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1 EXECUTIVE SUMMARY 
 

Scotland is on track to meet its 2020 target for electricity production from renewable sources.  At UK and 

European level there is considerable debate about targets for energy or emissions for 2030, and the 

Scottish Government is committed to achieving an emissions target for electricity generation of 

50 gCO2e/kWh1.  Large-scale use of variable renewables such as wind and PV raises concerns for 

security of electricity supply and the operation of the electricity supply system. 

This report seeks to address these issues against a background of a decarbonised power sector in 

Scotland by 2030, assuming no new nuclear development, and catering for the possibility that Carbon 

Capture and Storage (CCS) technology fails to become widely commercialised by 2030. 

A range of scenarios are developed.  The primary axes on which the scenarios vary are:  

 long-term energy demand in Scotland: three alternative options, exploring credible alternative 

assumptions about progress of energy efficiency, and electrification of heat and transport. 
 short-term system flexibility: two alternatives, ‘low’ and ‘high’ flexibility, differing in assumptions 

about levels of demand response and energy storage. 

These axes are chosen because they represent some of the greatest uncertainties. 

Two alternative levels of CCS capacity are also defined. 

From these 12 combinations of options (three options for demand, two for flexibility, and two for CCS), 

the study selects four scenarios, which are considered to bracket most of the possible outcomes for 2030, 

and chosen to illustrate the possibilities and the issues raised.  These are shown in the table below.  One 

of the demand options is dropped completely, as its impacts are covered by the selected scenarios.   

The scenarios chosen can be seen as representing alternative levels of political ambition and public 

acceptance:  

 Scenarios 1 and 2 are consistent with futures where energy and climate issues, particularly energy 

efficiency, have relatively low political priority.  This low priority also means that regulatory, energy 
market and public acceptance barriers remain for new pumped-storage plant in Scotland. 

 Scenarios 3 and 4 on the other hand are consistent with high political priorities for energy and 
climate issues, and high public acceptance.  There are major efforts to reduce energy demand, high 
uptake of electric vehicles, and low barriers to construction of new pumped-storage plant. 

   

Variable 

Scenario 1 

Weak policy 

drive, high CCS 

Scenario 2 

Weak policy 

drive, low CCS 

Scenario 3 

Strong policy 

drive, high CCS 

Scenario 4 

Strong policy 

drive, low CCS 

Electricity demand Increased energy efficiency outweighed 

by increased underlying demand, and 

some electrification of heat and 

transport 

Substantial efforts in energy efficiency 

outweigh increased electric heating and 

electrification of transport.  Transport 

demand is stabilised 

Flexibility Some increase in pumped-storage 

capacity, limited demand response 

Substantial additional pumped-storage 

and demand response 

Fossil generation 

fitted with CCS 

High (2500 MW) Low (340 MW) High (2500 MW) Low (340 MW) 

 

                                                
1
 Defined as the total carbon emissions from electricity generation in Scotland, divided by total electricity generation.  The units are in grams of 

CO2 ‘equivalent’ per kWh, where emissions of other compounds are weighted by their ‘greenhouse gas’ effect. 



 

 

 

DNV GL  –  112965-UKGL-R-03-E  Report No. 03, Rev. E  –  www.dnvgl.com  Page 2 

 

For each scenario, a mix of generation capacity is selected, and assessed for performance against the 

objectives. 

The outputs of the study are grouped as answers to a series of Research Questions, which are 

summarised here: 

1. How can the 2030 decarbonisation target be delivered in a low CCS, no new nuclear 

scenario? 

With only renewables and a small amount of gas generation with CCS in Scotland, 

decarbonisation targets are met and exceeded.  During periods of high electricity demand and 

low renewables production, electricity may need to be imported from the rest of the GB system.  

Other solutions are available which may also contribute to managing this situation. 

 

 2. How can system security be achieved under the 2030 decarbonisation target? 

Electricity supply in Scotland will be secure if the combined GB system is secure.  National Grid 

studies for high-renewables cases show that this is achievable. 

With the transmission capacity to the rest of the GB currently existing or planned, there is little 

or no need for conventional generating capacity in Scotland to maintain security of supply, even 

in periods of low renewables production. 

 

3. What does the analysis indicate about likely capacity margins in 2030 and how do they 

compare to other European countries? 

Capacity margin for Scotland can become negative in the scenarios studied, but this is not 

important, if the entire GB system is secure.  

 

4. What will the electricity transmission flows between Scotland and the rest of the UK 

from 2020 to 2030? What will the import/export balance look like to 2030 under the various 

pathways? 

Scotland would continue to be a net exporter of electricity.  Net volumes of exports, and the 

peak flows, will depend on the economic case for renewable capacity in Scotland, and the 

economic case for transmission capacity to allow exports. 

 

5. What is the security of supply implications for the rest of the UK of the Scottish 2030 

decarbonisation target? 

The security of supply implications for the rest of the GB system are small.  The current Scottish 

conventional generation fleet is a small fraction of the GB total: its contribution to GB system 

security may be replaced by several alternatives, including ‘peaking’ plant, located wherever is 

most economic.  

 

6. What role should energy efficiency, demand management, storage and interconnection 

play in system security in 2030 and is it feasible to achieve this role in a no CCS scenario? 
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All can play a part, but the main contributor to secure decarbonised electricity supply for 

Scotland is transmission capacity to the rest of the GB system.  

 

7. What transmission, distribution, storage and generation infrastructure is required to 

maintain security of supply in 2030 and at what cost?  

No additional infrastructure is needed for the scenarios investigated in this study beyond that 

already planned, except (in some cases) some further transmission reinforcement. 

 

8. Is the current policy regime adequate to deliver the 2030 power sector 

decarbonisation target with respect to a) transmission b) the energy market c) planning and 

d) generation? 

Yes, provided that political will and public acceptance is maintained.   Political will post-2020 is 

by no means clear.   

There are specific difficulties with connections to the main island groups, which require political 

intervention. 

 

9. What policy recommendations flow from this analysis? 

There are three main areas for policy action, at both Holyrood and Westminster level: 

Maintaining industry confidence in the short and medium term: 

 Rapid resolution of the uncertainties around Electricity Market Reform is crucial.   

 Wave and tidal technologies and projects are at risk of being ignored in the short term.  
Governments need to ‘check in’ frequently with the wave and tidal industries to ensure that 
connection issues, transmission charging, and electricity market reform do not impede 
progress. 

Post 2020: 

Continuation of a market for new renewables projects after 2020 needs to be established, 

including adoption of the Fourth and Fifth Carbon Budgets, and a firm decarbonisation target for 

2030.   

Further, with strong efforts on energy efficiency and demand reduction in Scotland, the volume 

of renewable generation already existing or under construction will get Scotland close to the 

target of 50g/kWh well in advance of 2030.  Therefore, demand reduction within Scotland makes 

it easier to achieve this ambition despite possible uncertainty or even unhelpful policies in 

Westminster and Brussels. 

Scottish island groups: 

A solution to the problems of renewable generation on the three main island groups, in obtaining 

a grid connection at acceptable cost and in time, would produce several hundreds of MW of 

onshore wind generation at costs significantly cheaper than offshore wind.  This would also 

provide major economic and social benefits to disadvantaged areas, and could provide sites for 

demonstration of wave and tidal arrays at reasonable connection cost. 
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2 INTRODUCTION 

WWF Scotland (WWF) has appointed Garrad Hassan & Partners Ltd, trading as DNV GL, to provide 

analysis of the implications of a decarbonised power sector in Scotland by 2030, assuming no new 

nuclear development, and assuming the failure of Carbon Capture and Storage (CCS) technology to 

become commercialised. 

The Scope of Work is structured into a three-stage approach as follows: 

• Phase 1 Scenario Development 

• Phase 2 Scenarios Analysis 

• Phase 3 Reporting 

This report covers the work of all Phases. 

The work reported here assumes that, in the event of a Yes vote in the forthcoming independence 

referendum, the GB electricity system would continue to be operated as one system and one wholesale 

energy market.  There are currently no explicit commitments to renewables at the UK level beyond 2020, 

though the Climate Change Act (2008) is expected to drive deployment of renewables.  It is assumed 

that the current UK obligations for greenhouse gas reduction and renewable electricity would be 

allocated equitably between Scotland and the remaining UK, so that the economic conditions for 

renewable generation located in Scotland would be substantially unaffected. 
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3 SCENARIO DEVELOPMENT 

3.1 Introduction 

This section covers development of the scenarios, which will then be used for analysis in later sections. 

The aim is to develop a range of scenarios, to explore the implications for the Scottish electricity system 

of achieving a ‘carbon intensity’2 of 50 gCO2e/kWh without any new nuclear capacity, and assuming the 

failure of CCS technology to become commercialised.  

The primary axes on which the scenarios vary are:  

 long-term energy demand in Scotland: three alternative options, exploring credible alternative 
assumptions about progress of energy efficiency, and electrification of heat and transport. 

 short-term system flexibility: two alternatives, ‘low’ and ‘high’ flexibility, differing in assumptions 
about levels of demand response and energy storage. 

These axes are chosen because the future development of these factors represents some of the greatest 

uncertainties. 

The implications to be assessed will include consideration of: 

 Associated power sector generation mixes; 
 The in-day and annual Scottish electricity net demand situation; 
 The ‘capacity margin’;  
 Scotland’s net energy balance; 
 The need for the rest of the GB system; and 

 Transmission build requirements. 

3.2 Establishing the background: targets and aspirations for 
2030 

In the European Union (EU), national and sub-national energy policy is influenced by the overall aims set 

at the European community level by each government. These overarching energy targets or aspirations 

then filter down to the individual national energy policies which in turn affect developments in each 

country. As such it makes sense to begin any investigation of energy targets at the highest relevant level 

i.e. the European Union (EU) level. 

European, UK and Scottish targets and aspirations for 2030 are summarised in Table 3-1.  More detail is 

provided in Appendix A. 

For the purposes of this study, the most important in 2030 are: 

 At least 40% reduction in emissions (European target).  This is driving other European aims, and 
also sets the ‘big picture’ for European governments for 2030. 

 Decarbonisation of the electricity sector to below 50gCO2/kWh (UK, Scottish Government).  This 
level of decarbonisation is well established and accepted as necessary to meet aspirations for 2050.  
It also has the advantage of being readily defined and measured.  Further, achieving this target 
requires action by a relatively small number of actors, in an industry which is already heavily 

regulated. 

 ‘Significant progress’ made towards total decarbonisation of heat and transport sectors by 2050 
(Scottish Government).  These aims are less well defined than the electricity decarbonisation target, 
and also may be harder to measure in practice.  They are important here in  clearly establishing 
policy priorities and setting direction of travel. 

  

                                                
2
 Defined as the total carbon emissions from electricity generation in Scotland, divided by total electricity generation.  The units are in grams of 

CO2 ‘equivalent’ per kWh, where emissions of other compounds are weighted by their ‘greenhouse gas’ effect.  
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Table 3-1 Summary of targets, recommendations and estimates for 2030 

Item European Union United Kingdom Scotland 

Emissions (weighted 

to CO2 equivalent) 

At least 40% reduction 

(EC target) 

60% reduction, to 310 

MtCO2e (CCC 

recommendation) 

60% reduction (Scottish 

Government estimate, to 

meet legal obligation for 

2050) 

Renewable energy 27% of energy 

consumption (EC 

target) 

40-60% of electricity 

generation /1/ or30-

45% /2/ (CCC analysis) 

No figure 

Renewable electricity 45% of electricity 

production (EC 

estimate to meet other 

targets) 

Electricity sector to 

reach 50gCO2/kWh 

(CCC recommendation) 

 

Electricity sector to reach 

50gCO2/kWh (Scottish 

Government target) 

Discussion of possible 

renewable share to be 125% 

of gross domestic 

consumption 

Demand reduction, 

energy efficiency 

25% reduction (EC 

estimate to meet other 

targets) 

No figure No figure 

Heat >50% of heat demand 

(external modelling) 

No figure 
‘Significant progress’ made 

towards total decarbonisation 

of heat sector by 2050 

Transport 20% GHG reduction 

compared to 1990 

levels (EC estimate to 

meet other targets) 

No figure 
‘Significant progress’ made 

towards total 

decarbonisation of transport 

sector by 2050 

 

3.3 Scenario assumptions 

The fundamental assumptions behind the development of the scenarios are: 

 All scenarios must achieve emissions from the combined electricity generation capacity located in 
Scotland of 50g CO2e/kWh or lower in 2030. 

 All scenarios must be credible in technical and economic  terms, including in terms of build rate and 

feasible rates of renewable energy penetration onto the grid. 

 Existing unabated coal and nuclear generation is assumed to retire as defined in earlier work for the 
Scottish Government /3/, shown in Table 3-2.3  Since these assumptions were published (2011), 

Cockenzie coal-fired plant closed in 2013, as anticipated.  The closure dates for the remaining coal 
and nuclear plant are not certain, but currently there is no indication that any will be running in 2030.  

 Deployment of Carbon Capture and Storage is considered as two separate cases: 

 CCS reaches the Scottish Government’s 2.5 GW target by 2030, which may include installing 
on existing thermal plant; 

                                                
3
 The Scottish Electricity Dispatch Model (SEDM), which may have results useful to this study, is understood to be close to completion but results 

are not expected to be published for some time. 
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 Alternatively, CCS fails to reach commercialisation beyond a single demonstration plant of 
around 500MW in 2020. 

The most recent information on the progress of the CCS project at Peterhead indicates that the 

demonstration unit will have a generation capacity of 340 MW, running at 85% capacity factor, in 

operation by 2020 /4/.  Therefore 340 MW is used instead of 500 MW. 

 

Table 3-2 Assumed development of unabated coal and nuclear generating capacity [MW] 

Year 2010 2015 2020 2030 

Coal (unabated) 3,386 2,284 1,713 0 

Nuclear 2,289 2,289 2,289 0 

Source  /3/ 2011. Figures are for Scenario 2, i.e. Hunterston B nuclear station lifetime extended to 20214. 

 

3.4 Scenario parameters: electricity demand in Scotland 

3.4.1 Definitions 

Throughout this report, electricity demand is defined as Gross Consumption.  This is defined as total 

electricity generated within Scotland, less net exports.  It therefore includes energy consumed in 

transmission and distribution losses before it reaches consumers, and by generators (‘own use’).  Total 

Consumption is an alternative definition, which is defined as total electricity generated, less net exports, 

losses and ‘own use’.  These definitions are taken from /5/.   

Gross Consumption is more appropriate in this study, as it includes an estimate of transmission and 

distribution losses.5   Total Consumption within Scotland in 2012 was 30.8 TWh, whereas Gross 

Consumption was 36.6 TWh /5/. 

