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The Scottish Energy Environment Foundation (SEEF) is an independent organisation set up to create 
an internationally significant centre of excellence in energy and related environmental policy. SEEF 
provides authoritative advice on energy and the environment for demand and supply-side issues, as 
well as contributing to the development of a balanced energy policy within the UK. SEEF can 
therefore provide a considered response to this inquiry, with a particular (and relevant) focus on the 
Scottish issues set within the wider context of the UK. 
 
Our response to this inquiry aims to provide an overarching or strategic analytical view of how the 
current policies and market forces will assist and support Scotland in relation to Renewable Energy 
(RE) development. We do not therefore propose to repeat specific technology or environmental 
impact information best provided respectively by: developers or utilities, and environmental bodies 
such as SNH or SEPA. 
 
SEEF is funded through support from the Scottish Executive, Scottish Enterprise, British Energy, 
Scottish and Southern Energy, and Scottish Power and has academic partners in Edinburgh and 
Strathclyde Universities. Although able to draw on information and expertise within these 
organisations it operates independently from all of the partners. 
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Summary 
 

1. The development of renewable energy (RE) in Scotland is currently set firmly within the 
context of an overarching UK renewables policy. That is, the levels of support provided by 
the Renewables Obligation (RO) and Renewables Obligation Scotland (ROS) are equivalent 
and Scotland must therefore compete in a UK market. To date, Scottish Ministers have not set 
Scottish Renewable Energy Policies that would provide a differential level of support under 
ROS, as this would create a Scottish cost burden disproportionate to that of the rest of the UK. 

 
2. Scotland’s 40% 2020 target is only aspirational, and it is unclear as to what the aspirational 

Scottish “40% of electricity generated” actually means. By 2020 the 40% could range from: 
our existing RE capacity if there are significant Scottish station closures, to 6900 MW under a 
high demand plus exports scenario.  

 
3. Scotland’s aspirational 40% renewables target has been analysed by using an independently 

verified computer model, and is deemed as being likely to be met. This is only due to the 
UK’s 2015 15.4% Renewables Obligation which will result in a push for UK renewable 
generators to locate in the favourable Scottish conditions. Limitations on this development 
could be introduced by a lack of electrical network capacity or investment, and a decrease in 
the current rate of planning approvals. 

  
4. Up to 90% of the renewable capacity built under the existing RO and ROS in Scotland will be 

wind, mainly onshore. Offshore wind in Scotland has a significant resource in deep water that 
is currently unexploited. Scotland is also excluded from development in the near future due to 
an inflexible UK mechanism and the need for good grid connections.  

 
5. Wind technology is imported to Scotland from mainland Europe. There is therefore limited 

scope for wealth creation in manufacturing of high value components, the majority of local 
benefit coming from the limited construction phase. 

 
6. The likely job creation figures for Scotland using the technology mix deduced by the rational 

investment model indicate that 9000 Full Time Equivalent (FTE) jobs could be created. 
 

7. Key opportunities for UK wealth creation through the development of new renewable 
technologies and manufacturing (biomass and marine) are currently insufficiently incentivised 
and are likely to be developed abroad without initial Government assistance. There are a 
number of options and mechanisms that could be used to achieve cost reductions through a 
learning by doing approach. However, the cost-effective delivery of renewable energy 
supplies by these options must be examined against the existing UK market before any 
recommendation to a particular course of action.. 

 
8. The wider question of how best to achieve a sustainable wealth creating Scotland through 

renewables remains unasked. Strategic questions to be addressed would include: 
- Is the market led technology mix the most advantageous for Scottish wealth creation? 
- What are the actual global export market opportunities for indigenous renewable 

technologies at various unit prices? 
- How can environment, energy, and economic impacts be compared under different 

policy options in order to make an informed choice?  
 

9. Full cross-sectoral and cross-policy analysis is required to achieve the Governments 
objectives for renewable energy in an efficient and holistic manner. For example, what are the 
actual carbon savings, and is renewable electricity an efficient method to achieve this? Should 
other sectors such as transport have similar targets and incentives? 
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Will the Executive targets be met, under current circumstances, and are they appropriate? 
 
