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Foreword 
Scotland has enormous green energy potential with our natural resources 
comprising of a quarter of Europe's tidal and offshore wind potential and a tenth of its 
wave power. However, only a tiny fraction of this potential is likely to be exploited 
using existing renewable energy devices in their present format.  The ambitious 
target set by the Scottish Government for the equivalent of all of Scotland's electricity 
needs to come from renewables by 2020 is laudable but is unachievable because of 
the inadequacy of renewable wave, wind and tidal stream converters currently 
operating of being developed in Scotland. The target should be to generate all of 
Scotland’s electricity from renewables in the form of firm capacity that does not 
require any fossil fuel generation to provide back up. This severe change of strategy 
from slowing down the rate at which we burn fossil fuels is not only necessary in 
short to medium term, but will need to be in place in any event long before the planet 
runs out of the fossil fuels on which the renewable energy industry depends to 
provide back up for its not-fit-for-purpose intermittent generation. There is no choice 
other than to generate all of Scotland’s electricity from renewables because, one 
day, there will be no fossil fuels or cogeneration materials like woody biomass left to 
burn. 
 
The Renewables’ Obligation has been absolutely fundamental to the progress which 
we have made over the last decade in Scotland but it is well past its ‘sell-by date’ 
because it is now stifling innovation and invention. The intermittent generation from 
renewables will continue as long as generous payments are available for this second 
class of generated electricity. We must strive to meet the challenging target of 
generating base load, load following and peaking renewable electricity generation 
that does not require expensive (imported) fossil fuels and the only way to achieve 
this goal is to incentivise firm renewable capacity in Scotland. This can be done by 
offering ten ROCs for every MWh(e) delivered unbroken over, say a 24 hour period. 
Over time, RO payments for intermittent generation will fall as more and more secure 
renewable capacity comes on line. 
 
Intermittent generation will never be cost effective and will always impose an 
excessive burden upon consumers. Properly engineered, firm capacity from 
renewable energy sources such as wind, waves and tidal streams will provide cheap 
and infinite supplies of electricity to the benefit of all and one day will be too cheap to 
meter. 
 
Targets 
There are, in effect, two distinct classes of electricity. Class A is the secure electricity 
that is available at our sockets 24-7 (apart from the occasional power cut). This is 
also known as ‘firm power’ and is supplied by our thermal power stations that burn 
fossil fuels or use nuclear fission to generate large quantities of heat from which to 
raise steam. The superheated steam is passed through steam turbines generating 
sets that generate constant synchronous firm power for the Grid.  
 
Class B, on the other hand is poor quality intermittent electricity that is subject to the 
vagaries of the weather and the Spring - Neaps cyclic, albeit predictably, intermittent 



nature of tides. Class B electricity from renewable sources is not firm power and, as 
such, requires around 80% of fossil and nuclear firm power to back them up.  
 
The 2020 targets may be achievable by generating dribs and drabs of poor quality 
Class B electricity but will not reduce Scotland’s emissions’ targets one iota.  There 
is clear evidence that renewables are actually increasing the amount of gas burnt 
than would otherwise be the case if there was no renewables at all! 
 
Clearly, the Scottish Government is the prime customer and as such is willing to 
commit as much taxpayers’ money as is possible to achieving these targets and will 
inevitably pick up the lion’s share of the bill for ineffective poor quality Class B 
electricity from real time renewable generation that will not mitigate the effects of 
climate change. 
 
Challenges 
The main challenge is to incentivise the renewable energy industry by withdrawing 
Renewable Obligation payments for intermittent Class B electricity and diverting 
these payments to Class A electricity only.  A ROC payment scheme should be 
introduced for the supply of renewable heat as well. 
 
The technology to generate cheap Class A electricity from wave and tidal power is 
already is available through a well known Scottish invention.  One day, using this 
invention and close relatives to it, Scotland’s electricity will be too cheap to meter 
because, once the capital expenditure on the necessary infrastructure is paid off, the 
renewable ‘fuel’ is free of charge and infinite. 
 
Generating Class B electricity is unaffordable in two ways. The Class B output from a 
1MW tidal stream generator (TSG), costing in excess of £15 million to build and 
deploy, is a derisory 1.7GWh annually which will turnover ~£550,000 assuming 5 
ROCs per MWh as outlined in the recent Scottish ROC Banding proposals. This 
TSG’s cost of production will increase over time as the cost of imported coal, gas 
and oil used to provide Class A back up for 78% of the year, increase exponentially 
as remaining reserves of fossil fuels dwindle. Known coal reserves are calculated to 
run out as early as 2040 and it is likely that exporting countries will start to hoard 
their reserves long before that. 
 
Renewable heat producing technologies offer a way forward provided that the heat is 
produced without burning anything. The kinetic and potential energies in non-thermal 
renewables like wind, wave and tidal streams can easily be converted into heat using 
‘friction boilers’. This is a generic term for a method of converting renewable energy 
directly into heat in direct proportion to its dynamic shaft power. 
 
Universities and research institutes are responsible for a plethora of poorly designed 
renewable energy systems that deliver low outputs of intermittent Class B electricity 
and cannot be relied upon to deliver technological answers to delivering Class A 
electricity from renewable energy systems. 
 
