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EXECUTIVE SUMMARY 

In this briefing offshore renewable energy is defined as that which can be extracted from tides, 
waves and wind. Scotland is considered to be very rich in these resources, with approximately 
40% of the total UK resource. Development of offshore renewables is expected to make a 
significant contribution to the target of 100% of Scotland's electricity demand generated by 
renewables by 2020. The development of this industry represents an important economic 
opportunity, and could see the creation of highly skilled jobs. 

Tidal energy is derived from twice daily changes in water flow. Tidal stream devices are 
currently being tested at the European Marine Energy Centre (EMEC) in Orkney. Wave energy 
devices generate electricity by using water motion caused by winds at the sea surface. There is 
more design variety in wave power than tidal, and a range of devices are being tested at EMEC. 
Wind power uses energy from the wind to drive a turbine to generate electricity. Wind farms 
have been operating well on land and offshore for some time. The UK is considered an 
attractive country in which to invest for offshore wind, and is a global leader in tidal and wave 
technology. A number of developers and support facilities are based in the UK, in addition to 
established academic consortia and offshore expertise. Areas of Scotland‟s territorial waters 
have been identified as suitable for marine renewables. Challenges such as environmental 
impacts, planning consents, and grid connections will influence deployment. 

Emerging technologies undergo testing before large scale deployment, beginning with 
prototypes in laboratories or sheltered waters, progressing to full-scale sea tests, such as at 
EMEC, ideal because of its large wave and tidal stream resource. EMEC is grid connected.  

Scotland‟s ecologically rich marine and coastal environment is a shared resource, valued for 
biodiversity, and also for productive industries such as fisheries. Maintenance of a balance 
between environmental impacts, and positive social and economic opportunities, is important. 
Assessing environmental impacts of marine renewables is challenging due to limited 
understanding of how marine ecosystems will react to large-scale projects. More 
comprehensive research and publicly available data on marine biodiversity is vital. 

Marine Scotland and the Crown Estate Commissioners have a role in influencing marine 
renewables. Marine Scotland produces the National Marine Plan and sectoral plans, and 
handles applications from project developers for marine licenses. The Crown Estate 
Commissioners manage most of Scotland‟s seabed out to 12 nautical miles (nm) and manage 
renewable energy rights out to 200nm through seabed leasing. The Commissioners have 
granted leases to wave and tidal projects, and some offshore wind exclusivity agreements. 

The electricity transmission network accommodates large scale plant generating close to 
population centres. Many of the best marine renewables resources are in challenging offshore 
locations in northern and western Scotland. The Scottish Government is keen that Scotland 
exports electricity to the rest of the UK and beyond. On-going reform of the electricity network is 
seeking to reduce system constraints and accommodate new generation capacity. This process 
is managed by the Department of Energy and Climate Change (DECC) and the UK regulator 
Ofgem. They have introduced a new regulatory regime for offshore electricity transmission 
(OFTO). High costs, and funding availability are still major hurdles for offshore renewables 
developers. There are various Scottish and UK Government initiatives, as well as European 
Union finance mechanisms.  
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INTRODUCTION 

Scotland has ambitious targets for renewable energy and reducing greenhouse gas (GHG) 
emissions, and is well positioned for developing renewable energy with a large proportion of the 
UK‟s offshore wind, tidal and wave resource. Scottish waters are thought to contain 40% of the 
UK‟s offshore wind, 75% of the wave and over 33% of the tidal resource (Offshore Valuation 
Group 2010). Securing sustainable clean electricity from the offshore environment may not only 
help meet Scotland‟s future needs and targets, but could lead to Scotland becoming a major 
electricity supplier to the rest of the UK and Europe. Developing the offshore renewable industry 
may also lead to job creation in manufacturing and construction. 

Scotland‟s marine environment is a shared resource providing distinctive and vital habitats 
which support a diverse range of species, contribute to food and energy security, afford 
recreational opportunities, and could provide potentially significant amounts of electricity. It is 
recognised that the development of renewable energy should not come at a cost to Scotland‟s 
marine environment. Scotland‟s seas and coastal areas contribute to the wider ecology of the 
North Atlantic, and provide vital breeding grounds for nearly half of Europe‟s seabirds. Current 
estimates suggest that there are around 6,500 different species of animals and plants supported 
by Scotland‟s seas. This means that detailed planning is required when deploying marine 
renewables at a large-scale (Scottish Government 2011a).  

Fisheries forms an important part of Scotland‟s economy, with a value of £427m per year 
(Scottish Government 2011a). The marine leisure industry is said to directly support around 
1,800 full-time jobs through the specialist services provided at boatyards and marinas (Scottish 
Government 2011a). There is some concern that renewable energy technologies could displace 
fishermen and recreational users, and this could lead to conflict and competition for sea space 
(Scottish Environment Link 2010).  

This briefing explores the technologies involved in harnessing electricity from the offshore 
environment (tidal, wave and wind), as well as various aspects of governance and the 
challenges of getting technology from testing to deployment. Other topics considered include: 
environmental impacts; the planning process; connecting to the grid; and funding. The briefing 
also considers what a future with offshore renewables may look like in Scotland and elsewhere. 

SCOTLAND’S TARGETS 

Since the 1950‟s and the development of hydro-electric electricity, Scotland has generated 
some of its electricity from renewable sources1. As of November 2011, Scotland‟s total installed 
renewable electricity capacity was over 4.3GW, just over a third of all installed capacity. Table 
One breaks this down by sector. Wave and tidal figures include demonstration projects at the 
European Marine Energy Centre (EMEC), in Orkney. To give an indication of potential, the 
Crown Estate Commissioners have granted leases to wave and tidal projects in the Pentland 
Firth and Orkney waters with 1.6GW potential capacity, and the total, leased, potential 
generating capacity of offshore wind in Scotland is estimated at 10.6GW (Crown Estate 2011). 
 

 

 

 

                                            
1
Installed capacity is the theoretical maximum power output at which an electricity generating plant can operate. 

Total installed capacity in Scotland amounts to approximately 12GW.  

http://www.offshorevaluation.org/
http://www.scotland.gov.uk/Publications/2011/03/16182005/0
http://www.scotlink.org/files/publication/LINKReports/LINK_ACME_Report0610web.pdf
http://www.thecrownestate.co.uk/energy/wave-and-tidal/
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Table One – Scotland’s renewable electricity generation capacity (as of November 2011) 

Sector Generation Capacity (MW) 

Wind (Onshore & Offshore) 2784.67 

Hydro 1396.04 

Energy from Waste (Electricity) 106.4 

Biomass Electricity 89.09 

Wave 1.6 

Tidal 2 

Total 4379.8 

(Scottish Renewables 2011a) 

The Climate Change (Scotland) Act 2009 sets legally binding targets for greenhouse gas (GHG) 
emissions reductions in Scotland. These targets are more ambitious than those of the UK and 
EU and are compared in Table Two. The Scottish Government‟s Report on Proposals and 
Policies2 details policies in place, and further proposals, for meeting the emissions targets, and 
a more specific Routemap for Renewable Energy in Scotland outlines plans for a largely 
decarbonised electricity generation sector, with 100% of demand met by renewables by 2020 
(Scottish Government 2011b & 2011c).The Scottish Government has a wider target that at least 
30% of overall energy demand will be met from renewables by 2020.  

The UK‟s overall target is for 15% of total energy3 to be sourced from renewables by 2020 
(DECC 2010a). UK targets are set in accordance with the legally binding European 
Commission‟s Renewable Energy Directive (2009/28/EC). The different targets set both for 
greenhouse gas emissions reduction and for renewable electricity generation are summarised 
below. 

Table Two – Comparison of emissions reduction and renewable electricity targets for 
Scotland, UK and the EU 

 % reduction in 
emissions from 1990 
levels 

% of electricity 
generated from 
renewables 

% of energy from 
renewables 

By 2020 By 2050 By 2020 By 2020 

Scotland 42 80 100 30 

UK 34 80 304 15 

EU 20 80-955 60 20 

                                            
2
 Formally known as Low Carbon Scotland: Meeting the Emissions Reduction Targets 2010-2022 

3
 Including energy for heat and transport 

4
 Suggested electricity target in order to meet the overall 15% renewable energy target to meet the EC Renewable 

Energy Directive 
5
As set out in the Roadmap for moving to a low-carbon economy in 2050 (European Commission 2011) 

http://www.scottishrenewables.com/scottish-renewable-energy-statistics-glance/
http://www.scotland.gov.uk/Topics/Environment/climatechange/scotlands-action/lowcarbon/rpp
http://www.scotland.gov.uk/Publications/2011/08/04110353/0
http://www.decc.gov.uk/en/content/cms/meeting_energy/renewable_ener/uk_action_plan/uk_action_plan.aspx
http://ec.europa.eu/clima/policies/roadmap/index_en.htm


 6 

OFFSHORE RENEWABLE ENERGY 

For the purposes of this briefing, offshore renewable energy is defined as the energy that can 
be extracted from tides, waves and wind. According to the study by the Offshore Valuation 
Group, from a total practical resource of 531 GW in the UK, Scotland has 206 GW of offshore 
wind, wave and tidal resources (almost 40% of the UK total) (2010). By harnessing just a third of 
the practical resources by 2050, Scotland could achieve an installed capacity of 68GW. This 
section describes the different types of marine renewable technology considered appropriate for 
Scottish conditions, and where the relative marine resources are located. 

