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SUBMISSION FROM THE ROYAL SOCIETY OF EDINBURGH 
 
Summary  
 

 Scotland is poised to lose nearly one-half of its electricity generation capacity in 
the next decade. The issue of ensuring a secure, stable energy supply in 
Scotland is therefore urgent. Consideration of renewable generation capacity 
must take place within the wider debate on Scotland’s energy future. 

 

 The RSE welcomes the impetus being given to the development and scaling up 
of renewable energy generation capacity in Scotland. However, while the Scottish 
Government’s renewable energy targets for 2020 are theoretically achievable, 
they are unlikely to be met within the constraints of finance available or at 
acceptable cost.  

 

 Only technologies that are already mature or commercially-proven will contribute 
towards the 2020 targets. This will principally rely on on- and off-shore wind, 
although hydro and biomass schemes may also have a role to play. But even in 
these established sectors, significant private sector investment will be needed to 
scale up industry; and challenges around planning, siting of developments, and 
access to the grid remain. 

 

 Marine technologies should be an important source of renewable energy 
generation in the future, but with numerous outstanding technical problems to be 
addressed and high investment costs, neither wave nor tidal technologies are 
likely to be commercially-available by 2020. 

 

 Regardless of the rate of progress of development of renewables, until major 
challenges around grid access, capacity, stability and storage are addressed, 
there will be limits to the contribution that renewable technologies will be able to 
make to Scotland’s energy mix.  

 

 It is crucially important that the focus on renewable generation capacity does not 
eclipse the drive to reduce energy consumption. Demand for electricity in coming 
years will be defined by the rate at which transport and heat sectors convert to 
electric, balanced by the rate at which general energy efficiencies are achieved. 
The government has a role to play in managing progress on both these tracks 
and particularly in supporting energy efficiency measures that will help to reduce 
fuel poverty. 

 

 The costs of creating a fit-for-purpose grid and increasing renewables will be 
high, and will ultimately be recovered through costs to consumers. But 
maintaining ‘business as usual’ is not an option, and significant investment in 
infrastructure and new technologies is urgently needed no matter what form the 
future energy sector takes.  

 
Introduction 
 
1. The Royal Society of Edinburgh welcomes this opportunity to contribute to the 

Economy, Energy and Tourism Committee’s inquiry into the Scottish 
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Government’s renewable energy targets. The RSE has been engaged in Scottish 
energy policy for a number of years, having carried out its own major inquiry into 
Scotland’s energy future in 2006. With a number of Scotland’s most prominent 
energy experts amongst its Fellowship, the RSE is well-placed to respond to this 
call for evidence. 

 
2. This response focuses on the technological aspects of Scotland’s current and 

future renewable energy generation capacity. From the outset, it is important to 
stress that consideration of renewable technology must take place within the 
context of Scotland’s wider future energy needs and electricity generation 
capabilities, having regard to reducing emissions, security and cost. With the 
planned closure of Cockenzie Power Station in 2015, Hunterston in 2016 and 
Longannet by 2025, Scotland is on the brink of losing a significant proportion of 
its current generation capacity. Renewables will have an important role to play in 
replacing traditional forms of generation, but only if fundamental challenges of 
intermittency and a fit-for-purpose grid are addressed. In order to secure a 
sufficient, stable electricity supply in the medium term, Scotland must now be 
planning the development of the most appropriate energy mix for its future needs. 
Further, it must be noted that Scotland’s electricity system cannot operate 
independently but will continue to be subject to reforms and conditions of the UK 
and the European markets.  

 
Renewable Energy Targets 
 
3. The Scottish Government has set a target of generating 30 per cent of all energy 

needs from renewable sources by 2030. Specifically, targets call for the 
equivalent of 100 per cent of Scotland’s gross annual electricity consumption, 11 
per cent of its heat demand, and 10 per cent of transport fuel from renewable 
sources by 20201. These targets are theoretically achievable, but not within the 
constraints of finance available and acceptable price for consumers. A more 
realistic timescale for achieving these targets may be by 2025 – 2030, but only 
then if nascent technologies make sufficient progress towards commercial 
application. 

