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SUBMISSION FROM GL GARRAD HASSAN 

GLGH is the world’s largest dedicated renewable energy consultancy, with 
approximately 950 staff in 42 locations across 24 countries, including an office in 
Glasgow since 1991.  Our technical expertise covers all aspects of onshore and 
offshore wind, tidal, wave and solar energy.  Our guiding principle is that we have no 
equity stake in any renewable energy device or project, in order to maintain our 
ability to offer independent advice. 

We have views on many of the questions raised in the Call for Written Evidence.  
However, as others in the renewables industries are equally competent to address 
some of the questions, and in order to keep this document within the requested size, 
we have concentrated our responses on specific technical issues where we are 
particularly qualified. 

This document is structured in accordance with the Call for Written Evidence.  
Detailed discussions are provided in Appendices.  Where relevant, our responses 
relate to renewable electricity generation rather than renewable heat, as this is our 
area of expertise. 

 

TARGETS 

Are the 2020 renewables targets (for electricity and heat) achievable?  If not, 
why not? 

Yes, given sufficient political will and public support1.   

There are three main issues commonly raised when discussing this issue: 

Available sites 
The renewable resource is enormous: as an illustration, there is enough land 
area just in the Central Belt to meet the 2020 target from onshore wind alone, if 
political and public opinion would allow this.  See Appendix 1 for more detail. 

Build rate 
The build rate required to 2020 is around 1300 MW per year, or roughly 500 
typical wind turbines, assuming (for illustrative purposes only) that the targets are 
met predominantly by onshore and offshore wind: see Appendix 1.   
 
This build rate is eminently achievable.  The recent report to the Scottish 
Government by the Committee on Climate Change2 found ‘capacity being added 

                                                                 
1 As noted in the Introduction, our response here relates specifically to renewable electricity. 
2 Committee on Climate Change, Reducing emissions in Scotland, First Progress Report, January 2012, 

http://downloads.theccc.org.uk.s3.amazonaws.com/1552_CCC_Scotland%20report.pdf  

http://downloads.theccc.org.uk.s3.amazonaws.com/1552_CCC_Scotland%20report.pdf
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at a rate in recent years that is consistent with meeting the likely capacity 
required to meet targets by 2020’.   
 
The limiting factor here is likely to be the rate at which projects can be consented, 
which is dependent on political will and public support. 

Electricity transmission 
The 2020 target for renewable electricity implies there will be substantial exports 
at times of high renewables production due, for example, to high wind speeds 
and high reservoir levels.  (As a side issue, there may also be substantial imports 
during periods of low renewable production, depending on decisions about 
location of fossil and nuclear generation north or south of the border.  This is not 
strictly within the terms of reference of the enquiry, but does have political 
implications).   
 
These exports will require substantial export capacity in the electricity 
transmission system.  These exports will be primarily to the rest of the Great 
Britain (GB) system.  There is a 500 MW connection to the electricity system of 
the island of Ireland, but it is reasonable to assume that times of high renewable 
production in Scotland will generally be matched by high renewable production in 
Ireland.  Export capacity to Norway is under investigation, but by 2020 Scottish 
export capacity is likely to be dominated by connections to England and Wales.  
Existing connection capacity is due to be upgraded to 4,400 MW by 2015, a new 
2,000 MW subsea cable on the west coast is due in service for 2016, and a 
similar cable on the east coast is foreseen for around 2018. 
 
This question of the required export capacity has been the subject of several 
studies, but for the purposes of this enquiry the best evidence is the recent report 
by the Electricity Networks Strategy Group3.  The ENSG is a forum led by DECC 
and Ofgem, and includes the Scottish transmission system owners and National 
Grid.  The ENSG report concludes that the GB transmission system can be 
developed to allow the Scotland and UK targets for 2020 to be met.   
 
We have reviewed the ENSG report and compared it with our own work.  We 
believe its conclusions are robust and can be used by the Committee.  If the 
Committee wishes to investigate this issue further, it would be useful to ask SSE, 
ScottishPower or National Grid to give evidence on the ENSG findings. 

