknowledged in the government’s targets, which call for the 
equivalent of 100% of demand to be generated from renewables, with this 
accounting for only half of actual demand. This target itself is only feasible because a 
significant proportion of the total renewable electricity output comes from hydro 
power, which is quite efficient (although cannot be relied upon absolutely in times of 
low rainfall). However, essentially all of the new capacity will be from wind turbines, 
with a capacity factor likely to be no higher than 30%.  
 
The republic of Ireland already has a high proportion of its generating capacity in the 
form of wind: 1.4GW, equivalent to 28% of total capacity. However, the published 
figures show that, as the output of the wind fleet increases, the amount of fossil fuel 
saved decreases from about 500 kg of CO2 per system MWh to level off at about 330 
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kg of CO2 per system MWh. Looked at another way, the CO2 emissions of the coal- 
and gas-fired plant per MWh of electricity generated increases as wind farms 
contribute more electricity to the grid.  The conclusion is that, beyond a certain point, 
additional wind generating capacity results in little if any savings in fossil fuel or CO2 
emissions.  
 
When the output of the renewable energy installations is insufficient for Scotland’s 
needs (ie, most of the time), electricity will have to be generated by existing coal, gas 
and nuclear stations. If these are based in Scotland, then the net change in 
emissions is easy to calculate. However, if backup capacity was partly located in 
England (or further afield, via interconnectors to continental Europe), then high-
carbon electricity could be imported to make up for the shortfall; Scotland’s 
emissions might have been reduced, but would have been partly offset by increases 
elsewhere.  
 
The other consequence of increasing levels of wind generation is that electricity 
prices would increase. At present, with a relatively small proportion of total 
consumption being delivered by wind, rises in gas and coal prices have tended to 
dominate bills. But these price changes are market-driven, according to supply and 
demand, whereas the higher price for electricity from wind is a structural one 
because it depends on public subsidy (and also incurs higher costs for both backup 
and constraint). So, although all economies face the same market costs, not all will 
have to bear the additional costs of wind farm subsidies. Such increases in the cost 
of electricity will only accelerate disinvestment in energy-intensive manufacturing 
industry. Such activities will move to emerging economies which have a much higher 
carbon intensity than the UK’s. Scotland’s emissions may fall as industry shrinks, but 
CO2 emissions overseas will increase.  
 
Is the technology to meet these targets available and affordable? If not, what 
needs to be done? 
 
The current generation of wind turbines has considerably improved a very old form of 
power generation and there are unlikely to be significant further improvements. The 
essential problem is that, however much the costs come down and efficiencies go 
up, electricity generation from wind is intermittent and unreliable. This is why 
development of other, complementary, technologies is needed if renewable energy is 
ever to make a big contribution to a secure, affordable electricity supply.  
Commercial wave and tidal power would not completely solve the problems, as they 
suffer from similar intermittency problems. But, although wave intensity is directly 
related to wind conditions, tides are predictable and essentially independent of 
weather conditions. If there was to be a range of affordable technologies which could 
be deployed, then their complementary characteristics would reduce – although not 
eliminate – the impact of intermittency. 
What the government should not do is attempt to pick winners. A range of competing 
technologies needs to be encouraged, and from this work viable new forms of 
renewable energy generation may emerge.  
 
Are electricity generating or heat producing technologies compatible with the 
need for security of energy supplies? 
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Our comments relate only to electricity generation.  
 
Hydroelectricity is a relatively secure and reliable generating technology. However, 
output depends on weather patterns. Norway, for example, relies on hydro power for 
virtually all its domestically-produced electricity, but periods of low rainfall make it 
necessary to import electricity from neighbouring countries, much of which is likely to 
be from coal-fired or nuclear stations. New Zealand generates more than half of its 
electricity from hydro schemes, but has sufficient coal and gas stations to supply all 
its needs at dry times: its geographical isolation means it has to be self-sufficient.  
 
Wind energy is, however, more problematic, and cannot be relied on to the same 
degree as hydroelectricity. The ostensible reason for its expansion is to save the use 
of fossil fuels, which would both lower carbon dioxide emissions and reduce 
dependence on gas imports. However, because of the need for backup generation 
capacity to be available, fossil fuel savings are lower than might be expected. The 
example of Denmark illustrates the situation well. A 2009 report2 showed that, 
although roughly 20% of the total electricity generated in the country came from wind 
farms, only about 10% of electricity consumed was from this source. About half of 
the renewable energy generated came at times of low demand and hence had to be 
exported to neighbouring countries. Since the Danish electricity represented a 
surplus supply, it was sold at very low spot prices, the Danish consumer effectively 
subsidising their neighbours in Norway, Sweden and Germany. Since 2009, further 
wind generation capacity has been added, which is sure to have exacerbated this 
effect. 
 
Similarly, at times of high demand, Denmark needs to import electricity from 
neighbouring countries, in this case paying relatively high prices. The Danish wind 
farm fleet effectively forms part of a wider north-western European grid, with backup 
capacity coming from other countries. The Scottish government intends to export 
more and more renewable electricity as additional wind farms come on stream. This 
will need a significant increase in interconnection with England, and a willingness of 
generators on both sides of the border to keep backup capacity available. 
  
Efficient storage of excess energy would alleviate the intermittency problem by 
smoothing out supply and demand. However, to make a significant difference at a 
country level, an extremely large amount of storage capacity is needed. Pumped 
hydro storage is the only viable option at present, but is expensive to build and 
entirely dependent on geography. There is plenty available in Scandinavia (but, even 
there, not enough to guarantee full security of supply) but only two schemes in 
Scotland, with a further two in Wales.   All storage schemes suffer from 
inefficiencies, and therefore rely on a plentiful supply of low-cost energy to start with. 
Proposed alternatives to pumped storage, including water electrolysis, are still far 
from providing a solution to the problem. We have to conclude that increasing 
proportions of renewable energy capacity feeding the grid would tend to reduce 
rather than increase security. 
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 Wind Energy: the case of Denmark 

http://www.cepos.dk/fileadmin/user_upload/Arkiv/PDF/Wind_energy_-_the_case_of_Denmark.pdf
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Summary 
Wind turbines are an inefficient and unreliable way to produce electricity. They save 
relatively small amounts of fossil fuels and carbon dioxide emissions, and require 
sufficient conventional generating capacity to be able to replace their entire output at 
times of high demand. To meet the government’s emissions reduction targets while 
providing a secure supply of affordable electricity, attention should be refocused on 
the use of nuclear and efficient combined cycle gas turbines. In the longer term, 
more efficient renewable energy systems may become available, but there is no 
merit in continuing to support inefficient wind farms with public subsidy for the 
foreseeable future. Looking at energy use more broadly, improving efficiency, 
particularly for heating, would be a much more productive use of resources.  
 
Martin Livermore 
Scientific Alliance 
28 February 2012          