 
4. Scotland’s renewable installed capacity reached 4.6 GW in 20112, principally 

sourced from wind and hydro schemes. Projections provided in the Scottish 
Government’s 2020 Routemap for Renewable Energy suggest that installed 
capacity will need to surpass 14 GW by 2020 in order to meet its targets. Within 
this timescale, wind will be the only renewable technology available that can be 
substantially scaled up to increase generation but the levels of investment that 
would be required in both on- and off-shore wind capacity will be vast. Hydro will 
continue be an important source of renewable generation, but is limited by the 
number of appropriate sites available.  

 
5. Biomass may be able to contribute to increasing renewable capacity, but only if 

the industry is carefully developed with sustainable fuel sources. In England there 
are a number of plans to convert coal-burning power plants to wood-burning (e.g. 

                                                 
1
 2020 Routemap for Renewable Energy in Scotland, The Scottish Government, June 2011, 

http://www.scotland.gov.uk/Publications/2011/08/04110353/0 
2
 Figures at 29 November 2011, www.scottishrenewables.com, accessed February 2012. 
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Port Talbot, Tilbury), and to develop new purpose-built plants. There are 
contentious proposals to follow suit in Scotland, such as Forth Energy at Dundee, 
Grangemouth and Rosyth, with some small scale firing of biomass already 
practised. Again, a high level of investment will be required to scale up the 
industry sufficiently to make progress against targets. 

 
6. At the same time, significant investment is needed to address major underlying 

challenges in relation to the electricity grid, and to progress development of other 
technologies, such as wave and tidal, to commercial scale. Until problems around 
grid capacity, stability, connections, and storage that will allow us to deal with the 
intermittent nature of renewables such as wind, are solved, there will be limits on 
the contribution that renewable technologies will be able to make to the energy 
mix. While government can provide some seed money for research and 
development, investment needed for development of the grid and operational 
plants will be required to come solely from the private sector. Industry will only 
provide large-scale capital where it is confident of a reliable profit. This will 
require technology to be proven, widely-accepted and with predictable costs; 
along with stable, long-term policy and regulatory frameworks. The role of the 
Scottish Government must be to maintain confidence in all renewable sectors, in 
order to attract investment.     

 
7. In respect of marine technologies, wave technology has good potential but is 

unlikely to be de-risked and therefore commercially available until the mid to late 
2020s. Tidal flow technologies have more limited potential, but are closer, 
perhaps coming online by 2025. However, key technical issues remain to be 
overcome and the speed of progress will be dictated by the finance available. 
Large-scale private sector investment will not be forthcoming until technical risk is 
reduced to a minimum; and lenders won’t provide finance until industry has 
agreed that a technology will work. With the most optimistic industry predictions 
suggesting that marine technologies will provide a maximum of 2 GW for the 
whole of the UK by 2020, it is unlikely that they will be able to contribute 
significantly to the Scottish Government’s renewable energy targets within the 
next eight years. 

 
Emission Reduction Targets 
 
8. Increasing renewable energy generation capacity in Scotland will clearly 

contribute to the Scottish Government’s target of reducing emissions by 42 per 
cent by 2020, compared to a 1990 baseline. But the extent of this impact will 
depend on the degree to which renewables targets are met. In the long-run, i.e. 
after 2020, further contributions may crucially depend on the extent to which 
transport and heating in buildings are electrified. 

 
9. As highlighted at the outset, a number of Scotland’s existing power stations will 

close in the next decade or so; therefore any discussion of renewable energy 
capacity and emissions reductions must take place within a wider debate on the 
various energy mixes that may provide Scotland with a sufficient, sustainable, 
secure and stable supply for the medium to long term. The drive to meet 
emission reduction targets will be one of the elements that frames this debate. 
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10. Further, achieving emissions reductions is not just an engineering challenge, but 
a social issue. It is well-established that financial gains in reduced energy costs 
can sometimes rebound into greater energy expenditure elsewhere in the 
economy. Despite advances in renewable technologies and an increase in public 
awareness of the need to reduce reliance on fossil fuels, there has been limited 
progress in reducing domestic emissions and energy demand. Current 
government initiatives aimed at influencing consumer behaviour and raising 
awareness do have a role to play. But in order to achieve the step change in 
behaviour that is needed to achieve its emission reduction targets, the Scottish 
Government should also directly focus on re-shaping the infrastructures, built 
environment and local economic activity that make up society as a whole. This 
will require increased leadership and decisive use of its powers in areas such as 
energy efficiency, transport and travel, and planning, if fuel poverty is to be 
avoided in Scotland’s inefficient housing stock, and if the energy consumption of 
people and households is to become more effective.  