TIDAL POWER 

How it works 

Tides are the rise and fall of sea levels, and are produced by the interaction of the gravitational 
pull of the Moon, and to a lesser extent, the Sun, combined with the Earth‟s rotational forces. 
Depending on the location, most places experience two high tides and two low tides in a day. 
The intensity of these tides also varies according to the lunar cycle. When the Moon is full or 
new, the sun and moon are aligned, causing exceptionally strong gravitational forces. This 
results in very high tides, which are known as spring tides (they are unrelated to the season). 
When the sun and moon are not aligned, the gravitational forces cancel each other out, and the 
tides are not as dramatically high and low. These are called neap tides, and they occur during 
quarter moons. This pattern makes tidal power predictable. 

In addition to the effects of the changing positions of the Moon and Sun relative to the Earth, the 
depth of the sea floor and coastal geography also influences the magnitude of tides. This is why 
energy from tidal currents tends to be very site specific. It is at its highest potential in areas 
where the tidal range is intensified by influences from the „funnelling‟ caused by estuaries and 
large peninsulas, or by the depth and shelving of the sea floor. Figure One from the UK Marine 
Renewable Energy Atlas (BERR6 2008a) illustrates that these optimal sites are located primarily 
off the west coast of Scotland and the Pentland Firth area off Orkney. Figure One also shows 
the differences in the intensity of tidal power between spring and neap tides, where tidal energy 
potential almost triples during spring tides, depicted as the brighter „hot spots‟. These hotspots 
of tidal stream resource occur off the north coast of Scotland (e.g. around the Pentland Firth), 
between south west Scotland and Ireland, and between south west Scotland and the Isle of 
Man. 

                                            
6
 Previously the Department for Business Enterprise and Regulatory Reform 

http://www.renewables-atlas.info/index.asp
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Figure One – Map of Tidal Power Potential in Scotland during Spring/Neap Tides 

 

(BERR 2008a)
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The Technology 

Electricity is generated from the changes in flow of water due to tides. This involves using the 
movement of water between high and low tide to drive a turbine that generates electricity. These 
are known as tidal stream generators and most work in a similar manner to wind turbines 
extracting energy from moving air (others are also under development). Tidal stream devices 
have been designed to work both in shallow and deeper waters. Figure Two shows an example 
of a tidal stream device developed by Hammerfest Strom, where the prototype has been tested 
in Norway. This is currently being tested at EMEC. Further details regarding this project can be 
found at Annex A.  

Figure Two – (a) HS1000 Tidal Stream Device; (b) Installation of prototype device for 
testing in Norway 

 

(Hammerfest Strøm) 

Another method for extracting electricity from tidal power is „barrages‟, which are based on 
principles similar to hydroelectric dams. Significant environmental impacts and high 
infrastructure costs are associated with these, as was the case with the Severn Estuary 
Barrage, a tidal energy project scrapped in October 2010. Therefore, tidal stream devices are 
the preferred technology choice in this sector; they are the predominant type being tested in 
Scotland (Boyle 2004, and BBC 2010). 

WAVE POWER 

How it works 

Waves are created by wind passing over the surface of the sea or ocean. The size of waves is 
determined by wind speed, sea currents, fetch7, and the depth of the seafloor. Given the 
influence of the wind and currents, there is seasonal variation in wave energy. Also, the range of 
wave power is more extensive than tidal, and is not concentrated in specific areas. Figure Three 
shows how wave power levels in the UK exhibit clear seasonal trends, where waves are more 
energetic in winter. The figure also illustrates that wave power potential increases further 
offshore, where the strongest resource is located off the west coast. 

                                            
7
 Fetch is the length of water over which the wind has blown, and given that the nearest significant land mass is 

North America, is the reason why the north west coast of Scotland has such a significant wave resource 

(a) (b) 

http://www.hammerfeststrom.com/
http://www.bbc.co.uk/news/uk-england-somerset-11564284
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Figure Three – Map of Wave Power Potential in Scotland According to Season 

 

(BERR 2008a) 

The Technology 

Devices in this sector mostly use the kinetic energy of the wave to generate electricity; there is 
more design variety in wave power technology compared to tidal. Examples are shown in Figure 
Four, where device (a) is for deeper waters, and device (b) is for the near-shore (between 10-
20m depth). Further information regarding the different types of technology currently being 
tested in Scotland can be found at Annex B. 
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Figure Four – (a) An Attenuator device by Pelamis Wave Power; (b) An Oscillating Wave 
Surge Converter by Aquamarine Power 

 

(a)Pelamis Wave Power; (b)Aquamarine Power 

OFFSHORE WIND POWER 

Wind power involves using energy from the wind to drive a turbine to generate electricity. In a 
global context, wind farms have successfully been operating both on and offshore for some 
time, and this is a rapidly expanding technology. According to the World Wind Energy 
Association (WWEA), 80 countries are using wind power on a commercial basis, where the US 
is ranked first, China second, and the UK eighth in the world in terms of installed capacity (both 
onshore and offshore) (WWEA 2010). In Ernst & Young‟s Renewable Energy Attractiveness 
Indices of February 2012 the UK was ranked as the joint top country globally (alongside 
Germany) to invest in offshore wind (Ernst & Young 2012). 

Wind speeds are generally higher offshore than on land, where they are not affected by 
landscape features, so this smoothes the wind resource. As a result, the potential for electricity 
generation is greater. The size of a turbine can vary; typically, commercial onshore turbines are 
around 2MW, and offshore turbines are likely to be developed with a capacity of 3MW or greater 
in order to capture the higher wind speeds. Figure Five illustrates the wind energy potential 
relative to the distance from land. As with wave energy, offshore wind demonstrates seasonal 
variability, with the peak wind power potential in the autumn and winter. 

 

 

 

 

 

 

 

 

(a) (b) 

http://www.pelamiswave.com/
http://www.aquamarinepower.com/
http://www.wwindea.org/home/index.php?option=com_content&task=blogcategory&id=21&Itemid=43
http://www.ey.com/GL/en/Industries/Power---Utilities/RECAI-Feb-2012---All-renewable-indices?preview
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Figure Five – Map of Wind Power Potential in Scotland According to Season 

 

(BERR 2008a) 

Scotland has two operational offshore wind projects: 

 Robin Rigg in the Solway Firth was the first offshore wind development in Scottish 
waters, although its operation and maintenance is carried out from Workington in 
Cumbria where it connects to the grid; 60 turbines have an installed capacity of 180MW. 

 Beatrice in the Moray Firth is a deep water demonstration project with two 5MW turbines. 

In addition to generating electricity for the grid, some of the proposed projects will also serve as 
centres for research into proving new technology, installation and operation methods. For 
example, the European Offshore Wind Deployment Centre (EOWDC) demonstration site in 
Aberdeen Bay aims to serve as a research hub for environmental monitoring, and developers 

http://www.vattenfall.co.uk/en/aberdeen-bay.htm
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are currently in the process of applying for planning consents. Further detail on this project can 
be found at Annex C.  

CURRENT AND FUTURE DEVELOPMENTS IN MARINE RENEWABLES 

A number of areas around Scotland have been identified as being suitable for deploying marine 
renewables. Some of the most recently proposed projects include potentially the world‟s largest 
tidal energy development between the islands of Islay and Jura, which was approved by the 
Scottish Government in March 2011 (Reuters 2011). Figure Six (overleaf) highlights „areas of 
interest‟ for the various marine technologies, as well as marking the location of existing projects 
and test sites.   

http://www.reuters.com/article/2011/03/25/idUS407670059620110325
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Figure Six – Areas identified for tidal, wave and offshore wind infrastructure, plus 
existing project sites 

 

(Scottish Government 2011a) 
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GOVERNANCE & RESPONSIBILITIES IN SCOTLAND’S MARINE 
ENVIRONMENT 

The devolution position on regulating the marine environment is complicated. Scotland is 
defined in the Scotland Act 1998 as the land and territorial waters to 12NM, but Scottish 
Ministers have responsibility for regulating fisheries and renewable energy beyond these limits. 
Devolved and reserved responsibilities are summarised in Figure Seven; Figure Eight shows 
the different sea areas around Scotland and how these are divided. 

Figure Seven – Devolved and reserved responsibilities in relation to the marine 
environment 

 

(Scottish Government 2011a) 
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Figure Eight – Map of Scotland’s Seas with Boundaries 

 

(Scottish Government 2011a) 

The Marine (Scotland) Act 2010 provides for a new system of statutory marine planning 
including national and regional marine plans, for the Scottish marine area out to 12nm (Figure 
Eight). The Act also creates a more streamlined licensing regime for marine activities, aiming to 
minimise the number of licenses required for development in the marine area. This Act also 
introduces powers to establish marine protected areas, and places a sustainable development 
duty on public authorities. 

The UK‟s Marine and Coastal Access Act 2009 devolves marine planning and conservation 
powers in the offshore region (12-200nm). This allows for the creation of one National Marine 
Plan for all of Scotland's seas. 
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The Renewable Energy Zone (Designation of Area) (Scottish Ministers) Order 2005 (SI 
2005/3153) defines the area that can be exploited for energy production (Scottish Renewable 
Energy Zone) as „waters lying beyond the outer limit of the territorial sea adjacent to Scotland‟, 
in which „Scottish Ministers are to have functions‟. This area is illustrated in Figure Eight as 
waters from 12nm out to 200nm. 

