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Summary

This policy brief aims to inform the debate about the role of onshore wind in the UK’s future
energy mix. The paper investigates to what extent onshore wind can contribute to future
electricity generation, whether there are technological constraints, what the economic costs
are, and what the environmental impacts might be.

The policy brief does not provide new empirical estimates — there are many such numbers
already published. We contribute to the debate by identifying the most credible estimates
available and drawing some robust policy lessons from that information.

The first such lesson concerns the unequivocal need to decarbonise the UK’s electricity sector.
Under the Climate Change Act (2008) and the subsequent carbon budgets, the UK is committed
to cutting its annual greenhouse gas emissions by half by 2025, compared with 1990 levels.
This is not achievable without a power sector that is virtually carbon-free by the middle to late
2020s. The Act has strong political support: it was passed near-unanimously by Parliament,

as were the first four carbon budgets legislated under it.

Once the implications of the UK’s carbon targets are recognised, the issue of onshore wind
becomes a choice between this and other low-carbon energy sources. It is not a choice
between onshore wind and fossil fuels. It has been argued that efficient combined cycle gas
power plants may be a cheaper way of meeting our 2020 carbon reduction targets. However,
it is clear that the further decarbonisation required in the 2020s cannot be achieved by heavily
relying on unabated gas power stations. Rational policy-makers need to anticipate this and
avoid locking in high-carbon electricity generation.

A second robust lesson is that many low-carbon technology combinations are technically
feasible. Much has been made of the intermittent nature of wind and other renewables, which
cannot produce electricity reliably on demand. However, the cost penalty and grid system
challenges of intermittency are often exaggerated. There are several ways of compensating for
this variability, such as additional capacity from fossil fuel power plants to meet balancing
requirements at peak demand, bulk storage of electricity, greater interconnection, and a more
diversified mix of renewable sources, as well as measures to manage demand, like smart grids
and improved load management. The main concerns in choosing the best energy technology
mix are not network stability, but economic costs and environmental side-effects.

The third lesson concerns the trade-off between economic costs (and, by extension, electricity
bills) and environmental impacts. Onshore wind currently supplies 28 per cent of the electricity
generated in the UK by renewables (DECC, 2011a). That share is likely to rise, given the
abundant wind resources available in the UK, and the technological maturity of onshore wind.
A key attraction of onshore wind over other low-carbon forms of electricity generation is cost.
In terms of levelised cost — an economic measure which takes into account all of the costs of
a technology over its lifetime — onshore wind is currently the cheapest renewable technology in
the UK. It is expected that it could become fully competitive with older conventional sources of
energy as early as 2016 (Bloomberg NEF, 2011a). This is an important advantage at a time of
heightened sensitivity about the costs of green policies.

However, onshore wind raises potential local environmental issues, particularly through the
visual impact of turbines. People value natural landscapes and are willing to pay to preserve
them. This needs to be factored into the analysis. There are also wildlife effects that should be
taken into account, although they are often relatively small and site-specific compared with
other anthropogenic impacts.
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These environmental impacts make more expensive renewable technologies — like offshore
wind or solar photovoltaics — potentially more attractive. One can think of the extra cost of
offshore wind as the premium society is willing to pay to avoid the local environmental cost
of onshore wind.

The choice between more affordable electricity (which would favour onshore wind) and local
environmental protection (which may favour other low-carbon technologies) is ultimately a
political one. However, given the economic and environmental trade-offs, technological
uncertainty, and the absence of one clearly superior solution, the best approach seems to be

a portfolio of different energy technologies to balance the cost to consumers and environmental
concerns. Onshore wind has a role in that mix.

The final lesson concerns the role of policy in ensuring a rational approach to onshore wind.
This policy brief does not review the regulatory environment, but it is clear that adequate policies
can make onshore wind less risky and more attractive to investors and local communities

alike. There are a number of regulatory measures that can help to encourage onshore wind
developments where they make sense and prevent them from happening where they do not.
These include:

e A clear price on carbon that underlines the relative merit of wind (and other low-carbon forms
of power production) vis-a-vis hydrocarbon-based fuels.

e A planning system that (i) reduces the costs and uncertainties to project developers, thus
making project development more efficient; (i) factors in local environmental concerns and
prevents developments in important environmental areas; and (i) ensures appropriate benefit-
sharing (compensation) in areas where local impacts are acceptable.

e Flanking measures to ensure that the electricity system can cope with intermittent resources,
including adequate and sufficiently smart transmission and distribution systems,
interconnection to other energy markets, energy storage, load management and flexible
demand measures, as well as an appropriate combination of fossil fuel (ultimately linked with
carbon capture and storage) and renewable sources to ensure balancing and the ability to
meet peak demand.
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1. Introduction — the issue at stake

There is a lively ongoing public debate about the role of onshore wind energy in meeting the

UK’s future electricity needs and environmental targets. Notably, in January 2012, more than

100 Members of Parliament expressed their concerns over onshore wind subsidies in a letter
to the Prime Minister.! He responded by defending the role of the renewable technology as a

key part of the UK’s future mix of energy sources.?

The background to this debate is the UK’s twin commitment to reduce greenhouse gas
emissions and to increase the proportion of energy generated by renewable sources, such as
wind and solar. The Climate Change Act (Her Majesty’s Government, 2008) commits the UK to
reducing its annual greenhouse gas emissions by at least 80 per cent by 2050 compared with
1990 levels. The initial four carbon budgets set by the Government, and passed by Parliament,
require emissions to be cut® by 34 per cent by 2020 and by 50 per cent by 2025. At the same
time, the European Union Directive on Renewable Energy (2009/28/EC) requires the UK to
obtain at least 15 per cent of its gross final consumption of energy* from renewable sources
by 2020.

In order to achieve these objectives and move towards a low-carbon economy, the UK must
undertake a shift in its energy supply towards much less carbon-intensive sources. Renewable
energy, such as onshore wind, is central to this ambition.

However, there are several forms of low-carbon energy, and it is not trivial to determine the
right combination of renewable sources and other low-carbon technologies. Several
environmental, economic and social considerations need to be carefully taken into account
in order to identify the most desirable energy mix.

... the UK must undertake a shift in its energy
supply towards much less carbon-intensive
sources. Renewable energy, such as onshore
wind, is central to this ambition.

1 See:
2 See:
3  Compared to 1990 emission levels.

4 Gross final consumption of energy refers to the total energy consumed by end users, as well as by the energy
sector for electricity and heat production, including losses of electricity and heat in distribution and
transmission.
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1. Introduction - the issue at stake

The aim of this policy brief is to inform the debate about the role of onshore wind energy in
meeting the UK’s future electricity needs and achieving its environmental objectives. The brief
does not provide new empirical estimates — there are many such numbers already published.
We contribute to the debate by identifying the most credible estimates available and drawing
some key policy lessons from that information. Some robust conclusions can indeed be drawn,
but this does not mean the evidence base is perfect. Data on energy technologies and their
future development are subject to uncertainty and may change over time, so we recommend
that this issue continues to be monitored and investigated in future research.

The brief is structured around four key questions:
* How much might onshore wind contribute to the UK energy mix over the next few decades?

* What is the impact of intermittent wind power generation at a large scale on the stability and
reliability of the UK’s electric power system?

¢ What is the economic cost of onshore wind and how does it compare with other forms of
low-carbon energy?

e What are the environmental side-effects of onshore wind on the UK'’s landscapes and
ecosystems?

We conclude by suggesting how the acceptability of onshore wind may be enhanced through
changes in the policy environment.
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2. How much might onshore wind contribute to the UK’s energy mix?

2. How much might onshore wind
contribute to the UK’s energy mix”?

Wind turbines, located on land (onshore) or in sea or freshwater (offshore), harness the energy
of moving air, primarily to generate electricity. The UK has excellent opportunities for onshore
turbines, with particularly good wind speeds in Scotland, Northern Ireland and Wales (DECC,
2011a). According to the European Environment Agency, the onshore locations in the UK offer
about 11 per cent of the total generation potential of wind energy in the European Union

(EEA, 20009).

Besides onshore and offshore wind, the UK uses a range of other renewable sources to
generate electricity and heat, and for transport fuels. These include solar heating and
photovoltaics, small-scale and large-scale hydropower, biomass (such as landfill gas, sewage
sludge digestion and wood combustion), geothermal aquifers, heat pumps and transport
biofuels (bioethanol and biodiesel).

Overall, in 2010, renewable sources of energy met about 7.4 per cent of the UK’s electricity
needs and 3.3 per cent of gross final energy consumption® (DECC, 2011a; see Figure 1).
Under existing European Union commitments, renewable energy generation is meant to grow
to supply about 15 per cent of total gross final energy consumption by 2020 in the UK.

The government’s Renewable Energy Strategy (Her Majesty’s Government, 2009) suggests
that one way to deliver the 2020 target would be to supply around 30 per cent of electricity,
12 per cent of heat and 10 per cent of the energy required by motorised transport from
renewable sources.

Box 1. Note on terminology

Since onshore wind is used primarily for electricity generation, in this report we refer to its
contribution to both electricity and total energy supply. It is important, however, to keep in
mind that renewable electricity is but a subset of the overall energy supply.

Also, we describe energy sources both in terms of their ‘capacity’ and ‘generation’.

The capacity of an (energy) installation is the maximum power; that is, the maximum
quantity of energy delivered per unit of time (IPCC, 2012), and is expressed in watts (W)
and its multiples.® Generation (or ‘output’) instead refers to the amount of electric energy
produced in a given period, typically an hour, and is expressed in watthours (Wh) and
its multiples.”

5 Inline with the criteria set out in the EU Renewable Energy Directive (2009/29/EC), which include a cap on
energy consumption from air transport. See also footnote 4 for a definition of ‘gross final energy consumption’.

6 1,000,000,000 Watt (W) = 1,000,000 kilowatt (kW) = 1,000 megawatt (MW) = 1 gigawatt (GW) = 0.001 terawatt
(TW).