 
Balancing demand for electricity 
 
11. Demand for electricity will be a double track issue in coming years. The rate at 

which our transport and heat systems convert to electric, balanced by the rate at 
which energy efficiencies are achieved, will define the level of electricity 
consumption in Scotland.  

 
12. The UK and Scottish Governments, and to an increasing extent the EU, will have 

a degree of control over progress on both tracks, for example through 
infrastructure development, housing regulations and incentives both to switch to 
electric heat and transport, and to reduce energy use. However, with uncertain 
timescales, for example on the introduction of large-scale electric transport 
infrastructure, and little progress made to date on energy efficiency savings, it is 
difficult to predict how electricity demand will change in Scotland in the coming 
decade. 

 
13. If the conversion of transport and heating systems does lead to an increase in 

demand for electricity, it is imperative that a high proportion of electricity is 
generated from carbon-free sources, if carbon emission reductions are to be 
made.  

 
Costs of achieving renewable energy targets 
 
14. Industry and commentators have estimated that as much as £200 bn will be 

needed to replace ageing electricity infrastructure and meet the UK’s renewable 
energy and emission reduction targets; and a substantial portion of that will be 
required to meet Scotland’s more demanding targets. While there is much debate 
on the actual figures, there is little doubt that investment at the level of tens of 
billions of pounds will be needed in Scotland to sufficiently increase renewable 
energy generation and develop appropriate transmission and storage, if targets 
are to be met. With very limited public sector funds available, the vast majority of 
this investment will be required to come from private sector companies, and 
ultimately to be recovered through costs to consumers. 
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15. It is easy to claim that, compared to ‘business as usual’, the costs of scaling up 
renewable generation capacity are high. However, with the imminent closure of 
several existing power stations, increasing oil and gas prices, and a rising carbon 
price, maintaining ‘business as usual’ is not an option.  

 
16. Rather, after decades of little investment, Scotland must now invest in a stable, 

secure energy mix for the future with proper consideration given to long-term 
value that can be generated from energy infrastructure, jobs and income. As 
proposals for Electricity Market Reform are considered in the UK, it is interesting 
to note approaches to energy planning elsewhere. In France, for example, while 
the energy sector is privatised, the government sets central direction by 
mandating that an industrial plan, considering location, the supply chain, and job 
creation, be provided for every proposed development. This is within EU 
competition boundaries yet clearly encourages and mandates investment in 
manufacturing and supply chains within the hosting nation, capturing many of the 
long-term benefits of renewables generation. 

 
17. No matter what the future energy mix looks like, costs to consumers will rise and 

fuel poverty will continue to be a major challenge in Scotland. Energy efficiency 
will take on increasing importance and government support for initiatives such as 
improving home insulation, or improving public transport, will have a central role 
in driving such savings.  

 
Availability and affordability of renewable technologies 
 
18. As previously noted, Scotland’s current renewable capacity is provided principally 

by on-shore wind and hydro schemes. These technologies are mature and 
commercially available, although for both there continue to be issues with 
planning, the siting of developments, and grid access 

 
19. The development of the off-shore wind industry in Scotland has gathered 

significant momentum, with a number of international manufacturers, including 
Doosan, Gamesa and Mitsubishi, establishing R&D centres for off-shore wind 
technology in the country. With two demonstration sites in operation and 
developers currently preparing consent applications for five ‘short-term option’ 
sites3, it is possible that off-shore wind will be able to contribute to meeting the 
2020 targets for renewable technologies. However, with costs of development 
and construction of an off-shore wind site estimated at between £2.8m and £3.1m 
per MW4, and subsequent transmission costs, affordability remains a significant 
challenge to the development of a viable industry. Developers will only invest 
when technologies are fully de-risked and costs are predictable. 

