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Executive summary 
 
Ecologic was commissioned by the Stronsay Development Trust to carry out a 
preliminary evaluation of the renewable opportunities on Stronsay.  It is designed to 
have enough supporting information to enable the Development Trust to select 
projects that are suitable for further evaluation in more detailed studies.  Each project 
has a: 
• brief technical description of what’s involved; 

• description of any technical constraints, risks or wider strategic or socio-economic 
issues; 

• high level economic analysis  to see if there are major financial barriers; 
The study has found that there are a number of opportunities for renewable 
development – both large and small scale, with potential synergies between projects. 
 
Existing wind farm at Rothiesholm Head 
There is some 450 kW of spare wind capacity at the Rothiesholm turbines.  The power 
would only become available with wind speeds >11metres/sec (about 22 knots) 
which is about 15% of the year, mainly in winter – totalling about 800,000 kWh.  I & H 
Brown, the owners of the turbines, are prepared to consider making this potential 
energy available at no cost to the community provided that it does not affect their 
current electricity supply contract.  Preliminary enquiries with the regulator Ofgem, 
were not encouraging but there may be a way around the issue.  The most promising 
options were: 
• Generation of hydrogen.  The main disadvantage is that the electrolyser would 

only be used for 15% of the time.  However with the economies of scale that arise 
from using large scale electrolysis units, it is worth considering installing an 
oversized electrolyser and sufficient storage to meet the requirements of the pilot 
project. 

• Heating water for growing tropical shellfish – abalone.  Ted Smith, a consultant 
who helped with this work, knows Stronsay and is keen to come up and present 
the case in more detail.   

 
Recommendations 
• Review hydrogen generation in the light of the other wind generator options 

• Invite Ted Smith to present the case for abalone – may also be of interest to Eday, 
where cheap power might be available from the tidal developments 

 
New wind projects 
There are a number of promising options for wind developments, many of which are 
linked in with hydrogen production. 
 
Large scale 
Preliminary results indicate that there is potential for the development of a large 1MW 
wind turbine for both grid connected and non-grid connected operation.  The 
viability of a large turbine depends on a number of variables: 
• Finance – terms of loans, loan repayments & grant support. 

• Ownership models – risks, liabilities and responsibilities. 
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• The price and life of the Renewable Obligation Certificates (ROCs): these 
contribute about two thirds of the current market price but are only guaranteed 
until 2015. 

• Availability of grid connection. 

• For a non-grid connected – who will be buying the electricity?  How much will 
they pay?  What happens if their business is not successful?  

 
Small and intermediate scale wind 
There are good opportunities to use wind power that can both save on heating costs 
and provide a useful income from ROCs.  The simplest option is to put all the 
electricity directly into heating water, which could be used for heating for the 
swimming pool and the new sports facility, if it is located at the school.  The school 
would need a 75-100 kW generator to heat the swimming pool.  OIC are interested in 
the idea.  Preliminary enquires with local wind experts indicated that there was a 
limited choice of new commercially available turbines that were suitable for this 
application – either 25kW or 330 kW, but this search was not exhaustive.  A refurbished 
second hand turbine is another option.  Having a single machine is approximately 
30% more cost effective than having several units. 
 
One other option is to have a larger machine 250 – 500 kW machine that would serve 
the swimming pool, hall and sports hall if required as well as supplying power for 
hydrogen generation.  Stepping up to a much bigger unit creates a number of issues.  
This size of wind generator is a major step up from the relatively small 25 kW turbines 
and would present a greater visual impact than the smaller turbines. 
 
The generation and storage of hydrogen present a significant hazard that that will 
need careful evaluation, through a detailed risk assessment.  From a logical 
perspective, it should be possible put the hydrogen facility far enough away from 
people to reduce the risk to an acceptable level.  Significant amounts of propane 
used to be safely stored in the village.  There are also advantages of having the 
hydrogen store in a central location.  On the other hand, there is a powerful, more 
emotive argument in favour of putting any hazardous facilities well away from centres 
of population.   
 
Recommendations 
The Development Trust should focus on making a decision on wind options as soon as 
possible to maximise the value of the ROCs.  This will involve: 

• Deciding on the location of the sports hall and sizing the wind turbine 
requirements to suit. 

• Checking availability of suitably sized wind turbines, especially second hand / 
refurbished models. 

• Checking with Scottish & Southern / wind turbine manufacturer about supplying 
the community centre.  

• Investigate applying for a grid connection if there is interest a large turbine. 

• Decide on how the wind facility would be owned and operated. 

• Carry out a detailed feasibility & design study on the preferred option, including a 
risk assessment on financal, environmental and safety issues. 
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Hydrogen 
Hydrogen is fast becoming the accepted fuel of choice for the future.  Interest in the 
hydrogen economy is taking off and projects are being announced all over the world 
– in Canada, Hawaii, Cape Barren island Australia, Greece, Japan and others.  Most 
of these schemes are demonstration projects for fuel cell applications 
 
Hydrogen technology is costly and needs to attract extensive grant funding in order 
to be economic.  With so many projects springing up it is necessary to develop 
projects that offer a new approach.  One big opportunity is to look at a low 
technology approach to substituting hydrocarbons with hydrogen and test this within 
a community to create a model for transition into a hydrogen economy.  However it 
is unlikely that the community are going to support such a transition unless there is a 
clear economic benefit – like cheaper fuel. 
 
Setting a goal to become a “hydrogen island” with extensive fossil fuel replacement 
has the advantage of attracting both short and long term funding and potential 
partnerships with industry and research institutions.  It also helps to stimulate strategic 
thinking, especially with respect to the siting of a hydrogen plant and storage area 
bearing in mind any potential synergies with biogas and aquaculture possibilities.  
However a number of questions need to be answered: 
• How easy will it be to convert vehicles and farm machinery to hydrogen – is it a 

practical proposition? 

• How easy will it be to use other fuels if required without making any engine 
modifications? 

• How much will hydrogen cost?  Will it need to be subsidised to be an attractive 
proposition? 

• How will it benefit the island as a whole in terms of employment and the 
economy? 

 
Answering these questions need a mixture of desk based research and direct 
experience.  This report provides a first step.   
 
Recommendations 
The Development Trust have agreed to look for funding to undertake a detailed 
hydrogen feasibility study, that should provide the theoretical answers, whilst a pilot 
study is needed to see how the theory plays out in practice.  SiGEN have agreed to 
make a funding application to the DTI. 
 
Bio-digestion 
Biodigestion offers considerable potential especially with land draining onto sensitive 
water locations.  There also some potentially interesting synergies with hydrogen and 
using combined fuels.   
 
Recommendations 
This is not seen as a priority.  While provision for bio-digeston should be made in any 
long term development plans, it is recommended  to wait and see how things go with 
the Westray unit before starting in Stronsay. 
 
Biofuels 
The waste fat scheme is the cheapest and easiest method of producing bio-diesel.  
This has been so successful in Westray that it is unlikely that there will be enough 
feedstock to make it worth while starting with another project in Stronsay. 
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Preliminary trials have been carried out in Westray growing bio-fuel crops for 
feedstock.  The results are not yet available but the indications are that the sensitivity 
of the crops to the Orkney climate makes commercial production too risky to be 
viable.  Further more, it seems that under the current UK taxation regime, it is not 
possible to produce bio-diesel any cheaper than Derv (John Nicolson, Biopower, pers. 
comm.).  
 
Recommendations 
It is recommended that a watching brief on the market is maintained through links 
with the Westray Development Trust, but that no further action is taken at this time.  
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1 Introduction  
The Stronsay Development Trust was set up on 3rd August 2004 under the Initiative at 
the Edge Scheme to “lead the regeneration of our island community and to secure a 
healthy future for all”.  The development of renewable resources is an area of 
opportunity that has been identified by the trust.   
 
The Development Trust commissioned Ecologic to provide a broad overview of the 
renewable energy opportunities that are potentially available on Stronsay.  This study 
is designed to provide enough supporting information to enable the Development 
Trust to select projects that are suitable for further development.  Each project has a: 
• Brief technical description of what’s involved; 

• Description of any technical constraints, risks or wider strategic or socio-economic 
issues; 

• High level economic analysis to see if there are major financial barriers; 
This report has been kept as short and concise as possible.  It is designed to be a 
working tool and so hyperlinks have been used to get access to more detailed 
information - in anticipation of the arrival of broadband in Stronsay. 
 