- How were they arrived at by the Executive? 
This is a question for the Executive, although clarification as to what the target actually means should 
be sought.  
 
The original target quoted: “we have decided that Scotland should aspire to generate 40% of its 
electricity from renewable sources by 2020”. This is vague and could mean a number of very different 
things: 
 
1) That the 40% target is for all electricity generated in Scotland including exports and ignoring 

imports.  
 

 At present Scotland’s economy benefits from large electricity exports south of the border, and to 
Northern Ireland. Are these to be included in the Scottish 40% target? Conversely, in the near 
future Scottish thermal stations will close or be limited by the Large Combustion Plant Directive: 
it is therefore conceivable that Scotland then becomes an importer of electricity and thus 40% of 
electricity generated in Scotland becomes a very small amount indeed (possibly only equal to the 
present hydro generation capacity) and bears no link to our actual energy usage which would be a 
normal measure of sustainability. The likely capacity required could be anything in the range 0 
MW to 6900 MW (Refer to Appendix A1). As Scottish conventional stations are on average 
more modern than those in England and Wales an export option is considered more likely, and if 
demand for electricity can be held constant by energy efficiency measures the renewable capacity 
required would be 4110 MW. Please refer to Appendix A2. 

 
2) That the 40% target is 40% of Scotland’s electricity demand.  
 

At a current demand increase of 0.8% per annum, the renewable capacity required for a 40% 
Scottish demand target is likely to be 3692 MW. Please refer to Appendix A3. 

 
In comparison, the Renewables Obligation (RO) and Renewables Obligation Scotland (ROS) are 
unambiguous in that they state the proportion of renewable supply that suppliers must provide (i.e. 
demand dependent) and the penalty that non-compliance entails.  
 
One might question the political expediency of leaving the actual Scottish target a little woolly and 
adaptable, although of course, it is only an aspiration. 

 
 

- What is the relationship with UK targets? 
The UK targets are that 10% of electricity supply should be from sources eligible for the Renewables 
Obligation (RO) by 2010, recently increased to 15.4% by 2015, and an aspirational Energy White 
Paper target of 20% renewable supply by 2020. As renewables provide benefits unmeasured in current 
electricity markets, the UK Governments climate change and renewable energy (RE) objectives are 
implemented through a number of policy mechanisms: the Renewables Obligation (RO), Climate 
Change Levy, Capital Grants and other subsidiary measures. These are described in Appendix B. 
 
Scotland’s target of 18% renewable electricity by 2010 reflects the need to improve on the pre-
existing Scottish hydro capacity. The ROS has been set at the same support level to that in England 
and Wales in order not to increase the economic burden on Scottish consumers. The Scottish 2020 
40% target is therefore aspirational and its success relies entirely on a large proportion of the 
renewable development to meet the large UK demand for renewable energy being sourced in 
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Scotland1. This may be a reasonable assumption as developers are economically driven and may 
favour Scottish resource availability, and a comparatively easier passage through planning. The 
additional electrical network upgrade and loss multiplier costs may however become disincentives 
once they are known.  
To summarise, Scotland’s renewable development is driven by the UK RO, the factors predisposing 
development to locate in Scotland being the better resource and planning system.  
 
 
- Have assumptions been made about the contributions of different sectors? 
Recent UK and Scottish policy initiatives have placed the development of renewable energy sources 
firmly in the hands of the market with no strategic overview of what the market will deliver in terms 
of build-rate, capacity or technology mix. We are unaware of any market-based studies or figures 
other than best estimates that assume or predict the contributions from different sectors2. For this 
reason we have developed a rational investor model to predict the capacity mix within the UK and 
Scotland with regard to current and projected technology characteristics and all relevant current 
Government policies. Table 1 summarises the percentage of renewable capacities built by 2020. 
 