 

3.4.2 Demand Option 1 (Scottish Government 2012) 

The definition agreed with WWF is: 

Scottish domestic electricity demand develops in line with the forecast from SKM’s 2012 report to 

the Scottish Government /5/. 

In /3/, Total Consumption in 2030 is estimated as 36.7 TWh, and Gross Consumption is implied to be 

43.1 TWh.   

This scenario includes an assumption of increased energy efficiency, counterbalanced from 2020 onwards 

by some allowance for electrification of transport and heat.  Figures are not given for each component of 

the annual demand: for the purposes of this study, electric heating is assumed to contribute around 

6 TWh in this scenario (currently 6.4 TWh). 

It should be noted that this figure of 43.1 TWh is an increase of 18% on the 2012 figure of 36.6 TWh  

/5/.  This is an annual increase of around 0.9%, which is well within rates experienced for the UK in 

recent history6.   

                                                
4
 Since extended to 2023. 

5
 ‘There is an argument that using gross consumption in this case overestimates future demand, as generator ‘own use’ will reduce as the 

contribution from thermal generation reduces.  This is because most thermal generators have substantially more ‘own use’ than most 
renewables, for example to drive boiler feed pumps and fans.  However this effect is expected to be small, and is not included here. 
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In comparison, National Grid’s Future Energy Scenarios /6/ predicts a reduction in UK electricity demand 

over the same period, in the Slow Progression scenario (appropriate in this case). In particular: 

 Domestic demand is reduced by improvements in heating and lighting efficiency, but then increases 
due to population growth and GDP growth.  The net effect is a slight increase over current domestic 
demand. 

 Industrial demand is driven by assumptions about economic trends.  This results in lower industrial 
demand than at present. 

 ‘Commercial and other’ demand decreases significantly, driven by economic assumptions about 
energy efficiency and economic growth. 

 

Electricity demand in Scotland has been decreasing in recent years (2008-2012), by about 3% per year; 

however this is a relatively short period from which to extrapolate to 2030, and is of course heavily 

affected by the major economic upsets during the period. 

 

3.4.3 Demand Option 2 (Electrification focus) 

The definition agreed with WWF is: 

Electrification of transport and heat proceeds at pace while energy efficiency policies fail to 

achieve traction. 

Energy efficiency and demand growth 

The effect of energy efficiency in this case is based on the assumptions underlying the Demand Growth 

scenario (i.e. slow progress on energy efficiency) in previous DNV GL work  /7/, providing the technical 

basis of the Friends of the Earth (FOE) Scotland document ‘The Power of Scotland Secured’ (PoSS) /8/.   

This assumes 0.9% demand growth per annum to 2015, then 0.5% onwards.  Applying this to the latest 

data for 2012 results in an estimate of 40.5 TWh in 2030. 

Transport 

The dominant element in transport suitable for electrification is the passenger car and light van fleet, 

and only this element was considered here.  Although electrification of rail, ferries, other light road 

freight and bus transport is likely, the impact on electricity consumption is small in comparison: currently 

93% of all road vehicles in Scotland are cars and light vans, around 2.5 million in total  /9/. 

Transport Scotland’s Electric Vehicle Roadmap /10/ envisages that by 2030 half of all new car sales will 

be battery-electric or plug-in hybrid.  In /9/, this results in EVs forming over 30% of the car and van 

fleet in 2030, or 750,000 vehicles7.  However, this level of ambition for 2030 appears low for this 

Demand Option.  Therefore, for this option it is assumed that 60% of the fleet are EVs (1.5 million 

vehicles).  This is ambitious but not infeasible: recent work for the Committee on Climate Change shows 

how a ‘high EV uptake’ target for the UK could be achieved, resulting in a UK fleet of 13.6 million electric 

cars and vans in 2030  /11/.   

National Grid’s Future Energy Scenarios 2013  /6/ predicts about 2.6 TWh of additional electricity 

demand per million EVs, for the UK in 20308.  1.5 million vehicles therefore will require approximately 

3.8 TWh of additional electricity demand9.  

                                                                                                                                                           
6
 2.4% per year for 1970 to 2005 /15/ 

7
 Assuming the size of the car and van fleet is similar to the present. 

8
 ‘Gone Green’ scenario, which is the appropriate scenario for comparison in this case. 

9
 This additional demand is approximately the same as estimated in PoSS for the Traffic Growth scenario, which corresponds to Demand Option 1. 
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Space and water heating 

The effect of electrification of space and water heating assumes that the Scottish government’s objective 

of ‘significant progress’ by 2030 towards a largely decarbonised heat sector is achieved through a large 

but credible increase in the use of electric forms of heat delivery such as heat pumps.  The impact is 

difficult to estimate, as there are many competing options for heat provision, and considerable 

uncertainty about costs, technical developments, and adoption rates /12/. 

Recent WWF work on domestic heat /13/developed a ‘high abatement’ scenario10, based on Scottish 

Government’s ambition to decarbonise the heat sector in Scotland by 2050.  The study interprets this as 

corresponding to a target of 50% penetration of renewable heat in the domestic sector by 2030.  The 

results show 10.7 TWh of renewable heat delivered from heat pumps, almost all Air Source Heat Pumps 

(ASHP), with a net electricity demand of 3.2 TWh per year.  This excludes electric heating in industry 

and commercial buildings. 

The draft Heat Generation Policy Statement /14/ contains estimates of heat supply for 2050 in several 

scenarios, for both domestic and non-domestic (industrial and commercial) uses.  The most relevant in 

the context of Demand Option 2 is the High Government Intervention and Low Uptake scenario.  ‘Low 

Uptake’ matches the assumption in Demand Option 2 that energy efficiency policies ‘fail to achieve 

traction’. 

Heat demand from electric heating in this case is estimated as shown in the table below.  DNV GL has 

then converted this to electricity demand, assuming an average Coefficient of Performance for heat 

pumps of 3.011.  Although heat from electricity approximately doubles between 2010 and 2030, the net 

result is a reduction in total electricity demand for heat, due to the existing resistive heating load12 

being replaced by heat pumps, and also reduced by improved building insulation. 

The data in the Heat Generation Policy Statement is the most recent detailed analysis, so these figures 

are adopted, i.e. electricity demand for heating reduces from 6.4 TWh currently to 5.8 TWh in 2030. 

 

  

                                                
10

 The ‘Medium Abatement’ scenario aims to supply around 30% of domestic heat demand from renewable sources in 2030, and shows 7.2 TWh 

of renewable heat delivered in 2030 from heat pumps, resulting in an additional electricity demand of 2.3 TWh. 
11

 Currently the Coefficient of Performance for air-source heat pumps is around 2.5, but this is expected to improve by 2030. 
12

 Substantial resistive electric heating load exists in Scotland, likely to be particularly prevalent in areas off the gas grid. 
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Table 3-3 Electrification of heat for 2030 estimated in Heat Generation Policy Statement (Low 

Uptake assumption) 

Source 2010 heat 

supplied 

2010 electricity 

demand 

2030 heat 

supplied 

2030 electricity 

demand 

Domestic resistive 

heating 

5.4 TWh 5.4 TWh 2.4 TWh 2.4 TWh 

Domestic air-source 

heat pump 

- - 6.8 TWh 2.3 TWh 

Domestic ground-

source heat pump 

- - 1.5 TWh 0.5 TWh 

Non-domestic resistive 

heating 

1.0 TWh 1.0 TWh 0.2 TWh 0.2 TWh 

Non-domestic air-

source heat pump 

- - 1.0 TWh 0.3 TWh 

Non-domestic ground-

source heat pump 

- - 0.2 TWh 0.1 TWh 

Totals (rounded) 6.4 TWh 6.4 TWh 12.1 TWh 5.8TWh 

 

 

3.4.4 Demand Option 3 (Energy efficiency and electrification drive) 

The definition agreed with WWF is: 

Energy efficiency improves rapidly with substantial electrification of heat and transport, and 

‘stabilisation’ of transport demand. 

Energy efficiency and demand growth 

The effect of energy efficiency is based on the assumptions underlying the Demand Reduction scenario in 

PoSS.  This assumed approximately 1% demand reduction per annum to 203013.  Applying this to the 

latest data for Gross Consumption for 2012 results in an estimate of 30.5 TWh in 2030. 

As noted earlier, gross consumption in Scotland has reduced by around 3% per annum in recent years, 

though this is not a good basis for extrapolation to 2030. 

Transport 

In contrast to Demand Option 2, this option assumes ‘stabilisation’ of transport demand, in particular 

reduced passenger car travel distances caused by changes in travel patterns and greater use of 

alternative transport options.  In this option, the EV fleet is assumed to be 750,000 vehicles as in 

                                                
13

 National Grid’s Future Energy Scenarios work also shows approximately the same rate of demand reduction in the Slow Progression case, to 

2020.  
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Transport Scotland’s Electric Vehicle Roadmap, rather than doubled as for Demand Option 214.  This 

results in an electricity demand of 1.9 TWh15.    

Space and water heating 

The effect of electrification of space and water heating follows Demand Option 2, except that the High 

Uptake assumption in the Heat Generation Policy Statement is more appropriate.  The result is shown in 

Table 3-4.  Electricity demand for heat is reduced further, due to greater uptake of energy efficiency and 

low-carbon options. 

 

Table 3-4 Electrification of heat for 2030 estimated in Heat Generation Policy Statement (High 

Uptake assumption) 

Source 2010 heat 

supplied 

2010 electricity 

demand 

2030 heat 

supplied 

2030 electricity 

demand 

Domestic resistive 

heating 

5.4 TWh 5.4 TWh 1.4 TWh 1.4 TWh 

Domestic air-source 

heat pump 

- - 7.5 TWh 2.5 TWh 

Domestic ground-

source heat pump 

- - 1.7 TWh 0.6 TWh 

Non-domestic resistive 

heating 

1.0 TWh 1.0 TWh 0.1 TWh 0.1 TWh 

Non-domestic air-

source heat pump 

- - 1.0 TWh 0.3 TWh 

Non-domestic ground-

source heat pump 

- - 0.2 TWh 0.1 TWh 

Totals (rounded) 6.4 TWh 6.4 TWh 11.7 TWh 4.9TWh 

 

3.4.5 Discussion 

The three options were chosen in order to explore the important factors.  Summating the effects of 

energy efficiency/demand growth, electrification of transport, and electrification of heat results in a wide 

range of estimates for annual electricity demand in 2030, as shown in Table 3-5.  

For comparison, the figures from National Grid’s Future Energy Scenarios (FES) 2013 report for the UK 

/6/ are included16, scaled for Scotland by the ratio of electricity consumption in 2012.  The assumptions 

behind the FES scenarios are: 

                                                
14

 Because fewer EVs are needed to meet expectations for reduction in transport emissions. 
15

 This figure is close to the figure of 1.7 TWh derived in PoSS for the Traffic Stabilisation scenario, which assumed passenger car travel 

distances would be reduced to 2001 levels.  
16

 ‘Gone Green’ results in higher electricity demand than ‘Slow Progression’ for a variety of reasons, partly because of greater assumed uptake of 

heat pumps and EVs in domestic consumption, but principally driven by an assumption of a more favourable economic environment 
increasing industrial demand. 
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 Domestic demand is reduced by improvements in heating and lighting efficiency, but then increases 
due to population growth and GDP growth, and (in the Gone Green scenario) due to uptake of heat 
pumps and electric vehicles.  The net effect in both cases is a slight increase over current domestic 
demand. 

 Industrial demand is driven by assumptions about economic trends.  This results in higher industrial 

demand than current in the Gone Green scenario, and lower than current in the Slow Progression 
scenario. 

 ‘Commercial and other’ demand decreases significantly in both Gone Green and Slow Progression 
scenarios, driven by combinations of energy efficiency and economic growth. 

 

Table 3-5 Comparison of Demand Options 

All figures are Gross Consumption, per year in 2030 

Demand Option Effect of energy 

efficiency and 

demand growth 

Effect of 

electrification of 

transport 

Effect of 

electrification 

of heat 

Total 

1. SG 2012 43.1 TWh, inc. 6 

TWh of electric heat 

- - 43.1 TWh 

2. Electrification focus 40.5 TWh +3.8 TWh -0.6 TWh 43.7 TWh 

3. Energy efficiency & 

electrification drive 

30.5 TWh +1.9 TWh -1.5 TWh 30.9 TWh 

FES ‘Gone Green’ - - - 35.9 TWh 

FES ‘Slow Progression’ - - - 28.2 TWh 

 

The results show that the dominant effect is the assumption about future underlying demand growth 

and/or efficiency measures.  Electrification of heat and transport have relatively small effects, though 

they are important for considerations of demand flexibility later in this work.  This dominant effect can 

be seen as a contrast between historic rates of electricity demand growth (2.4% per year for 1970-2005  

/15/) and recent negative growth in demand. 

 

3.5 Scenario parameters: Short-term system flexibility 

3.5.1 Purpose 

The ability of the power system to react to in-day (and longer) changes in net demand is a factor in 

determining the volume of variable renewable power generation that can be accommodated. Several 

options exist to ‘smooth’ net demand profile, maintain system stability and uninterrupted supply, and 

avoid the need to turn-down or curtail excess variable generation. The topics considered in this study are: 

 demand response, also termed deferrable demand or demand-side management; 
 energy storage; 
 interconnection to other electrical systems. 
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Other options for reducing the variability of wind and PV generation exist17, but they are not studied here 

as the impacts on Cost of Energy (COE) are not well understood.  They are also likely to be more 

expensive than the options listed above, until very high renewable energy penetrations are achieved. 

The future requirement for interconnection to the rest of the GB power system and the rest of Europe is 

considered to be a key output from the analysis. Therefore two options are developed, reflecting 

different levels of short-term flexibility driven by energy storage and demand response in the Scottish 

electricity system.   

3.5.2 Low flexibility option 

The definition agreed with WWF is: 

Deployment of (new non-hydro) energy storage and demand response measures are thwarted 

by barriers (technical, regulatory and otherwise) and are unable to contribute meaningfully to 

‘load shifting’ before 2030. 

Under these assumptions, only new pumped-storage hydro energy storage can be assumed.  Existing 

stations and published proposals are: 

 Foyers, 300 MW, 6 GWh.  Existing 
 Cruachan, 440 MW, 10 GWh.  Existing 
 Coire Glas, 600 MW, 30 GWh.  Proposed, planning consent received. 
 Balmacaan, 300-600 MW, 30 GWh.  Proposal. 
 Sloy, 152 MW.  Proposal for conversion of existing conventional hydro to pumped storage, by adding 

60 MW pump capacity.  
 Cruachan expansion.  Proposal for expansion by a further 600 MW capacity and larger reservoir. 

Development work on Coire Glas is currently suspended, awaiting greater clarity on electricity market 

reform and transmission charging reform. 