IMPORTANT NOTE  
The reason for undertaking a high level economic analysis is to identify the critical 
items that will a major bearing on the viability of a project and to help highlight 
projects that look most promising.  The accuracy of the costs used in this study is 
chosen to be consistent with the scope of the work – that is to take a preliminary look 
at the viability of the options.  The accuracy is normally +/- 30%.  Working at this level 
of accuracy, it is often it is possible to change assumptions to get any answer you 
want.  Therefore any profit and loss figures should be interpreted within the context 
the broader objectives of the study and take account of economic sensitivities.  A 
detailed feasibility study, with more accurate cost estimates, should be carried for all 
projects selected by the Trust for further consideration. 
 

Why renewables? 
The Earth’s climate and atmosphere is always changing. Up until now this has been 
due to natural events like the changes in the earths orbiting patterns, solar activity, 
release of CO2 from volcanic eruptions etc.  However, studies carried out by the 
Intergovernmental Panel for Climate Change (IPCC) and others have found there is 
growing evidence of a marked increase in CO2 and global climate temperatures 
(see panel).  These increases have been linked to the massive increase in the 
consumption of fossil fuels over the last 150 years. 
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Global warming and CO2 concentrations  

 At the moment, the world’s atmospheric CO2 
levels are at an all time high of 380ppm 
having increased from 280ppm in 1880.   
 
CO2 levels are expected to reach 450-
650ppm in the Intergovernmental Panel for 
Climate Change (IPPC) scenarios for lowest 
possible stabilisation and business as usual.  
This is 2-3 times the highest recorded 
concentration in the last 400,000 years.  
Maintaining CO2 at 550ppm will require a 
60% reduction in emissions by 2050, 
compared to the Kyoto target of 5 -10% by 
2010. 
 
550ppm was chosen as a “safe” level with a 
predicted temperature increase of 2-3 deg. 
C, which is currently thought to be 
sustainable.   

Source: IPCC (2001) http://www.ipcc.ch/present/presentations.htm 

 
The increase in temperature from having too much CO2 in the atmosphere is thought 
to be caused by the greenhouse effect (see panel below).  At this stage, it is worth 
pointing out that not everyone agrees with global warming.  Some scientists argue 
that the computer models are too inaccurate to be of value and that global 
warming is a doomsday scare, which will come to nothing.  Something like the scare 
over the millennium bug in computers or predictions in the 1970s that we would run 
out of oil by the year 2000.   
 
The Greenhouse effect 

 

The greenhouse effect is 
caused by a build up of 
greenhouse gases (such as 
carbon dioxide and 
methane) in the atmosphere.  
 
Solar energy heats up the 
earth and the heat is then 
radiated back into space.  
The greenhouse gases trap 
the energy radiated by the 
earth and stop all of it from 
going into space.  The result is 
that it acts like an insulator 
and causes the earth to heat 
up. 
 
 

Source: http://www.unep.net/explorer 
 
However, the UK Government has taken the view that global warming presents a real 
threat to our future and formally signed up to the Kyoto Protocol in 2001.  It is legally 
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bound to reduce greenhouse gas emissions to 12.5% below 1990 levels by 2008-2012.  
The government's Climate Change Programme (2000) further seeks to reduce 
emissions to 20% below 1990 levels by 2010, with an 'aspirational' target that by 2020, 
20% of the UK's electricity requirements should be met by renewable energy.  It has 
also pledged to cut carbon dioxide emissions in this country by 60 % by 2050 in line 
with the IPCC recommendations.  
 
The Scottish Executive has set a higher target for Scotland of 18% by 2010 and 40% by 
2020. Scotland is able to do this since it already generates 11% of its electricity from 
hydroelectric schemes compared with 3.5% for the UK. 
 
In summary, the development of renewable energy opportunities can: 
• Make a positive contribution to meeting the UK CO2 reduction targets; 

• Create sustainable opportunities for new businesses and direct employment; 

• Provide spin-off opportunities to raise Stronsay’s profile, both nationally and 
internationally, either from attracting visitors to see cutting edge developments or 
from exporting specialist knowledge and expertise.  The PURE hydrogen project in 
Shetland is cited as flagship project on the EC website 

 

2 Power from Rothiesholm wind turbines 
Contributions from Richard Ford, Grid specialist, British Energy Association; Lisa 
Lammas, Senior Advisor; Gary Craig, Manager Renewables and CHP, Ofgem, Neil 
Reid, Operations Manager I&H Brown.  

Background  
Note: 1 kW (kilowatt) is roughly equal to the power consumed by a kettle.  1 MW ( megawatt) is 
1000 kW. 
 
Three turbines 900 kW turbines were installed by Texas Utilities (TXU) in Rothiesholm in 
2002.  The 900 kW is referred to as the installed capacity – that is the maximum 
amount of power that the turbines were able to produce.  A contract was made 
between TXU and Scottish & Southern Electricity under the under the Electricity (Non-
Fossil Fuel Sources) (Scotland) Order 1999  - SRO 3, in which the project was classified 
as a “small generating station”.  For SRO 3, a small generating station had to have a 
declared net capacity of less than 1 MW.  The turbines were then sold on to I & H 
Brown in 2004.   
 
Declared Net capacity is defined in the Electricity Act (1989) as “"declared net 
capacity", in relation to a non-fossil fuel generating station, means the highest 
generation of electricity …..that can be maintained indefinitely without causing 
damage to the plant ….” 
 
However, with renewables, the generating capacity depends upon the weather and 
so it has been necessary to introduce a factor by which the installed capacity is 
multiplied to calculate the Declared Net Capacity.  This is akin to the load factor of a 
generating station that, in the case of nuclear power stations, would be expected to 
be around 80%.  The 'load factors' for  renewables are: Water power (except wave 
and tidal) 100%; Tidal and Wave power 33%; Wind power 43% and Solar power 17%. 
 
Therefore the to calculate the maximum possible installed capacity of the three 
turbines, we have to divide the allowable net generating capacity by 0.43, which 
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equals a total of 2,235 kW.  Spreading this equally between the three turbines gives a 
maximum installed capacity of 775 kW for each turbine.    
 
Therefore, the turbines were derated from 900 kW to 750 kW using the computer 
control system when they were installed to meet the SRO agreement.  As a part of 
this study, I & H Brown and Ofgem (the government regulator for gas and electricity 
markets) were approached to see if the community could use the additional 
electricity that could be made available by restoring the turbines back to their full 
operating potential.   
 
I & H Brown were encouraging about the possibility of the community using the 
additional power that could be released, at no cost, provided it did not affect their 
income or their SRO contract in any way.   
 
Ofgem was asked to consider feasibility of increasing the output of the wind farm on 
the basis that:  “While it is technically very straightforward to restore the turbines to 
their original capacity, any increase in generating capacity is technically in breach of 
the SRO contract and its designation as a small wind generating station.” 
 
“However, if we look to the spirit of the legislation and the need to increase 
renewable generating capacity to meet the government target, it makes little sense 
to have this potential power going to waste, especially if all the additional power that 
is generated was to be used locally for community benefit.  One option under 
consideration by the Stronsay Development Trust under the "Initiative at the Edge" 
scheme is a demonstration project on medium scale production and use of 
hydrogen for transport.” 
 
The reply from Ofgem was less encouraging: “Ofgem has specific duties under the 
SRO legislation and cannot act in the 'spirit' of the legislation as you suggest.  I would 
suggest contacting the supply successor company (in this case SSE) to discuss ways 
that you can take the project forward without breaching the SRO contract.”  This 
option will be investigated further if the Development Trust supports a suitable 
proposal for the use of this potential power source. 
 

Potential power that might be available  
The spare electricity of the turbines at Rothiesholm only starts to be generated when 
the wind speed reaches 10.5 m/s (See Figure 1).  As the wind increases above 10.5 
metres / sec, there is a transition zone, when power starts to become available, that 
reaches the maximum output of 450 kW at 11.5 metres / sec.  

Figure 1  Power generation profile from restoring turbines to their original capacity 
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Looking at previous records for 2003 & 2004, it is possible to estimate how much 
electricity is potentially available - and when.  Figure 2 shows the total number of 
days in which power of would be generated – including transition zone days in which 
the average wind speed was between 10.5 and 11.5 metres / sec.  