Technology Predicted New MW MW as a % Estimated FTE 3 Jobs 
Landfill Gas 34 0.6 17 
Sewage Gas 17 0.3 13 
Biomass Co-firing 108 1.9 360 
Biomass 12 0.2 103 
Onshore Wind 4890 85.6 6650 
Offshore Wind 490 8.6 1519 
Hydro (large-medium) 130 2.3 260 
Hydro (small – micro) 11 0.2 24 
Tidal Stream 16 0.3 50 
Wave 7 0.1 22 
Total 5715 100 9018 

 

Table 1: Scottish Renewable capacity built by 2020 due to rational investment. 
 
 
- What are the implications if the Executive’s targets are not met? 
Assuming that Scottish electricity demand is the same whether the target is met or not, any 
underachievement by renewables must be picked up by what conventional generation plant (gas, coal, 
oil, nuclear) remains. This will increase CO2 emissions unless new nuclear or fossil plant with 
complete carbon sequestration is utilised as a replacement for renewables.  
 
   
- What are the opportunities and implications for our economy in achieving the targets? 
Building on the model results (Table 1) and extrapolating to direct and indirect jobs by use of 
published data in the public domain we deduce that the Full Time Equivalent (FTE) jobs created are 
likely to be in the region of 7214 direct FTE and 1804 indirect FTE. Our calculation of FTE is based 
                                                           
1 Renewable Obligation Certificates are tradable between the RO and ROS, therefore the market for renewables is UK wide. 
2 Most estimates are simply that: estimates. For example, by production of UK capacity estimates based on 
experience and likely trends to estimate the likely ROC forward price curve. The only recent UK study with 
some Scottish emphasis would seem to be the Renewable Advisory Boards, Renewables Gap Analysis. 
However their capacity predictions are not transparent and seem to have been based on the Energy White Paper 
aspirations rather than specific analysis within the current market and policy context. As the employment figures 
are based on the predicted capacity there must be some doubt to their accuracy also. This query was raised with 
the authors and no satisfactory response was received. Also, the Gap Analysis figure of an “average 10 jobs per 
MW” seems to refer to the current (rapidly expanding) RE industry and it would be highly misleading to use this 
figure for future developments as it is simply unsustainable. 
3 1 FTE (Full Time Equivalent) job is equivalent to full-time employment for one person for 10 years. 
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on a standard governmental approach of one full-time job equivalent over 10 years, however we 
would question whether 10 years should really be termed full-time and permanent. A measure such as 
person-years may be more suitable. 
Examination by sector 
- Onshore Wind 
It is noted from Figure 1 that the vast majority of capacity will be onshore wind. This is due to its 
relative economic merit and that the technology is well established. It is fairly certain that onshore 
wind will bring limited local employment (other than the initial short construction stage) for a number 
of reasons: 

1) At present, there is no indigenous large turbine manufacturer base in the UK, and the 
technology is at a mature commercial stage. An indigenous entrant would have to compete 
successfully in a world market against established companies.  

2) Many components must be tendered for in the European Official Journal, thus limiting any 
preference for local producers to be contracted unless highly competitive. This does imply 
that tenders for larger parts (lower added value) such as towers and piles with higher transport 
costs may be more economically efficient to produce locally. 

3) Many wind turbine contracts include service and maintenance clauses that utilise parts and 
labour from the original overseas manufacturer.  

4) The degree of operational automation within a wind-farm is very high.  
 
- Offshore Wind 
If offshore wind technology is proven to be economically viable from the experience of existing 
developments primarily sited in England and Wales, then Scotland has a significant offshore resource 
that could be exploited (subject to economic constraints). However, for Scotland to realise this option, 
there are a number of issues to be addressed: 

1) A technology’s attractiveness to the market is based upon its risk-weighted profitability. The 
development framework to exploit UK opportunities on this basis currently excludes sites in 
Scotland (apart from the Solway Firth). 

2) Cost competitive offshore (deep water) wind development opportunities may exist in Scottish 
waters both within and outwith the 12Km limit, but must be proven.  

3) The large demand centres, and thus the electricity network, are conveniently located for 
offshore wind in England and Wales. 