For the Low Flexibility option, it is assumed that only one of the possible future 600 MW proposals 

proceeds, resulting in a total pumped-storage capacity of 1340 MW and 46 GWh. 

The electric heating loads and electric vehicle charging loads estimated in Section 3.4 are assumed to 

provide some within-day demand response.  A conservative assessment of the fraction of these loads 

which are available for this purpose is defined in Section 3.8. 

3.5.3 High flexibility option 

The definition agreed with WWF is: 

Technical, regulatory and other barriers are overcome to allow significant growth in both energy 

storage and demand response (whenever economic) capability in Scotland between now and 

2030. 

For this option, it is assumed that the equivalent of three new 600 MW/30 GWh pumped-storage 

schemes are built by 2030: these could be Coire Glas, Balmacaan and Cruachan expansion, but location 

is not important in this context.  This results in total pumped-storage capacity of 2540 MW and 106 GWh. 

Earlier work on options for large-scale energy storage in Scotland /16/ identified the two main 

technology options as pumped-storage hydro and Compressed Air Energy Storage (CAES), but concluded 

that pumped-storage is the most suitable for Scotland.  Therefore no other large-scale energy storage 

options are assumed here.  However it is worth noting that if other options such as CAES or seawater 

lagoons became more attractive than pumped-storage, this would not have a great effect on the results 

                                                
17

 Examples: using large rotors on wind turbines relative to generator size, so that the turbines spend more of the time operating at full power; 

orientation of PV panels to east and west rather than due south; seeking to optimise the mix of wind and PV to minimise net variations. 
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of this study, as the important characteristics (principally capital cost, efficiency, and storage timescales) 

are unlikely to be radically different. 

Electric heating loads and electric vehicle charging loads are estimated in Section 3.8, with less 

conservative assumptions than for the Low flexibility option.   

3.6 Selection of scenarios 

The three Demand Options, two Flexibility Options and two assumptions about CCS result in a total of 12 

possible combinations.  To achieve the most useful results within acceptable cost, four scenarios were 

selected for the analysis of Phase 2. 

 

Table 3-6 Scenarios selected 

Scenario Description Demand Option Flexibility 

Option 

CCS Option 

1  Weak policy drive, high 

CCS 

No. 1: Scottish Government 

2012 (43.1 TWh) 

Low flexibility High CCS 

2 Weak policy drive, low 

CCS 

No. 1: Scottish Government 

2012 (43.1 TWh) 

Low flexibility Low CCS 

3 Strong policy drive, 

high CCS 

No. 3: Energy efficiency and 

electrification drive (30.9 TWh) 

High flexibility  High CCS 

4 Strong policy drive, low 

CCS 

No. 3: Energy efficiency and 

electrification drive (30.9 TWh) 

High flexibility  Low CCS 

 

Demand Option 2 was dropped, as the others approximately cover the range of annual Gross 

Consumption estimates in Table 3-5, including the Future Energy Scenarios estimates by National Grid.  

There is an argument for inclusion of Demand Option 2 because it has the greatest absolute volume of 

controllable EV and electric heating demand (3.8 + 5.8 TWh).  However, Demand Option 3 is satisfactory 

as it has the same relative volume of controllable demand: approximately 22% of Gross Consumption. 

On a more fundamental level, the scenarios chosen can be seen as representing alternative levels of 

political ambition and public acceptance:  

 Scenarios 1 and 2 are consistent with futures where energy and climate issues, particularly 
energy efficiency, have relatively low political priority.  This low priority also means that 
regulatory, energy market and public acceptance barriers remain for new pumped-storage plant in 

Scotland. 
 Scenarios 3 and 4 on the other hand are consistent with high political priorities for energy and 

climate issues, and high public acceptance.  There are major efforts to reduce energy demand, 

high uptake of electric vehicles, and low barriers to construction of new pumped-storage plant. 
 

3.7 Peak demand  

Estimates of peak demand are necessary to assess the required generation capacity.  Peak demand in 

2030 depends significantly on assumptions about consumer behaviour, response to price signals, and 

willingness to manage demand. 
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Therefore estimates are based on the results of the detailed analysis in the Future Energy Scenarios for 

the UK /6/, which are stated as 'derived from annual demands…’ with additional analysis applied for new 

emerging technologies such as heat pumps and electric vehicles'. 

For Scenarios 1 and 2 the ratio of peak demand to annual demand in the FES Slow Progression case is 

used (0.191 GW/TWh), which results in an estimate for Scotland of 8.2 GW. 

For Scenarios 3 and 4 the ratio in FES Gone Green is used, which is very similar (0.194 GW/TWh), and 

results in an estimate of 6.0 GW. 

Note that these estimates are for ‘average’ peak demand.  In any year, the actual peak demand could be 

slightly higher or lower, affected principally by weather. 

 

3.8 Potential for demand response  

3.8.1 Purpose 

Estimates of the potential for demand response are necessary, as this may be important for dealing with 

infrequent events such as combinations of low renewables output, high electricity demand and forced 

outages of other generation. 

The main sources of demand response in 2030 are likely to be electric heating, EV charging and some 

commercial and industrial loads that can be shifted (e.g. cooling loads, heating water loads).  These and 

other sources are discussed in this section. 

3.8.2 Electric heating 

For Scenarios 1 and 2, electric heating contributes 6 TWh to annual electricity demand, and is assumed 

to be mainly resistive heating.  The majority of this will be in domestic properties. 

These scenarios assume ‘low flexibility’, and so it is assumed here conservatively that there is effectively 

no scope for demand response at peak periods. 

For Scenarios 3 and 4, electric heating contributes 4.9 TWh to annual electricity demand.  This is made 

up of domestic and non-domestic resistive and heat pump loads (see Table 3-4).  These scenarios 

assume ‘high flexibility’, and so a figure of 200 MW of demand response (out of 6000 MW peak demand) 

is assumed. 

In Table 3-4, the domestic heat pump component is the largest (3.1 TWh per year).  This translates to 

around18 500,000 domestic heat pump installations, i.e. roughly 20% of households.   Using analysis by 

Imperial College  /17/ and Baringa /18/ for the UK, it is estimated that the heat pump load which could 

be deferred at peak demand periods in Scotland is around 130 MW19.  The assumption of around 

200 MW of demand response from all heating loads is therefore reasonable, or possibly conservative. 

3.8.3 Electric vehicle charging 

Scenarios 1 and 2 assume Low Flexibility, and therefore it is conservatively assumed here that the 

electric vehicle (EV) charging demand provides effectively no contribution to demand response. 

                                                
18

 Each domestic heat pump is expected to consume 5,850 kWh per year /21/ 
19

 The Imperial College work estimates that without attempting to manage the heat pump load, the load at peak demand periods will be around 

50% of heat pump capacity.  Domestic heat pumps have nominal capacity around 3.5 kW.  Baringa made a conservative assumption that 

around 15% of this could be shifted from peak demand periods.  500,000 x 3.5 kW x 50% x 15% = 130 MW.  Baringa also proposed 33% 
as an optimistic estimate, but for conservatism this is not assumed here. 
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Scenarios 3 and 4 assume High Flexibility.  From Section 3.4.4, the EV fleet is assumed to be 750,000 

vehicles, contributing 1.9 TWh to annual electricity demand.  From this, a further 100 MW of demand 

response capability is assumed, based on analysis by Imperial College and Electricity Networks 

Association /17/20. 

It is assumed that deferral of EV charging loads is only feasible within-day.  Deferral over several days or 

into weekends might prove possible, given the right incentives to vehicle owners, but there is no 

experience of this and it would be unwise to assume substantial demand can be deferred on this 

timescale. 

Similarly, it is assumed that the use of EV batteries to supply energy to the grid (‘Vehicle to Grid’) is not 

significant.  Several recent studies do not take account of vehicle-to-grid functionality /17//18//19//20/. 

This technology is still a controversial issue as it can lead to battery deterioration. 

3.8.4 Other domestic loads 

The potential for domestic demand response during peaks is estimated to be between 5%-20% /21/. 

Whilst 5% is a realistic assumption, 20% is considered to be a ‘stretch’. 

A typical UK household without electric heating has a demand of 600W during peak hours /22/.  There 

are 2.4 million households in Scotland, and so domestic demand response potential is estimated to be 5% 

to 20% of 1440 MW, i.e. 70 MW to 290 MW. 

3.8.5 Other commercial and industrial loads 

There is insufficient data available for the other commercial and industrial loads in Scotland in 2030 to be 

able to make a good assessment of the contribution to demand management at peak periods.  For 

conservatism, this is assumed to be zero. 

3.8.6 Summary 

Taken together, it is estimated that for the ‘low flexibility’ options (Scenarios 1 and 2), the capability for 

demand response at peak periods is conservatively assessed to be around 100 MW, and 500 MW for the 

‘high flexibility’ options (Scenarios 3 and 4).  There is very considerable uncertainty on these estimates. 

  

                                                
20

 The expected contribution of EVs to the peak demand without demand response is approximately 16% of the theoretical worst case scenario 

where all EVs are charged during peak time.  Assuming charging power for each EV of 3 kW, this translates to 750,000 x 3kW x 

16%=0.36GW. According to the same analysis, approximately 24% of that peak demand could be shifted, allowing approximately 
0.36GWx24%=0.09GW of peak EV load shift. 



 

 

 

DNV GL  –  112965-UKGL-R-03-E  Report No. 03, Rev. E  –  www.dnvgl.com  Page 17 

 

4 DEVELOPMENT OF GENERATION MIX FOR SCENARIOS 

4.1 Objectives 

For each of Scenarios 1 to 4 defined in Section 3.6, an appropriate generation mix is developed, to meet 

the annual electricity demand and the carbon intensity target.  Basic output statistics are developed. 

4.2 Generation options 

4.2.1 Fossil and nuclear 

In Section 3.3, it is assumed that there will be no unabated coal-fired generation or nuclear plant in 

Scotland by 2030. 

There will be coal or gas-fired plant fitted with Carbon Capture and Storage, with total capacity 2.5 GW 

(High CCS assumption) or 340 MW (Low CCS).  For the purposes of this study it is assumed that this will 

be gas-fired. 

It is also assumed that there are no restrictions (e.g. location, fuel availability) on the total capacity of 

new gas-fired plant that may be constructed if necessary.  Depending on economics, these may be a 

mixture of open-cycle gas turbines (OCGT) and closed-cycle gas turbines (CCGT).  CCGT are more 

efficient than OCGT, i.e. lower operating costs (£/MWh) but with substantially higher capital cost (£/MW).  

Therefore OCGT plants are economic21 when required to run infrequently, i.e. for ‘peaking’ duty. 

Carbon emissions intensity is assumed to be 460 gCO2/kWh for OCGT, 380 gCO2/kWh for CCGT, and 

60 gCO2/kWh for CCGT with CCS /23//24//25/. 

4.2.2 Hydro 

Currently there is around 1.5 GW of hydro capacity in Scotland, excluding pumped-storage.  Section 3.5 

covers pumped-storage capacity.  Approximately 1.3 GW of the hydro capacity is large-scale reservoir 

hydro /26/, and the rest is smaller.  For the purposes of this study, it is assumed that this smaller hydro 

generation is predominantly run-of-river, i.e. without reservoirs.  The annual capacity factor for hydro in 

Scotland varies from year to year, but on average is around 34%. 

There is estimated to be a further 1.2 GW of hydro capacity available and financially viable within 

Scotland, depending on financial assumptions /27/.  For the purposes of this study, it is assumed that 

around 1000 MW of this is developed by 2030: as hydro is a low-risk technology and well understood, it 

seems likely that further hydro of this order will be built by 2030, irrespective of costs of other 

renewable generation projects.  In other words, this additional hydro capacity is treated as a ‘given’.  It 

is assumed all to be run-of-river, i.e. no further reservoir capacity is added. 

The existing hydro capacity is assumed to still be in operation in 2030, resulting in a total of 2.5 GW. 

4.2.3 Onshore wind 

Onshore is currently the cheapest large-scale form of renewable generation.  Capacity in Scotland is 

currently 4.5 GW, with a further 3.7 GW in construction or awaiting construction, and 4 GW in the 

planning consent system.  

                                                
21

 Providing a suitable payment mechanism is in place.  The UK is currently setting up a capacity market, as otherwise there is a risk the 

payments to peaking plant and other contributors to managing peak demands will be too uncertain to allow such plant to be financed.  An 

alternative is to allow the TSO to invest in energy storage or other solutions that are driven by capital costs rather than operating or fuel 
costs. 
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The capacity factor of the operational wind farms varies from year to year, but on average in Scotland is 

around 29%22. 

The maximum achievable onshore wind capacity in practice is determined by public acceptance, and by 

economics: as wind capacity increases, less productive sites will be used, increasing the costs.  Also, at 

very high wind penetration levels, there will be times of high wind production and low electricity demand, 

when some wind production will not be able to find a buyer, or only at very low prices.  These factors are 

poorly understood, and so it is not possible to define an upper economic or physical limit on onshore 

wind capacity in 2030. 

4.2.4 Offshore wind 

Currently offshore wind capacity in Scottish waters is 190 MW.  Consents were recently granted for two 

large projects on the east coast, with a total capacity of 1,866 MW, though it is likely that smaller phases 

would be built initially.  A further 2.5 GW is in the planning consent process, and other projects or 

phases of projects are under development.   

As for onshore wind, the practical limit for offshore wind capacity is determined by economics and public 

acceptance, rather than any fundamental physical limit.  The economic factors are particularly important 

for offshore wind, as the costs are currently high compared to alternatives.  The industry is aiming to get 

costs down to around £100 per MWh for projects consented in 2020 /28/: achieving this figure is by no 

means guaranteed, and assumes that there is sufficient volume of projects to justify the required 

innovation, and investment in vessels and capabilities.  For the period to 2020, the costs for offshore 

wind projects are particularly critical, as total spend on supporting low-carbon generation and other 

climate-change policies is capped by the Levy Control Framework /29/.  Higher costs for offshore wind 

projects will result in fewer being funded by 2020.  However the impact on new projects after 2020 is 

not yet clear. 

Capacity factor for future wind projects in Scottish waters are not accurately known, but DNV GL 

experience indicates that a range of 45-50% is expected for projects currently under development. To 

avoid optimism bias, 45% is assumed here.  

4.2.5 Wave and tidal 

Both wave and tidal energy generation are at the development and demonstration stage, and heading 

towards demonstration of small arrays.  The UK, and Scotland in particular, has a leading position in this 

field.  The resource is very large, especially the wave resource.  However costs are not yet clear and so it 

is not feasible to estimate how much of either technology might be in place by 2030.  