 
Any threat to the future adequacy of Scotland’s electricity export capability is not 
technical in nature and it is not construction time, but consenting delays that are 
the constraining factor. Much of the reinforcements identified by ENSG are 
subsea, and therefore much less controversial than for example the Beauly-
Denny reinforcement.  However developments on land are still required.  If there 

                                                                 

3 ENSG, Our Electricity Transmission Network: a vision for 2020, Feb 2012.  URN 11D/954   

http://www.decc.gov.uk/assets/decc/11/meeting-energy-demand/future-elec-network/4263-ensgfull.pdf 

 

http://www.decc.gov.uk/assets/decc/11/meeting-energy-demand/future-elec-network/4263-ensgfull.pdf
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is sufficient political will and public support, the transmission capacity can be 
achieved by 2020: this is a non-technical issue we are not competent to comment 
on. 
 

What contribution will achievement of the 2020 renewables targets make to 
meeting Scotland’s CO2 emissions targets? 

Robust estimates are already available: we recommend the Committee reviews the 
recent First Progress Report for Scotland by the Committee on Climate Change, 
referred to above.  This suggests that achieving the 2020 renewable electricity target 
is essential to achieving the emissions target. 

When the question of CO2 reduction through renewable generation is discussed, not 
infrequently fallacious arguments are put forward that the reductions are minimal 
because of the emissions incurred in construction, and the increased emissions of 
conventional fossil-fuelled generation caused by having to match the variable output 
of the renewable generation.  If the Committee is concerned by these issues, we 
would be pleased to provide further detailed evidence, or alternatively the Committee 
could take evidence from the Department of Energy and Climate Change (DECC). 

 

Will increase in demand from electric heat and transport be offset by 
efficiencies elsewhere? 

This issue primarily depends on consumer behaviour, guided by incentives, in 
adopting energy-efficient behaviour, appliances (particularly heat pumps), and 
electric vehicles.  It is therefore extremely difficult to project to 2020.  Our view is that 
it is likely that adoption of heat pumps and electric vehicles will be fairly slow, 
governed primarily by replacement rates, and so the effect will not be great by 2020.  
This is also the view of the recent ENSG report, for UK demand.   

However, after 2020 the impact of all these factors is likely to be increasingly 
significant. 

 

Has the Scottish Government made any estimation of the overall costs of 
achieving the targets, and identified which parties will bear them? 

The Committee should note that minimisation of cost is not the only aim of energy 
policy: risk, particularly fuel risk, is very important.  A strategy which achieves 
acceptable costs may be preferable to one likely to give lower costs, but with a risk 
of substantially higher costs. 

We are not aware of any detailed calculation by the Scottish Government.  Detailed 
calculations for the UK are available and will be readily transferrable to Scotland.  
See our response under D below. 
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Under current arrangements, all costs, no matter what their source, are eventually 
borne by electricity consumers or taxpayers, primarily the former. 

 

CHALLENGES 

A. Technology 

Is the technology to meet these targets available and affordable? 

The technology is available to meet the 2020 renewable electricity target. 

For example, even assuming that only onshore wind was available to Scotland, the 
target could be met with existing wind turbine technology (see Appendix 1).  Other 
renewable technologies such as hydro, photovoltaics, solar thermal and several 
forms of biomass are also clearly available with no technology risk.  Offshore wind 
can also be considered ‘available’ in technology terms, but with some technology risk 
that translates to risk in costs. 

Wave and tidal technology cannot currently be considered ‘available’, as the most 
advanced concepts are at the demonstration stage.  However there is a very good 
chance that several device concepts will be past this stage well before 2020.  

Whether all these technologies are considered ‘affordable’ in comparison to 
alternative energy policies is a political question which we are not competent to 
answer. 

 

Are electricity generating or heat producing technologies compatible with the 
need for security of energy supplies? 

Yes.  Security of energy supply in this context4 covers two main issues: 

Fuel supply risk 

Most renewable electricity generating technologies do not import fuel or even 
purchase and transport fuel locally.  Biomass technologies do require fuel, and 
may even result in imports, but the supply risks are similar to those for fossil 
fuels.   
 
Of course, wind, hydro and other renewable technologies do have the risk that 
the energy source is not controllable and available when required: this is 
discussed further in Appendix 2. 