 
In conclusion, as offshore wind costs fall, it is likely that developers will wish to site in areas of 
shallower water near demand centres where the resource is large plus both the technical and the 
financial risks are low. This is reflected by the fact that the Crown Estate has not perceived it as 
necessary (after consulting developers) to release any sites within Scottish waters for the second 
round of offshore wind licences. Deep-water windfarms may eventually become a reality but their 
consideration is currently excluded from the UK process. It is therefore not possible to determine 
whether economic and technical advantages exist over shallow water wind farms. 
 
- Marine Technology 
The existing Government support mechanisms are insufficient to encourage any significant UK 
marine capacity installation by market forces alone and the case is similar for other emerging 
technologies as evidenced by Table 1.  
 
The primary barrier is the initially high unit (capacity) cost as these technologies are at an early stage 
of development. Other European Governments have supported mechanisms that differentiate between 
the needs of specific technologies and may enable cost reductions through learning by doing. This 
applied to wind in Denmark, combined cycle gas turbines in the US and presently solar PV in 
Germany, wave in Portugal etc. A strong home market combined with good prospects in the 
international market proved crucial to producing the current Danish and German wind turbine 
manufacturing success (world market of £4bn p.a.), and this is very likely to be important in the 
context of marine energy in the UK. 
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The whole area of technology support carries a strong health warning, and it must be noted that 
support mechanisms must be considered against the purpose for which they were designed. The 
provision of different levels of market support can lead to the picking of technology winners, reduce 
the transparency and applicability of market funding mechanisms, hide true technology costs from the 
consumer, and undermine existing market mechanisms. 
 
Without some incentive to build devices, developers and manufacturers do not gain valuable learning 
experience that can enable cost reductions as volume output increases. This in turn stalls the 
development of further devices that may enter the market at improved cost. Although a market 
support mechanism could be used to create market entrance opportunities, it may be more appropriate 
to consider a research, design and demonstration (RD&D) funding route as ultimately it could be 
more cost effective than a purely market based approach. 
 
From a market support basis only, our analysis shows that the capital grants route is unlikely to 
achieve the required cost reductions for marine energy to enter the ROC market until most capacity 
has already been taken. The risk for an initially expensive technology without a long-term Power 
Purchase Agreement (PPA) is that it may be left as a stranded asset by a cheaper technology when the 
ROC price falls as the RO is met. If it is considered to be in an RD&D phase then it may be more 
appropriate to fund it as such.  
 
The additional support options provided here are examples that could an provide investment certainty, 
but are by no means a recommendation as they may deliver a policy outcome imperfectly, i.e. they 
could have detrimental effects that outweigh the benefits that were sought by their introduction. 
Examples include: a fixed tariff such as a new Renewables Order (which could be Scottish), a feed-in 
tariff (Portugal offers £140/MWh for the first 20 MW of wave capacity), or a specific differential 
ROC where each unit of marine energy was awarded a multiplier of the normal ROC price. These 
varied instruments would require detailed analysis to assess their costs, market and legislative 
impacts, against their perceived benefit in furthering specific technologies and wealth creation 
opportunities prior to any recommendation. 
 
There are almost certainly opportunities for Scotland to develop the necessary support mechanisms to 
stimulate emerging technologies. Any such mechanisms should consider the opportunity for cost 
discovery in order to set an appropriate level of support. Our models confirm that uptake of marine 
would be immediate and the cost readily quantifiable for such mechanisms. 

 
 
If not, why not? What are the current barriers, and what action needs to be taken to ensure that 
the targets are met? 
Outcomes of modelling suggest that with network upgrade investment costs distributed throughout the 
UK (as proposed under BETTA) and a similar level of planning approval as at present, the 15% 2015 
UK RO will create enough market pressure to adequately deliver the aspirational 40% Scottish target. 
At present, both the network and planning issues have a certain degree of uncertainty. 
 