However, in the context of this study, this is not a major disadvantage.  The important characteristics of 

both technologies are similar to those of offshore wind.  Wave and offshore wind production is slightly 

less predictable on timescales of a few hours than tidal, while tidal is more variable (four generation 

cycles from zero to full output per day), but all require multiple low-speed high-torque devices of a few 

MW in scale, installed in arrays.  For all technologies, major cost reduction is anticipated, and indeed is 

essential, and the available resource is not clear. 

Therefore, this study includes wave and tidal with offshore wind, as ‘marine’ energy sources.  This 

implies that if wave or tidal achieve wide commercial application in Scottish waters by 2030, it is 

expected that they will be in direct competition with offshore wind. 

                                                
22

 DECC quarterly data /26/ from 2011 to 2013 for all onshore wind projects in Scotland (12 quarters) shows an average capacity factor of 

28.8%. 
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Capacity factors for optimised wave and tidal array are not yet established, so in this study 45% is 

assumed, as for offshore wind.  This is based on internal DNV GL assessment. 

4.2.6 Solar 

Recent very rapid reductions in the price of solar photo-voltaic (PV) system prices, coupled with the 

Feed-in Tariff support mechanism, have resulted in high installation rates on UK domestic and 

commercial properties, and also as ground-mounted solar farms.  The installed capacity in Scotland 

visible to DECC is only 116 MW /26/, though growing rapidly.  A recent estimate suggests a total of 

around 7 GW of rooftop PV is technically feasible in Scotland /30/.   

Future Energy Scenarios assumes a capacity factor of 8%, which is considered realistic. 

4.2.7 Biomass, waste and landfill gas 

Biomass can include biogas, sewage gas, anaerobic digestion (AD) and solid biomass.  The input fuel can 

be wastes, energy crops grown in Scotland, and energy crops imported for the purpose.  

WWF regards energy derived from organic based materials including farming or forestry ‘wastes’, 

manures and forestry brash (off cuts), as sustainable or renewable, but does not hold the same position 

on energy from municipal solid waste (MSW).  MSW is therefore not included in this analysis.  Landfill 

gas is also excluded from this analysis, as it is anticipated that existing landfill sites will be close to 

exhausted by 2030, and new landfill will be severely restricted. 

Scotland currently has 140 MW of other biomass in operation, principally plant biomass, 316 MW in 

construction or awaiting construction, and around 250 MW in the planning system /26/.  

The Scottish Government has stated a strong preference for biomass to be used in heat-only projects, or 

in good-quality Combined Heat and Power (CHP), preferably located in rural areas off the gas grid.  

Large-scale biomass schemes in Scottish cities, with some CHP and perhaps using foreign biomass 

imported direct to a harbour within the city, have been proposed and are clearly feasible.  However at 

present they are facing considerable difficulties in consenting. 

The available biomass resource within Scotland, and future international trade in biomass, are both 

uncertain.  

For these reasons, this study assumes a conservative level of 500 MW of electricity generating capacity 

fired by biomass in 2030.  This is roughly the capacity already in operation, in construction or awaiting 

construction.  Note however that substantially higher capacity could be achieved if felt necessary, by 

establishing extensive energy crop production in Scotland, such as short-rotation coppicing, or by 

accepting the use of large volumes of imported biomass. 

Current biomass stations would expect to operate at high capacity factors, of the order of 70 to 80%.   

4.2.8 Geothermal 

There are indications that geothermal energy may be an option for Scotland.  However the costs and the 

resource are insufficiently understood at present, and there are arguments that the resource may best 

be used directly for heating.  Therefore as a conservative assumption no geothermal electricity 

generation capacity is assumed for 2030. 
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4.3 Generation mix 

For each scenario, the generation mix is first chosen in order to meet annual electricity demand, and 

then reviewed against the need to meet peak demand and provide adequate security of supply.   

Further renewable generation to reach 100% of annual electricity demand is also considered, as this is 

the target for 2020.  A ‘stretch’ target for 125% of annual electricity demand is also considered.23 

4.3.1 Scenario 1: Weak policy drive, high CCS 

Scenario 1 combines high annual electricity demand (43.1 TWh) with low flexibility (1340 MW of pumped 

storage) and high CCS capacity (2500 MW).   

Meeting annual gross consumption 

Annual electricity production is summarised in the table below. 

 

Table 4-1 Meeting annual electricity demand, Scenario 1 

Source Capacity 

factor 

assumed 

Generating capacity assumed Production 

CCS 0.8 2500 MW defined by scenario 17.5 TWh 

Hydro 0.34 2500 MW assumed for 2030 (of which 

1300 MW is reservoir hydro) 

7.4 TWh 

Onshore wind 0.29 4500 MW existing capacity (2013).  

Substantial further capacity in 

construction or consented (3700 

MW), of which 1000 MW is assumed 

to be constructed. 

11.4 TWh from existing 

capacity. 

2.5 TWh from assumed 

additional capacity 

Marine (offshore 

wind, wave and tidal) 

0.45 190 MW existing offshore wind 

capacity.  Substantial further capacity 

is consented or in the consenting 

process. 

0.7 TWh from existing 

capacity. 

Solar PV 0.08 116 MW existing.  Substantial 

resource available. 

0.1 TWh from existing 

capacity. 

Biomass 0.8 500 MW assumed for 2030 3.5 TWh 

Total   43.1 TWh 

Fraction of gross 

consumption from 

renewables 

  25.6 TWh, 59% 

 

                                                
23

 This ‘stretch’ target is included in order to show how challenging a ‘high RE export’ policy might be.  125% is chosen as it matches a possible 

target previously discussed by the Scottish Government: see Appendix A. 
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The table shows that, without any new renewable generation capacity other than the assumed increases 

in hydro and biomass, total production is almost enough to meet demand on a simple comparison of 

annual figures.  An additional 1000 MW of onshore wind capacity (less than that currently under 

construction) is sufficient to increase total production to match gross consumption. 

Carbon intensity 

Carbon production from the CCS plant is 1050 thousand tonnes (kt) of carbon dioxide, and carbon 

intensity is therefore comfortably within the 2030 target, at 24 gCO2/kWh. 

Higher RE targets 

However, renewables only meet 59% of annual gross consumption.  To reach 100% requires a further 

17.5 TWh of renewable production.  This could be met by:  

 A further 7 GW of onshore wind.  The total for onshore wind would then be around 12.5 GW, roughly 

equivalent to the total currently in operation, in construction, consented, and in the consenting 

process. 
 Or 4.4 GW of marine renewables.  This is roughly equivalent to the total of offshore wind currently 

consented or in the consenting process. 
 Or a mixture of both, possibly with some contribution from PV.  The combined total of onshore and 

offshore wind which has achieved consent would produce around 14.3 TWh, so not much more would 
need to achieve consent by 2030 to meet this. 

To reach 125% of gross consumption in 2030 would require substantial further renewable production, 

such as a further 4 GW of onshore wind or 2.5 GW of offshore wind or other marine renewables.  This 

would therefore be very challenging, but within the total capacity of onshore and offshore wind projects 

which are currently known.  It would result in total renewable generation capacity in Scotland of well 

over 15 GW, well in excess of existing transmission capacity.  Substantial interconnection to other 

electricity markets would be needed for exports at times of high renewables production. 

Meeting peak demand 

The generating capacity in Table 4-1 will not be sufficient to meet peak demand of 8.2 GW with any 

certainty (see Section 3.7).  Capacity available to meet peak demand in these circumstances is shown in 

Table 4-2. 
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Table 4-2 Meeting peak demand, Scenario 1 

Source Generating capacity 

assumed 

Capacity available at peak 

CCS 2500 MW  2500 MW assumed 

Hydro 2500 MW  1300 MW reservoir hydro assumed available. 

All run-of-river hydro (1200 MW) 

conservatively assumed to be unavailable at 

peak demand due to frozen conditions. 

Onshore wind 5500 MW  385 MW (7% of capacity, as assumed in 

Future Energy Scenarios, based on evidence 

that peak demand can coincide with cold 

calm conditions in winter24) 

Marine (offshore wind, 

wave and tidal) 

190 MW existing offshore 

wind 

13 MW (7% as for onshore wind25) 

Solar PV 116 MW existing.   Zero, as peak demand is assumed to occur 

on winter evenings 

Biomass 500 MW  500 MW 

Pumped storage 1340 MW 1340 MW 

Total  6000 MW 

 

Therefore generation within Scotland could be around 2,200 MW less than peak demand.  This can be 

met by: 

 Imports from the rest of the GB system; 
 Interconnection to Scandinavia or other countries bordering the North Sea26; 
 Demand response; 

 Substantial additional biomass generation; 
 Gas-fired generation, either OCGT or CCGT; 
 Temporary increased output from the CCS plant27. 

 

Note that generation capacity in Scotland to meet unexpected plant failures in Scotland at the time of 

peak demand is not required, as this is an issue for robustness of the combined GB electricity system.   

The biggest single unscheduled loss is likely to be the CCS plant.  A plant of this size is likely to be 

designed and operated as two or more independent generators, so a loss of around 1,250 MW is credible.  

See Section 4.4 on transmission capacity to deal with contingencies.  

                                                
24

 Strictly speaking, 7% is used in FES as a measure of diversity of wind production across all GB during calm periods.   Less diversity could be 

expected across a smaller geographical area, such as Scotland.  However, in the context of security of the GB system, this figure is 

appropriate.  
25

 If there was a large component of tidal generation, well dispersed around the coast, this figure of 7% could be increased substantially. 
26

 The electricity system of the island of Ireland is expected to have substantial wind generation capacity, and very similar weather conditions to 

Scotland, so interconnection with Ireland is not expected to contribute substantially at times of peak demand.  Of course, substantial 

interconnection may well be justified for electricity trading. 
27

 It may be technically feasible to design CCS plant to operate without the CCS function when necessary.  As the CCS equipment requires 

substantial energy to operate, switching it off or reducing its throughput at times of peak demand could increase electrical output, perhaps 
by around 20%.  The emissions would of course increase considerably, but if only used for rare events this could be an attractive option. 
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4.3.2 Scenario 2: Weak policy drive, low CCS 

Scenario 2 has the same high annual electricity demand (43.1 TWh) and low flexibility (1340 MW of 

pumped storage) as Scenario 1, but with low CCS capacity (340 MW).   

Meeting annual gross consumption 

Annual electricity production is summarised in Table 4-3.   

 

Table 4-3 Meeting annual electricity demand, Scenario 2 

Source Capacity 

factor 

assumed 

Generating capacity assumed Production 

CCS 0.8 340 MW defined by scenario 2.4 TWh (compared to 

17.5 TWh in Scenario 1) 

Hydro 0.34 2500 MW assumed for 2030 (of which 1300 

MW is reservoir hydro) 

7.4 TWh 

Onshore wind 0.29 4500 MW existing capacity (2013).  

Substantial further capacity in construction 

or consented (3700 MW) or in planning 

(4000 MW), of which 6900 MW is assumed 

to be constructed. 

11.4 TWh from existing 

capacity. 

17.6 TWh from assumed 

additional capacity 

Marine (offshore 

wind, wave and 

tidal) 

0.45 190 MW existing offshore wind capacity.  

Substantial further capacity is consented or 

in the consenting process. 

0.7 TWh from existing 

capacity. 

Solar PV 0.08 116 MW existing.  Substantial resource 

available. 

0.1 TWh from existing 

capacity. 

Biomass 0.8 500 MW assumed for 2030 3.5 TWh 

Total   43.1 TWh 

Fraction of gross 

consumption 

from renewables 

  40.7 TWh, 94% 

 

The table shows that, to meet annual gross electricity consumption, the existing and assumed renewable 

generation must increase to provide a further 17.6 TWh.  In the table it is shown that this can be 

achieved with 6900 MW of additional onshore wind generation, but it could also be achieved by a mix of 

renewables.  For example, the onshore wind generation currently under construction or awaiting 

construction (i.e. with planning consent), plus the consented offshore wind capacity, would be very close 

to meeting this requirement (16.4 TWh). 
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Carbon intensity 

Carbon production from the CCS plant is 144 thousand tonnes (kt) of carbon dioxide, and carbon 

intensity is therefore very low indeed, at 3 gCO2/kWh. 

Higher RE targets 

In this scenario, renewables production is close to 100% of gross annual consumption.  To meet 100% 

requires a further 2.4 TWh, which could be met by a further 900 MW of onshore wind or 600 MW of 

marine renewables.  This appears feasible. 

To reach 125% of gross consumption, very substantial further renewable production is needed 

(13.2 TWh).  Though demanding, this could be met in several ways, and would result in the same 

volumes of renewables production as for Scenario 1.  However the volume of exports would be less than 

in Scenario 1, as there is less production from the CCS plant. 

Substantial interconnection to other electricity markets would still be needed for exports. 

Meeting peak demand 

The generating capacity in Table 4-3 will not be sufficient to meet peak demand of 8.2 GW with any 

certainty.  Capacity available to meet peak demand is shown in Table 4-4. 

 

Table 4-4 Meeting peak demand, Scenario 2 

Source Generating capacity 

assumed 

Capacity available at peak 

CCS 340 MW  340 MW assumed 

Hydro 2500 MW  1300 MW reservoir hydro assumed available. 

All run-of-river hydro (1200 MW) 

conservatively assumed to be unavailable at 

peak demand due to frozen conditions. 

Onshore wind 11,400 MW  800 MW (7% of capacity, as assumed in 

Future Energy Scenarios, based on evidence 

that peak demand can coincide with cold 

calm conditions in winter) 

Marine (offshore wind, 

wave and tidal) 

190 MW existing offshore 

wind 

13 MW (7% as for onshore wind) 

Solar PV 116 MW existing.   Zero, as peak demand is assumed to occur 

on winter evenings 

Biomass 500 MW  500 MW 

Pumped storage 1340 MW 1340 MW 

Total  4300 MW 
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Therefore generation within Scotland could be around 3900 MW less than peak demand.  This can be 

met by: 

 Imports from the rest of the GB system; 
 Interconnection to Scandinavia or other countries bordering the North Sea; 
 Demand response; 
 Substantial additional biomass generation; 
 Gas-fired generation, either OCGT or CCGT; 
 Temporary increased output from the CCS plant, small in this scenario. 

The biggest single unscheduled loss in this scenario is likely to be a large pumped-storage station, 

around 600 MW. 

 

4.3.3 Scenario 3: Strong policy drive, high CCS 

Scenario 3 has substantially lower electricity demand than Scenarios 1 and 2 (30.9 TWh), high flexibility 

(2540 MW of pumped storage), and high CCS capacity (2500 MW).   