 
20. There is a substantial amount of activity in Scotland on the development of wave 

and tidal technologies, including testing of full-scale, grid-connected prototype 
devices at the European Marine Energy Centre (EMEC) in Orkney; and the 
recent announcement by the Technology Strategy Board that the ‘Catapult’ 
innovation centre for off-shore renewables technology will be headquartered in 

                                                 
3
 http://www.offshorewindscotland.org.uk/index.php/journey_to_2050 

4
 http://www.offshorewindscotland.org.uk/index.php/journey_to_2050/funding 
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Glasgow. However, this sector is still at an early stage and there are numerous 
technical challenges, primarily arising from the harsh marine conditions for 
moving mechanical parts, which have yet to be addressed. Significant further 
investment is required for research and development, and commercialisation. 
Public sector support, available through a number of funding streams, makes a 
valuable contribution but currently amounts to some tens of millions of pounds, a 
fraction of the total investment needed. It is unlikely that these technologies will 
be available at commercial volumes before 2025 – 2030. 

 
21. As the mix of renewable technologies continues to be developed, parallel 

investment is needed in research and development and in infrastructure that will 
address outstanding problems around energy storage and a fit-for-purpose grid 
that provides appropriate connections for off-shore developments, that is resilient, 
and that can deal with intermittency.  

 
22. Carbon capture and storage (CCS) is not a renewable technology and is unlikely 

to be commercially available by 2020. However, in light of the issue of 
intermittency of supply from renewable generation, carbon capture and storage 
may be necessary to allow continued generation from fossil fuel power stations 
that can provide secure back-up supply. To achieve the Scottish Government’s 
carbon emission reduction targets in the long term, further investment in CCS 
must be considered as part of the debate on Scotland’s future energy mix.  

 
23. Extremely large storage reservoirs have been provisionally identified off 

Scotland’s coast, providing a significant potential business opportunity. But 
progress has been slow and the collapse of the Longannet project5 shows clearly 
that fundamental issues of business risk and confidence need to be addressed 
before commercial projects will be agreed to by companies. Propositions to 
develop CCS at the Peterhead gas plant provide a low-cost opportunity to 
develop operational CCS and prove off-shore storage reservoirs. This will require 
support from the Scottish and UK Governments and the EU, but potentially will 
secure in Scotland the infrastructure around which subsequent projects may be 
located. Many of the funding levers that can deliver decarbonised electricity lie 
with the new Electricity Market Reform, which is in the control of Westminster, but 
Scottish Enterprise and the Scottish Government could be doing much more to 
attract small to medium pilot CCS schemes.  

 
The security of energy supplies 
 
24. We refer back to earlier comments on the imminent closure of a number of 

Scotland’s power stations, which will result in the loss of almost one-half of its 
generation capacity6. It cannot be taken for granted that power companies will 
replace these plants in Scotland, particularly in light of relatively high 
transmission charging costs that will continue to apply to Scottish developments, 
compared to those in the south of England. In light of this, security of supply is a 
pressing issue, and one that will have an immediate impact on the country if not 
properly managed. The three issues that will shape Scotland’s energy future are 

                                                 
5
 ‘Longannet’s £1 billion CCS bid halted’, Utility Week, 19 October 2011, 

http://www.utilityweek.co.uk/news/news_story.asp?id=196029 
6
 Power Stations in the UK, DECC DUKES 5.11, May 2011 
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security, meeting renewable and emission reduction targets, and cost to 
consumer. These three elements do not sit easily together, for example, gas-
burning plant required to ensure security of supply could be built quickly, but 
without fully contributing to emission reduction targets; or large arrays of wind 
power could be built, but at unacceptably high costs. Careful planning is required 
to find the best possible balance for Scotland between these three issues, 
although, ultimately, the Scottish Government may need to prioritise between 
them. 
  

25. The development of every form of energy generation will have bottlenecks and 
difficulties that must be anticipated and accounted for. An appropriately diverse 
range of technologies will be needed to compensate for problems with any one 
form of generation, and planning regimes and regulation must be geared towards 
aiding development of all renewable sectors. Further, continued investment is 
needed in a diverse range of technologies because we are not yet in a position to 
predict with certainty which will prove most effective. 