7 1,000,000,000 watt-hour = 1,000,000 kilowatt-hour (kWh) = 1,000 megawatt-hour (MWh) = 1 gigawatt-hour
(GWh) = 0.001 terawatt-hour (TWh).
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2. How much might onshore wind contribute to the UK’s energy mix?

Figure 1. Inland energy consumption by primary fuel input?, 2010
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Source: Calculations based on DECC (2011a).

Onshore wind is one of the most technologically mature renewables and, as such, currently
plays a leading role in the generation of renewable electricity in the UK. In 2010, the UK had
more than 4,000 megawatts (MW) of onshore wind capacity (Figure 2), and reached almost
4,800 MW in early 2012 (DECC, 2012a). The most recent generation data shows that onshore
wind supplied 7.1 terawatt hours (TWh) of electricity in 2010, equivalent to about 28 per cent of
the renewable electricity output during the year (DECC, 2011a; Figure 3) and just under 2 per
cent of the total electricity generated in the UK. Assuming an average household electricity
consumption of 3,300 kWh per year (as in Ofgem, 2011), this is equivalent to the electricity
used by about 2 million homes.®

Several assessments have been carried out to estimate the future capacity and generation
potential of onshore wind in the near- (2020) and mid-term future (2030) (e.g. Her Majesty’s
Government, 2010a; CCC, 2010).

For the period to 2020, the most up-to-date analysis has been conducted by the Electricity
Networks Strategy Group (ENSG, 2012), a team of network operators, utilities and other
stakeholders reporting to the Department of Energy and Climate Change and Ofgem. In their
‘Gone Green’ scenario, they estimated that, to meet the 15 per cent renewable energy target,
renewable electricity capacity should reach 35,600 MW, generating about 113 TWh by 2020.
In this scenario, onshore wind should increase from the current 4,800 MW to about 9,000 MW,
which, assuming an average turbine capacity of 2.5 MW, would imply the construction of
approximately 1,700 new turbines. It is estimated that such capacity will generate up to 30 TWh
of electricity annually (ENSG, 2012). This is also consistent with the ‘central’ scenario of the
Renewable Energy Roadmap produced by the Department of Energy and Climate Change,
which expects onshore wind to generate between 24 and 32 TWh each year by 2020

(DECC, 2011c).

8 Inland energy consumption refers to the energy used in the country. It includes primary energy production less
exports, energy imports and changes in stock (positive or negative), and excludes energy used in marine
bunkers (i.e. fuels supplied to ships engaged in international transport).

9 It should be noted that, given its intermittent nature, onshore wind will not be sufficient to power households
without the support of other energy sources. This figure is provided for comparison purposes only.
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2. How much might onshore wind contribute to the UK’s energy mix?

Figure 2. Total installed capacity of renewable energy sources in the UK, from 2000
to 2010

Installed capacity (GW)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Il Onshore wind [l Solar photovoltaic B Hydro

[l Offshore wind B Biomass and waste, [l Wavertidal (2.55 MW in 2010)
including co-firing

Source: Based on Her Majesty’s Government (2011a).

Figure 3. Electricity generation from renewable energy sources in the UK, 2010
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The UK government has also estimated that renewable electricity capacity will be between
35,000 and 50,000 MW by 2030, providing over 40 per cent of electricity output (Her Majesty’s
Government, 2011a).
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2. How much might onshore wind contribute to the UK’s energy mix?

As for the specific role of onshore wind, the most recent analysis was carried out by Arup (2011)
for the Department of Energy and Climate Change. The study indicates that onshore wind
capacity could range between 15,000 and 25,000 MW, generating 37 to 60 TWh per year by
2030. Assuming an average turbine capacity of 2.5 MW, this would require the construction of
approximately 4,000 to 8,000 new turbines, in addition to the existing stock.

Possible future electricity generation from wind and other renewables is shown in Figure 4 for
the 2020 ‘Gone Green’ scenario published by the Electricity Networks Strategy Group and
Arup’s 2030 ‘High’ scenario.

In practice, as of April 2012, approval has been given for the construction of new wind farms to
provide an additional generation capacity of almost 6,500 MW in the UK, while a further 6,500
MW of onshore wind capacity is awaiting approval (DECC, 2012a). Should all these installations
be developed in the next decade, the future capacity of onshore wind farms could reach almost
18,000 MW by 2020, including the existing 4,800 MW already in operation. Such capacity could
generate more than 42 TWh, which is comparable to the electricity consumed by almost

13 million homes in a year."® This would be above the 2020 estimates given elsewhere in this
section (ENSG, 2012). It is unlikely, however, that all these installations will be built. Approval
rates were, on average, only 69 per cent between 2004 and 2009 (Her Majesty’s Government,
2010). However, output could be higher in the long term, should new wind farms be proposed
and approved and/or technology efficiency improved. More capacity, in addition to the turbines
already planned, might be needed in the future to meet the carbon reduction targets for 2030
and beyond.

Figure 4. Comparison of current (2010) electricity generation from wind and other

renewables with illustrative scenarios for 2020 and 2030

450

400 I

350 —

300 —

250

TWh/year

200

150

100

. o
0

2010 (DECC) 2020 (ENSG) 2030 (Arup)
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Source: Based on DECC (2011a), ENSG (2012) and Arup (2011)

10 Assuming a load factor of 28 per cent and an average electricity consumption of 3,300 kWh per household per
year (as in Ofgem, 2011). It should be acknowledged that onshore load factors, which express the average
hourly quantity of electricity generated as a percentage of the average capacity at the beginning and end of a
year, depend crucially on wind farms’ locations and weather conditions. We use here the most recent average
load factor adopted in a report by Arup (2011) for the Department of Energy and Climate Change. It is slightly
conservative compared with the 30 per cent load factor used in the earlier ‘2050 Pathway’ report (Her
Majesty’s Government, 2010). See also footnote 9.
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3. What is the impact of onshore wind intermittency on the electricity system?

3. What is the impact of onshore wind
intermittency on the electricity system?

The demand for electricity varies throughout the day, week and season. As electricity is hard to
store, supply must also vary to meet this demand, which is achieved by turning power stations
on and off, or by operating them below full load. This is a particular challenge for some
renewable technologies such as wind turbines, solar panels, or wave power generators, since
the electricity they supply is variable or ‘intermittent’: it depends, for instance, on when the sun
shines or the wind blows.

Wind electricity output, from both onshore and offshore sources, can vary greatly, not only
across seasons but also during the day. This implies that wind output can be as high at times of
low demand (e.g. overnight) as at times of high demand — see, for example, Figure 5. However,
there is some evidence that, in the UK, wind power is, on average, more available during
daytime and in the winter season, when electricity demand is higher (Sinden, 2007; CCC,
2011a). Also, as wind blows at different speeds in different areas, having wind farms located

in areas that are far apart from each other can reduce the variability of average wind power
output. But even so, the capability of wind to provide an adequate amount of electricity

‘on demand’ on its own remains limited.

Figure 5. Electricity demand and wind generation profile in January 2010
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Note: The figure show Great Britain’s demand profile (red line) for January 2010, together with a scaled
January 2010 wind generation profile (blue line) that reflects the estimated wind capacity in January 2021 —
i.e. 26,700 MW of offshore and onshore wind capacity (of which 9,000 MW onshore), in line with the 2020
‘Gone Green’ scenario developed by the Electricity Networks Strategy Group (ENSG, 2009). Overall, it shows
how the estimated future onshore wind generation can contribute to a demand profile similar to our current
(2010) needs.

Source: National Grid (2011).
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3. What is the impact of onshore wind intermittency on the electricity system?

The intermittent nature of renewable sources has two main impacts on the electricity system.
First, it affects the system’s ‘balancing’; that is, the relatively rapid short-term adjustments
needed to manage electricity fluctuations over a short time period, (i.e. from minutes to hours).
Second, it affects the system’s ‘reliability’; that is, the need to ensure that sufficient output

is available to meet peak demand.

Several solutions are available to tackle this issue. These include the use of additional fossil
fuel plant capacity to meet balancing requirements and peak demand, the increase of
interconnections and storage, the introduction of smart grids, and the improvement of load
management.

Additional generation capacity, typically from fossil fuel power plants, can operate when there
is a major surge in demand or when wind and other intermittent renewables are not generating
power. This is usually referred to as ‘back-up capacity’™, when it is designed to maintain a
given level of reliability, and ‘balancing reserves’, when used for balancing. As conventional
power stations also face changes in demand, experience failures or are temporarily unavailable
(e.g. due to planned maintenance), arrangements for balancing and reliability are already in
place. The current level of wind power capacity has had little impact on existing arrangements
so far. However, a higher share of intermittent renewable sources is expected to require
additional fossil fuel-fired generation capacity.

According to the UK Energy Research Centre (Gross et al., 2006), should 20 per cent of
electricity be supplied by wind power (or other intermittent renewable energy sources) by 2020,
the additional back-up capacity and system balancing reserves needed would be equivalent
to about 20-32 per cent of the renewable capacity. So for example, assuming an onshore and
offshore wind installed capacity of 26,700 MW by 2020 (as estimated by ENSG, 2012), an
additional 5,300 to 8,500 MW of fossil fuel-fired generation capacity would be required.

Extra capacity from fossil fuel plants is helpful to counterbalance the intermittency of some
renewable sources, but has the disadvantage of generating greenhouse gas emissions. As
these plants are usually kept part-loaded so that they can be switched on and off quickly, they
are less efficient, thus creating more greenhouse gas emissions per unit of electricity (Centre for
Sustainable Energy, 2011), and lead to potentially higher capital costs per unit of electricity.

The need for additional fossil fuel generating capacity can be reduced, however, through other
‘non-generation” measures, such as interconnection with other electricity markets, energy
storage and load management. Non-generation technologies are indeed fully recognised as a
central element of the UK future energy policy in the Government’s White Paper on electricity
market reform (DECC, 2011d).