The Crown Estate in Scotland consists of the rights, interests and property in Scotland that are 
managed by the Crown Estate Commissioners (CEC) as part of the UK wide Crown Estate.  
The Crown Estate Commissioners do not own the Crown property, rights and interests that 
make up the Crown Estate. The Crown Estate Commissioners manage them on behalf of the 
Crown and in doing so exercise the Crown‟s rights of ownership. 
 
In a marine context, the Crown Estate comprises:  
 

 Ownership of the seabed (excluding hydrocarbons) within Scotland„s territorial seas out 
to the 12nm limit, where this has not been granted out 

 Rights over the continental shelf to minerals (excluding hydrocarbons) and sedentary 
species from Scotland„s territorial seas to 200nm limit including recent claims of rights on 
renewables and carbon sequestration - marine renewable energy projects require leasing 
agreements from the Crown Estate Commissioners 

 Ownership of Scotland„s foreshore where this has not been granted out and excluding 
areas under udal tenure8 (this amounts to about 50% of the foreshore in Scotland). 

 
The Crown Estate Commissioners is a statutory corporation operating under the Crown Estate 
Act 1961 and managed by a Board of up to eight publicly appointed Commissioners. The 
Commissioners are responsible for maintaining and enhancing the value of the Crown Estate, 
with profit paid to the UK Treasury (Crown Estate 2010a).More on the role of the Crown Estate 
Commissioners can be found in the later section in this briefing on “planning process”; however 
the most recent work in the Scottish Parliament on the role of the Commissioners took place in 
the Scotland Bill Committee which reported in November 2011 (Scottish Parliament Scotland 
Bill Committee 2011). 

PARLIAMENTARY CONSIDERATION 

Between 2008 and 2009, the Scottish Parliament‟s Economy, Energy and Tourism Committee 
held an inquiry into “Determining and Delivering on Scotland‟s Energy Future”. Substantial parts 
of this focused on the further development and deployment of renewable energy technologies. 
In addition to looking at supporting these emerging technologies, evidence was gathered on 
various related aspects such as the Renewables Obligation, grid and transmission issues, 
upgrading the current network to support renewables and the potential North Sea supergrid.  

The Committee found that “the prize of unlocking the renewable energy resources in the north 
of Scotland is one that must be realised”. In order to achieve this, it concluded that upgrading 
the grid infrastructure within Scotland and from Scotland to England should be the first priority. 
The Committee was also supportive of strategic developments that could allow Scotland to 
export electricity “in directions other than just south of the border.” It also called for an audit of 
other relevant infrastructure, such as harbour facilities, that would be required to deliver tidal, 
wave and offshore wind electricity in the future. Its complete findings and conclusions can be 
found in the 7th Report of the Economy, Energy and Tourism Committee of Session 3 (Scottish 
Parliament Economy, Energy and Tourism Committee 2009a).  

                                            
8
 Which applies in Orkney and Shetland 

http://www.thecrownestate.co.uk/media/106154/hm_treasury_and_the_crown_estate.pdf
http://www.scottish.parliament.uk/parliamentarybusiness/CurrentCommittees/45321.aspx
http://www.scottish.parliament.uk/parliamentarybusiness/PreviousCommittees/18694.aspx
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A Members Business Debate was held on Offshore Renewables on 30 September 2010 
(Scottish Parliament 2010). Subsequently, two other relevant debates have been held. On 30 
June 2011 Renewable Energy was debated (Scottish Parliament 2011a), and on 22 September 
2011 there was a debate on the Low Carbon Economy (Scottish Parliament 2011b). The Beauly 
to Denny Power Line was debated on 7 December 2011 (Scottish Parliament 2011c) whilst 
reforms to the electricity network were debated on 18 April 2012 (Scottish Parliament 2012a). 

In January 2012 the Economy, Energy and Tourism Committee launched an Inquiry into the 
Achievability of the Scottish Government‟s Renewables Targets. This is expected to report in 
the autumn of 2012. 

http://scottish.parliament.uk/parliamentarybusiness/28862.aspx?r=5768&mode=pdf
http://www.scottish.parliament.uk/parliamentarybusiness/28862.aspx?r=6329
http://www.scottish.parliament.uk/parliamentarybusiness/28862.aspx?r=6414
http://www.scottish.parliament.uk/parliamentarybusiness/28862.aspx?r=6882&i=62377&c=1289509&s=!!low%20carbon!!
http://www.scottish.parliament.uk/parliamentarybusiness/28862.aspx?r=6972&i=63468&c=1304841&s=!!low%20carbon!!
http://www.scottish.parliament.uk/parliamentarybusiness/CurrentCommittees/46125.aspx
http://www.scottish.parliament.uk/parliamentarybusiness/CurrentCommittees/46125.aspx
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FROM TESTING TO DEPLOYMENT 

Onshore wind turbines are a relatively well developed technology and have been globally 
deployed on a commercial scale. The offshore wind industry is seeing significant large scale 
commercial deployments, and is at a more advanced stage of development than the wave and 
tidal stream sector. In 2011, the total installed capacity of offshore wind in Europe was 3.8GW; 
of this, over 50% was in UK waters (2.1GW) (European Wind Energy Association 2012). 
Nevertheless, the development of new devices and technologies is still extremely important to 
ensure cost reductions and to facilitate the exploitation of offshore wind resources in deeper 
waters, and further offshore.  

In contrast to offshore wind, tidal and wave energy technologies are still emerging, and devices 
have yet to be deployed at a large scale; therefore there is a much higher focus on technology 
development and testing in these sectors. A significant number of tidal and wave developers 
and support facilities are based in the UK, in addition to established academic consortia and 
offshore expertise. As a result, the UK is considered to be an important leader by other 
countries that are trying to enter this sector (Jeffrey et. al 2011).  

TESTING SITES 

Research and innovation, largely from universities and small and medium enterprises, has led 
to the development of a variety of prototype device designs for harnessing wave and tidal 
renewable energy. In order to turn some of these design concepts into a more commercially 
viable product, a number of testing sites have been established in the UK. 

Before full-scale commercial deployment of a device can occur, it needs to be tested at various 
stages of its development. Testing initially starts with prototype device in laboratories or 
sheltered waters, progressing to full-scale tests in the open sea and connected to the grid, such 
as at EMEC in Orkney. This location is considered ideal because of its large wave and tidal 
stream resource. In addition to observing how the technology performs in challenging 
conditions, EMEC is a grid connected test site, where they monitor environmental conditions 
and verify the device against industrial standards. Given that wave and tidal devices are small 
units, they are generally deployed in numbers or an „array‟9 of generators (similar to wind 
turbines in a „wind farm‟). Therefore, the last stage before commercial deployment involves 
testing small arrays of devices all connected to the grid.  

Examples of operational UK testing facilities include: 

National Renewable Energy Centre (NaREC) 

 Started 2001, in Northumberland 

 Offers control testing and prototype development in sheltered waters 

 Includes wave, tidal and offshore wind  

European Marine Energy Centre (EMEC) 

 Opened 2003, in Orkney 

 Full scale testing of wave and tidal devices due to large natural resource 

 Offers open sea sites that are grid-connected 

                                            
9
 An „array‟ in this context is a systematic arrangement of devices (wave, tidal or wind), usually in rows or columns, 

to form an „energy farm‟ 

http://www.ewea.org/fileadmin/ewea_documents/documents/publications/statistics/EWEA_stats_offshore_2011_02.pdf
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 Assesses performance and verifies devices against industrial standards 

WaveHub 

 Offshore facility connected to the grid in September 2010, in Cornwall 

 Set up with UK Government and EU Funding 

 Non-commercial testing site for small arrays of wave devices 

 Leases space to developers – 4 berths in total up to 5MW each 

Figure Nine shows how pre-commercial testing at centres such as the WaveHub operate. 

Figure Nine – Diagram of Wave Energy Device Testing Facilities (WaveHub, Cornwall, UK) 

 

There is an active interest in tidal and wave energy internationally, where several countries have 
established policies to support and develop the sector. As shown in Figure Ten, there are a 
number of test centres in Europe, where EU member states are aiming to deploy 1.95GW of 
tidal and wave by 2020 (RenewableUK 2011). In addition, a number of sites are being set up in 
the US, Canada and China. 

 

 

 

 

 

 

http://www.wavehub.co.uk/
http://www.bwea.com/pdf/marine/Wave_Tidal_energy_UK.pdf


 20 

Figure Ten – Map of Testing Sites for Wave and Tidal Devices in Europe 

 

(Adapted from Wikimedia Commons) 

IMPACTS ON THE MARINE ENVIRONMENT 

Scotland has a very rich and diverse marine and coastal environment, where several habitats 
and species are considered to be of international importance. For example, Scotland‟s seas 
host 36% of the world‟s population of grey seal and support nearly half the breeding seabirds of 
the European Union (Boyd et. al 2010). Some of Scotland‟s most precious marine heritage is 
designated as Natura 2000 sites i.e. Special Protection Areas (SPA) and Special Areas of 
Conservation (SAC) under the European Birds and Habitats Directives respectively; these are 
shown in Figure Eleven. The overlap of these sites with potential development projects is 
illustrated further in Figure Thirteen. 
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Figure Eleven – Designated Natura 2000 sites in Scotland 

 

(Scottish Government 2011a) 

Healthy marine ecosystems are vital for maintaining the productivity upon which important 
industries, such as fisheries, rely. The Marine (Scotland) Act 2010 provides for a network of 
Marine Protected Areas and places a duty on public bodies for the „protection and, where 
appropriate, enhancement of the health‟ of Scotland‟s seas. 