 
26. Even then, Scotland may well, in the future, need to rely on energy imports in 

order to overcome peaks and ebbs in domestic renewable generation. 
Transmission infrastructure is needed on a large scale, such that these imports 
can be available from a diverse range of sources, including from countries with a 
different energy mix to Scotland. This will require appropriate interconnectors, 
both between Scotland and England, and between Scotland and the rest of 
Europe. 

 
Scotland’s energy research base 
 
27.  Scotland’s universities and research institutes already undertake a significant 

proportion of energy research that is carried out in the UK, and encompass a 
number of centres of excellence including the Institute for Energy Systems 
(Edinburgh), the Scottish European Green Energy Centre (Aberdeen), the 
Technology and Innovation Centre that forms part of the International Technology 
and Renewable Energy Zone (Glasgow) and the European Marine Energy Centre 
(Orkney). Further, Scotland’s research base is characterised by high levels of 
collaboration both across its research institutes, between academia and industry, 
for example through the Energy Technology Partnership, Scottish Carbon 
Capture and Storage, the Edinburgh Centre for Carbon Innovation; and 
internationally. 

 
28. The research base in Scotland is, therefore, fully mobilised, with the skills and 

expertise needed to address many of the outstanding technical challenges 
surrounding renewable technologies. With an increase in sensible long-term 
funding, the capacity of the research base could be further enlarged. The record 
of technology spinout from Scottish universities is very good, so further research 
investment can plausibly create additional business employment. However, with 
regard to the 2020 targets, only technologies which are already mature or now 
being commercialised will be able to contribute to increasing renewable capacity. 
Much of the research being carried out on new technologies within universities 
today will be applied much further in the future than 2020, but will be important to 
achieving the Scottish Government’s 2030 and 2050 targets. 
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29. Commercialisation of nascent renewable technologies is a more difficult 

challenge. The development of energy technologies to commercial stage is 
particularly cost intensive and therefore represents a high risk option for 
investors. Commercialisation activity will principally take place outside the 
research base, calling for others to take the risks required to adopt new 
technologies. While there are examples of energy companies putting money into 
renewable technologies, many private sector investors are unwilling to 
collaborate before commercial opportunities have been proven and the 
technology is widely accepted by industry. Others demand to see an existing 
supply chain for industries that won’t exist for another 10 or 15 years, leading to a 
chicken and egg situation that is difficult to overcome.  

 
30. The Scottish and UK Governments, and the EU, must contribute to incentivising 

and de-risking private sector investment, not only through long-term financial 
support for research and much extended development, but through long-term 
policy stability, smarter regulation and a fit-for-purpose planning system. 

 
31. There is scope for Scotland’s research institutes and industry to collaborate on 

commercialisation at an earlier stage in the process, which may help to minimise 
difficulties faced later on. Within the UK, Technology Innovation Centres are 
intended to address commercialisation issues. In the longer term, there are 
models elsewhere in Europe from which Scotland could learn lessons in 
successful collaboration for commercialisation, for example the Fraunhofer 
Institutes, Europe’s largest applied research organisation which focuses on 
addressing six major challenges facing society today, including energy7. 

 
Renewable energy supply chain and infrastructure 
 
32. If Scotland is to significantly increase its renewables capacity, its energy 

infrastructure will need to look substantially different to what currently exists. On 
one level, this will require reshaping of the grid, allowing for widely distributed on- 
and off-shore developments to be connected to the grid competitively. But the 
overhaul of infrastructure will have to go much further than this. In order to create 
a resilient, stable electrical system, Scotland will need the capacity to store 
electricity; a number of interconnectors that will allow electricity import and 
export; a system that is able to deal with intermittency; and may include systemic 
changes in consumer behaviour. 

 
33. The supply chains and infrastructure needed for emerging off-shore industries 

have yet to be fully developed. Facilities for manufacturing, assembly, 
deployment and maintenance have yet to be developed. Ports are there but may 
not be deep or big enough to cope with the scale of hardware they will need to 
handle. There are insufficient sources of cabling, cable-laying vessels and boats 
that are able to transfer structures such as turbines. Scottish Enterprise and 
Highlands and Islands Enterprise have led on development of the National 
Renewables Infrastructure Plan (N-RIP). The Plan identifies suitable locations for 
the manufacturing base that would support off-shore renewables, but suggests 

                                                 
7
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that some £223 million of investment would be required from public and private 
sources to develop these sites8.  