Figure 2  Seasonal profile of power generation 

 
Figure 3 illustrates the relations between “transitional days”, (average wind speed 
>10.5 metres / sec) and “full power” days (average wind speed >11.5 metres / sec). 
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Figure 3  Seasonal distribution of transition days and full power days for 2003 

 

The profile shows an intermittent supply of very large amounts of power nature of 
about 800,000 kWh over the course of a year – about a third of Stronsay’s electricity 
requirements.   
 
The next task is to find ways to harness this “free” electricity to produce a competitive 
advantage for a local industry.  The power comes in large bursts, which tends to be 
too much or too little to be of use for most applications.  The most efficient way to 
manage these power fluctuations is to copy a night storage heater, using storage 
media like soil or water that take a long time to heat up and take a long time to cool 
down.  Two ways of using the heat are explored – horticulture and aquaculture. 
  
 

Direct heat into the soil – horticulture 
Contributions from Dr Peter Martin, UHI;  Adam Clark, Hoy, Grower;  Bob Nelson, Evie, 
Grower;  Bob Hemming, Mushroom grower, Sandwick,  Richard Shearer, Retailer, 
Kirkwall, George Kirkpatrick, Vegetable buyer, Stromness 
 
The first choice was heating a greenhouse to extend the growing season of suitable 
plants.  Preliminary soundings were taken from local professionals involved in different 
parts of the supply chain.  The best sort of system that emerged from discussions was 
to use the power to heat water using a large water tank to supply a reservoir and 
distribute the heat with radiators, or by running pipes in a concrete base like under 
floor heating within a “poly-tunnel” or a greenhouse.  Most greenhouse crops in 
Orkney seem to be cultivated in grow bags, either on the floor or on trestles, 
depending upon the crop. 
 
Options 
UHI could not recommend any high value plants for growing in this situation and it 
was clear some considerable amounts of light would be needed to supplement the 
heat in winter. 
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Interviews with growers and retailers indicated that the markets are very tight, with 
intense competition from produce coming into Orkney from all over the world 
through supermarkets and wholesalers.  The experience of local growers is that the 
tight margins and the high cost of freight make it uneconomic to export produce 
from Orkney, so any market has to be locally based, preferably within Stronsay.  
Produce that have been considered are: 
• Herbs and flowers – normally cut or sold in pots.  This appeared to be a limited 

market, with intense competition in the summer.  There appears to be an 
increased demand during the winter months – prices of the order of 75p per 25 – 
50g. 

• Mushrooms – require relatively small amounts of heat, with a very limited market in 
the winter.  The main market is on the mainland in the summer with the arrival of 
tourists. 

• Tomatoes, strawberries – these are currently grown under cover with heating in 
Orkney, but with a view to extending the season with early and late cropping, 
rather than two crops a year.  There would be a price premium of 25% on 
strawberries for the Christmas market. 

• Lettuce – there is a fairly steady demand but requires weekly sowing to maintain 
the constant supply required by wholesalers and retailers.   

 
Analysis   
Conventional crops like strawberries and tomatoes appear to offer the best 
opportunities.  It may be possible to get two crops of strawberries, using artificial light 
and special “waiting bed” plants for winter.  However, these are at least 25% more 
expensive than the normal plants.   
 
Rough estimates of the capital costs for this sort of venture would be approximately 
£1000 - £2500 per 100m2 for polytunnel or a Keder type polycarbonate greenhouse.  
A greenhouse would be better suited for winter growing as they hold the heat much 
better.  A further £4,500 would be needed for 400 Watt High Pressure Sodium lights 
and fittings and for heating.  
 
The normal gross income from strawberries is estimated to be £10/m2 – this could 
increase to £30-40 / m2 during the run up to Christmas, when there is a premium for 
soft fruit around Christmas.  However, the timing for this would be critical as the 
market falls away after Christmas and New Year.  This market is also limited to a 
maximum of about 1000 lb of strawberries in the run-up to Christmas.   
 
This leaves a gap to find something else to be grown for the rest of the winter.  
Tomatoes are a possible option, although they would require more light than 
strawberries.  A 1% reduction in light for tomatoes gives a 1% reduction in yield.   
 
Lighting also has a high operating cost, as the plants will need about 16 hours of light 
to grow through the winter.  The lights required are powerful and have high capital 
and operating costs. (See Table 1). 
 

Table 1 Preliminary analysis of lighting costs assuming 100 kW/m2    

Month Hours / day 7p/Unit 4p/Unit 
September 2 £            43 £           25 

October 5 £          109 £           62 



Ecologic 
Stronsay Renewable Energy Opportunities  
 

 Stronsay Development Trust 2005 8  9 January, 2007 

November 6 £          130 £           74 
December 10 £          217 £         124 

January 10 £          217 £         124 
February 8 £          174 £           99 
March 10 £          217 £         124 
April 4 £           87 £           50 

Max cost  £      1,194 £         682 
Cost / m2  £           17 £             9 

 
Tomatoes would probably need artificial light for 16 hours to produce a sensible crop.  
Some electricity for lighting may be available from the turbines, but this would only 
reduce the costs by 20-30%.   
 
Conclusion 
This option does not look promising on preliminary investigation, though this position 
may well change with the increasing concerns about the high carbon footprint (or 
CO2 emissions) associated with vegetables imported by airfreight.   
 
The plants require a constant supply of light, do not take the best out of the 
additional power available from the turbines and would create a visual impact.  
Power for lighting has to be supplied when the turbines are not available.  Only 2% of 
the generated power is used when the turbines are available.  Other key drawbacks 
appear to be: 
• The lights themselves could provide a substantial amount of the heat that is 

required, depending upon the temperatures required and the type of 
greenhouse  

• Overall profitability is relatively low with a high operating risk from breaking into 
new horticultural techniques and a tight window for the Christmas market 

• Finding other crops that could be grown profitably from January to April – 
tomatoes might be a suitable option, although they would require additional 
light. 
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Direct heat into water – aquaculture 
Contributions from Ted Smith, FLO-GRO Systems, Martin Syvret, Sea Fish Industry 
Authority and Andy Fitzgerald, Chairman South West Abalone Growers Association. 
 
While investigating the horticulture, it became clear that aquaculture might be a 
better option.   Water used in a heat sink to absorb the large amounts of energy that 
become available when the turbines are producing electricity, has two important 
advantages.  No light is required in the winter months and the markets are likely to be 
less seasonal.  There is also some potential synergy between the hydrogen production 
(see later) by using the oxygen that is generated as a by-product of the electrolysis of 
water.   
 
There can be two basic approaches, which are not mutually exclusive – the rearing 
of “cold water” fish such as cod, halibut, turbot, Siberian sturgeon or European 
abalone on one hand and tropical varieties of fish or molluscs on the other.  The latter 
are likely to attract niche markets, especially for Orkney brands.  Cold-water species 
can be reared avoiding the effects of natural seasonal fluctuation of temperature.  
There would be very little additional heating requirement and this might represent a 
competitive advantage, but the higher heat requirements for tropical species show 
much more potential.  Some brief calculations were carried out to estimate the 
tonnage of water that could be heated at different times of the year (see Table 9). 

Table 2  Ability of potentially available Rothiesholm turbine to energy heat water 

 
Month Av. power full Av power trans Totals Water to 30 deg C  Ambient 

 kWh/year Tonnes /month 
Tonnes 

 /hr 
temp 

Jan 102,600 10,800 113,400 3,904 5 5 

Feb 64,800 7,200 72,000 2,615 4 6.3 

Mar 54,000 9,000 63,000 2,415 3 7.55 

Apr 37,800 7,200 45,000 1,748 2 7.85 

May 37,800 7,200 45,000 1,917 3 9.8 

Jun 16,200 3,600 19,800 941 1 11.9 

July - 3,600 3,600 183 0 13.1 

Aug 27,000 14,400 41,400 2,248 3 14.15 

Sept 48,600 16,200 64,800 3,390 5 13.55 

Oct 135,000 10,800 145,800 6,639 9 11.1 

Nov 91,800 18,000 109,800 4,416 6 8.6 

Dec 108,000 16,200 124,200 4,804 6 7.75 

Totals 723,600 124,200 847,800    
 
Aquaculture expert, Ted Smith, recommends cultivating a tropical, fast growing 
species of abalone (and/or other species of finfish), which would need water 
temperatures of 28 – 32 deg. C for continuous maximum growth.  These species 
cannot be grown in Europe without heating the water, compared with the smaller 
and much slower-growing colder water species that occur naturally off the French 
coast and are being cultivated in Ireland (see Figure 4). 
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Figure 4  Abalone on feeding plates at a pump ashore facility in Ireland 

  
Pictures courtesy of M Syvret, Sea Fish Industry Authority 
 
These illustrations do not indicate the scale of operation that would be possible on 
Stronsay.  The size and productivity of animals from a Stronsay operation could 
substantially improve on previous SeaFish experience, with warm water halving the 
time to market to 1-2 years (depending on market requirements, feed quality and 
water temperature).   
 