Electricity system security 

                                                                 

4 As noted in the Introduction, our response here relates specifically to renewable electricity 
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The ‘variable’ renewables, primarily wind, cause concerns that they cannot 
directly replace conventional large thermal power stations, and therefore threaten 
the security or reliability of the electricity system.   
 
It is worth making the point, often overlooked, that in technical terms there is no 
such thing as a Scottish electricity system: the security of the electricity 
system has to be considered system-wide. Currently this means the Great Britain 
system, and in future will increasingly mean the security of the combined 
European systems.  In principle, there is no fundamental need for any large fossil 
or nuclear power stations in Scotland.  . 
 
It is our view that the most challenging case for a high-renewables system is the 
‘long cold spell’ in winter, with low wind speeds and high electricity demand.  We 
firmly believe that if the system is secure against this, it is secure against the 
other technical issues raised by a high-renewables future.  The most obvious 
solutions involve substantial gas-fired generation capacity, possibly in conjunction 
with additional interconnections to other systems.    
 
Issues of electricity system security are discussed in more depth in Appendix 2 

 

Are our universities and research institutes fully geared up to the need for 
technological development, innovation and commercialisation? 

Others will be able to answer this question in more detail.  However we do wish to 
point out that technology development and innovation is not essential for the 
achievement of the 2020 targets: even existing technology would get us there. 
Technology development and innovation may allow us to get there at lower cost, with 
greater economic and employment benefits for the country, and in better shape to 
respond to the greater challenges that we will face after 2020. 

 

B. Supply chain and infrastructure 

Is the supply chain in Scotland in place to meet the targets? 

Strictly speaking: no, the supply chain in Scotland alone will not be able to meet the 
target. However, the global supply chain certainly is able to meet the target. 

The question is better interpreted as ‘is the supply chain in place to obtain the 
greatest benefits for Scotland?’  With sufficient certainty of political will and public 
acceptability, we consider it likely that the supply chains for the major renewable 
technologies can scale up in time to capture substantial economic benefits for 
Scotland.  Recent announcements of inward investment from major suppliers show 
the level of interest. 

Potential inward investors will now be estimating demand for beyond 2020.  
Therefore the Scottish Government should be reinforcing efforts to establish strong 
2030 targets for renewable electricity production at UK and EU level.   
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In our view, expansion of Scotland’s renewables industries after 2020 will depend 
almost entirely on markets outside Scotland for sales of electricity and sales of 
equipment. 

 

What further improvements are needed to the grid infrastructure….? 

See earlier responses.   

The main role for the Scottish Government here is in ensuring the consent processes 
for network reinforcement proceed as rapidly as possible. 

  

D. Access to finance 

What will the impacts be on consumers and their bills? 

This question has been extensively aired recently5, and the answer is: relatively 
little compared to other factors that can affect consumers and their electricity 
bills.  We recommend that the Committee considers taking evidence on this issue 
from the Committee on Climate Change and DECC. 

 

F. Energy market reform and the subsidy regime 

Are the reforms of the energy markets and subsidy regimes at both the UK and 
EU level sufficient to meet the challenge of the Scottish Government’s 
renewable targets? 

There is still significant uncertainty about the detail of UK electricity market reform, 
including subsidies for renewables.  However, it is clear that if the reforms ensure 
that the UK meets its legally-binding 2020 targets, then given Scotland’s natural 
resource advantages, UK demand for renewable electricity should ensure that 
Scotland’s target is met.  

 
GL Garrad Hassan 
29 February 2012 

                                                                 
5 See for example the Committee on Climate Change, Household energy bills – impacts of meeting carbon budgets, Dec 

2011 

http://downloads.theccc.org.uk.s3.amazonaws.com/Household%20Energy%20Bills/CCC_Energy%20Note%20Bill_bookma

rked_1.pdf  

http://downloads.theccc.org.uk.s3.amazonaws.com/Household%20Energy%20Bills/CCC_Energy%20Note%20Bill_bookmarked_1.pdf
http://downloads.theccc.org.uk.s3.amazonaws.com/Household%20Energy%20Bills/CCC_Energy%20Note%20Bill_bookmarked_1.pdf
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APPENDIX 1 

Renewables capacity required 
 

Electricity demand in Scotland is currently of the order of 40,000 GWh per year 
(‘gross consumption’).  GLGH believes that electrification of heat and transport, and 
the effects of demand reduction efforts, together will result in very little change by 
2020.  This agrees with the Electricity Network Strategy Group’s estimates for the 
UK6.  Therefore the target for renewable electricity generated in Scotland in 2020 is 
roughly 40,000 GWh, in round numbers. 