Interconnections are physical links between the national grid and other networks, which allow
electricity to be imported and exported (DECC, 2011d). They can offer significant flexibility to
overcome the issue of intermittency. For example, Denmark, which meets 20 per cent of total
electricity demand from wind energy, has strong transmission interconnections with its
neighbouring countries, relying in particular on flexible hydropower sources in the Nordic system
(IPCC, 2011). Great Britain has 3,500 MW interconnection capacity at the moment (DECC,
2011d). National Grid (2011) has forecast that interconnector capacity could reach 5,700 MW

by 2020, while a study for the Committee on Climate Change (P8yry, 2011) estimated that
interconnections between the UK and Ireland, north-west Europe and Norway could provide
between 10,000 and 16,000 MW of back-up capacity by 2030.

11 Sometimes it is also referred to as ‘stand-by capacity’ or ‘system reserves’ (Gross et al., 2006).
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3. What is the impact of onshore wind intermittency on the electricity system?

The issue of intermittency can also be addressed by increasing energy storage. This involves
converting electricity into another form of energy when supply outstrips demand, and converting
it back when the system requires it (DECC, 2011d). Currently, installed storage capacity is quite
low (under 3,000 MW in Great Britain) and largely consists of pumped storage'? (DECC, 2011d).
Future technology developments are expected to allow for increasing energy storage, for
example through batteries, flywheels and additional pumped storage systems. Poyry (2011)
suggested that bulk storage could provide between 2,800 and 4,000 MW of capacity by 2030.

Furthermore, the stand-by generators of commercial energy users, such as supermarkets,
which are currently only used in emergencies, could also be made available in order to meet
peak demand, in coordination with energy suppliers. Although there are no official data on the
amount of existing stand-by capacity which is currently available, estimates suggest that the UK
capacity of emergency diesel generation is about 20,000 MW. Of this, about 5,000 MW may be
suitable for remote control by the system operator by 2020 (npower, 2011).

In addition, a diversification of the renewables mix to include less variable sources (such as
biomass) and more predictable sources (such as tidal), as well as improved forecasting and
planning of the use of intermittent sources (such as wind and sun), can contribute to smoothing
of the overall variability of electricity supply.

On the demand side, changes in patterns of electricity use may put additional pressure on
supply systems, as well as helping to reduce the challenges of system balancing and
maintaining system reliability.

On the one hand, the potential electrification of heating, transport and industrial processes
could lead average electricity demand to rise by 30 to 60 per cent by 2050 (Her Majesty’s
Government, 2011a). On the other hand, demand-side measures are expected to help manage
electricity more effectively. For example, an increased use of electric cars could help store
electricity when supply exceeds demand. A ‘smart grid’ (i.e. an electricity network making
extensive use of information and communications technology) is expected to enable more
dynamic real-time flows of information and more interaction between suppliers and consumers
(CCC, 2010). By allowing greater flexibility of demand, it could enable variable supply to be more
easily accommodated. For instance, it could help to manage electric vehicle charging and other
energy use, according to the electricity available in the system. Improved communications and
control systems could also make it possible for an energy supplier to ‘buy’ capacity from
electricity users through ‘load shifts’. This might mean, for example, an energy supplier pays a
supermarket chain to turn all of its refrigerators off briefly (while maintaining a safe temperature
margin) to balance out the grid at times of high demand. National Grid has estimated that up to
around 5,500 MW of load could be time-shifted in this way by 2020 (npower et al., 2011).

It is not easy to estimate the net effect of all of the measures to manage supply and demand
which could ensure the efficient functioning of the electricity system, once a larger amount of
renewable energy is deployed. However, it is clear that several options are available. Besides
holding gas-fired power stations in reserve, which has the disadvantage of leading to additional
emissions when they are used, it is possible to rely also on interconnection, load-shifts, stand-
by generators, smart grids and other measures that can create significant additional flexibility
for the system.

12 Atechnology which stores energy in the form of water, pumped from a lower elevation reservoir to a higher
elevation when electricity supply outstrips demand. During periods of high electrical demand, the stored water
is released through turbines (CCC, 2012).
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4. \What is the cost of onshore wind?

A concern sometimes expressed about onshore wind, and other low-carbon energy sources,
is that they are more expensive than fossil fuels for generating electricity, and that the additional
cost burden will raise electricity bills for households and businesses. To make an informed
judgment about the cost of onshore wind, a number of factors need to be considered.

The first factor is the cost of climate change, which is real and needs to be added to the cost
of technologies that emit greenhouse gases, in the form of an appropriate price for carbon
(Bowen, 2011). Second, the comparison needs to take into account the actual and future
prices of energy technologies, including the expected price of fossil fuels and cost reductions
for low-carbon technologies due to learning and economies of scale. Third, onshore wind
should be compared not just with fossil-fuel based power, but also with other sources of
low-carbon energy.

To understand the cost of different energy technologies, a useful first comparison is to consider
their levelised costs. These take into account investment, fuel, and operation and maintenance
costs, and relate them to total energy supply over the assumed economic life of a power plant.
Levelised costs are calculated by dividing the total lifetime cost of a power source by the total
value of electricity generation, both discounted through time'®, and are usually expressed in
units of currency per kWh or MWh (e.g. p/kWh or £/MWh).

Several assessments of levelised costs exist. In this policy brief, we rely on the estimates by the
Committee on Climate Change (CCC, 2011b), as these are among the most recent and reliable
data available and those most tailored to the UK. According to these estimates, the levelised
costs for onshore wind ranged between 6.6 and 9.3 pence per kilowatt-hour (p/kWh) in 2011
(see Figure 6).

By comparison, data from Bloomberg New Energy Finance (2011b) put the figure slightly lower,
at around US$60-100 per megawatt-hour in 2010 (i.e. approximately 4-6.5p/kWh'). Estimates
vary because different assumptions can be made about uncertain parameters, such as the
discount rate (i.e. the cost of capital through time), the effect of the exchange rate, commodity
prices (e.g. for steel) and the cost of complying with national legislation. But, despite some
differences due to these assumptions, costs tend to be of the same order of magnitude. Overall,
onshore wind appears likely to be one of the cheapest energy technologies available in 2030.

Figure 6 shows the estimated levelised costs for onshore wind and for other technologies of
relevance for the UK energy mix. The cost range takes into account high and low real discount
rates (respectively 10 and 3.5 per cent) in 2011 and in 2030. According to the Committee on
Climate Change, all ‘clean’ energy sources are estimated to be cheaper in 2030 thanks to
technological improvements. By contrast, while unabated gas' had the lowest levelised cost
in 2010 (between 3.6 and 7 p/kWh), this is expected to increase in the future given expected
higher fossil fuel and carbon prices. Future gas prices, of course, are uncertain; we rely here

13 Discounting is applied to future cash flows (e.g. future costs and revenues) to identify their net present value.

14 Conversion units: US$100 per MWh = 10 cents per kWh = 6.5 pence per kWh. Average exchange rate in third
quarter of 2010: US$1.00 = £0.646. Source:

15 Gas power plants not retrofitted with carbon capture and storage.
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Figure 6. Levelised costs of energy for different sources in 2011 and 2030
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on estimates by the Department of Energy and Climate Change, which are broadly consistent
with forecasts by the International Energy Agency.'®

We have also included, as a hypothetical yardstick, an estimate for the levelised cost of
unabated gas without the embedded carbon price (see the last two columns to the right in
Figure 6). The Committee on Climate Change expects the carbon price to rise from £14 per
tonne in 2010 to £30 per tonne in 2020 and £70 per tonne in 2030. This is estimated to account
for between 7 and 23 per cent of the total cost of unabated gas. Excluding the price of carbon
is wrong analytically, as emissions are a real cost to the economy. But even if carbon costs
were ignored (that is, if gas were to continue to enjoy a ‘carbon subsidy’), the lowest projected
cost of gas in 2030 would be only about 20 per cent cheaper than onshore wind. Furthermore,
although it has been argued that prioritising efficient combined cycle gas power plants rather
than wind energy may be a cheaper way of decarbonising the UK’s energy sector (e.g. Hughes,
2012), this risks higher costs and higher emissions in the long run as high-carbon technologies
are locked in.

It is important to recognise, however, that levelised costs are but one part of the overall picture.
There are other costs incurred in managing an electricity system with increasing levels of
renewable energy generation which also need to be taken into account.

16 Despite the advent of shale gas, the price of gas is expected to rise from 41 p/therm to 77 p/therm in 2030
according to the central scenario developed by the Committee on Climate Change (ranging from 37 p/therm in
the low scenario to 124 p/therm in the high scenario). These were based on assumptions from the Department
of Energy and Climate Change, updated for 2010 prices. By comparison, recent forecasts by the International
Energy Agency (2012) indicate that European gas import prices will range between 10.1 and 12.9 US$ per
million British thermal units (MBtu) in 2030 (in 2009 terms) — i.e. about 65 — 83 p/therm.
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In particular, it is necessary to connect the new renewable generation sources, some of which
may be far from the residential and industrial areas where energy is needed (e.g. some onshore
wind turbines and offshore wind), to the grid and to allow for sufficient flexibility to address the
issue of intermittency. Hence investments will be needed in transmission and distribution
networks, interconnections, back-up capacity and balancing reserves, energy storage and
smart grid infrastructure.

Estimating the transmission and distribution costs related to renewables is not a simple task,
because some of the future investments in grid upgrading can be attributed not only to
renewable sources, but also to a range of other causes such as the replacement of old
infrastructure, demographic and demand shifts, and connections from fossil fuel plants and
nuclear power stations (Gross, 2012).