High level cost estimates 
Ted Smith has prepared some approximate cost estimates to indicate the potential 
economics.  He is familiar with Orkney and Stronsay, having spent time studying Grey 
Seals and Fisheries in the late 1960s.  He points out that aquaculture ventures are 
based on biological systems that do not always go to plan (unlike a nut and bolt 
factory in which variability can be minimal and predicted).  Typical biological 
variables are water temperature, water quality, cost of appropriate feedstuffs and 
animal behaviour. The availability and cost of spat and market conditions are much 
more readily predictable. Some of the advantages of Stronsay are: 
• Excellent water quality 

• Cheap power 

• Relatively easy access to feeding material (primarily fresh seaweed, though 
additional artificial supplements would be readily available from Orkney’s residue 
resources from meat or fish processing). 

• Some fish-processing infrastructure is in place, including smoking, and there is 
relatively good access to European markets (as with velvet crabs, oysters, lobster 
and, hitherto, for salmon). 

 
The following financial analysis is offered for preliminary assessment.  If there is interest 
in this approach, a detailed feasibility would be required to produce more accurate 
figures for any investment funding.  
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Capital costs 
  
Item £ 
Buildings  (inc hard standing) 45,000      
Tanks 15,000 
Circulation equipment (pipes and pumps) 5,000     
Heat transfer equipment 10,000 
Control systems  10,000 
(Contingencies  15,000) 
Total   (with no amortization) 100,000 

 
 
Estimated production 
 
Annual production   10 -20,000kg 
Estimated price per kg  £15 -£25 
Estimated total gross income   £150,000  - £500,000 

 
 
Operational expenses 
 
Item £ 
Stocking  5,000 
Processing and packing  10,000 
Freight of products 10,000 
Feeding  15,000 
Staff, fees, etc  40,000 
Admin, insurance etc  15,000 
Contingencies  30,000 

 
Total operational costs including contingencies £120,000 
Possible first year margins (without amortization) -£90,000 to +£380,000 

 
Technical barriers & risk 
There do not seem to be any major technical barriers – the concept of pump-ashore 
and recirculation systems for shellfish aquaculture appear to be well established and 
documented and there appears to be readily available sources of energy, spat, 
food, high quality water and know-how.   
 
The main risk area would be with the markets.  At the moment, the niche market for 
tropical seafoods appears to be untapped but potentially excellent and Orkney 
traditionally has good contacts with buyers who are used to selling into continental 
markets.  However, if this venture were to be successful, other operators may choose 
to copy the idea using surplus energy from dedicated non-grid connected turbines 
(see Chapter 4).   
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Conclusions 
Most of the power is available in winter, when the water is at its coldest and also 
greater flexibility with markets.  The preliminary figures indicate a potential opportunity 
that would be worthy of a detailed feasibility study, provided that there was local 
interest within Stronsay.  This option fits in very well with using the excess power from 
the Rothiesholm turbines if it could be made available.  There may also be potential 
for using a large community turbine that is not connected to the grid and sells power 
for abalone and hydrogen production.  
 

Hydrogen 
Some of the excess power could be used to generate hydrogen (see Chapter 5).  The 
main disadvantage is that the electrolyser would only be used for 15% of the time.  
However with the economies of scale that arise from using large scale electrolysis 
units, it is worth considering installing an oversized electrolyser and sufficient storage 
to meet the requirements of the pilot project. 
 

3 Large scale wind production  
Contributions from Steve Moore; Financial Advisor, Triodos Bank,  Diane Dowdell, ROC 
Trader, Tradelink Solutions 

Introduction  
The main instrument for helping the UK and Scottish government to meet their 
renewable energy targets is through the Renewables Obligation, which requires 
licensed electricity suppliers to source specified percentages of the electricity they 
supply from renewable sources.  
 
The percentage target is set to increase each year from its current level of 4.9 per 
cent in 2004/05 to reach 10.4 per cent by 2010/11.  This has effectively created a 
market for renewable electricity through Renewable Obligation Certificates (ROCs).  
The main requirement for qualifying for ROCs is that electricity is generated from a 
renewable power source.  You do not necessarily have to put the electricity into the 
grid. 
 
ROCs are currently worth around 4.7 p/KWh, while the price paid by the electricity 
supplier is around 2 p / kWh.  There is a further tradable economic incentive in the 
form of a Levy Exemption Certificate: these are worth around 0.3 – 0.4 p/kWh.  Best 
estimates are that ROC prices will remain firm until 2008 and then start to fall to 
around 3.3 p/kWh, as large offshore projects come on-stream. 
 
This level of government support has stimulated a rapid expansion of applications for 
wind energy projects, indicating that wind farms are profitable.  The ROC scheme is 
guaranteed by government until 2015/16.  Best estimates are that there will be a 50% 
chance of the scheme being carried forward after that date.  The renewable 
obligation scheme is currently being re-assessed and the position should be clearer 
by next year.   
 

Analysis  
One option is to have a large community turbine along the lines that have been 
proposed for Westray or installed in Burray.  The scope of this study is to give some 
broad indications of the issues, costs and benefits.  Details of the process of setting up 
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a wind project and community ownership options are discussed more fully in 
Community Benefit in Section 9.  Some of the key issues are: 
• Routes to market – is a grid connection available or will the electricity be sold 

locally?  

• Profitability – will it make money?   

• Siting – Environmental impact assessment, Planning approvals; 

• Ownership structure – who is going to own it?  How will profit / losses be shared?  
Who is responsible for operation and maintenance? 

 
Routes to market - grid connection  
At the moment, there are very limited opportunities for grid connections within 
Orkney due to the high level of interest in wind farms.  Grid connections are granted 
on a first come first served basis.  It is understood that there are no applications for a 
grid connection for the six turbines for the planned Rothiesholm expansion or 
anywhere else on Stronsay.  Grid connections are governed by a strict queuing 
system and it is very unlikely that Stronsay would be able to get a grid connection in 
the near future unless there is an increase in grid capacity, which is possible.  The 
Fairwind-Statkraft consortium have been offered a 126 MW grid connection through 
the provision of a second cable to the Scottish mainland, but this is subject to 
planning being granted to 40+ onshore turbines.  If planning is not approved other 
opportunities may arise through optimisation of the existing grid. 
 
Therefore, it would be well worth considering applying to Scottish and Southern 
Electricity for a grid connection if there is interest in a large wind turbine.  Normally, it 
takes about a year to process the application, before an offer is made to the 
developer, which is site-specific.  The developer then has about three months to 
decide if they want to take up the opportunity, which normally involves a substantial 
cash commitment of £10,000 –100,000. 
 
Funding and finance 
Large wind turbines are seen as a mature sector and do not normally attract funding, 
although Westray has received some support through the Scottish Community & 
Householder Renewable Imitative SCHRI for the pre-development costs for their 
proposed turbine.  Some support may also be available through the Highlands and 
Islands Enterprise Community Energy Company.  Loans are available from specialist 
banks but they normally require a grid connection with a long term power purchase 
agreement.  There are possibilities for funding non-grid connected projects, but the 
purchasing party would need to have an investment grade credit rating.   
 
Profitability  
The profitability of wind generation mainly depends upon the price of ROCs, which is 
determined through the Renewables Obligation.  The Renewables Obligation 
programme is due to finish in 10 years time – in 2015, but may well be extended - 
depending upon the impacts from climate change and the political will.  A 
preliminary cost estimate and cost sensitivity is shown in Table 3 - Table 5. 
   