However, a more fundamental question should be considered. That is, rather than concentrating our 
efforts on a specific, yet aspirational numerical target that may or may not bring benefit to Scotland 
and the UK: how can the opportunities be maximised for sustainability and wealth creation? 
This brings a series of supplementary questions: 

1) Is the current support mechanism RO and ROS encouraging the most beneficial mix of 
technologies for Scotland, and if not how may this be remedied? 

2) Is Scotland best served by importing a very large number of wind turbines with reduced 
prospect of local benefit? 

3) Are there local and indigenous technologies that may develop into export earners, and have 
independent global market analyses been conducted to quantify projected demand, 
employment and investment funds? For example, the Scottish Enterprise “Key Facts and 



 
 
The Future of the Renewable Energy Sector in Scotland   
 

  
 

6 

Figures in the Renewable Energy Industry” provide a good short-term (to 2007) summary of 
marine development based on the announced intentions of developers, however we are 
unaware of an independent global survey of what the world market might be for wave and 
tidal energy at realistic unit prices. 

4) If an export market is identified for new technologies (such as marine), what are the options, 
measures and costs of building a Scottish industry that will win market share? 

5) A macro-economic model that quantifies the net economic benefits for Scotland. Both the 
Germans and Danish have benefited from a more holistic approach to renewables deployment 
where the cost to the consumer may rise slightly, but the overall societal advantage is 
increased in wealth creation and the production of significant sustainable, clean energy. The 
favourable conditions for renewables in such countries have allowed their indigenous 
technologies to develop into exportable commodities. It should be noted that this approach 
was based on the technology with the best economic prospects. 

6) Should conservation and demand reduction not be given a role on a par with the large 
potential these have in sustainability objectives? 

7) Why target only the electricity sector when transport could also make use of renewable fuels? 
8) Who will analytically explore these unanswered questions so that the best political decisions 

will be made? 
9) Under the existing system, there is an inequality in the sharing of the costs of renewable 

energy development that is borne solely by electricity users. If renewable energy is to provide 
a benefit in offsetting carbon dioxide emissions, then it may be more cost effective to deliver 
emissions reductions in other sector by cost sharing.  

 
Are there implications for the reliability of supply if the Executive’s aspirational target is met? 
This can be best answered by the two network operators (Scottish Power and Scottish & Southern) 
who have carried out these analytical studies. Our understanding is that the reliability of supply could 
be maintained with sufficient funding to provide the necessary network upgrades (which the 
aforementioned companies have considered) and further: the maintenance of sufficient fast-acting 
backup generation. Is the capacity of backup generation sufficient as most conventional stations retire 
pre-2020? Are the existing markets able to provide sufficient incentive for investment in backup 
generation, that may have their own security of supply issues relating to gas supplies? 
 
Global Issues 
 
- The Renewables Obligation (Scotland) and the UK energy legislative framework. 
The Renewables Obligation drives investment in UK renewables, both north and south of the border. 
The previous 10.4% RE target by 2010 may have allowed Scotland to marginally meet its aspirational 
target through the relatively more favourable RE conditions in Scotland encouraging 
disproportionately large amounts of development in Scotland as compared to the rest of the UK. The 
increased UK target of 15.4% by 2015 (announced December 2003) is likely to provide the required 
driver to allow a meeting of the Scottish 40% RE target.  
 
 
- The transmission network (inc. the Scottish national grid) 
Currently developers site their RE projects as best meets their investment needs within the market 
context. There is therefore no set or particularly predictable geographic pattern to RE development. 
This creates difficulty for a network operator when planning the most efficient upgrade of the 
electrical grid system. Continuous network modification to accommodate locationally unpredictable 
and time spaced RE projects is extremely expensive (and financially inefficient for network operator, 
developer and consumer) compared to a single upgrade for a known development scenario. However, 
a single estimated upgrade to accommodate predicted RE developments may lead to stranded network 
assets if RE is not developed to the extent originally estimated. Agreed strategic development zones 
may reduce this uncertainty. 
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Appendices 
 
 
Appendix A: What is the 40% Aspirational Target?  
 