The most recent official assessment of transmission requirements associated with renewables
has been carried out by the Electricity Network Strategy Group. The total investment cost of
transmission consistent with the provision of 30 per cent of electricity from renewable sources
by 2020 (including about 32,000 MW from onshore and offshore wind) was estimated to be
£8.8 billion (ENSG, 2012), or roughly £1 billion as an annual average if costs are spread evenly
each year from now to 2020. As the benefits of the investment will accrue over the lifetime of
the assets, which will be several decades, it makes sense to annuitise it over a longer period.
This has been done by the Committee on Climate Change (2011b), which estimated that
transmission costs will be around 20 per cent of the total annualised costs of accommodating
30 to 64 per cent of electricity from renewable sources by 2030.

Besides transmission, the costs related to the increased intermittency of electricity sources also
need to be taken into account. These include the costs of distribution interconnection, bulk
storage, smart grids and additional conventional generation (to ensure balancing and reliability).
Overall, the Committee on Climate Change estimated that the combined costs of transmission
upgrades and other flexibility measures related to a 30 to 64 per cent share of electricity from
renewables by 2030 would be between £5 and £5.9 billion per year (CCC, 2011b; Pdyry, 2011).

But how much will this affect individual households’ electricity bills? This was recently assessed
by the Committee on Climate Change, in its analysis of the impact of meeting the 15 per cent
renewable energy target by 2020 (CCC, 2011c). Should energy consumption remain the same',
electricity bills are estimated to rise from £430 in 2010 to £610 in 2020, i.e. by £180 per
household on average. Of this, about £20 would be due to upgrades in transmission,
distribution and metering, £90 would be due to support for renewables and carbon capture and
storage, and £10 would be due to funding for energy efficiency measures. The rest would be
related to increases in wholesale energy prices and VAT, which together would be about £60 —
a third of the estimated increase (Figure 7).

17 i.e. around 3,400 kWh per household, according to the Committee on Climate Change (2011c). This is also
broadly in line with the most recent estimate by Ofgem (2011) used elsewhere in this policy brief, which is
3,300 kWh per household in 2011.
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Figure 7. Projected increase in households’ electricity bill, 2010-2020
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Future electricity bills, however, could be lower, depending on the effect of energy efficiency
policies on households’ consumption. Whether the full potential of these measures will be fully
realised is still uncertain, but it is estimated that these could lead to a reduction in electricity
consumption of up to 19 per cent by 2020. In such a case, the electricity bill of an average
household is expected to increase by only £65, rather than £180 (CCC, 2011c¢).

By looking at the impact of renewable energy policies on households’ bills, it is also possible
to estimate the specific contribution of onshore wind to current and future bills.

The impact of renewables is embedded in the cost of the Renewables Obligation, the main
subsidy mechanism for renewable energy (see Box 2). According to the Department of Energy
and Climate Change, the contribution of the Renewables Obligation to an average household’s
electricity bill was about 0.5 p/kWh in 2011, and will rise to 1.1 p/kWh in 2020 (DECC, 2011b).
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Box 2. The UK Renewables Obligation

The Renewables Obligation (RO) was introduced in 2002 as a mechanism to incentivise
large-scale (>5 MW) renewable electricity generation in the UK. The RO requires electricity
end-suppliers to purchase a specific fraction of their annual electricity supply from
producers using specific renewable technologies. The end-suppliers receive tradable
Renewables Obligation Certificates (ROCs) for doing so. One ROC per MWh of renewable
output is the default.

Currently, onshore wind installations receive 1 ROC per MWh, offshore wind installations
receive 2 ROCs per MWh, and sewage gas-fired plants receive 0.5 ROC per MWh. The
supplier can also ‘buy out’ the obligation by paying a set price per MWh, currently £38.69.
The buy-out revenue is recycled to participating suppliers in proportion to their ROCs.
Combined with the buy-out payments, the extra revenue from ROC sales effectively
doubles the income for renewables generators. Together with annual increases in the RO
target (12.4 per cent of supply in 2011/12, up from 11.1 in 2010/11), this drives investment
in new renewables capacity. The cost of the RO is ultimately borne by energy users, as it
is recouped by suppliers via higher energy prices.

The UK Government is currently reviewing the amount of support provided to different
technologies through the scheme, and is due to announce the revised bands in summer
2012. The support for onshore wind is expected to be reduced from 1 to 0.9 ROCs per
MWh from 2013.

From 2017 onwards, the RO will be gradually phased out (it will close completely in 2037)
and will be replaced with a Feed-in Tariff with Contracts for Difference. These consist of
long-term contracts between the Government and large-scale (above 5 MW) low-carbon
generators. Feed-in tariffs are a key element of the Government’s ongoing process of
electricity market reform (DECC, 2011d). According to these contracts, when the
generators sell electricity to the market, they either receive or make a payment based on
the difference between the average market price and the tariff agreed in their contract.

Using official estimates of future electricity consumption and generation capacity (DECC, 2011a;
CCC, 2011a), and assuming an average ROC price of £45 per MWh, it is possible to obtain an
indicative value for the contribution of onshore wind to the overall bill. This would be about
0.18p/kWh in 2011 and 0.37p/kWh in 2020. Assuming the average household consumption of
electricity will remain unchanged at 3,400 kWh per year'®, this would imply an additional annual
cost of £6 in 2010 and £13 in 2020 (Figure 8).

Although this is only meant to provide an order of magnitude estimate (it does not take into
account future contributions from feed-in tariffs for example), it can be inferred that onshore wind
is but a small component of current and future electricity bills (1 per cent in 2011 and 2 per cent in
2020). If subsidies for onshore wind were reduced or removed (e.g. by reducing RO contributions
for onshore wind to zero), as recently suggested', the likely impact on household bills would be
negligible. Conversely, electricity bills would go up if electricity generation from onshore wind was
to be replaced by more heavily subsidised renewables.

18 The Department of Energy and Climate Change uses instead a higher estimate of 4,000 kWh. For consistency
we adopt here an assumption used by the Committee on Climate Change (2011c). This is also more consistent
with Ofgem’s estimates — see footnote 17.

19 See for example:
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Figure 8. Estimated impact of onshore wind and other energy and climate change
policies on an average household electricity bill, 2011 and 2020
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If subsidies for onshore wind were reduced or
removed [...] the likely impact on household
bills would be negligible.
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5. What are the environmental impacts
of onshore wind"?

An important objection to onshore wind developments has been their local environmental
impact. This is a valid concern. The local environmental costs of energy production are as
relevant to an economic evaluation as its global environmental costs (reflected in the price of
carbon) and investment, maintenance and fuel costs. They need to be taken into account to
understand fully the net impact of harnessing onshore wind power.

All forms of energy production have environmental side-effects. In the case of fossil fuel-based
electricity, the main concerns, besides carbon emissions, are air pollution, water demand for
cooling and the environmental effects of fuel production upstream (e.g. related to fracking for
shale gas, coal mining or oil spills). Nuclear energy’s impacts relate to radioactive waste and the
risk of an accident. Hydro-electricity can have detrimental side-effects on water flows and the
natural environment.

Most of these side-effects are absent from wind power developments. Unlike other generation
sources, wind does not require significant amounts of water, produces little waste and requires
no mining or drilling to obtain fuel (IPCC, 2011). It is true that, from a life-cycle perspective,
wind energy is not entirely a zero-carbon technology, as some greenhouse gas emissions are
generated during the manufacturing, transport, installation, operation and decommissioning

of turbines. These, however, are considered to be very limited. Global estimates by the
Intergovernmental Panel on Climate Change (IPCC, 2011) indicate that these are of the order
of 8 to 20 gCO,/kWh. By comparison, the average emissions from power generation in the UK
were around 540 gCO,/kWh in 2008 (CCC, 2010). In accordance with current accounting
conventions, these emissions are measured and assigned to the activities where they occur
(such as transport or steel production).

It has been argued that the emissions of a system strongly relying on intermittent renewables
can be as high, or higher than those of a system running only on efficient gas turbines (e.g. as in
Hughes, 2012; Lea, 2012). This claim is based on the assumption that wind power intermittency
is managed entirely through back-up from part-loaded fossil fuel power stations which work less
efficiently than gas turbines running alone (see Section 3). However, a study by Dale et al. (2003),
for instance, calculated that if wind power supplied 20 per cent of electricity in 2020, the
reduced efficiency of the gas back-up would only cut the emissions savings by 1 per cent.

Estimates by Poyry (2011) for the Committee on Climate Change show that, once the
inefficiency of back-up capacity is taken into account, as well as other available measures to
address intermittency?°, a system in which 30 to 64 per cent of electricity is generated by
renewable sources can still emit less than 50g of CO, per kWh in 2030. This is significantly less
emissions-intensive than the most efficient gas combined-cycle turbines, which produce around
350 gCO, per kWh.

Nevertheless, the construction of wind turbines, their operation, and, importantly, their location,
can have non-negligible impacts on the environment. Depending on their location (Figure 9),
construction and operation, wind energy developments, both onshore and offshore, can affect
landscapes, impact wildlife and lead to habitat and ecosystem modification.

20 Assuming a 15 per cent flexible demand, 10 to 16 GW of interconnection and between 2.8 and 4 GW of bulk
storage (Poyry, 2011).
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Figure 9. The location of onshore and offshore wind farms in the UK, December 2010
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Visual impacts on land- and seascapes are perhaps the most important environmental cost of
wind developments, and can affect large areas. This is not a feature of wind turbines only, as
most large infrastructure projects, such as fossil fuel and nuclear power stations, can also have
significant impacts on the landscape. Power stations, however, are usually more spatially
contained, while onshore wind farms tend to be more spread out, running the risk of affecting a
larger share of the population, especially in rural areas. The problem is also exacerbated by the
fact that the areas with the best wind resources tend to include coastal and upland areas, many
of which are of high aesthetic value.