It assumes that a commercial loan is repaid over 10 years.  The Stand-alone (non-grid 
connected) case assumes a guaranteed market at 1p per kW/hr – either for 
hydrogen generation or other activities, such as aquaculture.  Generating capacity 
was assumed to be just over 3,800 MW / year.  Capital costs assumed £750 / kW for 
the turbine and £150,000 for site preparation and electrical connections to the power 
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user.  A further £100,000 is set aside for a grid connection for the grid-connected 
case. 
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Table 3  Annual income and expenditure during loan repayment 

Income  Stand-alone Grid-connected  

ROCs/ LEC @ 4p £          154,447 £           154,447 

Sales £            38,612 £             96,529 

Total income £          193,059 £           250,976 

 Sales @ 1 p/kWh Sales @ 2.5 p/kWh 

   

Expenditure   

Rent £              5,000 £               5,000 

Grid connection charges - £               5,000 

Running expenses £            10,000 £             10,000 

Insurance £              5,000 £               5,000 

Interest & loan repayment at %6.75  £          124,200   £           138,000  

Total annual costs  £          144,200   £           163,000  

   

Profit  £            48,859   £             87,976  

 

Table 4 Sensitivities during loan repayment 

ROC value p/kWh Stand-alone Grid-connected 

5  £  87,471   £126,588  

4  £  48,859   £  87,976  

3  £  10,247   £  49,365  

20 -£  28,365   £  10,753  

 

Table 5 Potential profitability after the loan is repaid 

ROC value p/kWh + electricity sales at 1 p/kWh Stand-alone Grid-connected 

4  £173,059   £225,976  

3  £134,447   £187,365  

2  £  95,835   £148,753  

1  £  77,224   £135,141  
 

Conclusions 
The objective of generating these figures is to identify the key sensitivities to see if 
there is any potential in taking the concept further, if there is support for the concept.  
It must be stressed that at this level of accuracy it is often easy to manipulate the 
assumptions to get a positive or negative outcome.   
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This example shows the importance of the contribution of ROCs to the economics 
and the contribution of the ROCs end date that is currently set at 2015.  Note also 
that these figures are for a 10 year loan and it is unlikely that a Stronsay project would 
be starting to generate income for another year – only leaving 8 years or so before 
2015.  Therefore the development of wind projects should be a priority in order to 
maximise the benefit from the ROCs. 
 
Another cost sensitivity other issue is the rate of repayment.  A reasonable estimate of 
the turbine lifespan is 20 years and amortising the loan over 20 years would make the 
economics appear more attractive.  The example of repaying the loan over 10 years 
was chosen because banks are unlikely to invest over a longer timescale because of 
the 2015 deadline on ROCs.  However there is a further 10 years life in the turbine 
which could be very profitable if the price of green electricity were to increase, or 
there is a long term power agreement or if ROCs are still available (see Table 5). 
 
A firm grid connection with a long-term power purchase agreement gives the best 
economics and the least risk.  The profitability could be further enhanced by getting 
a 1-2p premium on electricity sales from using hydrogen generated electricity to 
provide a more constant electricity supply by smoothing out the peaks and troughs. 
 
The figures also indicate that a non-grid connected facility might be viable if there 
was a guaranteed market for all the electricity that was produced at 1p/kWh.  This is 
a big assumption but serves as useful starting point for looking at the economics of 
hydrogen production and aquaculture.  
 

4 Small & intermediate wind generation 
Contributions from Bryan Rendall, Wind Energy Specialist; Bryan Rendall Electrical;  
Gwyn Evans, Alistair Morton, Engineering OIC; Douglas Sewell, Education, OIC; Mae 
Laverie, Dr Bob Tateson Stronsay Junior High School 
 
Two projects were considered, but the some of the basic principles that emerged 
can be applied to other projects.  The projects were: 
• Stronsay swimming pool – use of a wind generator to supplement water heating 

• New sports facility – if this project goes ahead, this element looks at the feasibility 
of installing a heat pump and solar panels to reduce the running costs 

 

Swimming pool 
Preliminary discussions were held with the representatives from the education 
department, OIC engineering and the Stronsay school to see if there was scope and 
enthusiasm for supplementing the heating of the pool with power with a wind 
generator.   
 
Figures from the OIC show that £7,680 was spent on fuel last year, which is equivalent 
to 432,000 kWhs.  Assuming an 80% boiler efficiency, the energy required from direct 
heat required drops to 350,000 kWh.  Wind generators are generally classified 
according to their installed capacity, which is their maximum output.  The net 
generating capacity is used to predict what the generator actually produces over a 
year.  This is site dependent and in Orkney, it is normally just under half the installed 
capacity.  This study uses a conversion factor of 0.46.  The 350,000 kWh required by 
the school is equivalent to about 40 kW net generating capacity or 87 kW installed 
capacity.   
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Initial enquiries with wind energy specialists Bryan Rendall Electrical indicate that 
there are no commercially available wind generators of a suitable size (87 kW) at this 
time.  There is a 50 kW Canadian unit that is rather noisy and designed for grid-
connected applications rather than direct heating.  EOL have a pre-production 25 
kW model that is being developed in association with Bryan Rendall Electrical in 
Kirkwall and was under test at Hatson last winter.  3 separate 25kW units would just 
about meet the requirement for 87 kW installed capacity.  Commercial units should 
be available late 2005 or early 2006. 
 
A 75kW unit is being developed by EOL but will not be available for at least 2 years.  It 
might be possible to get a pre-production prototype but there may well be delays 
and the economics are very dependent upon getting started as soon as soon as 
possible to maximise the ROCs.  The search for suitable non-grid connected 50-100 
kW units was not exhaustive and there may be other options especially in the second 
hand markets. 
 
It might be possible to source a second hand turbine; otherwise, the next size up for a 
new turbine would be 330 kW.  This would be far too big for a single application but 
might be appropriate if a number of applications were grouped together, with the 
school, the proposed sports hall and the community centre.  The excess power would 
have to be sold on to another user, like hydrogen production, to make the best use of 
the remaining power, although modern wind turbines reduce their output if there is 
no load. 
 
Looking at the economics for three 25 kW generators assuming 
• Three 25 kW EOL wind turbines; 

• Three guyed towers and bases; 

• Control systems; 

• 1000 litre stainless steel buffer tank and heat exchanger; 

• Installation and contingencies. 
 
A breakdown of costs and assumptions is shown in Table 6, with an example of 
annual income and expenditure in Table 6, assuming a 50% grant. 

Table 6  Assumptions for economics of installing 3 x 25 kW turbines at the Stronsay 
school 

Estimated costs  

Installed cost £ 150,000 

Heat exchanger, installation and contingency £ 25,000  

Totals £ 175,000 

Wind turbine output (kWh/yr) 300,000  

Fuel demand of boilers at 80% efficiency (kWh) 348,800  

Cost of fuel (pence/kWh) – value of “sales” to
OIC 2.2 

Renewable Obligation Certificate price
(pence/kW) 4  

Savings on heating costs – reclaimed from OIC £ 6,000  
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Table 7 Annual income and expenditure during loan repayment – assuming 50% 
grant 

Income 3x 25 kW turbines  

ROCs/ LEC @ 4p  £                12,000  

Sales @ 2.2p per unit  £                 6,600  

Total income  £                18,600  

  

Expenditure  

Running expenses  £                 1,000  

Loan repayment  £                12,075  

Total annual costs  £                13,075  

Profit / loss  £                 5,525  
 
Analysis and conclusions 
A capital grant is essential to make the project viable, but grant funding may be 
available through the Scottish Community and Householder Renewables Initiative 
(SCHRI) and/or other sources with the further possibility of a low interest loan.  As 
before the economics are mainly driven by the value of the ROCs and would be 
improved if the project were amortised over 20 years rather than 10.  Having three 
units is inefficient and there are significant losses of £20-30,000 from the triplication of 
foundations, transport and towers.      
 
A more detailed study should be carried on this option if the community support the 
concept.  The study should identify a suitable site and further investigate the 
availability of turbines (given the constraints on availability), downtime, maintenance 
and the expected life of the turbine.  The study should also include a risk assessment 
on the dangers such a structure(s) might pose to the school and the environment.   
 
The risk assessment would look at what could go wrong and would happen if it does?  
The product of the likelihood and consequences of these events would then be 
evaluated against tolerability criteria to see if the risk level is acceptable.  The main 
risks are likely to arise from issues like the integrity of the tower and the blades of the 
generator.  No major environmental hazards are anticipated.   
 