Appendix  A1: A 40% Scottish supply (including exports) target 
 

o All Scottish supply (local + exports) was 41 TWh in 2001. 
 
o Assuming that supply increases at the current 10-year Scottish demand plus exports rate of 

2.2% per annum. 
o The estimated demand for the year 2020 is therefore 62.4 TWh 
 
o 40% of 62.4 TWh must therefore be supplied by renewables in 2020 = 25.0 TWh 
o Existing hydro supplies 3.8 TWh, leaving (25.0 - 3.8) = 21.2 TWh to come from new RE. 
 
o Assuming a reasonable 0.35 capacity factor, the new RE capacity required is:   

(21.2 TWh / (1MW * 365 * 24* 0.35)) = 6902 MW 
 
 
 
Appendix  A2: A 40% Scottish supply (at 2001 levels) target 
 

o All Scottish supply (local + exports) was 41 TWh in 2001. 
 

o 40% of 41 TWh must therefore be supplied by renewables in 2020 = 16.4 TWh 
o Existing hydro supplies 3.8 TWh, leaving (16.4 - 3.8) = 12.6 TWh to come from new RE. 
 
o Assuming a reasonable 0.35 capacity factor, the new RE capacity required is:   

(12.6 TWh / (1MW * 365 * 24* 0.35)) = 4110 MW 
 

 
 
Appendix A3: A 40% Scottish demand target 
 

o Scottish demand was 32.5 TWh in 2001. 
 

o Assuming that demand increases conservatively at the current 10 year Scottish rate of 0.8% 
per annum (rather than the current Scottish plus export rate of 2.2%). 

o The estimated demand for the year 2020 is therefore 37.8 TWh 
 

o 40% of 37.8 TWh must therefore be supplied by renewables in 2020 = 15.1 TWh 
o Existing hydro supplies 3.8 TWh, leaving (15.1 - 3.8) = 11.3 TWh to come from new RE 

sources. 
o Assuming a reasonable 0.35 capacity factor, the new RE capacity required is:   

(11.3 TWh / (1MW * 365 * 24* 0.35)) = 3692 MW 
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Appendix B: Government Support Mechanisms 
 
The Renewables Obligation (RO) and Renewables Obligation Scotland (ROS) 
The RO and ROS provide a market based (technology neutral) support mechanism to incentivise 
suppliers to meet the 2010 10% target through a supply obligation increasing to 15.4% by 2015. Each 
unit of electricity supplied from a renewable source also generates a Renewable Obligation Certificate 
(ROC). Suppliers can choose to meet their obligation by: paying a penalty (the buyout) for each unit 
of electricity they do not supply from renewables, developing their own renewables to meet supply 
targets, buying ROCs from other generators, or a combination of the above. The buyout penalty plus 
the redistribution of monies to those who meet their obligation (smear), plus the climate change levy 
exemption plus the current wholesale price of electricity, effectively set the market value of renewable 
energy. The current value reflecting the scarcity of RE in the UK market is around 6.8p/kWh, 
compared to a wholesale electricity price of 2.3p/kWh.  
 
Renewable Obligation Certificates have no fixed price, but rather are set by the scarcity in the ROC 
market, thus the level of income for renewable generators is not guaranteed. As the RO supply 
increases, the ROC price will decrease to the point when the RO is met and the worth of RE becomes 
that of the wholesale price plus climate change levy exemption. Uncertainty as to when this will 
happen and the effect on ROC prices (hence generator income streams) has put off capital lenders, 
particularly as regards riskier technologies with little track record (offshore wind, wave, tidal, biomass 
etc.).   
 
Climate Change Levy 
This is a Government levy on all electricity generation set at £43 per MWh. Levy Exemption 
Certificates (LECs) are issued to technologies not contributing to climate change. These include all 
renewables except large hydro. 
 
Capital Grants 
Capital Grants are currently the preferred mechanism to facilitate near to market renewable 
technologies such as offshore wind and biomass. There is little consistent support for technologies at 
the early stages of deployment such as marine renewables, and many funding agencies can only 
support 50% of development or demonstration costs, resulting in only the close to market 
technologies receiving the majority of the funds. 
 
 
 
 