The Sustainable Development Commission (SDC, 2005) highlighted how the visual impacts of
wind installations are highly dependent on the areas from which the structures are seen (extent
of visibility) and how they appear within these views (nature of visibility). For example, a
development that is grouped into a tightly clustered array is usually visually more acceptable

in open, undeveloped land. But in agricultural landscapes, rows of turbines may be visually
acceptable where formal field boundaries are used as an existing feature. It is generally
considered that fewer and larger turbines have a lower visual impact than a greater number

of smaller turbines (Tucker et al., 2008).
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Several studies have attempted to quantify the visual impact of wind energy and how this
affects the value people attach to a landscape. According to one estimate, Norwegian
households would be willing to pay up to £75-88 (€110-130) per year to replace wind power
with hydropower (Navrud, 2004). Swedish households would be willing to pay £8 (€12) per year
to move an onshore wind farm from mountains to lowland areas, and £18 (€29) per year to
have it in an offshore location (Ek, 2002). In Spain, the impacts on flora, fauna and landscape
associated with wind turbines were valued respectively at £13.4, £23.6 and £24.2 (€22, €37 and
€38) per household per year (Alvarez-Farizo and Hanley, 2002). A study in Scotland estimated
that households would be willing to pay £14 (€20) per year to reduce air pollution, £8 (€12) to
reduce landscape impacts, and £4 (€6) to reduce impacts on wildlife (Bergmann et al., 2006)2".

These estimates are hard to generalise. They vary substantially according to the site considered
(e.g. depending on the perceived biodiversity value), the valuation method used (e.g. stated or
revealed preferences) and the development alternatives taken into account (e.g. expanding the
capacity of existing hydro, building turbines offshore rather than onshore, or building new fossil
fuel power plants). Further assumptions are also needed to translate estimates of negative
impacts per affected households into costs per kWh of output.

A simple estimate based on the figures cited here indicates that the willingness to pay could
range from 0.3 to 4 p/kWh, depending on factors such as population density, the size of the
area where wind turbines are a concern, the proximity to wind turbines, wind farm size and their
output.?? This would add between 3 and 60 per cent to the current levelised cost of onshore
wind (which is 6.6 to 9.3 p/kWh, as in Figure 6). Environmental costs at the lower end of the
range are unlikely to affect planning decisions, but at the upper end projects may be harder to
justify. Although these are but indicative figures, it is clear that people do attribute a value to
nature and landscapes, but that this varies substantially depending on local conditions. It is
important that such values and preferences are taken into account in planning decisions.

Experience from Germany and Denmark, which have relatively large wind capacities
(respectively 27,000 MW and 3,700 MW) compared with their overall electricity generation
capacity, confirms that the involvement of local communities is crucial when developing new
wind installations. Unlike the UK, where the majority of onshore wind projects are developed
and owned by commercial companies, the majority of projects in Germany and Denmark (up to
80 per cent in Denmark) are characterised by a ‘community ownership’ model, where local
communities pool resources to finance the purchasing, installation and maintenance of projects,
and individuals are entitled to a share of the annual revenue that is proportional to their initial
investment (CCC, 2011a).

21 Allvalues in € as in Ladenburg (2009). Annual average exchange rate €/£ used from

22 The main assumptions are as follows. If the population density in the affected area is 80-120 persons per km?
and the development affects people within a 15-20 km radius, 14,000 — 38,000 households (of four persons
each) are affected. The annual compensation per household is £24-75, according to the studies cited here
(excluding outliers). In the case of a 30-50 MW development this can be spread over an annual output of
70-120 GWh.
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In addition to landscape impacts, biodiversity and habitat impacts are also often quoted as a
matter of concern, particularly bird fatalities due to collisions with wind turbines. The evidence,
however, shows that these are quite low. Worldwide avian fatalities have been reported at
between 0.95 and 11.67 per MW per year, and bat fatalities range from 0.2 to 53.2 per MW per
year (IPCC, 2011). Assuming that the UK’s onshore wind capacity will rise to 9,100 MW by 2020
(as in ENSG, 2012) bird fatalities could be between 9,600 and 106,000 per year. Although
clearly undesirable, this is orders of magnitude lower than other anthropogenic causes of bird
deaths. For example, 55 million birds are killed by domestic cats in the UK each year (McKay,
2008). In Denmark, about 30,000 birds were killed by wind turbines in 1997, while 1 million birds
were killed by traffic (Andersen, 1998; see Figure 10). It should be noted that Denmark, at the
time, had only about one fourth of the UK onshore wind capacity today — about 1,100 MW
(Eurostat, 2012) versus 4,800 MW in the UK — and less than one-fifteenth of the vehicles — about
2 million in 1997 versus almost 32 million in the UK in 2008 (Eurostat, 2012). Although it is
difficult to extrapolate from these data what the effects would be in the UK it is clear that there
is a significant difference in scale between the impact of wind turbines and of traffic on birds
and that, if anything, in the UK this ratio might be even higher.

Figure 10. Annual bird deaths in Denmark caused by wind turbines and cars and

annual bird deaths in Britain caused by cats.

\( = 1' 30,000 in Denmark (1,100 MW installed capacity in 1997)

ﬁ 'l' 1,000,000 in Denmark (about 2 million vehicles in 1997)

u

55,000,000 in the UK

Source: McKay (2008).

While collision mortality rates per turbine are relatively low, this does not mean that wildlife
mortality is not important. It is indeed undesirable, especially when it affects rare and endangered
species. And collision rates can also be much higher in poorly sited wind farms. Minimising risks
through appropriate siting and avoiding habitats that are vulnerable or of high conservation
importance should therefore be an important consideration in any planning decision.

A study investigating UK, Danish and German experiences confirms that, to create an effective
planning system that respects concerns about nature conservation, whilst securing rapid
onshore wind development, a number of requirements must be met. These include early
engagement of stakeholders, clarity over nature conservation concerns and high quality
environmental impact assessments (Bowyer et al., 2009). It is advisable that such elements
are taken into account within the UK planning framework.
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6. Conclusions: how onshore wind
compares with other energy sources

When debating the merits and shortcomings of onshore wind power, it is important to
remember the policy context within which these investments are considered. The UK has
statutory commitments that require the rapid decarbonisation of electricity generation. Once this
is recognised, the question of onshore wind becomes a choice between this and other low-
carbon solutions. It is not a choice between onshore wind and fossil fuels. By the 2020s, even
efficient unabated gas can play no more than a niche role in power generation.

Under the Climate Change Act (Her Majesty’s Government, 2008), the UK is committed

to reducing annual greenhouse gas emissions by 34 per cent by 2020 and 50 per cent by
2025, compared with 1990 levels. The Act has strong political support: it was passed near-
unanimously by Parliament, as were the first four carbon budgets legislated under it. The Act
and its provisions make environmental and economic sense. They put the UK on a sensible
path towards a low-carbon economy.

There is wide agreement that the long-term objectives of the Act cannot be met without the
rapid decarbonisation of electricity generation. This in turn requires a significant increase in the
uptake of low-carbon energy sources such as onshore wind and other renewables. The 2025
target (as per the fourth carbon budget) in particular would be out of reach with a power sector
that is dominated by unabated gas (CCC 2010). It has been argued that efficient combined
cycle gas power plants may be a cheaper way of meeting our 2020 carbon reduction targets
(e.g. Hughes, 2012). However, the further decarbonisation required in the 2020s — when the
carbon intensity of power generation has to fall to about 50 gCO,/kWh - cannot be achieved
by a heavy reliance on unabated gas. The most efficient combined-cycle turbines emit about
350 gCO,/kWh. Evidence from the International Energy Agency (2011) shows that an increased
share of natural gas in the global energy mix alone will not put the world on a greenhouse gas
emissions path consistent with avoiding a rise in global average temperature of more than 2°C.
Rational policy-makers need to anticipate this and avoid locking in high-carbon electricity
generation over the coming years.

Taking a long-term view to 2025 can be difficult for policy-makers. However, over the medium
term, the case for renewables is reinforced by another commitment. Under the EU Renewable
Energy Directive (2009/29/EC), the UK has to increase the share of energy from renewables
from currently 3.3 per cent (in 2010) to 15 per cent by 2020. The electricity sector is expected
to play a significant role in this. By 2020 at least 30 per cent of electricity should be generated
from renewable sources, and by 2050 the power sector will need to be almost completely
decarbonised (Her Majesty’s Government, 2011a).

In terms of absolute numbers, the UK Government estimates that, to meet the 2020 target,
234 TWh should come from a combination of renewable energy sources for electricity, heat
and transport. Of this, 108 TWh should be accounted for by large-scale renewable electricity
(DECCG, 2011e). In 2010, renewable energy and electricity output were about 54 TWh and

28 TWh respectively (DECC, 2011a). It is therefore apparent that there is still a wide gap
between the current situation and future objectives, as shown in Figure 11.

The choice between onshore wind and other forms of low-carbon electricity is more difficult to
make. Many low-carbon technology combinations are conceivable, featuring different amounts
of onshore wind, offshore wind, nuclear energy and, in the longer term, carbon capture and
storage, wave and tidal energy or solar panels.
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Figure 11. Electricity and energy generation from renewable energy sources, 2010
levels and distance to the 2020 targets
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Much has been made of the intermittent nature of wind (and other renewables), which cannot
produce electricity reliably on demand. However, the cost penalty and grid system challenges
of intermittency are often exaggerated (e.g. in Hughes, 2012). The Committee on Climate
Change has found that even very high levels of renewable energy penetration are
technologically feasible and at a cost that will be lower than for other renewables and, likely,
competitive with fossil fuel prices within a few years (CCC 2011a). A combination of smart
transmission and distribution systems, interconnection to other energy markets, energy storage,
load management and flexible demand measures can address the problem. The main concerns
in choosing the best energy technology mix are not network stability, but economic costs and
environmental side-effects.