Some commentators suggest restraint on the drive to develop renewables, concerned that with 
the urgency for rapid deployment of technologies, there is a risk that renewable energy projects 
may be inappropriately sited and/or developed, thus endangering Scotland‟s coastal and marine 
ecosystems. Scottish Environment Link (2010) explains the need for caution as follows: 

“There is an equally strong case for a precautionary approach. This is due to the 
extraordinary value of the marine environment, the unknown impacts of some of these 
technologies, the poverty of knowledge about marine ecosystems, our poor history of 
rapid developments in coastal waters (e.g. aquaculture) and the frailty of marine 
conservation measures.” 

Scottish Renewables (the industry trade body) (2011b) states: 

“All marine renewable energy projects are subject to a transparent and robust consenting 
process. As part of the application process a project is required to carry out an 
Environmental Impact Assessment (EIA) which highlights any potential concerns. 
Mitigation techniques may then be used to resolve concerns. The roll-out of marine 
renewables is being carried out using a risk based approach ensuring the balance of 
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protecting the environment whilst harnessing the environmental, economic and moral 
benefits of marine renewables.” 

Assessing Environmental Impacts 

Research to assess the environmental impacts of offshore wind has been facilitated by the 
significant commercial deployments which have been seen, across different countries and 
environments. For example, Collaborative Offshore Wind Research into the Environment or 
COWRIE  is a Crown Estate Commissioners established programme for the offshore wind 
industry. This was set up in 2001 to support research for assessing impacts from offshore wind 
energy, assimilate data and disseminate results. Its covers acoustic impacts, benthic habitats, 
fish, marine mammals and birds. Some of this research is of relevance to the wave and tidal 
sector; although at present there is no equivalent to COWRIE for those particular marine 
devices.  

There is a big challenge in assessing the actual environmental impacts of wave and tidal 
technology at such an early stage of the sector‟s development. There is limited scientific 
understanding of how sensitive marine ecosystems will react to such large-scale projects. In 
addition, potential impacts on the marine environment vary depending on the type of device or 
generator, as summarised in Table Three. 

Table Three – Potential environmental impacts of marine renewables and the potential 
risk of damage to marine life (Boyd et. al 2010)  

Main sources of potential 
environmental damage from marine 
renewables 

Species under risk of damage 

Seabirds Marine 
Mammals 

Fish Benthic 
habitats10 

Disturbance and displacement, primarily 
from noise and vibrations from the 
construction and installation process  

X X X  

Localised seabed damage from 
installations contacting the seabed – loss 
of habitat 

   X 

Smothering by waste materials during 
construction/installation process 

   X 

Collision with moving structures during 
operation (mainly wave and tidal devices) 

X11 X X  

Creation of barriers to migration and/or 
obstructing movement to feeding grounds 

 X X  

Direct loss of foraging, breeding and 
wintering habitat  

X X X  

                                            
10

 Benthic habitats are generally defined as the ecological region at the bottom of a body of water such as oceans, 

seas and lakes. These areas include organisms living in the sediment surface and some sub-surface layers. 

Benthic habitats are a crucial part of the food chain for marine life, and also very important for the fisheries and 

seafood industry.  
11

 Collision of nocturnal and diving birds. 

http://data.offshorewind.co.uk/
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There is general consensus amongst environmental NGOs that there has to be more 
comprehensive research, and publicly available data on marine biodiversity and its interactions 
with wave and tidal energy (Scottish Environment Link 2010). Scottish Renewables (2011a) 
notes that studies carried out by projects such as COWRIE are important for answering 
strategic research questions for the industry. They also recognise that work funded by Marine 
Scotland has been of benefit to the industry as a whole, but there remain questions to answer 
regarding environmental impacts. 

Governance and Sustainable Development 

Current measures to assess environmental impacts, plus designated consultation authorities to 
advise the planning process, are as follows: 

 Strategic Environmental Assessments (SEAs) are a legal requirement for most 
significant national plans and programmes. They are designed to identify significant 
environmental issues resulting from public sector strategies, plans and programmes. An 
SEA was initially carried out on wave and tidal plans in 2007(Scottish Government 2007). 
In 2010, a SEA was conducted on the Scottish Government‟s plans for offshore wind 
(2010a), as well as on the National Renewables Infrastructure Plan (N-RIP) developed by 
Highlands and Islands Enterprise (HIE) and Scottish Enterprise (SE)12.  This has 
contributed directly to the Government‟s most recent Sectoral Marine Plan for Offshore 
Wind Energy in Scottish Territorial Waters (Scottish Government 2011d). Statutory 
consultation authorities for this process are the Scottish Environment Protection Agency, 
Scottish Natural Heritage and Historic Scotland. 

 The Scottish Environment Protection Agency (SEPA), in the context of marine 
renewables, is responsible for preventing pollution by monitoring estuaries and coastal 
waters, ensuring that waters up to 3nm meet „good ecological status‟. SEPA is a statutory 
consultee for the marine licensing process, and is responsible for delivery of obligations 
under the EU Water Framework Directive and under the Water Environment and Water 
Services (Scotland) Act 2003. SEPA is also directly involved in Environmental Impact 
Assessments (EIAs) which are required in the scoping stage for all major development 
projects. 

 Scottish Natural Heritage (SNH) advises project developers on European protected 
habitats and species, and they are actively involved in scoping studies prior to the 
application for marine licences. They determine natural heritage priorities, including 
biodiversity, geology, landscape and recreation, through interaction with stakeholders 
and local communities. SNH (2011) are also developing new protocols and best-practice 
guidelines to aid the deployment of devices. 

There have been a number of Parliamentary Questions regarding biodiversity, conservation and 
the Scottish Government‟s plans for renewable energy development. Below is an example 
where the measures taken by the Scottish Government are set out: 

S3W-38778 - Sarah Boyack (Edinburgh Central) (Lab) (Date Lodged Thursday, 
January 13, 2011): To ask the Scottish Executive what action it is taking to ensure that 
the planned growth of the marine renewables industry furthers the conservation of 
biodiversity. 

Answered by Roseanna Cunningham (Wednesday, January 26, 2011): The Scottish 
Government is taking a planned approach to the development of wave, tidal and offshore 

                                            
12

 The N-RIP is a key action from the Scottish Government‟s Renewables Action Plan (2009), which is updated 

every six months. 

http://www.seaenergyscotland.net/
http://www.scotland.gov.uk/Publications/2010/05/14155353/0
http://www.scotland.gov.uk/Publications/2011/03/18141232/0
http://www.sepa.org.uk/planning/energy.aspx
http://www.snh.gov.uk/planning-and-development/renewable-energy/marine/
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wind energy sectors in a sustainable manner. The Scottish Government undertook a 
Strategic Environmental Assessment (SEA) to examine the wider environmental effects 
of wave and tidal power which was published on 31 March 2007. 

Marine Scotland proposes to undertake an SEA maintenance exercise to update the 
2007 SEA. This will incorporate Habitats Regulations Appraisal to assess potential 
impacts on Special Areas of Conservation, and Special Protection Areas and to ensure 
that the requirements of the Habitats Directive are met. Proposed developments will also 
be subject to environmental impact assessment including Habitats Regulations Appraisal 
at the project level. The marine licensing process will also consider the potential for 
impacts on European protected species. 

The Scottish Government is also supporting a research programme on the environmental 
impacts of marine renewables to increase knowledge of the likelihood of potential 
impacts, provide a better baseline for environmental assessments and research 
mitigation strategies. Surveys have also been undertaken in the Pentland Firth to 
improve knowledge of the distribution of marine biodiversity features and inform licensing 
decisions. 

As part of this research programme, the Marine Environment Spatial Planning Group expects to 
publish a “Review of potential impacts of wave and tidal renewable energy developments on 
Scotland‟s marine environment”.  

Other research programmes include the Oban based Scottish Marine Institute‟s Marine 
Renewable Energy and the Environment programme which explores the environmental and 
socio-economic issues related to marine renewable energy in the Highlands and Islands of 
Scotland. 

PLANNING PROCESS 

The Marine (Scotland) Act 2010  created a new system of national marine planning and 
established a licensing regime for marine activities, with the aim to minimise the number of 
licenses required for development in the marine area. Marine Scotland is the „one stop shop‟ for 
marine licences, where it determines the scale and location of future marine renewable energy 
projects. The Crown Estate Commissioners are responsible for seabed leases. Together, these 
two authorities influence the pace of development and deployment of marine renewables. 