The long-term average capacity factor7 of onshore wind generation in Scotland is 
over 30%.  It is likely that future developments will tend to use sites with lower wind 
speeds, which in principle would mean lower capacity factors.  On the other hand, 
wind turbine technology is improving, allowing an increase in rotor diameter for 
constant power rating, increasing capacity factor.  Also, offshore wind can be 
expected to have higher capacity factors than most onshore sites.  However, for 
conservatism, we assume an average capacity factor for the entire onshore and 
offshore wind fleet in 2020 of 30%.  Therefore, to generate 40,000 GWh entirely from 
onshore and offshore wind would require around 15,000 MW of wind turbine 
capacity. 

Other forms of renewable generation (except solar) have capacity factors equivalent 
to or greater than wind, so substantial fractions of other renewables would reduce 
the total capacity required.  

Current renewable electricity generating capacity in Scotland is around 5,000 MW. 

Scottish onshore wind farms have a power density of roughly 12 MW per km2, so 
under the extreme assumption that the entire Scottish renewable electricity target is 
to be met by onshore wind alone, land area of around 1300 km2 would be occupied8.  
For comparison, this is about 1.7% of Scotland’s land area, or roughly equivalent in 
size to the local government areas of Fife, Shetland, South Ayrshire, or South 
Lanarkshire. 

Of course, the wind turbines would be visible over a greater area than this. 

We must be clear that this is an illustration of an extreme example: the 2020 target 
need not be met by onshore wind alone. 

 

                                                                 
6 Our Electricity Transmission Network: a vision for 2020, Feb 2012.  URN 11D/954   

http://www.decc.gov.uk/assets/decc/11/meeting-energy-demand/future-elec-network/4263-ensgfull.pdf 
7 The ratio of the energy production of the wind turbine over a long period to the energy production it would have achieved 

if it had been able to run at full output for that period. 
8 Roughly 2% of this area is actually occupied by turbine foundations and access roads: the rest continues to be used for 

other purposes. 

http://www.decc.gov.uk/assets/decc/11/meeting-energy-demand/future-elec-network/4263-ensgfull.pdf
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APPENDIX 2 

Security of supply with variable renewables 
 

General 

This appendix attempts to clear up some of the common misunderstandings about 
security of electricity supply, as briefly as possible.  We would be pleased to provide 
more detailed analysis if useful to the Committee. 

This discussion will concentrate on onshore and offshore wind.  This is partly 
because wind will be a major part of any renewables future for Scotland, but also 
because it is the most variable and probably least predictable of the renewable 
technologies.  Therefore if solutions can be found for a system dominated by wind, 
they will work for other mixes of renewable technologies. 

The system 

The first point to make in the context of this enquiry is that, when discussing security 
of supply, there is no such thing as the Scottish electricity system.  Security is a 
function of the entire system, in this case the GB electricity system.  In fact the major 
reason for the development of ‘national grids’ in the middle of last century was the 
great improvement in security of supply, at lower cost. 

To illustrate this point, London’s population is more than twice Scotland’s, and its 
electricity demand greater yet, but there are only two major thermal power stations 
within the M25 ring, with total capacity entirely insufficient to meet London’s demand.  
Yet London is secure because it is part of a larger system. 

To make the point another way, by 2018 it is expected that the transmission capacity 
between Scotland and the rest of the GB system will reach around 8,400 MW.  
Scotland’s maximum demand is around 6,000 MW.  Therefore even assuming the 
failure of the largest transmission element (2,000 MW), and assuming zero output 
from all Scottish renewables generators, electricity demand in Scotland can still be 
reliably supplied without any fossil or nuclear power stations in Scotland, provided 
the GB system itself is secure9.  This point has been missed by a number of 
commentators10. 