Meeting annual gross consumption 

Annual electricity production is summarised in the table below. 

 

Table 4-5 Meeting annual electricity demand, Scenario 3 

Source Capacity 

factor 

assumed 

Generating capacity assumed Production 

CCS 0.8 2500 MW defined by scenario 17.5 TWh 

Hydro 0.34 2500 MW assumed for 2030 (of which 

1300 MW is reservoir hydro) 

7.4 TWh 

Onshore wind 0.29 4500 MW existing capacity (2013).  

Substantial further capacity in 

construction or consented (3700 MW) or 

in planning (4000 MW) 

11.4 TWh from existing 

capacity. 

 

Marine (offshore 

wind, wave and 

tidal) 

0.45 190 MW existing offshore wind capacity.  

Substantial further capacity is consented 

or in the consenting process. 

0.7 TWh from existing 

capacity. 

Solar PV 0.08 116 MW existing.  Substantial resource 

available. 

0.1 TWh from existing 

capacity. 

Biomass 0.8 500 MW assumed for 2030 3.5 TWh 

Total   40.6 TWh 

Fraction of gross 

consumption from 

renewables 

  23.1 TWh, 75% 
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The table shows that in this scenario, electricity generation (40.6 TWh) is substantially greater than 

electricity demand (30.9 TWh).  Apart from the assumed increases in hydro and biomass production, no 

new renewables capacity beyond that operating at present is necessary.  Compared to Scenarios 1 and 2, 

this highlights the enormous benefits of demand reduction. 

The figures in the table therefore assume substantial exports, without any further renewable generation 

being constructed.  In reality, less biomass, hydro and CCS capacity may be constructed than assumed 

in the table, and the biomass and CCS plant may operate at lower capacity factors. 

Carbon intensity 

Carbon production from the CCS plant is 1050 thousand tonnes (kt) of carbon dioxide, and carbon 

intensity is 26 gCO2/kWh.  

Higher RE targets 

To reach renewables production equivalent to 100% of gross consumption would require a further 

7.8 TWh, and to reach 125% would require 15.5 TWh. The onshore and offshore wind capacity already in 

construction or consented would be sufficient to achieve this. 

Substantial interconnection to other electricity markets would still be needed for exports. 

Meeting peak demand 

Capacity available to meet peak demand of 6.0 GW is shown in Table 4-6. 

 

Table 4-6 Meeting peak demand, Scenario 3 

Source Generating capacity 

assumed 

Capacity available at peak 

CCS 2500 MW  2500 MW assumed 

Hydro 2500 MW  1300 MW reservoir hydro assumed available. 

All run-of-river hydro (1200 MW) 

conservatively assumed to be unavailable at 

peak demand due to frozen conditions. 

Onshore wind 4,500 MW  315 MW (7% of capacity, as assumed in 

Future Energy Scenarios, based on evidence 

that peak demand can coincide with cold 

calm conditions in winter) 

Marine (offshore wind, 

wave and tidal) 

190 MW existing offshore 

wind 

13 MW (7% as for onshore wind) 

Solar PV 116 MW existing.   Zero, as peak demand is assumed to occur 

on winter evenings 

Biomass 500 MW  500 MW 

Pumped storage 2540 MW 2540 MW 

Total  7170 MW 
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Therefore generation within Scotland, even under these onerous assumptions, would be around 

1200 MW greater than peak demand.  In fact the pumped-storage, reservoir hydro and CCS capacity 

alone is greater than predicted peak demand. 

As for Scenario 1, the biggest unscheduled loss is likely to be a CCS unit, around 1250 MW. 

This does not rule out further expansion of transmission capacity to the rest of the GB electricity system, 

or interconnection to other countries: some expansion may be justified by the economic value of exports. 

 

4.3.4 Scenario 4: Strong policy drive, low CCS 

Scenario 4 has low electricity demand (30.9 TWh) and high flexibility (2540 MW of pumped storage), as 

for Scenario 3, but low CCS capacity (340 MW).   

Meeting annual gross consumption 

Annual electricity production is summarised in Table 4-7. 

 

Table 4-7 Meeting annual electricity demand, Scenario 4 

Source Capacity 

factor 

assumed 

Generating capacity assumed Production 

CCS 0.8 340 MW defined by scenario 2.4 TWh (compared to 

17.5 TWh in Scenario 3) 

Hydro 0.34 2500 MW assumed for 2030 (of which 

1300 MW is reservoir hydro) 

7.4 TWh 

Onshore wind 0.29 4500 MW existing capacity (2013).  

Substantial further capacity in 

construction or consented (3700 MW), 

of which 2100 MW is assumed to be 

constructed. 

11.4 TWh from existing 

capacity. 

5.4 TWh from assumed 

additional capacity 

Marine (offshore 

wind, wave and 

tidal) 

0.45 190 MW existing offshore wind 

capacity.  Substantial further capacity 

consented or in the consenting process. 

0.7 TWh from existing 

capacity. 

Solar PV 0.08 116 MW existing.  Substantial resource 

available. 

0.1 TWh from existing 

capacity. 

Biomass 0.8 500 MW assumed for 2030 3.5 TWh 

Total   30.9 TWh 

Fraction of gross 

consumption from 

renewables 

  28.5 TWh, 92% 
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The table shows that, to meet annual gross electricity consumption, the existing and assumed renewable 

generation must increase to provide a further 5.4 TWh per year.  In the table it is shown that this can be 

achieved with 2100 MW of additional onshore wind generation (which is within the amount already 

consented but not yet built), but it could also be achieved by a mix of other renewables.  For example, 

the offshore wind capacity already consented would be more than enough, as would 7,700 MW of PV 

capacity.  As noted in Section 4.2, 7 GW of rooftop PV may be technically feasible in Scotland. 

Carbon intensity 

Carbon production from the CCS plant is 144 thousand tonnes (kt) of carbon dioxide, and carbon 

intensity is therefore very low, below 5 gCO2/kWh.  

Higher RE targets 

The renewable generation assumed in the table above is close to reaching 100% of gross consumption.  

To reach 100% would require around 900 MW of onshore wind or 600 MW of marine renewables.  To 

meet 125% would instead require around 4 GW of onshore wind or 2.6 GW of marine renewables. The 

additional onshore and offshore wind capacity already consented would together be sufficient. 

Substantial interconnection to other electricity markets may be justified for exports. 

Meeting peak demand 

Capacity available to meet peak demand of 6.0 GW is shown in the table below. 

 

Table 4-8 Meeting peak demand, Scenario 4 

Source Generating capacity 

assumed 

Capacity available at peak 

CCS 340 MW  340 MW assumed 

Hydro 2500 MW  1300 MW reservoir hydro assumed available. 

All run-of-river hydro (1200 MW) 

conservatively assumed to be unavailable at 

peak demand due to frozen conditions. 

Onshore wind 6600 MW  460 MW (7% of capacity, as assumed in 

Future Energy Scenarios, based on evidence 

that peak demand can coincide with cold 

calm conditions in winter) 

Marine (offshore wind, 

wave and tidal) 

190 MW existing offshore 

wind 

13 MW (7% as for onshore wind) 

Solar PV 116 MW existing.   Zero, as peak demand is assumed to occur 

on winter evenings 

Biomass 500 MW  500 MW 

Pumped storage 2540 MW 2540 MW 

Total  5150 MW 
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Therefore generation within Scotland could be around 900 MW less than peak demand.  This can be met 

by: 

 Imports from the rest of the GB system; 
 Interconnection to Scandinavia or other countries bordering the North Sea; 
 Demand response; 
 Substantial additional biomass generation; 
 Gas-fired generation, either OCGT or CCGT; 
 Temporary increased output from the CCS plant, small in this scenario. 

The biggest single unscheduled loss in this scenario is likely to be a large pumped-storage station, 

around 600 MW. 

 

4.3.5 Summary 
For reference, the scenarios are compared in the table below. 

 
Table 4-9 Comparison of scenarios 

Characteristic Scenario 1: Weak 
policy drive, High 

CCS 

Scenario 2: 
Weak policy 

drive, Low 
CCS 

Scenario 3: Strong 
policy drive, High 

CCS 

Scenario 4: 
Strong 

policy drive, 
Low CCS 

Gross annual 
electricity 
consumption 

43.1 TWh 43.1 TWh 30.9 TWh 30.9 TWh 

Total electricity 
production 

43.1 TWh 43.1 TWh 40.6 TWh 30.9 TWh 

Renewables 
production 

25.6 TWh, 59% 40.7 TWh, 
94% 

23.1 TWh, 75% 28.5 TWh, 
92% 

Carbon intensity 
 

24 gCO2/kWh 3 gCO2/kWh 26 gCO2/kWh 5 gCO2/kWh 

Achieving RE 
equivalent to 100% 

gross annual 
consumption 

 

Feasible, e.g. with 
onshore and offshore 

wind capacity only 
slightly greater than 

already in construction 
or consented. 

Identical to 
Scenario 1. 

Achievable with 
onshore and offshore 

wind already in 
construction or 

consented. 

Identical to 
Scenario 2. 

Peak demand 
 

8,200 MW 8,200 MW 6,000 MW 6,000 MW 

Generation in 
Scotland at peak 
demand 

6,000 MW 4,300 MW 7,170 MW (Note that 
PS, reservoir hydro 
and CCS alone are 
greater than peak 

demand) 

5,150 MW 

 

 

As the results for all scenarios show carbon intensity values well below the target, it is interesting, as an 

aside, to consider how much non-CCS gas generation could be feasible within the target.  If the CCS 

plant in the scenarios is instead replaced with a 1000 MW CCGT station28, and assuming the volumes of 

renewable generation shown above are unchanged, the result is that in all bar Scenario 2, the capacity 

factor of the CCGT plant would be below 50% 29.  This is substantially less than is currently assumed in 

the economic case for CCGT plants.  In Scenario 2, the capacity factor would be 70%, which is still lower 

than current assumptions. 

                                                
28

 For example, the Cockenzie site has consent for a 1000 MW CCGT plant. 
29

 For each scenario, the CCGT production without CCS which is feasible within the carbon intensity target is calculated, and from this the 

capacity factor of a 1000 MW plant is calculated.  Scenario 1: 3.88 TWh per year, 44%.  Scenario 2: 6.17 TWh per year, 70%. Scenario 3: 
3.50 TWh per year, 40%.  Scenario 4: 4.32 TWh per year, 49%. 



 

 

 

DNV GL  –  112965-UKGL-R-03-E  Report No. 03, Rev. E  –  www.dnvgl.com  Page 30 

 

4.4 Other technical issues 

The previous sections have evaluated Scenarios 1 to 4 on the basis of their ability: 

 to meet gross electricity consumption in Scotland on an annual basis; 
 to meet the carbon intensity target; 

 to meet higher fractions of renewable generation - 100% and 125% of gross consumption; 
 to meet peak demand. 
 

Other issues are reviewed in this section.  The Royal Academy of Engineering has taken evidence on 

these and related technical issues, and concluded that “for levels of penetration of wind energy up to 

around 20% of electricity consumption (…) the system will remain secure using the balancing 

mechanisms already in place. Technical issues will arise, such as those relating to system inertia and 

frequency control, but these will be manageable if given sufficient consideration.”/31/ 

 

4.4.1 Security of supply 

Scotland forms part of the Great Britain (GB) electricity system.  The GB system is developed and 

operated as one system and is subject to a single Regulator, though owned by three separate 

organisations30.  The reliability of the system (‘security of supply’) is a function of this whole system: for 

any geographical area of this system to achieve the same level of reliability independently would be 

significantly more expensive. 

Section 4.3 has shown that during periods of high electricity demand and low renewables production 

(expected to be infrequent, but frequent enough to require designing for), Scotland may require 

generating capacity additional to that assumed in each scenario, or imports from the rest of the GB 

system or from Europe.   

The important figures from Section 4.3 are summarised in the table below.  Unavailability of the largest 

generating unit in these circumstances is also considered credible, and is added to the potential shortfall. 

 

Table 4-10 Potential generation shortfall 

Scenario Potential 

shortfall at peak 

demand 

Plus: Loss of 

largest unit in 

Scotland 

Less: Demand 

response 

available at 

peak demand 

Net shortfall 

 

1: Weak policy 

drive, high CCS 

2200 MW 1250 MW (CCS unit) 100 MW 3350 MW 

2: Weak policy 

drive, low CCS 

3900 MW 600 MW (pumped-

storage unit) 

100 MW 4400 MW 

3: Strong policy 

drive, high CCS 

(1200 MW surplus) 1250 MW (CCS unit) 500 MW No shortfall 

4: Strong policy 

drive, low CCS 

900 MW 600 MW (pumped-

storage unit) 

500 MW 1000 MW 

                                                
30

 Currently, both sides in the Scottish independence referendum envisage a common GB energy market and common electricity system 

operation in the event of a Yes vote, with separate regulators.  A similar system already functions for the island of Ireland. 



 

 

 

DNV GL  –  112965-UKGL-R-03-E  Report No. 03, Rev. E  –  www.dnvgl.com  Page 31 

 

 

The ‘net shortfall’ identified in the table can be met by additional generating capacity in Scotland, or 

imports from the rest of the GB system or elsewhere in Europe. 

The capacity of the Scotland-England connections at present is 3300 MW.  Reinforcements already in 

hand, including a subsea connection on the west coast, will raise this to 6500 MW by 2016 /32/.  Further 

reinforcements are under consideration, driven by the anticipated increase in renewable generation in 

Scotland, and can raise the capacity to 8.5 GW in 2020, and around 13 GW by 2025. 

Note that this is ‘firm’ connection capacity, i.e. it includes an allowance for non-availability of some 

elements of the transmission system. 

Therefore, even for Scenario 2, transmission capacity to the rest of the GB system will be more than 

adequate well before 2030.  In fact, it is feasible (subject to transmission capacity within Scotland31) that 

peak demand in Scotland could be satisfactorily met entirely by imports, i.e. with no generation of any 

kind in Scotland. 

The upshot of this is that ‘security of supply’ is an issue only at GB level.  National Grid studies /6//32/ 

indicate that a secure GB system is feasible with levels of renewable generation in Scotland similar to 

those of Scenarios 1 to 4.  These studies also include consideration of transmission reinforcement 

required elsewhere in Scotland and the rest of GB. 

 

4.4.2 Transmission capacity for exports 

As noted above, reinforcement of transmission capacity to the rest of the GB system is already under 

way, with more planned, driven by the requirements to export energy from Scotland.  This is largely 

from renewable generation. 

Under current arrangements in GB, the costs of reinforcing and operating the transmission system are 

reflected back on generators (and demand customers) through costs determined by location.  For 

generators, the costs are strongly driven by the distance to the major centres of demand.  The costs can 

be considerable, and have been a major impediment to the development of otherwise excellent onshore 

wind sites on the main Scottish island groups. 