Marine Scotland 

Created as a directorate of the Scottish Government in 2009, Marine Scotland is responsible for 
producing the national marine plan, sectoral plans and for conservation strategies relating to the 
marine environment, as well as handling applications from project developers for marine 
licenses. Licensing consents are currently required in Scotland under the following legislation 
(issued by Marine Scotland): 

 The Coast Protection Act 1949 (CPA) 

 Food and Environment Protection Act 1985 (FEPA) 

 The Electricity Act 1989 (s.36) 

 European Protected Species (EPS)13 

The Scottish Government and Marine Scotland (2010) have also produced the non-statutory 
Pentland Firth and Orkney Waters Marine Spatial Plan (MSP) Framework and Regional 

                                            
13

 The European Protected Species are plants and animals that receive protection under The Conservation of 

Habitats and Species Regulations 2010. 

http://www.scotland.gov.uk/Topics/marine/marine-environment/mespgresearch
http://www.eri.ac.uk/MaREEP2722.asp
http://www.eri.ac.uk/MaREEP2722.asp
http://www.scotland.gov.uk/Resource/Doc/295194/0115355.pdf
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Locational Guidance for Marine Energy.  This was published in advance of the development of a 
statutory MSP to guide developments in the region and also provides guidance specifically 
focussed on marine energy projects. On 6 April 2011, the FEPA and CPA consents were 
combined to form a new single Marine Licence. Marine Scotland (2011) states: 

“The new system will enable consistent decision-making about what activities are allowed 
to take place at sea. Through the process of marine licensing, and the conditions placed 
on licences, economically and socially beneficial activities are promoted while minimising 
adverse effects on the environment, human health and users of the sea. Licensing 
should also simplify the way we reconcile development and nature conservation at sea.” 

Section 36 of the Electricity Act requires consultation with SEPA, SNH, and Local Authorities; 
whilst SNH is the single statutory consultee for EPS consent. Other important consultees to the 
marine licensing process include: 

 The Royal Yachting Association (RYA) 

 The Maritime and Coastguard Agency (MCA) 

 The Northern Lighthouse Board (NLB) 

 The Joint Nature Conservation Committee (JNCC) 

 Harbour Authorities 

 Fisheries Interests 

In February 2012, a short life Energy Planning and Consenting Task Force, chaired by the 
Minister for Energy, Fergus Ewing MSP produced a report (Scottish Government 2012a) 
promoting greater streamlining and efficiency of Scotland‟s planning and consenting regimes for 
offshore renewables. The Task Force considered a number of areas such as the access and 
sharing of environmental data, cumulative impact and resourcing within regulators. It agreed: 

“on further improving Scotland‟s planning and consenting landscape by requiring wide 
ranging early pre-application engagement, co-ordinating the collation of, and access to, 
relevant data as well as resourcing the regulators sufficiently to deal with the peak of 
project applications expected in the near future.” 

Crown Estate Commissioners 

As set out earlier, the Crown Estate Commissioners have a key role in the marine environment 
by leasing the seabed for marine renewable projects. The Crown Estate Commissioners are 
required to undertake leasing rounds to comply with EU competition rules, and offer leases 
depending on whether the development is granted the relevant statutory consents. The Marine 
(Scotland) Act 2010 recognises the Crown Estate Commissioners as a public authority and 
places a range of obligations on it, including protection and conservation of marine areas, plus 
meeting sustainable development objectives in accordance with national marine plans. 

Existing Leases 

To date, a number of leasing rounds have taken place in Scotland, along with a revision of 
leasing conditions for different prototype devices. The Crown Estate Commissioners have 
granted leases to 11 wave and tidal projects in the Pentland Firth and Orkney Waters (Figure 
Twelve, below). The potential marine capacity for these leases is up to 1.6GW, which have 
been awarded to utilities, technology developers, and joint ventures between utilities and 
technology developers (Crown Estate 2011). In addition to the first leasing round for wave and 
tidal energy projects, the Crown Estate has further leased a number of projects in locations such 
as the Moray Firth, Lewis, Islay and Shetland (Crown Estate 2012 & Scottish Government 
2011e).

http://www.scotland.gov.uk/Topics/marine/Licensing/marine
http://www.scotland.gov.uk/Topics/Business-Industry/Energy/Energy-sources/19185/OffshoreTFReport
http://www.thecrownestate.co.uk/energy/wave-and-tidal/our-portfolio/
http://www.scotland.gov.uk/News/Releases/2011/05/19101837
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Figure Twelve – Map of Round 1 Wave and Tidal Development Sites in the Pentland Firth and Orkney Waters 

 

(Crown Estate 2010b) 

 

http://www.thecrownestate.co.uk/media/71435/pfow_development_sites_map.pdf
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In the context of offshore wind, exclusivity agreements were issued by the Crown Estate 
Commissioners in 2009 for ten sites, with a combined development capacity total of 6.5GW. 
Since then one of these sites, Bell Rock has been withdrawn as a result of issues arising from 
possible radar impacts. In March 2011 the Scottish Government published a Plan for Offshore 
Wind Energy in Scottish Territorial Waters, setting out its vision for developing offshore wind 
energy up to 2020 and beyond (Scottish Government 2011d). The Plan did not include three of 
the previously proposed sites (Kintyre, Solway Firth and Wigtown Bay) because of 
environmental and economic impacts. The plan proposed six areas for development of offshore 
wind up to 2020, with a potential to deliver almost 5 GW of electricity generation capacity. It also 
proposed twenty-five areas for further exploration beyond 2020. 

Figure Thirteen - Short-term Sites and Medium Term Areas for Offshore Wind Energy in 
Scottish Territorial Waters 

 

Scottish Government (2011d) 

http://www.scotland.gov.uk/Publications/2011/03/18141232/0
http://www.scotland.gov.uk/Publications/2011/03/18141232/0
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In addition to the exclusivity agreements in Scotland‟s territorial waters, leases have also been 
granted for two wind farm developments beyond 12NM in the Moray Firth and Firth of Forth with 
a potential generating capacity of 4800MW as part of the Crown Estate Commissioner‟s Leasing 
Round 3. The remaining six sites within Scotland‟s territorial waters, plus the two sites from 
Round 3, amount to roughly 10GW of potential generating capacity. 

Further Leasing Opportunities 

An on-going series of application rounds currently operate in Scotland, and leases are in 
demand as part of a bid to win the Scottish Government‟s £10 million Saltire Prize for the first 
wave or tidal project to generate 100 megawatt hours 14(MWh). Figure Fourteen overleaf 
illustrates the areas in which the Crown Estate is expecting applications for leases to develop 
offshore renewables. It also highlights the environmentally designated areas in relation to 
potential future developments.  

                                            
14

 Output from a power station is measured in megawatt hours (MWh), where 1 MWh is enough to power ten 

thousand 100W light bulbs for one hour. (Installed capacity is measured in MW) 
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Figure Fourteen - Map of Proposed Areas for Crown Estate’s Further Leasing Rounds 

 

(Scottish Government 2010b) 

http://www.scotland.gov.uk/Publications/2010/03/23084106/0
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CONNECTING TO THE GRID 

In 2009 the Scottish Parliament‟s Economy, Energy and Tourism Committee considered that if 
Scotland is to meet its legally binding targets, then there will need to be a timely and efficient 
installation of electricity network infrastructure to bring marine renewables on board (Scottish 
Parliament Economy, Energy and Tourism Committee 2009). This is especially the case for 
offshore wind projects, which are expected to contribute on a significantly larger scale than tidal 
and wave. As illustrated in Figures One, Three and Five, the majority of the resources for 
marine renewable energy are located off the remote northern and western coasts of Scotland. 
These areas have a lower population density, requiring less electricity. Areas with a higher 
electricity demand, such as large cities and towns are located far away from the marine 
resources. As a result, significant development and investment will be required in the grid 
network in order to transmit and distribute electricity to areas that have higher demand in the 
UK, and in the future, to the rest of Europe.  

Offshore Electricity Networks 

The „generation, transmission, distribution and supply of electricity‟ is reserved under Schedule 
5 of the Scotland Act 1998 (Part II, Head D1) and broad policy is overseen by DECC, who work 
closely with the UK regulator the Office of Gas and Electricity markets (Ofgem) – however, 
under the Electricity Act 1989, applications to build and operate power stations and to install 
onshore electricity lines are made to Scottish Ministers. 

In 2009, DECC and Ofgem developed and introduced a new regulatory regime for offshore 
electricity transmission. A key aspect of this new regime is that companies will bid for a license 
to be the Offshore Transmission Owner (OFTO) of particular offshore networks. OFTO licenses 
are granted following a competitive tender process run by Ofgem. Under this regime, the OFTO 
is appointed to design, finance and construct offshore transmission networks. There is also an 
option for the generator to build the offshore networks. 

Onshore Electricity Network 

Sometimes known as the „national grid„, the electricity distribution network is the system of sub 
stations and wires required to transport electricity long distances from where it is generated to 
where it is required. It currently transports electricity from large centralised generating stations 
through a transmission network at high voltages (132kV, 275kV and 400kV), and a number of 
lower voltage distribution networks (11kV and 33kV) that feed electricity into homes and 
businesses.  

The network allows for electricity generated in Scotland to be used in England, Wales and 
Northern Ireland - Scotland has direct links to England and Northern Ireland. In Scotland, the 
network is owned and maintained by ScottishPower Transmission Ltd (SPTL) in the south, and 
Scottish and Southern Energy Transmission Ltd (SHETL) in the north; however these are 
operationally run by the National Grid Electricity Transmission Ltd (NETL) which is also 
responsible for overseeing and managing the flow of electricity for the entire GB transmission 
network by balancing the supply and demand of electricity across the network. The National 
Grid company also co-ordinates both onshore and offshore grid connections, where it has to 
manage and expand the grid, accommodating any major energy project, regardless of whether 
the source of energy is renewable or from fossil fuels (National Grid 2011). 