 
34. As already stated, the Scottish Government’s demanding target for renewable 

heat generation will also require significant investment in research, development 
and infrastructure. Full assessment is needed of a wide array of heat resources 
and their potential to be converted to commercial reserves. This may include 
waste heat from large thermal and nuclear power plant, minewater circulation, 
deep hot dry rock, and a multitude of air source and near-surface heat pumps. 
The 2020 Routemap for Renewable Energy focuses on district heating, with 
further exploration into the recovery of heat from any existing power stations. 
Examples of such systems are already operating across Scotland, for example in 
Aberdeen and at the University of Edinburgh, and further Scottish Government 
support for local authorities to map heating in their areas will be key to rolling this 
out. 

 
35. The majority of Scotland’s renewable heat capacity at present comes from 

biomass primary combustion or biomass combined heat and power. We consider 
that centralised combustion of biomass for electricity generation without CCS 
fitted is wasteful, and inefficient compared to direct combustion for heat at the site 
of use. Furthermore, there has been much high profile negative public reaction to 
the development of biomass plants in Scotland and public engagement must be 
properly managed if this infrastructure is to be developed. One of the key issues 
of contention is the sourcing of sustainable fuel for these plants, with opponents 
highlighting the carbon cost of importing fuel from abroad and the risks of 
encouraging inappropriate commercial plantations of forest felling. Ensuring, in 
conjunction with the forestry sector, a much greater supply of home-grown 
biomass, would greatly assist in the sustainable development of this industry. 

 
Electricity Market Reform 
 
36. The most important factor in the development of renewable energy sectors, and 

key to attracting private sector support, is a stable, long-term policy and 
regulatory environment and investment framework. The Electricity Market Reform 
proposals9 currently being considered by the UK Government will not be enacted 
before 2014 and it is this kind of delay and uncertainty that discourages 
investment.  

 
37. The four pillars on which the reform proposals are based appear sound: the 

setting of a carbon floor price; contracts for difference to incentivise low-carbon 
generation; capacity mechanisms to ensure investment in back-up power and 
grid upgrades; and an emissions performance standard that should act to block 
the development of new, unabated coal-fired power plants. However, as the 
already complex proposals are subject to continued on-going negotiations, there 
are concerns that they will become increasingly compromised and convoluted, 
making the reforms more difficult to enforce. 

 

                                                 
8
 http://www.hie.co.uk/highlands-and-islands/growth-sectors/energy/n-rip.html 

9
 http://www.decc.gov.uk/en/content/cms/news/pn11_111/pn11_111.aspx 
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38. The eventual legislation, whatever that may look like, will contain fundamental 
changes to the current UK Electricity Market. But this does not mean that there 
will be immediate change on the ground as companies wait to monitor the impact 
of reforms. As with all major changes, it is likely the reforms will produce 
unintended consequences. 

 
Conclusion 
 
39. The RSE welcomes the impetus being given to the development and scaling up 

of renewable energy generation capacity in Scotland, although we consider it 
unlikely, due to cost and financial constraints, that the Scottish Government’s 
ambitious targets will be met by 2020.  We emphasise the increasingly pressing 
need for Scotland to consider its options for ensuring a stable, sustainable energy 
supply for the future, and that discussion on renewables is only one aspect of 
this. Significant investment is needed in creating a fit-for-purpose electricity grid 
that will allow fair, distributed access and storage capacity, if renewables are to 
contribute to their full potential. Private sector investment will only be secured if 
the Scottish and UK governments, and the EU, provide a stable, long-term policy 
and regulatory framework. 

 
40. The Scottish Government should continue to support and incentivise research, 

development and prolonged testing of new renewable generation and sustainable 
technologies, including, for example, tidal stream and wave power devices, CCS, 
and investigation of geothermal heat resources. All levers, including those in the 
new Electricity Market Reform, should be used to maximise investment in skills 
development and supply chain in Scotland, to secure long-term benefits. 

 
41. The Scottish Government must also show leadership and provide much greater 

long-term support for energy efficiency, insulation and societal change that will 
re-shape domestic electricity demand and help to offset fuel poverty that may 
result from increasing costs. 

 
 
Royal Society of Edinburgh 
29 February 2012 
 