The amount of transmission capacity that gets built, over and above that required for a secure system, is 

therefore an economic decision which, under current arrangements, is made by generators. 

The transmission capacity required to avoid any constraint of renewable generation in Scotland is 

quantified in Table 4-11, using the results of Section 4.3, both for the requirement to match annual 

production with demand, and the more onerous case of meeting a ‘stretch’ target for renewables 

production to equal 125% of annual gross consumption.  For the second case, the additional renewables 

production is assumed to come from a mix of onshore wind and marine, though other mixtures are of 

course feasible.  

In this table it is assumed that: 

 the CCS plant would not run in these circumstances, but biomass would; 
 reservoir hydro would not run; 
 all demand response actions have been exhausted (e.g. all electric vehicles fully charged); 
 all pumped-storage reservoirs are full; 
 electricity demand in Scotland is at its minimum (assumed to be half of the peak demand). 
 

                                                
31

 Likely to include reactive power control functions as well as conventional transmission lines. 
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Table 4-11 Exports from Scotland under maximum renewable generation and minimum 

demand 

Scenario Total output, all 

generation 

Minimum demand Export capacity 

required 

Renewable capacity sufficient for annual production (all sources) to match gross annual consumption: 

1: Weak policy drive, 

high CCS 

7500 MW 4100 MW 3400 MW 

2: Weak policy drive, 

low CCS 

13400 MW 4100 MW 9300 MW 

3: Strong policy drive, 

high CCS 

6500 MW 3000 MW 3500 MW 

4: Strong policy drive, 

low CCS 

8600 MW 3000 MW 5600 MW 

‘Stretch’ case: renewables production equivalent to 125% of gross annual consumption: 

(additional capacity assumed to be a mix of onshore and offshore wind) 

1: Weak policy drive, 

high CCS 

7500 MW + 9500 MW  4100 MW 12900 MW 

2: Weak policy drive, 

low CCS 

13400 MW + 4400 MW  4100 MW 13700 MW 

3: Strong policy drive, 

high CCS 

6500 MW + 5500 MW 3000 MW 9000 MW 

4: Strong policy drive, 

low CCS 

8600 MW +3400 MW 3000 MW 9000 MW 

 

In the base case, in all except Scenario 2 the transmission capacity to the rest of the GB system 

currently existing or under construction will be adequate. 

For Scenario 2, and for the ‘stretch’ case, further transmission capacity will be needed.  As noted in the 

previous section, transmission reinforcement to 13 GW is under discussion for implementation around 

2025. 

Beyond the 125% ‘stretch’ case, there is very substantial further RE capacity in Scotland should it prove 

economic to export it, particularly wave, tidal and PV. 

It is worth re-emphasising the point made above, that the amount of transmission reinforcement which 

gets built for exports of renewable electricity is fundamentally decided by the generators.  Transmission 

costs are almost entirely determined by capacity (MW), whereas the revenue earned by generators is per 

unit of energy (MWh).  In a situation with, for example, very high wind capacity in Scotland, peak 

exports over a relatively small fraction of the year would need to pay for peak transmission capacity.  It 

is therefore very likely that the export capacity figures shown in the table will not be economically 
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justified: it will be economically advantageous for wind generation (for example) to install less export 

capacity, and accept that occasionally they will not be able to export all production.   

For wind, and possibly other variable renewables, this argument becomes even stronger if the region to 

which the electricity is being exported also has substantial wind generation: it is likely that electricity 

prices will on average be lower at times of peak wind production. 

   

4.4.3 Frequency control and response 

Traditionally, conventional thermal and nuclear generation uses synchronous generators.  These have 

the ability to continually adjust their output to respond to changes in the system frequency.  Mismatches 

between generation and demand at any instant will cause all spinning masses (dominated by the 

synchronous generators) to accelerate or decelerate, changing the system frequency.  Therefore it is 

necessary for at least some of the generators in operation at any time to control their output in order to 

control frequency to the nominal value of 50 Hz. 

As well as slowly-varying steady-state control, very rapid response is also needed, to respond to sudden 

large disturbances, such as the sudden loss of a large generator or interconnector to another electricity 

system. 

Biomass generation also uses synchronous generators, and can provide the same function, as can large 

hydro generators.  Small hydro plant may use a different type of generator, and also may not provide 

rapid automatic control of the energy extracted from the flowing water. 

Older wind turbines cannot provide this function, but most modern types can, onshore and offshore.  

Further work is required to fully establish the detailed technical requirements, and how these are best 

tested and demonstrated, but DNV GL does not anticipate insurmountable difficulties.  The same applies 

in principle to wave and tidal devices, and PV.  The main issue is that when providing this function, the 

wind turbines will produce less energy than is available from the wind: this becomes an economic 

penalty which eventually is paid for by electricity consumers.  The same is true for conventional thermal 

generation, but the economic penalty is less, as there are savings in fuel costs. 

 

4.4.4 Inertia 

This issue is closely related to the frequency control issue.  The effect of a mismatch between demand 

and generation output at any instant is to accelerate and decelerate the spinning masses.  Their inertia 

helps to slow down the rate at which frequency can change.  The function is provided by conventional 

thermal generation, biomass, and hydro. 

Modern wind turbines do not provide synchronously-connected inertia, and therefore electricity systems 

where wind has displaced conventional generation will see greater deviations in frequency.  This is 

already observable on the electricity system of the island of Ireland, where the system operator 

currently limits wind production at any instant to a fraction of the electricity demand32. 

Modern wind turbine technology can in principle provide a ‘synthetic’ inertia effect, and this has already 

been demonstrated.  More work is needed to agree the required characteristics, how the capability is 

specified, and how it can be tested and demonstrated.  It will also be necessary to agree how wind farm 

owners are incentivised to provide this function, as it is likely to be provided at the expense of some loss 

of production.  Options range from a mandatory requirement to short-term competitive markets. 

                                                
32

 Previously 50%, but recent statistics indicate the limit is being increased in certain circumstances. 
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It is harder to provide this function with PV technology, and it has not yet been demonstrated.  Some 

wave and tidal devices may also have difficulty. 

However it is concluded here that, for the scenarios studied here, inertia is not a ‘show-stopper’. 

 

4.4.5 Black Start 

A ‘black start’ refers to the actions necessary to re-start an electricity system after a major disturbance 

which has resulted in all generators shutting down.  Such events are extremely rare. 

Major power stations require a strong electricity supply in order to start up, to drive auxiliary systems 

such as pumps and fans.  System operators have black-start plans which rely on being able to start a 

few generators without any external supplies, and then gradually start larger generators and re-connect 

the system together again.  These black-start plants would typically have diesel generators on site to 

drive their auxiliaries while starting. 

Wind, wave, and PV plants are clearly poor at providing black-start capabilities: although they do not 

need external power to drive large auxiliary systems, they may not be available when required.  

Reservoir hydro, pumped-storage and biomass plants would be suitable.  Tidal plant may also be 

suitable, if geographically dispersed. 

For the scenarios considered here, generation in Scotland would in principle be able to provide an 

adequate contribution to a black start of the GB system. 

  

4.4.6 Increased short-term variability 

Variable renewables introduce a new problem to power systems: short-term variability of output 

(‘ramps’).  Wind and PV are the most extreme examples.  The important timescales are of the order of 

tens of minutes to a few hours: there is very little variability in shorter timescales, because of the strong 

spatial averaging over geographically-dispersed wind and PV installations.  For variability on timescales 

of a few hours and longer, operators of power systems can compensate by scheduling other generation, 

demand response and pumped storage. 

For wind, there is evidence from operating data on national electricity systems that in northern Europe, 

the most extreme changes in output are of the order of 20% of rated capacity in 30 minutes.  This could 

occur at the same time as, and in the opposite direction to, a change in electricity demand of the same 

order, for example during the morning ‘pickup’ (6-8am). 

This additional rate-of-change is predictable and can be dealt with by: 

 scheduling thermal generation and pumped storage plant, to reduce or increase its output or 
pumping demand; 

 adjusting imports and exports (in effect, spreading the variability over the entire GB system and 
interconnected systems); 

 demand response; 
 limiting the rate of change of wind output. 

 

The latter option is technically very simple: the technology already exists to send a ramp rate limitation 

signal from the system operator33 to all wind generation, to limit its increase in production to a set rate 
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 In practice, it could be implemented by a market mechanism. 
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per minute or per ten minutes.  For downward ramps, the same would apply, though the system 

operator would need to initiate the controlled downward ramp in advance of the forecast reduction.  

The disadvantage is a severe economic penalty, due to the lost production.  Therefore this capability is 

best used for rare extreme events. 

 

4.4.7 Extended periods of low renewables production 

In Section 4.3, the ability to meet peak demand during a period of low renewables production was 

examined.  This assumed that reservoir hydro, pumped-storage capacity and demand response could be 

used to their full capacity at times of peak demand.  This is true when dealing with peak demand within 

one day, because: 

 Reservoir hydro has storage capacity of weeks or months; 

 Pumped-storage plant has storage capacity of around 20 hours at full output (for existing plant: the 
proposed Coire Glas has a storage capacity of around 50 hours at full output), and can therefore be 
recharged on a daily basis after the peak demand period has passed; 

 Demand response typically allows demand to be shifted for periods of hours. 

 

However it is known that periods of low wind output in northern Europe in winter can persist for 

extended periods.  Calm anticyclonic conditions are likely to coincide with low temperatures and high 

heat demand.  The same applies to wave generation, and PV also provides substantially less output in 

winter.  DECC’s pathways analysis tool /33/ includes a five-day ‘stress test’ where very low wind 

production is assumed.  DNV GL believes that in reality, more onerous conditions of several weeks’ 

duration are credible. 

Given the good transmission capacity with the rest of the GB system, the problem is best solved at the 

GB level.  National Grid’s Future Energy Scenarios /6/ achieves adequate security for the GB system in 

the Gone Green scenario, through 40 GW of gas-fired generation and a further 20 GW of CCS plant, 

interconnector capacity and nuclear.  Other solutions are of course possible: the FES Gone Green 

example is given here as it has been addressed in detail by National Grid. 

It is feasible that some of this gas generation capacity could be located in Scotland, but it is not 

necessary.  In fact, it is likely to be more economical to locate it closer to the major demand centres in 

the south of GB, unless there is some other locational factor such as fuel source (gas import terminal 

location, or onshore gas wells).  
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5 EVALUATION OF OUTCOMES FOR SCENARIOS 
 
WWF set several Research Questions, which are addressed in this section. 

5.1 Credible generation mixes 
1. How can the 2030 decarbonisation target be delivered in a low CCS, no new nuclear scenario? 

With only renewables and a small amount of gas generation with CCS in Scotland, 

decarbonisation targets are met and exceeded.  During periods of high electricity demand and 

low renewables production, electricity may need to be imported from the rest of the GB 

system (other options are described below).  

Scenarios 2 and 4 show the ‘Low CCS’ options.  Scenario 2, which assumes high annual electricity 

demand, requires around 14 GW of renewable generation located in Scotland.  Scenario 4, with 

substantially lower electricity demand, requires around 10 GW of renewables.   

For both scenarios: 

 Renewables production exceeds 90% of Scottish gross annual electricity consumption. 
 Only relatively small further renewables capacity is needed to achieve 100% of gross annual 

consumption, i.e. to maintain the target currently set for 2020. 
 Carbon intensity is very low, below 5 g/kWh, because all Scottish generation is renewables or CCS. 
 With low CCS generation capacity in Scotland, total generating capacity in Scotland will not meet 

peak demand in the most onerous circumstances (Table 4-10).  The most straightforward solution is 

to rely on the rest of the GB system, as transmission capacity reinforcements already in hand will be 

more than adequate.  Other options are interconnection to other European systems, further demand 
response, additional biomass generation, design of the CCS plant to provide additional output in 
extreme circumstances, or gas-fired generation (most likely OCGT) located in Scotland34.   

 

For both scenarios, there will be substantial export flows at periods of high renewables production and 

low demand, and substantial import flows when the reverse applies.  Most of these flows are likely to be 

to and from the rest of the GB system35, but there is no reason to exclude interconnection to other 

northern European countries if energy markets can justify the cost of the subsea cable.  Substantial 

additional interconnection capacity between GB and other European countries is already planned or 

under discussion /32/.   

Assuming these export and import flows are entirely within the GB system, transmission capacity up to 

around 13.7 GW may be required in the most onerous condition considered (Scenario 2, renewables 

production equivalent to 125% of annual consumption: see Section 4.4.2).  Transmission reinforcement 

to around this figure is already under discussion, for implementation around 2025.  Export of very large 

quantities of renewable electricity from Scotland is therefore entirely credible by 2030, assuming that the 

generation capacity and the transmission export capacity are economically justified.   

This last point is worth emphasising: for variable generation such as wind, it is very likely that full export 

capacity is not economically justified, i.e. that it will be more economical to pay for less transmission 

capacity, and accept that occasionally it will not be possible to export all production. 

 

                                                
34

 This latter option is effectively the same as locating in Scotland some of the gas-fired generation which makes the GB system secure.  It is 

therefore an economic decision on best location. 
35

 The island of Ireland and GB are subject to similar weather, and electricity demand patterns are also similar, so flows to and from Ireland will 

be limited, except in unusual circumstances. 
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5.2 Security 
2. How can system security be achieved under the 2030 decarbonisation target? 

Electricity supply in Scotland will be secure if the combined GB system is secure.  National 

Grid studies for high-renewables cases show that this is achievable. 

Section 4.4 covers technical issues, and demonstrates that adequate security of supply is achievable if: 

 the GB system itself is secure; and 

 there is adequate transmission capacity with the rest of the GB system. 

National Grid studies for 2030 and beyond /6/ discuss the important issues and demonstrate how the GB 

system can be secure with high renewables capacity. 

Although transmission capacity with the GB system is the principal option considered here, as it is well 

understood and is likely to be among the cheaper options, there are alternatives such as 

interconnections to other European countries, or locating gas-fired generation in Scotland rather than 

elsewhere in GB. 

It is worth repeating that transmission capacity from Scotland to England or to Wales is only part of the 

issue: it needs to be matched with transmission capacity from generators to border, and from border to 

loads. 

5.3 Capacity margin 
3. What does the analysis indicate about likely capacity margins in 2030 and how do they compare 

to other European countries? 

‘Capacity margin’ for Scotland can become negative in the scenarios studied, but this is not 

important if the entire GB system is secure.  

There are several different definitions of ‘capacity margin’ and related concepts.  Indeed, National Grid’s 

Future Energy Scenarios 2013 /6/ has an appendix comparing alternative methods used in its 

publications.   