Currently transmission infrastructure is considered to be not fit for the purpose of accepting new 
generation projects, and presents a major hurdle for development of marine renewables 
(National Grid 2011). This is especially the case for Northern Scotland and the Western Isles, 
which is likely to be the location of some of the first large-scale developments of marine 
renewables.   

http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/network/offshore_dev/offshore_dev.aspx
http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/network/offshore_dev/offshore_dev.aspx
http://www.ofgem.gov.uk/Networks/offtrans/Pages/Offshoretransmission.aspx
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At present, NETL in partnership with SPTL is developing the Western High Voltage Direct 
Current (HVDC) Link, which is a subsea cable connecting Scotland to England and Wales. This 
will provide an additional 2GW of capacity to the transmission grid and enable the connection of 
marine renewables, and is expected to be constructed and operational by late 2015. 

The Beauly-Denny Power Line 

The plan to construct an upgraded high-voltage transmission link between Beauly (near 
Inverness) and Denny (near Falkirk) was approved by the Scottish Government in 2010 
(Scottish Government 2010c). The upgrade was proposed by both SHETL and SPTL, who 
consider it to be critical in order to accommodate renewables, including marine, so that 
electricity can be transported to the main demand centres. Energy Minister Jim Mather stated 
(Scottish Government 2010c): 

“Developing our onshore and offshore grid connections is crucial to connecting, 
transporting and exporting Scotland‟s renewable energy to the UK and Europe. The 
Beauly Denny upgrade will help meet that aim. There are over 50 potential projects 
totalling around 4.2 Gigawatts (GW) in the north of Scotland, two thirds of peak Scottish 
demand. That energy will further secure our supply while allowing us to continue to 
export the surplus.” 

The Economy, Energy and Tourism Committee took evidence on the Beauly-Denny line as part 
of their inquiry in 2009 on upgrading and developing the current transmission and distribution 
network. The Crown Estate Commissioners informed the committee, that given their objective of 
developing tidal and wave power in the Pentland Firth, “virtually none of that is connectable 
without something in addition to the Beauly to Denny line”. The committee also heard that 
further upgrades are required besides the Beauly-Denny line, notably between Scotland and 
England. (Scottish Parliament Economy, Energy and Tourism Committee Official Report 2008).    

Office of Gas & Electricity Markets 

Ofgem‟s primary function is to promote the interests of consumers by regulating gas and 
electricity companies; though it has a wider duty to contribute to sustainable development. Other 
functions include regulating the electricity transmission system to guarantee adequate 
investment in the networks.  
 
Transmission (TNUoS) charging is the annual charge levied on generators for using the 
electricity transmission network (the grid). At present, National Grid, the company appointed by 
Ofgem to manage the GB grid, implements a charging regime that levies higher charges on 
generators furthest from the main centres of demand. This system has several aims: 
 

 to send signals to generators on where to locate  

 to minimise the energy lost from transmission, and ensure that the network does not 
become constrained at pinch points  

 to apply a charging system that is cost reflective - i.e. reflects the costs that system users 
cause to be incurred for building, developing and maintaining the grid system  

 to ensure that the consumer is protected from unnecessary costs  

 and to ensure that the development of the grid is efficient and economic 
 

The Scottish Government (2011f) notes: 

“Locational charging means Scottish generators produce about 12% of UK generation 
but account for 40% of the transmission costs, or about £100 million per year more than 
generators in the South.” 

http://www.scotland.gov.uk/News/Releases/2010/01/06141510
http://archive.scottish.parliament.uk/s3/committees/eet/or-08/ee08-2202.htm
http://www.scotland.gov.uk/Topics/Business-Industry/Energy/Infrastructure/TransmissionCharging
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This charging regime was developed against a backdrop of predominantly large scale fossil fuel 
thermal generation in the GB system. There is however now a need to connect large amounts of 
new and low carbon generation whilst continuing to provide safe, reliable and good value 
electricity for present and future consumers.  

Therefore, in September 2010, Ofgem started an independent review of the charging 
arrangements for energy transmission networks (known as Project TransmiT). DECC explicitly 
left these issues for Ofgem and the industry to resolve. 

Following a series of review publications, consultations and stakeholder events, Ofgem 
published “Electricity transmission charging arrangements: Significant Code Review 
conclusions” in May 2012 (Ofgem 2012). This proposes charging under a formula called 
“Improved Incremental Cost Related Pricing (ICRP)”. The methodology has yet to be finalised, 
however charges will more accurately reflect the costs to renewable generators with a variable 
output who are not using the networks continually, and take into account new highly efficient 
transmission (HVDC) lines. Both Scottish Renewables (2012) and the Scottish Government 
(2012b) are partially content with this approach, however Scottish Renewables: 

“remain deeply concerned that the prohibitively high TNUoS charges for the Scottish 
Islands are yet to be addressed appropriately under TransmiT. To ensure consistency 
across the GB network, we believe that consideration should be given to basing TNUoS 
charges for the islands on a notional cost of transmission upgrade or extension in the GB 
network, rather than the actual capital costs of these new connections”. 

Similarly, the Scottish Government states: 

“We welcome Ofgem‟s recognition that the current system needs reformed and the 
moves to reduce some of the charges faced by renewables generators. This must 
happen, and quickly. But we share the industry‟s huge disappointment that Ofgem has 
delivered no solution to Scotland‟s islands, where there is huge potential to generate 
clean, green energy that can contribute to Scottish, UK and European targets.” 

Implementing the Improved ICRP model is now up to industry, however they have been 
instructed by Ofgem to do this as quickly as possible. Following this work, industry will present 
their findings to Ofgem and they will make a decision on whether to approve or reject the 
proposals. 

Future Electricity Networks 

According to DECC, up to a quarter (20GW) of the UK‟s present generation capacity will need 
replacing by 2020 (2010b). As a consequence, DECC considers that a rapid and significant 
amount of renewable and lower carbon generators, such as gas-fired plants and nuclear, will 
need to be installed in order to meet electricity demand, and that the market requires 
restructuring so that it may accommodate this new capacity in the future.   

Taking this into account, and following a series of consultations DECC (2011a & 2011b), the UK 
Government published the draft Energy Bill on Tuesday 22 May (DECC 2012), which proposes 
a number of reforms to the electricity market (EMR). Low carbon generators will enter into a 
new system of long-term contracts in the form of Feed-in Tariffs with Contracts for Difference 
(CfD). This means that they will receive a fixed price for their energy that should be higher than 
they can sell it on the open market. DECC states: 

“CfDs are instruments that provide long term revenue certainty to investors in low carbon 
generation (e.g., carbon capture & storage, renewable and nuclear energy). Generators 
will receive the price they achieve in the electricity market plus a „top up‟ to an agreed 
level (the “strike price”) from the reference price. Where the market price is above the 

http://www.ofgem.gov.uk/Networks/Trans/PT/Documents1/TransmiT%20SCR%20conclusion%20document.pdf
http://www.scottishrenewables.com/publications/scottish-renewables-response-project-transmit/
http://www.scotland.gov.uk/News/Releases/2012/05/green-energy05052012
http://www.decc.gov.uk/en/content/cms/news/emr_os/emr_os.aspx
http://www.decc.gov.uk/en/content/cms/legislation/white_papers/emr_wp_2011/emr_wp_2011.aspx
http://www.decc.gov.uk/en/content/cms/legislation/white_papers/emr_wp_2011/tech_update/tech_update.aspx
http://www.decc.gov.uk/en/content/cms/legislation/energybill2012/energybill2012.aspx
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agreed level, the generator would be required to pay back and thus ensure value for 
money and price stability for consumers.”  

The UK Government intends that suppliers (who have existing contracts) will be subject to the 
Renewables Obligation (RO) until 2037, however under EMR new systems will come into place 
in 2014, with developers given the choice of which scheme to be accredited by until 2017 when 
the RO is expected to be closed to new entrants. 

According to the Electricity Networks Strategy Group (ENSG)15, future electricity networks with 
renewables will require a significant amount of construction of new network and technological 
advances in energy storage. They proposed £4.7bn worth of reinforcements that could 
accommodate a further 45GW of generation, of which 34GW could be a combination of offshore 
and onshore wind (ENSG 2009). 

FINANCE, SUPPORT, AND RECENT DEVELOPMENTS 

The Renewables Obligation is a market mechanism by which licensed energy suppliers are 
obliged to source an increasing proportion of electricity from renewables. These obligations are 
then met by presenting a Renewable Obligation Certificate (ROC). In general, one ROC is 
issued for every MWh of electricity produced by an accredited generator.  

However, depending on the type of technology used, a greater number of ROCs can be 
awarded. The number of ROCs awarded (known as ROC Banding), is higher for wave and tidal 
technologies in Scotland than in the rest of the UK, as shown in Table Four. This is to provide a 
long term incentive to invest in first generation commercial arrays. 