There may of course be other reasons for locating fossil or nuclear generators in 
Scotland, but they are not essential for security of supply. 

The long cold spell 

                                                                 
9 Although the transmission capacity would be adequate, some additional equipment may be needed at points within 

Scotland, for example for reactive power and voltage control, to make this extreme example work. 
10 E.g Institution of Mechanical Engineers, Scottish Energy 2020?, November 2011. 
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GLGH believes that the most serious event for the GB system with high wind 
capacity is an extended period of anticyclonic weather in winter.  The low 
temperature increases heating demand (more so in future, with greater electrification 
of heat supply), and at the same time there is very little output from wind and wave 
generation, and run-of-river hydro, due to frozen groundwater. 

Deferrable demand such as heating loads and electric vehicle charging will be very 
useful for managing variability of renewables over periods of a day, but there is very 
little demand that can be deferred for longer periods.  Electric vehicle charging might 
be manageable on a weekly cycle, though it is yet to be demonstrated that most 
users will accept this.  Anticyclonic conditions can persist for two or three weeks. 

Similarly, energy storage will be extremely useful in a high-renewables future, but 
again it is most suited for storage periods of hours or a day.  Existing pumped-
storage installations typically have storage capacities equivalent to a few hours of full 
output.  Storage capacity can undoubtedly be built with capacity equivalent to 
several days, but as it will only be called upon to use its full capacity a few times per 
year or perhaps a few times per decade, it may be very expensive. 

This is why we believe the ‘long cold spell’ is the critical issue.  If the GB electricity 
system is secure against this, it is likely to be secure against the other technical 
issues raised by variable renewables. 

In previous work11, we have investigated resolving this issue with gas-fired 
generation capacity in the UK, and also with substantial interconnection to the rest of 
Europe in place of some of the thermal generation.  Both are technically feasible. 

Note that the gas-fired generation is not ‘backup’ required entirely to match the wind 
generation: this is a common misconception.  The total fossil-fuelled generation 
capacity will be no more than (and in theory, slightly less than) the total thermal 
generation capacity for a system with no renewables.  In fact, our previous work 
found that total thermal generation would be less than the current GB thermal 
generation capacity. 

Compared to the no-renewables case, the gas-fired generation is of course running 
much less, consuming much less fuel, and (in future) requiring much less carbon 
storage capacity.  Finding a mechanism to make funding of thermal generation 
capacity feasible in this situation is one of the aims of the current Electricity Market 
Reform process. 

Variability and predictability 

These are two separate issues, often confused.  To illustrate this, consider tidal 
generation: it is highly variable (four generation cycles a day), but highly predictable. 

                                                                 

11 UK generation and demand scenarios for 2030, Sep 2011, for WWF UK (used by WWF as a basis for their report Positive 

Energy).  http://assets.wwf.org.uk/downloads/positive_energy_glgh_technical_report.pdf  

http://assets.wwf.org.uk/downloads/positive_energy_glgh_technical_report.pdf
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Wind generation forecasting is now an established industry, with several competing 
suppliers of forecasting services.  Forecasting up to a day ahead is very accurate, 
and is expected to improve.  This is the forecasting timescale of most interest to 
electricity system operators. 

Extensive operational experience backed by theory shows that the net output of wind 
generation spread over an area the size of a country varies very little on timescales 
of tens of minutes or less.  This is due to the substantial averaging of wind 
fluctuations over the rotor disk, over the wind farm, and over multiple distributed wind 
farms.  The worst-case changes experienced so far are of the order of 20 to 30% per 
hour, and these are extreme events.  This level of variability can be matched by 
thermal generation.  In particular, some of the gas-fired generation envisaged above 
could, if necessary, be open-cycle gas turbines capable of relatively rapid startup 
and shutdown. 

Note also that given the right regulatory or commercial arrangements, these extreme 
events can be mitigated if desired by the electricity system operator.  It is feasible to 
predict the arrival of storm fronts, and to instruct the wind generation to limit the rate 
at which its output increases, or to reduce output gradually ahead of a predicted 
rapid fall. 

Summary 

There are many technical issues that will have to be resolved in a high-renewables 
future, in order to retain secure electricity systems.  None of them are show-
stoppers. 

 

  
 
 
 