The key advantage of onshore wind over other low-carbon forms of electricity generation is
cost. Onshore wind is much cheaper than offshore wind and other renewables, and will remain
so for some time. Onshore wind already supplies 28 per cent of the electricity generated by
renewables (DECC, 2011a). Given the abundant wind resources available in the UK, and the
technological maturity of onshore wind technology, onshore wind represents an economically
attractive option for the transition towards a low-carbon future and would put less pressure on
fuel bills. This is important at a time of heightened sensitivity about the cost of green policies
and their impact on fuel poverty.
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6. Conclusions: how onshore wind compares with other energy sources

However, onshore wind raises potential local environmental issues, particularly through its visual
impact. People value natural landscapes and are willing to pay to preserve them, even if the
impact of wind farms on wildlife are sometimes exaggerated. Reducing the amenity value of
nature (@ measure of the associated benefits of living in or near to desirable natural areas or
resources), constitutes a real economic cost that needs to be taken into account. There are
environmental limits to onshore wind development. Turbines should not be allowed in areas of
outstanding natural beauty or high ecological value, or, more generally, in any area where the
full economic value of the local environment is very high.

There will also be cases where local populations object to a development not because its
environmental costs are too high, but because they are not sufficiently compensated. In a
typical UK wind project, the benefits accrue nationwide (to a project developer and ultimately
electricity consumers), while the environmental side-effects are borne locally. In these
circumstances local opposition should not come as a surprise, and the response should be
appropriate benefit-sharing, rather than outright rejection. Such local environmental constraints
can make more expensive renewable technologies — such as offshore wind or solar
photovoltaics — potentially attractive. One can think of the extra cost of offshore wind as the
premium society is willing to pay to avoid the local environmental cost of onshore wind.

However, when making technology choices it is important to factor in the environmental and
social impacts of all of the alternatives considered. Most energy sources have environmental
side-effects, including, for instance, land use and habitat change (e.g. by open cast coal mining,
tidal barrages, biomass and biofuels), visual impacts (e.g. to coastal landscapes, caused by
offshore wind farms), disturbance (e.g. related to seismic surveys for oil and gas production),
infrastructure construction (such as new power plants and transmission systems), air and water
pollution (e.g. from oil spills, acid mine drainage from coal pits, biofuels and eutrophication
impacts from nitrogen oxides from coal power stations), and the accidental killing of wildlife

(e.g. by power lines and tidal barrages) (Tucker et al., 2008).

Given the economic and environmental trade-offs, technological uncertainty, and the absence
of one clearly superior solution, the best approach seems to be a portfolio of different energy
technologies to balance the cost to consumers and environmental concerns. Onshore wind has
a role in that mix, even though the local environmental issues are ultimately a constraint.

This policy brief has not reviewed the regulatory environment, but it is clear that adequate
policies can make onshore wind less risky and more attractive to investors and local
communities alike. There are a number of regulatory measures that can help to encourage
onshore wind developments where they make sense and prevent them from happening where
they do not. These include:

e A clear price on carbon that underlines the relative merit of wind (and other low-carbon forms
of power production) vis-a-vis hydrocarbon-based fuels.

e A planning system that (i) reduces the costs and uncertainties to project developers, thus
making project development more efficient; (i) factors in local environmental concerns and
prevents developments in important environmental areas; and (jii) ensures appropriate benefit-
sharing (compensation) in areas where local impacts are acceptable.

¢ Flanking measures to ensure that the electricity system can cope with intermittent resources,
including adequate and sufficiently smart transmission and distribution systems,
interconnection to other energy markets, energy storage, load management and flexible
demand measures, as well as an adequate combination of fossil fuel (ultimately with carbon
capture and storage) and renewable sources to ensure balancing and the ability to meet
peak demand.

26 | The case for and against onshore wind energy in the UK



References

References

Alvarez-Farizo, B., & Hanley, N., 2002. Using conjoint analysis to quantify public preferences
over the environmental impacts of wind farms. An example from Spain. Energy Policy, 30,
pp.107-116.

Anderson, P.D., 1998. Review of Historical and Modern Ultilization of Wind Power. [onling]
Technical University of Denmark. Available at: http:/www.risoe.dtu.dk/rispubl/VEA/Review
Historical_Modern_Utilization_Wind_Power.pdf

Arup, 2011. Review of the generation costs and deployment potential of renewable electricity
technologies in the UK. Study report. [online] Available at: http:// www.decc.gov.uk/assets/
decc/11/consultation/ro-banding/3237-cons-ro-banding-arup-report.pdf

Bergmann, A., Hanley, N., & Wright, R., 2006. Valuing the attributes of renewable energy
investments. Energy Policy, 34, pp.1004-1014.

Bloomberg New Energy Finance (NEF), 2011b. Q3 2070 Levelized costs of electricity update.
London: Bloomberg New Energy Finance (NEF).

Bloomberg New Energy Finance (NEF), 2011a. Onshore wind energy to reach parity with fossil-
fuel electricity by 2016. [Press release], 10 November 2011, Available at: http:/bnef.com/
PressReleases/view/172

Bowen, A., 2011. Policy brief: The case for carbon pricing. [pdf] London: Grantham Research
Institute for Climate Change and the Environment and Centre for Climate Change Economics
and Policy, London School of Economics and Political Science. Available at: http:/www?2.lse.ac.
uk/Granthamlnstitute/publications/Policy/briefingNotes/2011/case-carbon-pricing-Bowen.aspx

Bowyer, C., Baldock, D., Tucker, G., Valsecchi, C., Lewis, M., Hjerp, P., & Gantioler, S., 2009.
Positive planning for onshore wind expanding onshore wind energy capacity while conserving
nature. A report by the Institute for European Environmental Policy (IEEP) commissioned by the
Rovyal Society for the Protection of Birds. [pdf] London: RSPB. Available at: http://www.rspb.org.
uk/Images/Positive%20Planning%20for%200nshore%20Wind_tcm9-213280.pdf

Centre for Sustainable Energy, 2011. Common concerns about wind power. [pdf] Bristol: Centre
for Sustainable Energy. Available at: http://www.cse.org.uk/downloads/file/common_concerns_
about_wind_power.pdf

Committee on Climate Change (CCC), 2012. Glossary of climate change, pumped storage.
[online] Available at: http:/www.theccc.org.uk/glossary?id=121

Committee on Climate Change (CCC), 2010. The Fourth Carbon Budget — Reducing emissions
through the 2020s. [pdf] London: Committee on Climate Change. [online] Available at:
http://www.theccc.org.uk/reports/fourth-carbon-budget

Committee on Climate Change (CCC), 2011a. Renewable Energy Review. [pdf] London: CCC.
Available at; http://www.theccc.org.uk/reports/renewable-energy-review

Committee on Climate Change (CCC), 2011b. Costs of low carbon generation technologies

— 2011 Renewable Energy Review — Technical Appendix. [pdf] London: CCC. Available at:
http://hmccc.s3.amazonaws.com/Renewables%20Review/RES%20Review%20Technical%20
Annex%20FINAL.pdf

The case for and against onshore wind energy in the UK | 27


http://www.risoe.dtu.dk/rispubl/VEA/Review_Historical_Modern_Utilization_Wind_Power.pdf
http://www.risoe.dtu.dk/rispubl/VEA/Review_Historical_Modern_Utilization_Wind_Power.pdf
http://www.decc.gov.uk/assets/decc/11/consultation/ro-banding/3237-cons-ro-banding-arup-report.pdf
http://www.decc.gov.uk/assets/decc/11/consultation/ro-banding/3237-cons-ro-banding-arup-report.pdf
http://bnef.com/PressReleases/view/172
http://bnef.com/PressReleases/view/172
http://www2.lse.ac.uk/GranthamInstitute/publications/Policy/briefingNotes/2011/case-carbon-pricing-Bowen.aspx
http://www2.lse.ac.uk/GranthamInstitute/publications/Policy/briefingNotes/2011/case-carbon-pricing-Bowen.aspx
http://www.rspb.org.uk/Images/Positive%20Planning%20for%20Onshore%20Wind_tcm9-213280.pdf
http://www.rspb.org.uk/Images/Positive%20Planning%20for%20Onshore%20Wind_tcm9-213280.pdf
http://www.cse.org.uk/downloads/file/common_concerns_about_wind_power.pdf
http://www.cse.org.uk/downloads/file/common_concerns_about_wind_power.pdf
http://www.theccc.org.uk/glossary?id=121
http://www.theccc.org.uk/reports/fourth-carbon-budget
http://www.theccc.org.uk/reports/renewable-energy-review
http://hmccc.s3.amazonaws.com/Renewables%20Review/RES%20Review%20Technical%20Annex%20FINAL.pdf 
http://hmccc.s3.amazonaws.com/Renewables%20Review/RES%20Review%20Technical%20Annex%20FINAL.pdf 

References

Committee on Climate Change (CCC), 2011c. Household energy bills — impacts of meeting
carbon budgets. [pdf] London: CCC. Available at: http://www.theccc.org.uk/reports/household-
energy-bills

Committee on Climate Change (CCC), 2012. Glossary. [online] Available at: http:/www.theccc.
org.uk/glossary?id=121

Dale, L., Milborrow, D., Slark, R. & Strbac, G., 2003. A shift to wind is not unfeasible. [pdf]
Power UK, 109, March, p.17-25. Available at: www.bwea.com/pdf/PowerUK-March2003-
pagel7-25.pdf

Department of Energy and Climate Change (DECC), 2009. Smarter grids: the opportunity. [pdf]
London: DECC. Available at: http:/www.decc.gov.uk/assets/decc/what%20we%20do/uk%20
energy%20supply/futureelectricitynetworks/1_20091203163757_e_@@_
smartergridsopportunity.pdf

Department of Energy and Climate Change (DECC), 2010. Wind farm capacity map (as of 31st
December 2010). [pdf] London: DECC. Available at: https:/restats.decc.gov.uk/cms/wind-farm-
capacities-map