Table Four – ROC Banding currently set in the UK (as of March 2011) 

 Number of ROCs awarded per MWh of 
electricity generated 

Type of technology used Scotland England/Wales 

Tidal Power 3 2 

Wave Power 5 2 

Offshore Wind 2 2 

Onshore Wind 1 1 

 

In October 2011 the Scottish Government launched The Renewables Obligation (Scotland) 
Order 2011 Consultation on Review of ROC Bands (Scottish Government 2011g). This closed 
in January 2012, and a finalised Order is expected to be laid before October 2012. This 
proposes to remove financial support for large-scale biomass electricity generators, reduce 
support by 10% to onshore wind and increase the number of ROCs allocated to tidal energy 
generation from three to five per MWh. This is in line with proposals in England and Wales, and 
is expected to take effect across the UK from April 2013. 

                                            
15

The ENSG was a cross industry group formed to support the UK Government in developing possible electricity 

generation scenarios, consistent with the EU target of 15% of the UK‟s energy to be produced from renewable 

sources by 2020. Their work came to a close in 2010. 

http://webarchive.nationalarchives.gov.uk/20100919181607/http:/www.ensg.gov.uk/assets/1696-01-ensg_vision2020.pdf
http://www.scotland.gov.uk/Publications/2011/10/27123530/0
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The boost in innovation in offshore renewable technology has been a direct response to the 
increased investment from both the public and private sectors (Jeffrey et. al 2011). However, 
the availability of capital and revenue support for the first pre-commercial projects (2-10MW) is 
still considered to be a major hurdle for wave and tidal technology developers (RenewableUK 
2011).  

At present, there are a range of initiatives in place, primarily in the form of capital grants from 
the Scottish and UK Governments, in addition to finance mechanisms from the EU. These tend 
to focus either on offshore wind or on the wave and tidal sectors, with some applicable to all 
offshore renewable energy technologies. A selection of these is summarised below: 

 The Scottish Government‟s Wave and Tidal Energy Support Scheme (WATESS) 
combined capital and revenue assistance (40% capital grant for qualifying projects plus 
payment of 10p/kWh on top of ROC payment). A total of £13 million in capital grants was 
awarded during the scheme‟s lifetime, where 9 different EMEC projects were supported. 
This scheme has now closed (Scottish Government 2009a). 

 The Scottish Government‟s Wave and Tidal Energy: Research, Development and 
Demonstration Support fund (WATERS) was introduced in 2010. The £12 million fund 
is aimed at supporting the testing of new tidal and wave devices in Scottish seas 
(Scottish Government 2010d). Five projects benefitted from this fund. 

 The National Renewables Infrastructure Fund (N-RIF) was launched in 2010, and is 
being delivered by Scottish Enterprise. The £70 million initiative will run until 2015, with 
the aim to strengthen port and manufacturing facilities for offshore wind turbines, wave, 
tidal and other components in support of the National Renewables Infrastructure Plan 
(Scottish Government 2010e). On 23 May, the First Minister announced the first award 
from N-RIF.  

 The Saltire Prize for innovation, which was set up in 2010, will award £10 million to the 
team that best demonstrates wave or tidal stream energy at a commercial scale in 
Scottish waters. The condition is that the technology must achieve “the greatest volume 
of electrical output over the set minimum hurdle of 100GWh over a continuous 2 year 
period, [up to 2017], using only the power of the sea” (Scottish Government 2010f). 

 DECC set up the Marine Renewables Proving Fund (MRPF) in 2009. The £22 million 
initiative was managed by the Carbon Trust, which distributed the funding amongst 6 
different wave and tidal technologies in 2010, out of which 5 devices were tested in 
Scotland (GreenWise 2010). This fund was developed to deliver projects to get to the 
MRDF. 

 DECC awarded £10 million in capital grants for the UK offshore wind industry in 2010. 
Of that fund, £5 million was awarded to 7 UK companies with the aim to increase the UK 
supply chain for offshore wind. The remaining £5 million was awarded to Siemens 
Windpower who are developing a 6MW offshore turbine in the UK (DECC 2010c). 

 The Scottish European Green Energy Centre (SEGEC) established in 2009, is an 
independent organisation, jointly funded by the Scottish Government, the European 
Regional Development Fund, enterprise agencies, ScottishPower and SSE. It has 
delivered over €110 million of EU funding for low-carbon energy projects, including the 
European Offshore Wind Deployment Centre, which received €40m and research into 
offshore subsea cables in the Moray Firth for the proposed North Sea Grid (Scottish 
Government 2009b). 

http://scotland.gov.uk/Topics/Business-Industry/Energy/Energy-sources/19185/20805/WTSupportScheme/WTSupportSchemeIntro
http://www.scotland.gov.uk/News/Releases/2010/03/22085856
http://www.scotland.gov.uk/News/Releases/2010/11/02131033
http://www.scotland.gov.uk/News/Releases/2010/03/23095005
http://www.greenwisebusiness.co.uk/news/six-marine-energy-technologies-to-share-22m-of-funding-1122.aspx
http://www.decc.gov.uk/en/content/cms/news/pn10_76/pn10_76.aspx
http://www.scotland.gov.uk/News/Releases/2009/08/14104517
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 The New Entrants Reserve 300 (NER300) is a financing instrument, managed jointly by 
the European Commission, European Investment Bank and Member States. The funding 
comes from the EU Emissions Trading Scheme (EU ETS), where 300 million allowances 
(rights to emit 1 tonne of carbon dioxide) are set aside for subsidising installations of 
innovative renewable energy technology and Carbon Capture and Storage (CCS). The 
allowances will be sold on the carbon market, where the money raised – which could be 
as much as €4.5 billion if each allowance is sold for €15 – will be made available to 
projects as they operate. Out of the 14 UK projects that have applied for this funding, 9 
are based in Scotland, including 3 tidal stream projects and 1 wave power project (DECC 
2011d). The funding is delivered as revenue support; the European Investment Bank will 
pre-finance successful projects if the Member State underwrites it. 

 The £35million POWERS Fund was announced in September 2011. This supports the 
production of full-scale prototypes of next-generation offshore wind turbines, and aims to 
leverage up to a further £80 million of private investment to bring the production of these 
to Scottish sites (Scottish Government 2011h & Scottish Enterprise 2011). 

 In October 2011 an £18million Marine Renewable Commercialisation Fund was 
announced (Scottish Government 2011i). This will be used to improve capability and 
infrastructure, as well as helping to fund technology solutions and the roll-out of wave 
and tidal arrays as they move towards commercial maturity.  

 The Scottish Government (2011j) launched an offshore renewables taskforce in 
October 2011. This aims to help developers progress more quickly through the licensing 
and consenting system in Scotland. 

 In November 2011 the Treasury announced that £100 million from the Fossil Fuel Levy 
Fund would be made available for Scottish renewable energy, in particular offshore 
renewables (HM Treasury 2011). This funding is in addition to the existing Scottish 
Government budget. This announcement was welcomed by Scottish Renewables 
(2011c), as well as the Scottish Government (2011k). This cash will contribute towards 
the total £3 billion of funds for the Green Investment Bank. 

 In April 2012 DECC launched the £20 million Marine Energy Array Demonstrator fund. 
This will support up to two pre-commercial projects to demonstrate the operation of wave 
and/or tidal arrays (DECC 2012a). 

 The Offshore Renewable Energy Catapult Centre is to have its headquarters in 
Glasgow and expected to open in the summer of 2012; it will focus on innovation and 
knowledge transfer for offshore wind, wave and tidal stream energy (Technology Strategy 
Board 2012). 

 In January 2012 DECC announced the establishment of the UK‟s first Marine Energy 
Park in the south west of England. This aims to speed up the progress of marine power 
development by creating a collaborative a partnership between national and local 
government, Local Enterprise Partnerships, the Universities of Plymouth and Exeter and 
industry including the Wave Hub test centre. A second park is expected to be established 
in Scotland in 2012 (DECC 2012b). 

 In May 2012 the Scottish Government announced the Marine Renewables 
Commercialisation Fund (MRCF), available to boost the roll-out of wave and/or tidal 
power arrays, to support the marine energy sector to make the next step towards 
commercial maturity, and help planned developments in the Pentland Firth & Orkney 
Waters, and other marine locations around Scotland. It is open for bids until July 2012. 

http://www.decc.gov.uk/en/content/cms/news/pn11_013/pn11_013.aspx
http://www.scotland.gov.uk/News/Releases/2011/09/27104535
http://www.scottish-enterprise.com/your-sector/energy/energy-how-we-can-help/energy-funding/powers.aspx
http://www.scotland.gov.uk/News/Releases/2011/10/24094600
http://www.scotland.gov.uk/News/Releases/2011/10/28111208
http://www.hm-treasury.gov.uk/press_125_11.htm
http://www.scotland.gov.uk/News/Releases/2011/11/11115442
http://www.decc.gov.uk/en/content/cms/news/pn12_043/pn12_043.aspx
http://www.scotland.gov.uk/News/Releases/2012/02/renewableshq09022012
http://www.decc.gov.uk/en/content/cms/accesstoinformation/en/content/cms/news/pn12_003/pn12_003.aspx
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The Carbon Trust is working with the Scottish Government and enterprise agencies in 
administering and delivering the Fund. 