New sports facility 
Contributions from Alton Copeland, Heat pump & energy management specialist, 
Ice Energy; Gary Dennison, Sports Committee, Stronsay 
 
For some time, there has been some consideration given to the development of a 
new multi-functional sports facility over the years.  The exact details and locations 
have yet to be finalised, but land is available at the school and Comelybank. 
 
There are three options for heating the hall, use of a ground source heat pump, wind 
generator or a combination of the two.  The ground source heat pump option would 
use under floor heating, while wind generator option can use under floor heating or 
wall mounted storage units.   
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Ground source heat pump 
If we assume a 1000 m2 floor with maximum heat loads of area of load 50 KW, the 
capital costs would be built up from:   
 

Floor heating £     25,000  
Heat pump £     50,000  

 
The £50,000 investment in the heat pump would halve the average running cost be 
from an estimated £5000 a year to £2,500 a year.  The design life of the heat pump is 
approximately 25-30 years.  A boiler would need to be replaced after 8-10 years at a 
cost of around £2,500.   
 
Small wind generation 
A 25 kW wind generator configuration suitable for the sports hall could be installed for 
approximately the same cost as the heat pump.  If the sports hall is sited at the 
school, it would also be possible to look at a single larger turbine.  The cost of the 
under floor heating remain the same for both the heat pump option and the wind 
turbine, but the wind option might require a large buffer storage tank to cope with 
variations in wind speeds.  While the heat is normally needed when it is windy, the 
under floor heating will take time to heat up and it may be necessary to supplement 
this heat source with mains powered, rapid response space heating.  
 
At the moment, ROCs are only payable for electricity generation, so the wind turbine 
option has the potential to supply the bulk of the heating requirements as well as 
generating about £4,000 a year from ROCs.  This makes the wind generator option a 
lot more cost effective than the heat pump, which will only supply half of the heating 
requirements and no annual income for a similar capital outlay. 
 

Intermediate wind generation – centralised at the School & Community 
Centre 
There is an awkward gap in the wind generator market between 25kW and 330 kW.  
Another option would be to put in the larger generator to meet all the heating 
requirements of the school, sports hall and community hall. This would provide 
approximately 1,3000,000 kWh / year – much more power than the combined 
heating requirements of all these facilities are shown in Table 8.  Therefore another use 
would have to be found for the excess power, like the production of hydrogen.   

Table 8  Electricity demand from the school, community centre, proposed sports hall 

 
Building kW/year Value Estimated unit cost 

School Fuel 300,000  £     6,600  2.2 

School Electricity 100,000        7,000  7 

Community Centre 20,000        1,400  7 

Sports hall estimate 30,000        2,100  7 

 Totals  450,000  £   £17,100.00  

 
A profile of the economics of this option is shown in Table 9. 
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Table 9  Annual income and expenditure during loan repayment – assuming 25% 
grant 

 
Income – 330kW  

ROCs/ LEC @ 4p  £            50,968  

Sales to buildings  £            17,000  

Sales to others at 1p /kWh  £             8,242  

Total income  £            76,209  

  

Expenditure  

Running expenses  £             3,000  

Insurance  £             1,750  

Loan repayment  £            41,400  

Total annual costs  £            46,150  

 Profit / loss  £            30,059  
Photo courtesy of Enercon.  
Note that the tower would probably be considerably shorter than the one shown here 
 
 
Analysis and conclusions 
Stepping up to a much bigger unit creates a number of issues.  This size of wind 
generator is a major step up from the relatively small 25 kW turbines on 10m towers to 
a large turbine on a 45m tower.  This would present a much greater visual impact 
than the smaller turbines. 
 
The generation and storage of hydrogen present a significant hazard that that will 
need careful evaluation, through a detailed risk assessment.  From a logical 
perspective, it should be possible put the hydrogen facility far enough away from 
people to reduce the risk to an acceptable level.  Significant amounts of propane 
used to be safely stored in the village.  There are also advantages of having the 
hydrogen store in a central location.  On the other hand, there is a powerful, more 
emotive argument in favour of putting any hazardous facilities well away from 
centres of population.   
 
The school and community centre complex provides a excellent opportunity for non-
grid connected electricity and could provide a useful income stream for the 
Development Trust.  The best option would be to source a generator of the right size 
and address the site for hydrogen generation and storage as a separate issue. 
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5 Hydrogen 
Contributions from Sandy Macaulay & Ross Gazey, PURE hydrogen project, Unst; 
Dave McGrath, Managing Director, siGEN; Rupert Gammon, Researcher, HARI 
project, Loughborough University, Declan Pritchard, Managing Director, Wind-
Hydrogen; Nigel Ellis, Grid advisor, Scottish & Southern Electricity; Karen Hall, Hydrogen 
Consultant; Prof John Irvine, Fuel Cell & Hydrogen specialist, St Andrews University; 
Dave Wardle, BOC; Damien Gamma, Sales Executive, Accagen; Harry Tobiassen, 
Electrolyser specialist Norske Hydro, James Francfort Engineer, Idaho National 
Laboratory, Eoin Stevenson, Farmer, Stronsay, Bob Tateson, Science Teacher, Stronsay 

What is hydrogen? 
Hydrogen is the smallest and simplest element consisting of a single proton and an 
electron.  It is the lightest and most abundant element in the Universe.  Hydrogen 
composes nearly 95 percent of the Sun, but only relatively tiny amounts are found on 
the Earth. 
 
Hydrogen can be produced using a variety of domestic energy resources - fossil fuels, 
such as coal and natural gas or renewable energy sources such as wind or biomass. 
 
The United States uses more than 90 billion cubic meters or 8 million tonnes of 
hydrogen a year.  Most of this hydrogen is used as a chemical, rather than a fuel, in a 
variety of commercial applications to make fertiliser, vegetable oils, for welding, 
purifying metallic ores and as a fuel in the space programme, while onboard 
hydrogen powered fuel cells that provide the Shuttle's electric power. 
 

Why use hydrogen? 
Oil and gas products such as petrol, diesel and propane are made up of carbon and 
hydrogen – hence the name hydrocarbons.  They are both a source of energy 
(made from the decomposition of animals and plants some 150 – 350 million years 
ago) and efficient energy carriers, as with a bucket of coal of a gallon of petrol.  
When we burn these fuels, the carbon and hydrogen combines with oxygen in the air 
to form CO2 and water.  It is the burning of these fuels is responsible for the massive 
increase in CO2 over the last century.  
 
If we are to reduce CO2 emissions, we have to find new ways of generating energy 
without producing CO2 - from renewable energy sources or nuclear power.  The next 
issue is to export the power generated to a market.  The easiest way is to export 
energy is through the electricity grid.  However, the electricity grid was originally 
designed for distributing electricity that was generated from coal power stations, 
often built close to coalmines.  The heavy industry markets often grew up alongside 
the power stations. 
 
Coal gave way to nuclear and gas fired power stations and heavy industry is in 
decline, so the requirements for the grid were slowly changing.  These changes will 
become greater with the development of renewable energy resources, which tend 
to be in remote areas at the edge of the distribution network. 
 
Hydrogen offers another way of getting energy to the market place.  Hydrogen is a 
way of storing and transporting energy.  Its main advantage is that it is a clean source 
of energy, theoretically only producing water when it burns (in reality small amounts 
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of different oxides of nitrogen can also be produced, depending upon the 
combustion temperature).  
 

 

Hydrogen’s carbon free 
footprint makes it the 
preferred choice as the fuel 
for the future.   
 
Hydrogen is especially useful 
as a fuel for all forms of 
transport from space rockets 
to motorcars. 
 

 
There are also disadvantages with hydrogen: 
• Hydrocarbons like petrol and diesel are much more energy dense and easier to 

transport in bulk. 

• Hydrocarbon gases like propane and butane are easier to compress and store as 
liquids.  Hydrogen only liquefies at very high pressures and /or low temperatures.   

• Hydrogen is a very small molecule and is prone to leaking. 

• Hydrogen can cause embrittlement in steel and care needs to be taken when 
selecting materials for storage selection. 

• As with any concentrated energy source, like a can of petrol or a bottle of 
propane, hydrogen can be explosive and needs to be handled with care.  