Department of Energy and Climate Change (DECC), 2011a. Digest of UK energy statistics
(DUKES). [pdf] London: DECC. Available at: http:/www.decc.gov.uk/en/content/cms/statistics/
publications/dukes/dukes.aspx

Department of Energy and Climate Change (DECC), 2011b. Estimated impacts of energy
and climate change policies on energy prices and bills. [pdf] London: DECC. Available at:
http://www.decc.gov.uk/en/content/cms/meeting_energy/aes/impacts/impacts.aspx

Department of Energy and Climate Change (DECC), 2011c. UK Renewable Energy Roadmap.
[pdf] London: DECC. Available at: http:/www.decc.gov.uk/en/content/cms/meeting_energy/
renewable_ener/re_roadmap/re_roadmap.aspx

Department of Energy and Climate Change (DECC), 2011d. Planning our electric future: a white
paper for secure, affordable and low-carbon electricity. [pdf] London: DECC. Available at:
http://www.decc.gov.uk/assets/decc/11/policy-legislation/EMR/2176-emr-white-paper.pdf

Department of Energy and Climate Change (DECC), 2011e. Consultation on proposals for the
levels of banded support under the Renewables Obligation for the period 2013-17 and the
Renewables Obligation Order 2012. [pdf] London: DECC. Available at: http:/www.decc.gov.uk/
media/viewfile.ashx?filetype=4&filepath=11/consultation/ro-banding/3235-consultation-ro-
banding.pdf&minwidth=true

Department of Energy and Climate Change (DECC), 2012a. Data sheet April 2012. [onling]
Available at: https:/restats.decc.gov.uk/app/reporting/decc/datasheet

Department of Energy and Climate Change (DECC), 2012b. Carbon budgets. [onling] Available
at: http://www.decc.gov.uk/en/content/cms/emissions/carbon_budgets/carbon_budgets.aspx

Department of Energy and Climate Change (DECC), 2012¢c. The Renewables Obligation. [online]
Available at; http:/www.decc.gov.uk/en/content/cms/meeting_energy/renewable_ener/renew_
obs/renew_obs.aspx

Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the
promotion of the use of energy from renewable sources and amending and subsequently
repealing Directives 2001/77/EC and 2003/30/EC. OJ L 140/16 5.6.2009.

28 | The case for and against onshore wind energy in the UK


http://www.theccc.org.uk/reports/household-energy-bills
http://www.theccc.org.uk/glossary?id=121
http://www.theccc.org.uk/glossary?id=121
www.bwea.com/pdf/PowerUK-March2003-page17-25.pdf
http://www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy%20supply/futureelectricitynetworks/1_20091203163757_e_@@_smartergridsopportunity.pdf
https://restats.decc.gov.uk/cms/wind-farm-capacities-map
http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx
http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx
http://www.decc.gov.uk/en/content/cms/meeting_energy/aes/impacts/impacts.aspx
http://www.decc.gov.uk/en/content/cms/meeting_energy/renewable_ener/re_roadmap/re_roadmap.aspx
http://www.decc.gov.uk/en/content/cms/meeting_energy/renewable_ener/re_roadmap/re_roadmap.aspx
http://www.decc.gov.uk/assets/decc/11/policy-legislation/EMR/2176-emr-white-paper.pdf
http://www.decc.gov.uk/media/viewfile.ashx?filetype=4&filepath=11/consultation/ro-banding/3235-consultation-ro-banding.pdf&minwidth=true
http://www.decc.gov.uk/media/viewfile.ashx?filetype=4&filepath=11/consultation/ro-banding/3235-consultation-ro-banding.pdf&minwidth=true
https://restats.decc.gov.uk/app/reporting/decc/datasheet
http://www.decc.gov.uk/en/content/cms/emissions/carbon_budgets/carbon_budgets.aspx
http://www.decc.gov.uk/en/content/cms/meeting_energy/renewable_ener/renew_obs/renew_obs.aspx
http://www.decc.gov.uk/en/content/cms/meeting_energy/renewable_ener/renew_obs/renew_obs.aspx

References

Ek, K., 2002. Valuing the environmental impacts of wind power, a choice experiments approach.
Porson Luleda, Sweden: Licentiate Thesis, Luled University, Department of Business
Administration and Social Sciences.

Electricity Networks Strategy Group (ENSG), 2009. Our Electricity Transmission Network:

A Vision for 2020: A report to the Electricity Networks Strategy Group on the strategic
reinforcements required to facilitate connection of the generation mix to the Great Britain
transmission networks by 2020. [pdf] London: Department of Energy and Climate Change.
Available at: http://webarchive.nationalarchives.gov.uk/20100919181607/http:/www.ensg.gov.
uk/assets/ensg_transmission_pwg_full_report_final_issue_1.pdf

Electricity Networks Strategy Group (ENSG), 2012. Our Electricity Transmission Network:

A Vision for 2020 — An Updated Full Report to the Electricity Networks Strategy Group. [pdf]
London: Department of Energy and Climate Change. Available at: http://www.decc.gov.uk/en/
content/cms/meeting_energy/network/ensg/ensg.aspx

European Environment Agency (EEA), 2009. Europe’s onshore and offshore wind energy
potential — An assessment of environmental and economic constraints. EEA Technical report
No 6/2009. [pdf] Copenhagen: EEA. Available at: http://www.energy.eu/publications/a07.pdf

Eurostat, 2012. Infrastructure — electricity — annual data. [online] Available at: http:/appsso.
eurostat.ec.europa.eu/nui/show.do?dataset=nrg_113a&lang=en Last update: 6 March 2012.

Gross, R., 2012. Nonsense on stilts? Investigating the discourse around policies and consumer
bills: A case study on the Policy Exchange research note on the full cost of renewable energy
policy. [pdf] London: Imperial College Centre for Energy Policy and Technology (ICEPT).
Available at; https://workspace.imperial.ac.uk/icept/Public/Policies%20and%20consumer%20
bills%20-%20investigating%20PX.pdf

Gross, R., Heptonstall, P., Anderson, D., Green, T., Leach, M., & Skea, J., 2006. The Costs

and Impacts of Intermittency: An assessment of the evidence on the costs and impacts of
intermittent generation on the British electricity network. [pdf] London: UK Energy Research
Centre. Available at: http://www.ukerc.ac.uk/Downloads/PDF/06/0604Intermittency/0604Intermi
ttencyReport.pdf

Her Majesty’s Government, 2008. Climate Change Act 2008. (c. 8), London: HMSO. [online]
Available at; http:/www.legislation.gov.uk/ukpga/2008/27/contents

Her Majesty’s Government, 2009. The UK Renewable Energy Strategy. London: HMSO. [online]
Available at: http://www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy %20supply/
energy%20mix/renewable%20energy/renewable%20energy %20
strategy/1_20090717120647_e_@@_theukrenewableenergystrategy2009.pdf

Her Majesty’s Government, 2010. 2050 Pathways Analysis. [pdf] London: Department of Energy
and Climate Change (DECC). Available at: http:/www.decc.gov.uk/assets/decc/What%20
we%20d0/A%20low%20carbon%20UK/2050/216-2050-pathways-analysis-report.pdf

Her Majesty’s Government, 2011a. The Carbon Plan: Delivering our low carbon future. [onling]
Available at; http://www.decc.gov.uk/en/content/cms/tackling/carbon_plan/carbon_plan.aspx

Her Majesty’s Government, 2011b. Implementing the Climate Change Act 2008: the
Government’s proposal for setting the fourth carbon budget. London: HM Government.

The case for and against onshore wind energy in the UK | 29


http://webarchive.nationalarchives.gov.uk/20100919181607/http://www.ensg.gov.uk/assets/ensg_transmission_pwg_full_report_final_issue_1.pdf
http://www.decc.gov.uk/en/content/cms/meeting_energy/network/ensg/ensg.aspx
http://www.decc.gov.uk/en/content/cms/meeting_energy/network/ensg/ensg.aspx
http://www.energy.eu/publications/a07.pdf
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_113a&lang=en
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_113a&lang=en
https://workspace.imperial.ac.uk/icept/Public/Policies%20and%20consumer%20bills%20-%20investigating%20PX.pdf
http://www.ukerc.ac.uk/Downloads/PDF/06/0604Intermittency/0604IntermittencyReport.pdf
http://www.ukerc.ac.uk/Downloads/PDF/06/0604Intermittency/0604IntermittencyReport.pdf
http://www.legislation.gov.uk/ukpga/2008/27/contents
http://www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy%20supply/energy%20mix/renewable%20energy/renewable%20energy%20strategy/1_20090717120647_e_@@_theukrenewableenergystrategy2009.pdf
http://www.decc.gov.uk/assets/decc/What%20we%20do/A%20low%20carbon%20UK/2050/216-2050-pathways-analysis-report.pdf
http://www.decc.gov.uk/en/content/cms/tackling/carbon_plan/carbon_plan.aspx

References

Hughes, G., 2012. Why is wind power so expensive? An economic analysis. GWPF Report 7.
[pdf] London: The Global Warming Policy Foundation. http:/docs.wind-watch.org/hughes-
windpower.pdf

Intergovernmental Panel on Climate Change (IPCC), 2011. IPCC Special Report on Renewable
Energy Sources and Climate Change Mitigation. Prepared by Working Group Il of the
Intergovernmental Panel on Climate Change [O. Edenhofer, R. Pichs-Madruga, Y. Sokona,

K. Seyboth, P. Matschoss, S. Kadner, T. Zwickel, P. Eickemeier, G. Hansen, S. Schlémer, C. von
Stechow (eds)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA, 1075 pp.

International Energy Agency (IEA), 2012. World Energy Outlook 2012. Special Report. Are we
Entering a Golden Age of Gas? [pdf] Paris: OECD/IEA. Available at: https://www.iea.org/weo/
docs/weo2011/WEO2011_GoldenAgeofGasReport.pdf

Ladenburg, J., 2009. Stated public preferences for on-land and offshore wind power generation
- A review. Wind Energy, 12, pp.171-181.