In spite of the above incentives, the commercial deployment of offshore renewables (particularly 
wave and tidal) is currently extremely expensive in comparison to onshore renewables or fossil 
fuel alternatives (Bloomberg 2011 & Scottish Renewables 2011d). Bloomberg (2011) notes the 
significant differences in generating costs between wave and tidal and onshore technologies, 
and states: 

“More investment in the marine energy sector will bring down the cost of generation, but 
investors remain in a cautious mood and many marine technology developers are cash-
strapped. The cost differential is expected to shrink as marine energy continues to crawl 
towards commercialising its technologies and achieving economies of scale in 
manufacturing.” 

The SPICe Energy Subject Profile (Reid 2011) considers cost ranges for low carbon 
technologies in more detail; however by 2030, projections for wave and tidal generation show 
that costs are still likely to be three times more than for onshore wind, and twice as expensive 
as offshore wind. The Scottish Government‟s 2020 Routemap for Renewable Energy in 
Scotland (2011c) recognises that there are significant cost barriers for all offshore renewable 
generation technologies, and that “market mechanisms must continue to drive investment”. In 
relation to wave and tidal generation, the Routemap states: 

“Reducing costs will be absolutely crucial in terms of helping the sector become 
commercially competitive; […]. This means that the next few years will be crucial for this 
sector, and why it is so important that all stakeholders continue working together to tackle 
the issues which can affect its progress. By doing so successfully, we can help build 
momentum and continue to attract investment to this hugely promising sector.” 

Recent developments in relation to offshore wind include: 

 In 2010 Mitsubishi Power Systems announced plans to invest £100 million in an 
engineering facility for wind turbines in Edinburgh, creating up to 200 jobs (Scottish 
Government 2010g) 

 In 2011 Gamesa, a Spanish wind energy company established a research base for 
offshore wind technology in Glasgow. This is currently employing over 60 engineers, and 
is eventually expected to employ 180 people. A manufacturing and maintenance base is 
also to be established at the Port of Leith near Edinburgh (Gamesa 2012). 

 In 2011 Doosan Power Systems and the First Minister Alex Salmond signed a 
Memorandum of Understanding to develop a £170m renewables research facility outside 
Glasgow as part of plans that could have also resulted in the firm developing a Scottish 
wind turbine assembly and manufacturing plant. Doosan subsequently postponed this 
investment citing the uncertain economic situation in Europe (Business Green 2012). 
This issue was discussed at First Minister‟s Questions on 19 April 2012 (Scottish 
Parliament 2012b). 

THE FUTURE 

Exporting Electricity 

An integral part of the Scottish Government‟s objective to develop marine renewable energy 
technologies is to build upon the current situation, whereby Scotland can become a net exporter 
of renewable electricity to the rest of the UK and beyond. A Scottish Government report titled 

http://bnef.com/markets/renewable-energy/marine/
http://www.scottishrenewables.com/technologies/marine/
http://www.scottish.parliament.uk/ResearchBriefingsAndFactsheets/S4/SB_11-39.pdf
http://scotland.gov.uk/News/Releases/2010/12/03100354
http://www.gamesacorp.com/en/communication/news/gamesa-announces-intention-to-pursue-mou-with-the-port-of-leith-as-its-uk-manufacturing-base.html?idCategoria=0&fechaDesde=&especifica=0&texto=&fechaHasta=
http://www.businessgreen.com/bg/news/2168506/reports-doosan-shelves-gbp170m-scottish-offshore-wind-venture
http://www.scottish.parliament.uk/parliamentarybusiness/28862.aspx?r=6976&i=63502&c=1305339&s=doosan
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“Scotland‟s Future: Join the Debate: Finance and Sustainable Growth”, released in 2009, stated 
that a „supergrid‟ in the North Sea “would encourage renewable generation and exports from 
Scotland, and also contribute to future energy security in Europe” (Scottish Government 2009d).  

Figure Fourteen is an illustration of the Scottish Government‟s vision of how renewable 
electricity could be exported post 2020 via the North Sea Grid. The development of an 
interconnected North Sea grid has also been identified by the European Commission as a 
designated infrastructure priority, and is a project set to receive funding as part of the EU‟s 
Recovery Plan (EC 2008). 

When giving evidence to the Economy, Energy and Tourism Committee inquiry on proposed 
construction of an offshore network, the Aberdeen Renewable Energy Group stated (Scottish 
Parliament Economy, Energy and Tourism Committee 2009b): 

“The supergrid is important if Scotland is to develop its full power for renewable energy, 
and export energy to elsewhere in Europe. We can develop capacity to serve our 
domestic market and export energy south to England. However, if we are to export to 
other European countries, the supergrid would be tremendously advantageous, 
particularly when we take into account the fact that the UK round 3 wind farms will be in 
the centre of the North Sea and could tap into the supergrid.” 

However, the Committee‟s report highlighted that the development of offshore grids would also 
require significant investment in strengthening onshore networks, in order to accommodate 
offshore generation. They recommended that a debate is needed on how to co-ordinate the 
developments in the North Sea and the Pentland Firth where it may be necessary to consider a 
different type of transmission configuration (Scottish Parliament Economy, Energy and Tourism 
Committee 2009a).  

Figure Fifteen – Future development of the North Sea Grid – post 2020 (Scottish 
Government 2009d) 

 

A report for Friends of the Earth Scotland (FoE) “The Power of Scotland Secured”, considered a 
range of scenarios for electricity demand and supply in Scotland up to 2030. Their scenarios for 
growth in renewable generation indicated that Scotland could become a major exporter of 
electricity, where “by 2020 renewables could be providing over 100% of Scotland‟s electricity 
needs, and 185% by 2030”. Their analysis also highlighted that export levels from Scotland 
were likely to be constrained by transmission capacity, and recommended that further research 
is required to understand the economics of interconnections for export of electricity to countries 
such as Norway, the Netherlands and Germany (FoE 2011).

http://www.scotland.gov.uk/Publications/2009/06/12095255/1
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/08/1696&format=HTML&aged=0&language=en&guiLanguage=en
http://www.scottish.parliament.uk/parliamentarybusiness/28862.aspx?r=320&mode=pdf
http://www.foe-scotland.org.uk/sites/files/possv6final.pdf
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ANNEX A: TIDAL POWER: PROJECT CASE STUDY 

 

 
 
 
 
 
 
 
 

Scottish Power Renewables & Hammerfest Strøm UK 

The project: 

 Aim to develop and demonstrate a tidal array in the Sound of Islay on the west 
coast of Scotland. 

 Received consent on 17th March 2011 from Marine Scotland. 

 The tidal array will have a capacity of 10MW (10 tidal stream generating devices) 

 The device selected is Hammerfest Strøm‟s HS1000 tidal turbine (below). 
 

 
Source: Hammerfest Strøm 
 
The Technology: 

 Made by Hammerfest Strøm, a Norwegian company, and its UK subsidiary 
established in Glasgow in 2008. 

 Installed at water depth of 52m 

 Fully submerged on the seabed with approximate height of 34 metres to blade 
tip. 

 A pre-commercial unit of 1MW will be installed and tested at Orkney in 2011.  

 The array is due to be installed at Islay by 2013, with the intention for full 
commercial deployment by 2015 

 There is a contract with Burntisland Fabrications (BiFab) for the manufacture of 
the substructure. 
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ANNEX B: WAVE POWER: DEVICES CURRENTLY BEING TESTED IN 
SCOTLAND 

Type of 
device 

Description Location Industrial 
Developer 

Capacity in 
Mega 
Watts (MW) 

Attenuator A Segmented, floating 
device, where segments 
move relative to each other 
in the waves, or essentially 
ride the waves (Box 2, 
Annex). 

EMEC, 
Orkney 

Pelamis 
Wave Power 

0.75 

Point Absorber A floating structure, such 
as buoys, which absorbs 
energy in all directions 
through its movements 
at/near the water‟s surface. 

EMEC, 
Orkney 

Ocean Power 
Technologies 

0.15 

Oscillating 
Wave Surge 
Converter 

Energy is extracted from 
wave surges and the 
movement of water 
particles within them. 

EMEC, 
Orkney 

Aquamarine 
Power 

0.315 – 0.8 

Oscillating 
Water Column 

A partially submerged and 
hollow structure; it is open 
to the sea below the water 
line, enclosing a column of 
air on top of a column of 
water. The motion of the 
waves forces air out of the 
column via a turbine, which 
generates electricity. Has 
been operational for over 
10 years. 

Islay Voith Hydro 
Wavegen 

0.02 – 0.25 
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ANNEX C: OFFSHORE WIND: PROJECT CASE STUDY 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

European Offshore Wind Deployment Centre (EOWDC) 

 
The Project: 

 Offshore wind demonstration project being developed by Vattenfall Wind 
Power, Technip and Aberdeen Renewable Energy Group (AREG) 

 Chosen location of Aberdeen Bay, where wind speeds are likely to be in excess 
of 8m/s at 60 metres 

 Supported by €40 million from the European Commission 

 Full planning application will be submitted to Marine Scotland in 2011 
 

 
Image Source: Vattenfall 

 

 Project capacity will be up to 100MW, which is the electricity generating 
capacity to power 50% of the domestic demand of Aberdeen 

 A facility to demonstrate new turbine and foundation designs 

 Will include an ocean laboratory for environmental monitoring and research 

 Aim is to develop a hub from which to inform the offshore wind market and 
disseminate best practice guidelines on foundations, construction and design. 

 

http://www.vattenfall.co.uk/en/aberdeen-bay.htm
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