 

Safety 
With proper controls and training, hydrogen as a fuel is considered to have the same 
or lower overall level of risk as gasoline (petrol).  However, the risks are different from 
traditional fuels, because the properties of hydrogen are different and users have to 
be trained how to use the gas.  
 
Hydrogen burns with a very pale blue, almost invisible flame and, like other fuels, must 
be mixed with air or oxygen to burn.  Although hydrogen requires just 5 per cent 
oxygen to maintain combustion, compared to the 10 - 12 per cent oxygen needed 
for the combustion of hydrocarbons, hydrogen is not inherently explosive.   
 
Where there are no ignition sources, it is highly unlikely that hydrogen will ignite in the 
open atmosphere.  In fact, an explosion is possible only under the most unusual 
scenarios. While petrol will self ignite at temperatures between 228 - 501ºC, 
depending on the grade, the self-ignition temperature for hydrogen is 550ºC.   
 
Although the ignition range, or flammable limits, for hydrogen in air lie between 4 per 
cent and 75 per cent (a wider range than natural gas and petrol), the hydrogen 
would first have to reach a 4 per cent concentration in air within an enclosed space, 
followed by the triggering of an ignition source.  This can be easily avoided with the 
provision of the appropriate safety systems.   
 
Other fuels like propane and petrol or diesel vapours are all heavier than air and tend 
to linger in an enclosed space until the space is ventilated.  Hydrogen is lighter than 
air and tends to dissipate much more quickly, so spills of petrol, diesel and natural gas 
pose a fire risk for much longer.  Even if hydrogen does ignite, the low level of radiant 
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heat emitted by the hydrogen flames means that near by materials would be much 
less likely to ignite by heat transfer.  Used properly, with the proper training and safety 
systems, hydrogen can be safer than petrol, diesel or natural gas.1   
 
With a project of this nature, involving the handling and storage of large amounts of 
hydrogen, it will be necessary to have a formal safety management system in place 
in order to attract external funding.  This would contain: 
• A risk management process –systematic identification hazards and management 

of risk, the creation of a risk register and the development of procedures for 
hazardous activities. 

• Formal training in handling of hydrogen, material selection, leak detection etc. 

• Systematic checking of the integrity of the plant and storage media, testing of 
bottles, pipework etc. 

 

Generation 
The cheapest way to make hydrogen is from the reforming of steam methane 
reforming or from subjecting biogas to extreme temperatures. Hydrogen from 
renewable sources is normally made by the electrolysis of water – that is a passing an 
electric current through purified water to make hydrogen and oxygen.  

Figure 5  A medium sized (100kW+) electrolyser package for making hydrogen and 
oxygen from water 

 

The best way to make hydrogen 
from wind and marine sources is 
through the electrolysis of water.  
That is passing an electric current 
through purified water to generate 
hydrogen and oxygen. 
 
A 36 kW electrolyser is shown in 
Figure 5.  The generation package 
would also include arrangement for 
water purification, normally through 
a reverse osmosis unit and water 
cooling. 

Picuture courtesy of D Pritchard, Wind-Hydrogen 
 
The hydrogen generated by the electrolyser is produced under pressure – normally at 
25 bar and is then dried and compressed to the required pressure for transport or 
storage.  High pressure systems are in development that may offer opportunities to 
reduce compression requirements. 
 

Storage 
One of the biggest disadvantages of hydrogen is that it is difficult to store.  On a 
weight basis, hydrogen has nearly three times the energy content of gasoline (120 
MJ/kg for hydrogen versus 44 MJ/kg for gasoline), but on a volume basis the situation 
is reversed (8 MJ/litre for liquid hydrogen versus 32 MJ/litre for gasoline).  The main 
options for hydrogen storage are: 
                                                      
1 (Modified from BOC safety info http://www.fuelcellmarkets.com/home.fcm?language=1  
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• compressed gas - in pressurised tanks from high-pressure tanks (2,000-10,000 psi 
tank pressure).  There are also examples in the Tees Valley and Kiel, Germany of 
large scale underground storage facilities in salt formations, caverns or aquifers / 
reservoirs.  

• liquefied gas - this requires very low temperatures since the boiling point of 
hydrogen at one atmosphere pressure is -252.8ºC. 

• metal hydride - on the surfaces of solids (by adsorption) or within solids (by 
absorption).  In adsorption, hydrogen is attached to the surface of a material 
either as hydrogen molecules or as hydrogen atoms.  In absorption, hydrogen is 
dissociated into H-atoms and then the hydrogen atoms are incorporated into the 
solid lattice framework.  A metal hydride storage canister can effectively hold 
more than three times the amount of hydrogen that could be stored as a 
compressed gas in the same size vessel. 

• chemical - through the reaction of hydrogen-containing materials such as 
ammonia or alcohols.  

• others - hydrogen storage is a very active area of research with some promising 
developments in nano-technology applications using carbon nanotubules or a 
solid ammonia borane compound with a nanoscale silica "scaffolding".  It is 
expected developments like these will lead to major efficiencies in hydrogen 
storage and lower unit costs. Heriot Watt university is looking at using other 
techniques (subject to confidentiality agreement). 

 

Figure 6  Hydrogen storage at the HARI project 

 

Figure 6 shows the storage of hydrogen at the 
HARI project, which is capable of storing 2865 
M3 or approximately 250kg of hydrogen – the 
equivalent of 3,800 kW of electricity or 250 
gallons of petrol. 
 
Storage cylinders have to be tested regularly.  
One option is to rent cylinders – annual costs 
for an installation like this would cost around 
£20,000 a year or £80/kg.  DTI figures2 quote 
storage prices nearer £1-10 / kg but it is not 
clear if that includes the cost of maintenance 
& testing. 

Picture courtesy of R Gammon,HARI project 
 

Distribution 
Hydrogen can be transported in special containers by road & sea or by pipeline.  
Pipeline transport is thought to offer a cost-effective option for short transport 
distances with high flow rates.  However, Hydrogen is relatively expensive to transport 
over long distances by pipeline as it requires about 4 - 5 times more energy to move 
than is needed for natural gas.  The energy consumption is almost 1.4% of H2 flow per 
150km, compared with 0.3% for natural gas.  
 
Hydrogen is prone to leaking because of the very small size of the H2 molecule and 
can cause embrittlement in steel so care has to be taken material selection and leak 

                                                      
2 http://www.dft.gov.uk/stellent/groups/dft_roads/documents/page/dft_roads_024056.hcsp 
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detection.  Hydrogen pipes that are in use today are constructed of regular pipe 
steel, and operate under pressure at 10-20 bar, with a diameter of 25-30 cm.  
 
The oldest existing system is found in the Ruhr area.  It is 210 km long and distributes 
hydrogen between 18 producers and consumers.  This network has been in use for 50 
years without any accidents.  The longest hydrogen pipeline is 400 km and runs 
between France and Belgium.  In the UK, the Tees Valley hydrogen project has a 
30Km hydrogen distribution system incorporating a storage system for (600Te of 
hydrogen) close to centres of population.   
 
Preliminary enquiries were made into the possibility of using low-pressure plastic piping 
as a way of supplying households with power for heating.  It appears that this option is 
technically feasible but would need further research on material selection and an 
extensive risk assessment before it could receive approval for licensing.  A 1983 US 
report from the Department of Transportation, Materials Transportation Bureau stated 
“In transporting hydrogen gas in plastic pipe the technical report mentioned in 1 
above indicates that PVC and PE pipes manufactured in accordance with ASTM 
D2513-81 have good chemical resistance.  Those pipes would appear to be 
appropriate for hydrogen”. 
 
However, another study by Princeton University (1997)3 reported that the first-
generation plastic (in the 1960s and 1970s), polyvinyl chloride (PVC), is far too porous 
to hydrogen to be used for hydrogen distribution.  The second-generation plastic 
(used in the U.S. since the 1980s), high-density polyethylene (HDPE), although less 
porous to hydrogen than PVC, is still not suitable.  
 
Further work is therefore required on the current standards for materials selection, 
connections and fittings and leak detection.  It is likely that an extensive risk 
assessment would be required before a plastic hydrogen pipeline could be 
authorised for public use.  There are indications that work on standards is currently 
being undertaken by the American Society of Mechanical Engineers.   
 