Rather than evaluate the scenarios of this study against a specific definition, Table 4-10 shows that, 

using ‘derated’ capacity values for renewables in accordance with National Grid’s assumptions (and 

specifically an assumption of 7% of wind capacity), capacity margin for Scotland alone is negative, or at 

best around zero for Scenario 3.  However, from the FES Gone Green scenario, satisfactory capacity 

margin for the GB system is achieved36.  The important point is that because of the strong transmission 

connections, the GB system including Scotland has adequate capacity margin, and considering capacity 

margin for Scotland alone has little meaning. 

However, achieving adequate capacity margin for Scotland alone, if desired, is technically entirely 

feasible through several options.  The most straightforward is to build a limited number of unabated 

CCGT and OCGT peaking plant, which would operate infrequently but would be available to contribute to 

a secure electricity system at all times. Further demand response, reservoir hydro and pumped-storage 

plant could also contribute. 

5.4 Net energy balance to 2030 
4. What will the electricity transmission flows be between Scotland and the rest of the UK from 

2020 to 2030? What will the import/export balance look like to 2030 under the various pathways? 
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 Estimates for capacity margin beyond 2020 are not calculated in FES, but the capacity of thermal generation and the peak demand do not 

change markedly to 2030. 
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Scotland would continue to be a net exporter of electricity.  Net volumes of exports, and the 

peak flows, will depend on the economic case for renewable capacity in Scotland, and the 

economic case for transmission capacity to allow exports. 

Peak export and import flows are estimated for 2030 in Table 4-10 and Table 4-11.  These represent 

credible but extreme flows resulting from coincidence of renewables production and electricity demand 

within Scotland.  The transmission capacity required is similar to the results of other studies with similar 

scenarios /3//32/.  The rate at which these flows increase from present-day levels, and the rate at which 

transmission capacity is built to meet them, depends on the rate at which renewables capacity is 

developed in Scotland.  It is worth noting that, unlike most transmission development, this new 

transmission capacity is not justified by agreed rules for achieving adequate reliability of electricity 

supply: instead it must be justified by the economic value of the energy it transports. 

5.5 Interaction with the rest of the GB system 
5. What are the “security of supply” implications for the rest of the UK of the Scottish 2030 

decarbonisation target? 

The “security of supply” implications for the rest of the GB system are small.  The current 

Scottish conventional generation fleet is a small fraction of the GB total: its contribution to GB 

system security may be replaced by several alternatives, including ‘peaking’ plant, located 

wherever is most economic.  

National Grid’s Future Energy Scenarios studies show how the GB electricity system must develop to 

2030 and beyond, to meet levels of renewables production in GB which are consistent with the scenarios 

in this study.  Although further interconnection capacity to other European countries is assumed to 

increase, the major contributors to maintaining a secure GB system are continued transmission system 

development to meet the new power flows, and total thermal generation capacity approximately the 

same as today.  A relatively small fraction of the gas generation is assumed to be replaced by CCS 

around 2030.  The gas generation fleet may well trend towards a greater fraction of peaking plant 

(OCGT), and can be located wherever it is most economic, relative to the electricity demand and fuel 

supply. 

If demand response capability develops as anticipated, this could provide a contribution to system 

security, as an alternative to some peaking plant. 

5.6 Contributing factors 
6. What role should energy efficiency, demand management, storage and interconnection play in 

system security in 2030 and is it feasible to achieve this role in a no CCS scenario? 

All can play a part, but the main contributor to secure decarbonised electricity supply for 

Scotland is transmission capacity to the rest of the GB system.  

Comparing Scenario 1 with 3, and Scenario 2 with 4, shows that reduction in electricity demand greatly 

reduces the renewables capacity required to meet the targets and aspirations.   

It also reduces the need for measures to provide adequate security of supply, whether that is additional 

transmission capacity, demand response or thermal generation.  

Pumped-storage capacity is effective in contributing to security by meeting peak demand.  Alternative 

forms of energy storage could provide the same benefits, but at present in Scotland it is difficult to see a 

strong competitor to pumped-storage. 

In the context of Scotland, demand management appears likely to be more important for its economic 

value (i.e. ability to shift demand from periods of high electricity prices to low prices) than its 
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contribution to security of supply.  Table 4-10 shows that transmission capacity to the rest of the GB 

system is more significant than the capacity for demand response at the time of peak demand. 

Interconnection capacity does not of itself solve the problems of high penetration of variable renewables, 

but in the case of Scotland it is highly beneficial, because of the existence of a significantly larger 

neighbouring system with similar decarbonisation targets and (it is assumed) less competitive renewable 

resources. 

5.7 Cost implications 
7. What transmission, distribution, storage and generation infrastructure is required to maintain 

security of supply in 2030 and at what cost?  

No additional infrastructure is needed for the scenarios investigated in this study beyond that 

already planned, except (in some cases) some further transmission reinforcement. 

Transmission infrastructure 

Table 4-11 shows that no additional transmission infrastructure between Scotland and the rest of the GB 

system is needed beyond that already existing or under construction.  The exception is the case of 

Scenario 2, where a further 3 GW would be required to allow unconstrained exports, if economically 

justified. 

The costs of additional transmission infrastructure elsewhere in the GB system cannot be estimated 

accurately without detailed study of the entire GB system.  However the costs are not anticipated to be 

infeasible in comparison with costs of generation (see below): work for the Committee on Climate 

Change /34/37 estimated that a further 22 GW of transmission reinforcement would be needed for the GB 

system between 2020 and 2030, at a capital cost of £2 billion. 

Distribution infrastructure 

Electricity distribution systems are the lower-voltage equivalents of the transmission system, where the 

vast majority of customers are connected.  Distribution-system costs attributable to widespread use of 

renewables as considered in this study are close to zero.  This is because, under current charging 

arrangements, distribution-connected generation pays all the capital and operating costs attributable to 

their connection.  The exception to this is small-scale generation connected at the domestic level: if this 

becomes dominant in a specific area (for example, widespread domestic PV installations in a housing 

development which is largely unoccupied during the day), there could be substantial costs in reinforcing 

the local distribution network to cope.  These costs are under investigation but are currently not well 

understood /17/. 

Generation and storage capacity 

Section 4 has shown that additional conventional generation capacity and storage capacity are not 

essential in Scotland to achieve the scenarios used here.  

However, generation costs can be compared on cost of energy and emissions, against a ‘gas only’ case.  

The scenarios as set out in Section 4.3 in their basic form differ only in the amount of CCS generation 

and the onshore wind which is assumed (though it is clearly possible to choose other mixes of renewable 

generation).  This allows a simple comparison of the generation costs for the CCS and the new38 onshore 

wind elements, against the alternative of generating the same volume of electricity from gas, as set out 

in the table below.  Generation costs are taken from the latest available DECC figures /35/.  
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 Summarised on p131 of /34/. 
38

 I.e. not including the onshore wind capacity already in place. 
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Table 5-1 Comparison of scenarios against ‘gas-only’ alternative 

Scenario Alternatives Production 

[TWh/y] 

Unit cost 

[£/MWh] 

Cost of 

production 

[£M/y] 

Emissions 

[kT CO2 per 

year] 

1 CCS plant 17.5 94 1,645 1,050 

 New onshore wind 2.5 81 203 0 

 Total 20  1,848 1,050 

 Alternative, CCGT 20 81 1,620          7,600  

2 CCS plant 2.4 94 226 144 

 New onshore wind 17.6 81 1,426 0 

 Total 20  1,651 144 

 Alternative, CCGT 20 81 1,620 7,600 

3 CCS plant 17.5 94 1,645 1,050 

 New onshore wind 0 81 0 0 

 Total 17.5  1,645 1,050 

 Alternative, CCGT 17.5 81 1,418 6,650 

4 CCS plant 2.4 94 226 144 

 New onshore wind 5.4 81 437 0 

 Total 7.8  663 144 

 Alternative, CCGT 7.8 81 632          2,964  

 

When comparing estimates of future generation costs, it is critical to understand the assumptions.  The 

DECC estimates used in this comparison are based on the following. 

 Costs for wind and CCGT are for projects assumed to be commissioned in 2020.  Clearly this does 
not represent what will happen by 2030, but this assumption allows a clear comparison of 
alternatives without having to make assumptions about the timings of new generation projects. 

 Costs for CCS are for a ‘First of a Kind’ project in 2025, post-combustion carbon capture retrofitted 
to CCGT plant.  CCS is not expected to be available in 2020. 

 Costs use technology-specific hurdle rates39.  This allows lower borrowing costs to be used for 
technologies perceived to have lower risks. 

 DECC Central estimates are used.  High and Low estimates are provided, and in some cases are 
significantly different. 

 The cost of carbon included in these projections may change: the Committee on Climate Change 
uses +/-50% for sensitivity studies for 2020/36/.  A lower assumption for carbon would improve the 
position of gas compared to onshore wind. 
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The cost estimates used are for projects commissioning in 2020, for which DECC projections show that 

onshore wind in Scotland has very similar costs to gas-fired generation (CCGT).  The table shows that 

the ‘gas-only’ option is cheaper than the scenarios developed in this work (though with significantly 

higher carbon dioxide emissions), but this is largely due to the costs of the assumed CCS component.   

DECC central projections show onshore wind is cheaper than gas from 2025 onwards.   

Other costs for managing the variability of renewable generation, especially wind and PV, need to be 

calculated on a GB-system basis.  The Committee on Climate Change has funded work on this issue /34/ 

which produced an estimate of £10 per MWh of additional wind in 203040.  

 

5.8 Current policy regime 
8. Is the current policy regime adequate to deliver the 2030 power sector decarbonisation target 

with respect to a) transmission b) the energy market c) planning and d) generation? 

Yes, provided that political will and public acceptance is maintained.   Political will post-2020 

is by no means clear.   

There are specific difficulties with connections to the main island groups, which require 

political intervention. 

 

Electricity transmission construction rates and consenting process 

Transmission construction timelines are a potential limiting factor: the Committee on Climate Change 

concluded that ‘a significant expansion is likely to be required’ /34/.  The very large expansion of 

capacity between Scotland and the rest of the GB system currently in progress avoids the risk and delay 

of major planning enquiries for overhead transmission lines, by implementing instead additional control 

equipment at single locations (substations), and by using a subsea cable on the west coast.  Further 

subsea cables can in principle be implemented almost without limit: the Electricity Ten Year Statement 

/32/ mentions three possible new subsea cables on the east coast, providing more than enough 

transmission capacity before 2030.  The costs are higher than overhead lines, but with substantially 

faster and more certain construction times, less subject to consenting risk. 

However transmission capacity between Scotland and the rest of the GB system is only part of the issue; 

substantial reinforcement works may be needed on land.  The experience of the Beauly-Denny line 

shows how long this can take: application for consent was submitted in 2005 and granted in 2010, and 

completion is expected in 2015.  This difficulty may be addressed, if it arises, by going underground 

either with AC or DC.  Costs are significantly higher, but as with subsea cables, consenting risk and 

delays should be significantly reduced.  The Regulator will have to be convinced of the need for the 

higher cost, but this has already been achieved for the West Coast subsea cable. 

 

Renewables construction rates and consenting process 

Scenario 2 requires the greatest volume of renewable capacity (14,700 MW).  The main components of 

new renewable generation assumed are as follows, though of course other renewables could also meet 

the requirement: 

                                                
40

 See summary on p119 of /34/.  This cost is the marginal cost of additional renewables in 2030, i.e. at high renewables penetration: the cost 

of managing lower penetrations of renewables before 2030 is likely to be lower, per MWh of renewables production. 
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 1,000 MW of new hydro; 
 6,900 MW of new onshore wind, or 4,500 MW of new offshore wind (or a mixture). 

Over the period to 2030, the required build rates are 67 MW/y for hydro, and 460 MW/y for wind. 

DECC statistics41 show that onshore wind generation in Scotland increased by an average of 680 MW/y 

over the period 2011-2013, with a peak of 930 MW/y in 2012.   It is therefore concluded that there are 

no organisational or capacity constraints on building onshore wind generation at the rates envisaged in 

the scenarios.  There may of course be constraints on achieving planning consents and grid connection, 

but given the pipeline of projects already in development, these constraints are not expected to prevent 

construction of this volume of wind generation by 2030, provided the current level of political will in 

Scotland is maintained. 

However hydro (large and small-scale) increased by only 16 MW/y over the same period.  There are 

signs that hydro development may be expanding: a total of 77 MW is awaiting construction or is in 

construction.  If however hydro capacity cannot expand by 1000 MW by 2030, other renewables 

technologies should be able to fill the gap. 

Energy market 

The market for renewables in the UK is currently relatively clear only until 202042.  There is clear 

intention throughout Westminster and Holyrood to meet 2020 targets, with heavy reliance on 

renewables.  In the period to 2020 in Scotland, the risks are: 

Electricity market reform - renewables 

Renewables projects funded through the Renewables Obligation mechanism are certain of their income, 

but this mechanism will not be available to new projects from 2017.  Under Electricity Market Reform, 

uncertainties are gradually being resolved, but the ‘allocation risk’ (the risk of new projects not winning a 

Contract for Differences43) is still not clear.  There is a fixed pot of money to 2020 (the Levy Control 

Framework) for renewables and other low-carbon policies, and there will be competition on price for it44.  

There is also competition on timing and size.  It is feasible that a small project may be successful in one 

of the rounds in preference to a larger project with lower unit costs, if it fits within the budget available 

for that round.   

Offshore wind is particularly affected, especially Scottish projects, as these face less certainty on costs 

for a number of reasons, including deeper waters and more onerous conditions. 

Electricity market reform – conventional generation 

As shown in Section 4.3.5, conventional generating plant without CCS can expect to operate at 

substantially lower capacity factors than at present.  Electricity Market Reform includes a Capacity 

Market, to provide income to such generators in addition to the income from electricity sales. 