Lea, R., 2012. Electricity Costs: The folly of wind-power. [pdf] London: Civitas. Available at:
http://www.civitas.org.uk/economy/electricitycosts2012.pdf

McKay, D.J.C., 2008. Sustainable Energy — without the hot air. [pdf] Cambridge: UIT Cambridge
Ltd. http://www.withouthotair.com/download.html

National Grid, 2011. Operating the Electricity Transmission Networks in 2020. [online] Available
at: http://www.nationalgrid.com/NR/rdonlyres/DF928C19-9210-4629-AB78-
BBAA7AD8B89D/47178/Operatingin2020_finalversion0806_final.pdf

Navrud, S., 2004. Miljgkostnader av vindkraft i Norge [Environmental costs from wind power].
Sammendragsrapport til SAMRAM-programmet. Norges Forskningsrad. Notat. Institutt for
@konomi og Ressursforvaltning, Universitetet for Miljig- og Biovitenskap.

npower & Grantham Research Institute on Climate Change and the Environment, 2011.
Demanding Times for Energy in the UK. A report commissioned by RWE npower. London:
npower.

Ofgem, 2011. Typical domestic energy consumption figures. Factsheet 96, 18.01.71. [online]
Available at: http://www.ofgem.gov.uk/Media/FactSheets/Documents1/domestic%20energy %20
consump%20fig%20FS.pdf

Poyry, 2011. Analysing Technical Constraints on Renewable Generation to 2050. A report to

the Committee on Climate Change. [online] Available at: http://hmccc.s3.amazonaws.com/
Renewables%20Review/232_Report_Analysing%20the%20technical%20constraints%200n%20
renewable%20generation_v8_0.pdf

Sinden, G., 2007. Characteristics of the UK wind resource: long-term patterns and relationship
to electricity demand. Energy Policy, 35 (1), pp.112—-127.

Sustainable Development Commission (SDC), 2005. Wind Power in the UK. [online] Available
at: http:./www.sd-commission.org.uk/publications.php?id=234

Tucker, G., Bassi, S., Anderson, J., Chiavari, J., Casper, K., & Fergusson, M., 2008. Provision
of Evidence of the Conservation Impacts of Energy Production. [pdf] London: Institute for
European Environmental Policy (IEEP). Available at: www.ieep.eu/assets/414/conservation_
impactsofenergy.pdf

30 | The case for and against onshore wind energy in the UK


http://docs.wind-watch.org/hughes-windpower.pdf
http://docs.wind-watch.org/hughes-windpower.pdf
https://www.iea.org/weo/docs/weo2011/WEO2011_GoldenAgeofGasReport.pdf
https://www.iea.org/weo/docs/weo2011/WEO2011_GoldenAgeofGasReport.pdf
http://www.civitas.org.uk/economy/electricitycosts2012.pdf
http://www.withouthotair.com/download.html
http://www.nationalgrid.com/NR/rdonlyres/DF928C19-9210-4629-AB78-BBAA7AD8B89D/47178/Operatingin2020_finalversion0806_final.pdf
http://www.nationalgrid.com/NR/rdonlyres/DF928C19-9210-4629-AB78-BBAA7AD8B89D/47178/Operatingin2020_finalversion0806_final.pdf
http://www.ofgem.gov.uk/Media/FactSheets/Documents1/domestic%20energy%20consump%20fig%20FS.pdf
http://hmccc.s3.amazonaws.com/Renewables%20Review/232_Report_Analysing%20the%20technical%20constraints%20on%20renewable%20generation_v8_0.pdf
http://hmccc.s3.amazonaws.com/Renewables%20Review/232_Report_Analysing%20the%20technical%20constraints%20on%20renewable%20generation_v8_0.pdf
http://www.sd-commission.org.uk/publications.php?id=234
www.ieep.eu/assets/414/conservation_impactsofenergy.pdf
www.ieep.eu/assets/414/conservation_impactsofenergy.pdf

Glossary

Term Definition

Annuitise To convert the capital cost of an investment (e.g. the cost of building a
wind farm) into an equivalent stream of annual costs, spread over the
lifetime of the investment.

Back-up A back-up reserve of electricity used when there is a major surge in
capacity demand and/or when electricity from intermittent renewable sources such
as wind and solar are not in sufficient supply. This is usually referred to as
‘back-up capacity’ (or ‘stand-by capacity’ or ‘system reserves’) when
designed to maintain a given level of reliability, and ‘balancing reserves’
when used for ensuring system balancing. It is typically provided by gas-
fuelled power stations whose electricity output can be increased and
decreased relatively quickly in response to demand.

Balancing The rapid adjustments needed to manage electricity fluctuations over
supply a short time period, so that demand and supply are in balance.
impacts

Bulk storage Converting electrical energy into another form of energy when demand is
lower than supply, and converting it back to electricity when the system
requires it. In the UK, storage capacity is currently largely made up of
pumped storage (based on water reservoirs). In the longer term, new
storage opportunities are expected to emerge, such as compressed air
and heat storage in molten salts.

Carbon A legally-binding limit on greenhouse gas emissions in the UK for a five-
budget year period. Each carbon budget provides a total cap on emissions, which
should not be exceeded in order to meet the UK’s emissions reduction
commitments under the 2008 Climate Change Act.

The fourth carbon budget, developed by the Committee on Climate
Change, was set in law in June 2011 to cover the period 2023-7 (DECC,
2012b). It commits the UK to a 50 per cent reduction in annual greenhouse
gas emissions, compared with the 1990 baseline for each year that is
covered by the fourth carbon budget (Her Majesty’s Government, 2011b).
This equates to 1950 million tonnes of carbon dioxide equivalent for
2023-2027 (Her Majesty’s Government, 2011b).

Carbon price | A cost applied to carbon pollution. Essentially a ‘damage cost’ applied to
goods and services which produce greenhouse gases — the impacts and
costs of which will be felt by future generations. Can be administered
through a carbon tax or cap and trade system (Bowen, 2011).

Discounting Discounting is the process of determining the present value (i.e. the value
today) of future financial flows (costs, benefits). The discount rate reflects
the social preferences for current as compared with future uses. In a
simple economic model it also equals the opportunity cost of capital, i.e.
the alternative return an investment might earn. For example, if capital can
earn a return of 10 per cent per annum, a future revenue of £110 in a year’s
time is equivalent to £100 today.

The case for and against onshore wind energy in the UK | 31



Term Definition

Gross final
energy
demand

The total energy consumed by end-users, such as households, industry
and agriculture, as well as the consumption of electricity, and heat used by
the energy sector for electricity and heat production. Also includes losses
of electricity and heat in distribution and transmission.

Intermittent

Refers to the variability in supply of electricity from some renewable

supply technologies such as wind turbines, where the ability to reliably produce
electricity varies depending on external conditions over which the operator
has no control — such as wind speed (for wind energy) or amount of
sunlight (for solar energy).

Levelised The average cost of producing electricity over the lifetime of a generation

costs plant, and therefore the price at which electricity must be sold to consumers

for the supplier to break-even (excluding taxes and subsidies).

[t is calculated by dividing the lifetime capital and operational costs of a
power source by the total value of the electricity it generates, both
discounted through time. It is usually expressed in units of currency per
kWh or MWh, for example p/kWh or £/MWh.

Load factor

The average hourly quantity of electricity generated as a percentage of the
average capacity of an installation at the beginning and end of a year.

Load The active control of electricity users’ load, i.e. the amount of energy they

management | require, in response to power market conditions. For example, suppliers
can influence electricity use through electricity prices (e.g. imposing higher
prices during high demand periods), or can be given a degree of remote
control over some users’ facilities (e.g. industrial refrigeration).

Pumped Where water is pumped from low to high elevation reservoirs in order to

storage store energy. When energy supply is needed, water is released through

turbines which produce electricity (CCC, 2012).

Onshore wind

A renewable energy technology, where wind turbines are located on land
to harness the energy of moving air, to generate electricity.

Offshore wind | A renewable energy technology, where wind turbines are located out at
sea or in freshwater to harness the energy of moving air, to generate
electricity.

Reliability The extent to which an electric system is able to provide sufficient output

impacts to meet peak demand.

Renewables Introduced in 2002 by the UK government to incentivise renewable energy

obligation technology deployment. It requires electricity companies to source a
proportion of their commercial supply from renewable sources — via the
setting of annual obligation targets, which rise year on year. Where annual
targets are not met, companies are fined accordingly — also referred to as
the buy-out price (DECC, 2012¢).

Smart grid A future version of our current electricity grid system, which aims to enable

more efficient and cost-effective delivery of electricity, by applying information
and communications technologies (ICT) to the electricity system. Such
technologies enable suppliers to gather real-time data on power generation
and demand and to adjust the system accordingly (DECC, 2009).

Unabated gas

Gas from power plants built without carbon capture and storage, a
technology which captures carbon dioxide emitted from fossil fuel plants.

32 | The case for and against onshore wind energy in the UK




This is virtually
natura"yresponsmle Zer

\C 1 g o o e e LU

carbon EMAS renewable 15014001 eco-friendly

recycled
neutral

energy simitri® toner FSCstock waste

printed by seacourt: proud to be counted amongst the top environmental printers in the world RWASEEICe Vg dgls

Printed on 100% recycled paper.

Typeset by The Digital Parent Company Ltd, www.digitalparentcompany.com



www.digitalparentcompany.com

Grantham Research Institute on
Climate Change and
the Environment

Centre for
Climate Change
Economics and Policy




	Contents
	Summary
	1. �Introduction – the issue at stake
	2. �How much might onshore wind contribute to the UK’s energy mix?
	3. �What is the impact of onshore wind intermittency on the electricity system?
	4. �What is the cost of onshore wind?
	5. �What are the environmental impacts of onshore wind?
	6. �Conclusions: how onshore wind compares with other energy sources
	References
	Glossary