Supply Chain & Infrastructure  
The National Grid distributes its electricity north and south of the border using HVAC 
which is prone to high heat losses in transmission. The grid can be strengthened by 



introducing islanded sections interconnected to each other by means of VHVDC or 
HVDC. This will minimise losses over long distances to markets in Europe.  All 
renewables should be generating HVDC for direct transmission down Variable High 
Voltage Direct Current interconnectors that will form part of a pan-European Grid. 
 
The introduction of ROCs did help generate a lot interest and development of a 
plethora of renewable energy devices but these did not generate very much 
electricity and still do not. The even more derisory Class B outputs from marine 
renewables has forced the Scottish government to act by increasing the proposed 
ROC payment bands to a staggeringly expensive 5 ROCs/MWh(e) for both wave 
and tidal stream derived electricity. This, intuitively, feels like the right thing for the 
government to do.  However, it is counterproductive and a wasted opportunity to put 
Scotland on the right road towards non-intermittent renewable derived electricity.  
Driving forward to firm renewable capacity will put Scotland in the vanguard and 
other countries will soon follow suit.  The sooner that renewable energy systems are 
developed that do not require any fossil fuelled generation to back them up the better 
it is for Scotland and, ultimately, our planet on which we all depend. 
 
Electricity Generated by Marine Energy Resources is generated in real time and are 
all intermittent but, with tidal stream, electricity is predictably intermittent. Marine 
renewable energy devises are very expensive to build and deploy but electrical 
outputs are very low and is unlikely to attract inward investment because returns will 
be insignificant even if the five ROCs/MWh(e) is introduced. 
 
The strategy of generating electricity in real time is very wasteful of the resource. 
With tidal stream generators (TSGs) less than 5% of the total tidal resource is 
converted into electricity across the Neap-Spring tide cycles annually.  It will surprise 
many that around seven eighths of the total tidal stream resource is simply discarded 
and just 40% of the remaining one eighth is converted into poor quality second class 
electricity in short pulses to the grid. Further, no renewable project should receive 
approval unless it can demonstrate that at least 50% of the resource is converted to 
electricity. 
 
For example, a typical 1MW(e) rated TSG will cost upwards of £25 million to build 
and deploy in the Pentland Firth but will only generate 1.9GWh(e) per year. 
Assuming 5 ROCs per MWh(e), with the wholesale price of £100 added, the turnover 
will amount to just £665,000 per annum. Taking off the costs of repair, cleaning, 
maintenance and wages, it is difficult to see how any investor would see any return 
on his or her investment. 
 
Wave energy machines produce even less electricity and are probably a lot more 
expensive per kW to build than TSGs are. A typical 1MW machine will need to be 
over 60 meters wide and are tied to near shore because of cable or pipeline 
constraints where much of the energy in the waves has already been dissipated. 
Interestingly, wave energy developers in Scotland use the wrong formula for 
calculating wave energy giving an answer that is 8 times lower than the formula used 
in the rest of the world. Perhaps this is the reason that wave machines have a very 
short life expectancy. 
 



At the time of writing the whole of the UK is sitting under an area of high pressure so 
there is not a breath of wind anywhere. This occurrence more or less sums up to the 
total ineffectiveness of intermittent generation. During this time there are no near 
shore waves and no generation from TSGs for an hour both sides of slack water. If 
the high continues into the night there will be no PV and solar thermal either. This 
effect is known as the Coincident Null Theory which alludes to the fact that, give any 
number of random intermittent events, a null where there is zero generation always 
occurs from time to time. When this event does happen thermal power stations, both 
fossil and (French) nuclear, will have to generate at full capacity throughout the UK 
to keep the lights on in Scotland.  
 
Summary 
The renewable energy industry is generating the wrong kind of electricity and getting 
paid handsomely for it through the ROC’s system. ROCs are stifling innovation and 
inventiveness and encouraging the continuous generation of not-fit-for-purpose 
Class B electricity that does not mitigate the effects of climat change and never will. 
 
ROCs for intermittent electricity should be phased out over the next five and perhaps 
10 ROCs per MWh(e) should be offered for non-intermittent generation of renewable 
electricity that does not require fossil or nuclear back up.  
 
No renewable project should receive approval unless it can demonstrate that at least 
50% of the total resource is converted to electricity. For example, the environmental 
damage caused by ‘run of river’ hydro schemes and marine energy schemes in 
general is huge – for very little return in terms of generation. 
 
The Scottish Government has been led for far too long by its appointed ‘independent’ 
advisors all drawn from the renewable energy industry. If they are truly independent 
they should be already advising the government to abandon intermittent electricity 
generators because these require vast quantities of expensive imported coal and 
gas to provide back up to stop the lights going out. Clearly, if the government 
continues down this dead-end path, there will be rolling blackouts as and when 
exporting countries decide to keep their dwindling supplies of coal and gas for 
themselves unless we change our strategy and incentivise firm renewable capacity. 
The government should lead and not be led by ‘renewable energy salesmen’ who 
want to maintain their companies’ vested interests in the intermittent renewable 
energy sector by telling the government what it wants to hear. More and more 
intermittency has no long term future and it is time that the government set the 
agenda – not the other way round! 
 
Time is of the essence and we must change tack now because we could run out 
access to fossil fuels as early as 2020.  
 
I wish to be called to give oral evidence as this subject is of national importance – for 
too long the usual suspects from the industry have been given free reign to force the 
governments of the day into actions that increase their profit margins but do nothing 
to mitigate the effects of climate change.  
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