Grid connection delays and costs   

The Connect and Manage regime has made a big difference for projects in Scotland /34//37/.  This 

process allows projects to connect in advance of all necessary transmission reinforcement being 

completed, and has allowed some projects to be built several years early.  This principle will continue, 
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 DECC Energy Trends, Table 6.1c.  Latest figures at https://www.gov.uk/government/collections/energy-trends  
42

 See e.g. Committee on Climate Change 2014 progress report /34/. 
43

 Contract for Difference: a mechanism by which projects are paid the difference between a measure of wholesale electricity prices, and an 

agreed ‘strike price’.  In principle this gives projects a guaranteed electricity price, which leads to lower financing costs, and also avoids the 

risk of projects being over-rewarded, which can occur with premium-price systems for support of renewables.  
44

 DECC recently announced the draft budget notice for CFD allocation, Round 1 https://www.gov.uk/government/publications/indicative-cfd-

budget-notice-for-the-autumn-2014-cfd-allocation-round. Analysis of this indicates that there will be significantly more renewable capacity 
chasing CFDs than can be funded in the period to 2020. 

https://www.gov.uk/government/collections/energy-trends
https://www.gov.uk/government/publications/indicative-cfd-budget-notice-for-the-autumn-2014-cfd-allocation-round
https://www.gov.uk/government/publications/indicative-cfd-budget-notice-for-the-autumn-2014-cfd-allocation-round
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and with National Grid actively managing the connection queue (i.e. detecting projects which are delayed 

for other reasons, such as planning consent, where other projects could use the connection capacity 

earlier), it is difficult to see how the situation on the transmission system could be improved further 

without major regulatory change. 

However projects on the main Scottish island groups are in a very difficult position that does not appear 

to allow them to connect before around 2020.  Delays can affect the chances of getting a Contract for 

Difference.  Projects cannot bid for a Contract for Difference without knowing the cost and timing of their 

grid connection, but equally cannot sign a binding connection agreement without knowing if they will get 

a Contract for Difference.  Further, the Regulator wants to see a demonstrated need in order to authorise 

the major capital investment of a connection to an island group, demonstrated by signed connection 

agreements.  This difficulty is fundamentally unresolvable under current arrangements, and so requires 

political intervention. 

Transmission charging principles have been under review for several years, with particular concern about 

the conflict between locational charging (to accurately reflect the costs incurred by connecting a 

generator far from the major demand centres), the exploitation of the most favourable locations for 

onshore and offshore wind, wave and tidal, and the major social and economic advantages that 

employment could bring to disadvantaged areas.  New charging principles have now been agreed /38/, 

which reduce costs for renewable generators located in Scotland; however, costs in the north and 

especially the islands remain very substantially higher than further south. 

Additional support for projects on the islands, to allow for higher transmission costs and other costs, are 

proposed as part of Electricity Market Reform, /39/ though currently the proposals appear to limit 

capacity to well below that which the islands could support. 

After 2020 

After 2020, the situation is much less clear, principally because there are no firm targets for renewables 

in the UK, only aspirations for emissions reduction and decarbonisation of electricity.  The negative 

effects of this are set out by the Committee on Climate Change /34/.  

Unlike some other countries (e.g. Spain), it is expected that Government support for renewables projects 

will not be reduced arbitrarily after the commitment to invest is made.  However, support for new 

projects is not at all certain post 2020. Most renewables are capital-intensive, with effectively fixed 

operating costs.  They are therefore very sensitive to uncertainties about future income.  Post-2020 

uncertainty is therefore now starting to influence initiation and development of post-2020 projects. 

5.9 Future policy actions 
9. What policy recommendations flow from this analysis? 

There are three main areas for policy action, at both Holyrood and Westminster level: 

5.9.1 Maintaining industry confidence in the short and medium term 
Rapid resolution of the uncertainties around Electricity Market Reform is crucial.  This is already 

affecting development and construction programmes for offshore wind, and is also causing a rush of 

onshore wind projects attempting to construct in time to qualify under the Renewables Obligation before 

it is terminated.  This requires DECC to avoid further delays, and giving weight to renewable developers’ 

concerns about details of the allocation mechanisms. 

Wave and tidal technologies and projects are at risk of being ignored in the short term.  These 

technologies are now at the critical stage of deployment at array scale, where costs are much higher 

than prototype and development stages, and yet investors cannot fund arrays unsupported.  
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Governments need to ‘check in’ frequently with the wave and tidal industries to ensure that connection 

issues, transmission charging, and electricity market reform do not impede progress. 

5.9.2 Post 2020 
The continuation of a market for new renewables projects after 2020 needs to be stated clearly 

by Government.  Adoption of the Fourth and Fifth Carbon Budgets /40/ would provide a suitable signal.  

A firm decarbonisation target for 2030 for the electricity supply industry is a sensible step and provides a 

clear message.  Without these signals, large renewables developers and investors may find other 

countries present more attractive opportunities.  Also there is a danger, particularly for offshore wind, 

that lack of clarity on future needs will prevent the major capital investments and innovation required to 

bring down costs.  This may also make it harder to justify inward investment to establish manufacturing 

and jobs in the UK.  

It is worth noting that with strong efforts on energy efficiency and demand reduction in Scotland 

(e.g. Scenarios 3 and 4), the volume of renewable generation already existing or under construction, 

and therefore likely to be in operation before 2020, will get Scotland close to the target of 50g/kWh for 

2030.  Therefore, demand reduction within Scotland makes it easier to achieve this ambition despite 

possible uncertainty or even unhelpful policies in Westminster and Brussels. 

Demand reduction is an area where the Scottish Government has considerable freedom of action.  

Current policy priorities cover all the important areas – however, experience is being gained rapidly, 

particularly on heat and on electric vehicles, and policy actions will need to be revisited frequently. 

Electric vehicles and electrification of heat also provide opportunities for managing demand to 

accommodate variable renewables.  Governments should therefore aim to ensure (by market 

mechanisms or otherwise) that the true value of demand response services is available to those 

able to provide it. 

5.9.3 Scottish island groups 
A solution to the problems of renewable generation on the three main island groups, in obtaining 

a grid connection at acceptable cost and in time, would produce several hundreds of MW of onshore wind 

generation at costs significantly cheaper than offshore wind. 

This would also provide major economic and social benefits to disadvantaged areas, and could provide 

sites for demonstration of wave and tidal arrays at reasonable connection cost. 

This will not happen under current regulatory and commercial frameworks, and therefore it requires 

political intervention.  Current proposals under electricity market reform, for island renewables, wave 

and tidal may not be sufficient, and therefore DECC and Scottish Government should resolve these 

concerns at the earliest opportunity. 
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http://www.scotland.gov.uk/Topics/Business-Industry/Energy/Action/energy-efficiency-policy
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APPENDIX A: ESTABLISHING THE BACKGROUND 

 

European Union Energy Policy 

The main aims of European energy policy are to set and meet its climate and environmental targets, 

while ensuring affordable energy prices, industrial competitiveness and security of supply. The key 

metrics that the EU is aiming for are set out in its targets for greenhouse gases (GHG), renewable 

energy (RE) and energy efficiency (EE).  These are set for 2020, in the Energy 2020 Strategy, which was 

adopted in 2007 /41/The three targets, known as the “20-20-20” targets,  for this period are: 

 20% reduction in the EU’s GHG emission levels, relative to 1990 levels 
 20% share of renewable energy in the EU’s total energy consumption, with specific targets for 

certain Member States, based on projected energy demand; 

 20% saving in energy consumption compared to the EU’s projected energy use. 

There are also targets set for other sectors of the economy, including the use of RE in the transport 

sector and the decarbonisation of transport fuels. 

The contributions to the 2020 targets are expected to be finalised by the European Commission and 

national members by the end of 2015. The 2020 targets are implemented at EU level through policy 

instruments.  

The EU’s targets for 2030 are to be considered following an UN Climate Summit planned for the end of 

2014. It has been highlighted by recent EC publications that the 2030 targets will also have to be in line 

with the longer term goals of the EU’s 2050 targets /42/.  The EU’s 2050 targets have been described by 

the European Commission as ambitious, aiming to reduce GHG emissions by between 80% and 95% by 

2050 compared to the baseline 1990 levels.  

Based on these longer term targets, the EC has suggested that the 2030 targets for GHG emissions will 

need to be set at a level of at least 40% reduction in order to be on track to meet the 2050 targets. It 

has been estimated that in order to achieve the overall 40% target, the sectors covered by the EU 

emissions trading scheme (EU ETS) would have to reduce their emissions by 43% compared to 2005. All 

other sectors not covered by the ETS would be expected to cut their emissions by 30% below the 2005 

level. The plan would attempt to ensure that the required effort would be shared equitably between the 

Member States, importantly by binding national emissions targets. 

The emissions targets above have resulted in an expected RE share of at least 27% of total energy 

consumption by 2030. This has been translated in certain European Commission publications as an 

expected 45% share of renewables in the EU electricity production mix /43/.  

With respect to the 2030 energy efficiency targets (EE), the European Union will consider the role of EE 

in an upcoming Energy Efficiency Directive. The European Commission has indicated that in their 

estimations, energy savings of 25% by 2030 would be required to achieve the aforementioned GHG 

target of 40% in the same period /43/. 

For the transport sector, the EU has proposed in its Transport White Paper GHG reductions of 60% for 

2050 compared to 1990 and by around 20% by 2030 compared to 2008 levels (or 8% above 1990 levels) 

/44/. Use of renewable energy sources in transport by 2020 on the other hand has been targeted at 10% 

for 2020 /45/. It has been noted in the Energy 2050 Roadmap that “electricity could provide around 65 % 

of energy demand by passenger cars and light duty vehicles” /46/. 

No clear mention appears to have been made with regards to the renewable heat aspirations for 2030, 

but research undertaken by the European Renewable Energy Council and supported by the EC, has 
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indicated that renewable heating (and cooling) could cover more than half of the EU´s heat demand by 

2030 /47/. 

Decisions on the actual framework to implement the 2030 targets were originally to be concluded by 

March 2014 but have now been deferred until October 2014 at the latest. Proposals suggest that the 

renewable energy target  apply to the EU as a whole rather than being legally binding on individual 

nations, as were the 2020 targets. 

 

UK energy policy 

No target for emissions or for electricity demand yet exists for 2030. In fact, in recent EU level meetings 

with regards to the European 2030 targets, the UK has been one of the most prominent opponents of 

translating EU targets into legally binding national targets for renewable energy or energy efficiency, 

preferring instead to allow the energy markets to decide the optimum penetrations of renewables on 

their grids, subject to the national emissions reduction target. Given this current approach it is not 

expected that the current Government will provide anything more than “aspirational” targets for 2030. 

At the same time however, the UK is legally bound (through the 2008 Climate Change Act) to reduce its 

greenhouse gas emissions in 2050 by at least 80%, compared to the 1990 baseline level of 773 MtCO2e. 

Prior to this, the UK is also committed to delivering 15% of its energy demand from renewable sources 

by 2020 /48/. It has been generally agreed that to meet this wider energy and GHG target, the 

electricity generation sector will be at the forefront of the RE drive.  

Based on these obligations, the Committee on Climate Change (CCC) published its Fourth Carbon Budget 

report in December 2010 /1/. This provides advice to Government on emissions targets which should be 

adopted for the period 2023-2027, and suggests policies to reach those targets (with other budgets 

having dealt with other periods e.g. up to 2020). As part of the work for this report, the CCC has 

produced estimates of emissions reductions that should be achieved in 2030. The Fourth Carbon Budget 

was reviewed in December 2013, and the CCC recommended that there was no reason to modify the 

original existing carbon budget /36/.  Looking specifically at the power sector, the December 2013 

update provided different scenarios for decarbonisation that estimated the share of renewables in 

electricity production to range between approximately 40%-60% by the 2030 mark, based on modelling 

undertaken by the CCC to coincide with the UK Government’s release of the Electricity Market Reform 

plan. In summary, the CCC stated that the main conclusions from the original document are still valid 

and for 2030, greenhouse gas emissions should be reduced by 60%, to 310 MtCO2e. 

According to the CCC’s analysis in the Fourth Carbon Budget, the electricity sector would need to be 

almost completely decarbonised by 2030, with emissions intensity figures forecast to be of the order of 

50 gCO2e/kWh (under their Medium Investment scenario; the “High-“ and “Low Investment” scenarios 

arrived at values of 40 to 130 gCO2e/kWh respectively /1/)  compared to some 500g today. The Energy 

Act 2013 specifies that a 2030 decarbonisation target can be set no earlier than mid 2016 and must first 

be laid before and agreed by Parliament.   

Another government publication, the Energy and Emission Projections provides estimates of the emission 

levels and energy mixes going forward. Additional modelling requested by the Government and 

undertaken by the CCC in 2011 indicated that there was scope for the penetration of renewables to 

reach 30%-45% of all final energy consumption by 2030 /2/. The 2013 Update of the Government’s 

Energy and Emission Projections provides projections out to 2030, based on the current policies, which 

estimate that the UK territorial emissions for 2030 will be at a level of around 396 MtCO2e /49/.  This is 

significantly higher than the CCC recommendation of 310 MtCO2e. 
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With respect to renewable heat targets, the UK is committed to producing 12% of heat from renewable 

sources by 2020, as stated in the Government’s National Renewable Energy Action Plan submitted to the 

European Commission /50/. The same document also includes a target of achieving 10% of transport 

demand from renewables by 2020.  

The December 2013 update of the CCC’s Fourth Carbon Budget provides some indications of the levels of 

renewable energy required for both renewable heat and transport, in order to meet the Carbon Budgets. 

Specifically, the December update indicates that a “60% penetration of electric vehicles in new car sales 

by 2030“ will be required, whilst heat pumps will be required at a “penetration rate of 25% of heat 

demand in the residential sector, and around 60% in the non-residential sector by 2030.” /36/ 

 

Scottish energy policy 

In 2009, the Scottish Government passed its own climate change legislation, including a 42% reduction 

in emissions by 2020. The 2009 Climate Change (Scotland) Act also mandated annual targets, and a 80% 

reduction target for 2050. On the pathways to the 2050 targets for the whole Scottish economy, a target 

of a 60% reduction in GHG emissions by 2030 can be expected.  

In further Government reports, aspirations to further decarbonise the Scottish power sector by 2030 

were also presented, which would mean a 2030 target of approximately 50 gCO2/kWh for power 

generated in Scotland /9/. 

There is also a target for renewables to provide 100% of Scotland’s gross electricity consumption45 by 

2020.  The potential for 125% of gross consumption by 2030 has been raised /51/.  

In the case of renewable heat, similar aspirations have been set with a nominal target of decarbonising 

the Scottish heat sector by 2050, and with significant progress having been made by 2030. The 

equivalent 2020 target is for 11% heat demand from renewables /52/. 

The same approach is mentioned with regards to road transport; specifically the Scottish Climate Change 

Delivery Plan states that the target is for “complete decarbonisation of road transport by 2050 with 

significant progress by 2030 through wholesale adoption of electric cars and vans, and significant 

decarbonisation of rail by 2050” /53/. In both cases however, no explicit targets are set. 

Finally with respect to energy efficiency measures, a target of 12% reduction in final energy use by 2020 

is in place, from a baseline set for 2005-2007 /54/ 

 

                                                
45

 ‘Gross Consumption’ in this case is defined as total electricity used by consumers, plus transmission and distribution losses, plus ‘own use’ by 

generating stations. 
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