Use of Hydrogen  
Fuel cells 
Fuel cells are devices that use hydrogen and oxygen as fuel to make electricity.  
When hydrogen is burned, there is a reaction between the oxygen and hydrogen, 
which results in water, while energy is released in the form of heat.  In a fuel cell, the 
process generates electricity with potential efficiencies as high as 80%.  A fuel cell is, 
in principle, quite like a normal battery cell.  The most important difference is that, 
while battery cells run out of power eventually when the energy stored in them is 
exhausted, fuel cells continue to produce electricity as long as there is a supply of 
fuel.  Fuel cells promise to be the power packs of the future – both at a large scale in 
the provision of grid support and at a small scale in the powering of all sorts of 
portable devices from computers to drills. 
 
Fuel cells therefore probably offer the greatest long-term opportunities for the 
application of hydrogen.  Most of the work for cars of the future is being focused on 
using hydrogen powered fuel cell vehicles.  However, fuel cell cars are mainly in the 
development stage and are very expensive.  Most of the community hydrogen 
projects (such as PURE and HARI, see below),  are demonstration schemes that use 

                                                      
3 http://www.princeton.edu/~cmi/research/Integration/Papers/decarbonization.pdf 
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hydrogen to power fuel cells either to make electricity or for transport and there is 
limited potential for attracting funding for carrying out further research.  
 
Transport 

Vehicles with internal combustion engines 
Conventional internal combustion engines can be converted to run on pure 
hydrogen with modifications to fuel injection and spark ignition systems.  There are a 
number of examples on the market, such as the Hydrogen Car Company ( 
http://www.h2carco.com/HCC.html ). 
 
The simplest and cheapest method of converting a car is to blend the hydrogen with 
Liquefied Petroleum Gas (LPG) or possibly biogas.  The results of performance tests 
area are available on http://avt.inel.gov/hydrogen.shtml#testigreports.  An approximate 
cost guide for converting the engine is given in Table 10.   

Table 10  Approximate cost of modifications to petrol vehicles engines 

Fuel mix (% Hydrogen in LPG) Approximate Cost (£) 

30% - blended into LPG tank 1,500 – 2,000 

100% hydrogen  5,000 – 10,000 

 
The cost of running an internal combustion engine only on hydrogen is very 
dependant on what is being converted and how much horsepower is desired.  The 
simplest conversion would entail adding a H2 tank, the hydrogen fuel rail system, H2 
injectors (assumes the engine has fuel injector ports) and natural aspiration (no super 
or turbo charging).  A schematic of the conversion is shown in Figure 7.  These 
conversions may significantly reduce the horsepower of the original and there range 
would be limited to about 50 miles on one H2 tank.  Commercial kits are 
underdevelopment – see http://www.unitednuclear.com/h2products.htm .   
 

Figure 7  Schematic of internal combustion engine conversion 
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Courtesy of http://www.folkecenter.net/techtrans/Hydrogen_cars.html  
 
With some of these conversions it is claimed that the vehicles will still be able to run on 
petrol so cars should be able to be taken off the island and still be able to run with 
petrol.  It is important that multi-fuel capability is retained so that alternative fuels can 
be used if there is a shortage of hydrogen for any reason. 
See -  http://www.knowledgepublications.com/hydrogen_car_dvd/h2_car_dvd.htm   
 
The results of tests on hydrocarbon substitution in vehicles are available from U.S. 
Department of Energy's Advanced Vehicle Testing Activity in Idaho.  The results of 
tests on a 5.4 litre Ford pickup converted run on 100% H2  are available at:: 
See -  http://avt.inl.gov/pdf/hydrogen/f150_hice_datasheet.pdf  
 
Diesel engines - due to the different principle of operation - require greater efforts 
leading to bigger changes in engine design: the cylinder compression has to be 
reduced, bores for the spark plugs have to be added, the corresponding control unit 
has to be adopted and the like. A general disadvantage of this approach is the 
irreversibility of the redesign and eventually the impossibility of using the original fuel 
again. 
See -  http://www.ceoc.com/index.php?page=pages/publications/bulletin&section=2002-1  
 
Other multi-fuel internal combustions engines are currently being designed and offer 
potential for the testing engine replacements. 
See -  http://www.greencarcongress.com/2005/05/fev_developing_.html  
 
Shipping 
The world’s first submarine with a hydrogen fuel cell propulsion system made its 
maiden voyage on 7 April 2003 and has subsequently undertaken shallow and deep-
sea trials.  The submarine was the first of the four to be delivered to the German Navy.  
A further 10 hydrogen fuelled submarines are being built or modified for the Greek, 
Portuguese, Korean and Italian navies. 
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The fuel cell produces electricity from hydrogen and oxygen and enables the new 
class of submarine to cruise submerged for weeks at a time., while conventional 
diesel-electric submarines have exhausted their batteries after about two days' 
submerged cruising.  In addition, the fuel cell generates no noise and no exhaust 
heat and it is virtually impossible to fix the submarine's position.  
 
The world's first electric fuel cell water taxi powered by Millennium Cell's Hydrogen-on-
Demand hydrogen fuel system has been successfully operated in the Newport 
Beach, California harbour.  The 30-foot electric boat was fitted with a hydrogen 
storage and delivery system running through a fuel cell engine.  Iceland is looking at 
the development of a Hydrogen ship under the ECTOS programme – with a feasibility 
study starting this year. 
 
The Orkney Renewable Energy Forum recently met with Orkney Ferries, Orkney 
College and Alistair Carmichael MP to discuss the potential of using hydrogen for the 
inter-island ferries.  Orkney Ferries said that there was increasing use of diesel electric 
propulsion systems and this would be compatible with introducing hydrogen fuel cell 
technology to replace diesel.  The biggest hurdle would be getting safety approvals 
from the Marine Coastguard Agency.   
 
Heating 
Hydrogen can also be burned in the normal way using oxygen or air, and the heat 
resulting from the combustion can be used for either heating, cooking, or central 
heating boilers. Up to 15% H2 may be added to regular natural gas, without any need 
to adjust conventional burners.  When using pure hydrogen, some modifications are 
required to avoid the production of  large amounts of toxic oxides of nitrogen  (NOx) 
that are can be generated from oxidising atmospheric nitrogen from hydrogen’s high 
burning temperature. Furthermore the rate of diffusion and flame velocity for 
hydrogen is roughly ten times or greater that of propane or natural gas and 
modifications to burners are needed to prevent flashback. 
See -  http://www.h2nation.com/forum/topic.asp?TOPIC_ID=15   
 
One option is to avoid generating a naked flame by using a catalytic burner to 
reduce the burning temperature.  This burner generates radiant heat which only 
releases its energy when it strikes an object.  Warmth is therefore felt immediately 
compared to convection systems that must first heat up the surrounding air.  Costs of 
conventional natural gas heaters start from <£100 and can fairly easily be converted 
to hydrogen. 
See -  http://www.homepower.com/files/Hp34p26.pdf . 
 
Alternatively modifications can be made to the burners which prevent flashback.  This 
is typically achieved with natural gas and propane by adjusting the fuel velocity so 
that it is higher than the normal flame velocity.  The flame velocity of hydrogen is too 
high for this technique to be practical.  The easiest way to control flashback is to 
prevent the hydrogen from mixing with air before the burner port by sealing off all the 
air intakes in a conventional burner.  Surrounding the burner with steel wool or a 
stainless pan cleaner helps to reduce the NOx as they act as a catalyst.  These 
modifications are relatively cheap but would need to be made under qualified 
supervision to ensure that the installation is safe. 
 
Grid support 
The greatest disadvantage with renewable energy supply is that it only provides an 
intermittent supply and that is not always in phase with consumer demand.  Thus 
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there are opportunities to store renewable energy when the wind is blowing and put 
in back into the grid when the wind is slack. There are many options available such as 
batteries, flywheels, hydrogen production and micro-hydroelectric pumped storage, 
all of which may be technically feasible but are not necessarily economically viable.  
 
A company called Wind-Hydrogen has been looking at the feasibility of using 
hydrogen in gas engine electricity generating sets is looking for a target price > 10 
p/kWh in the larger systems.  Preliminary discussions with Scottish & Southern Electricity 
revealed that there was some interest in the provision of grid support and that it was 
possible for this service to be provided by third parties, though ideally it would come 
as a part of a integrated package.   
 
Stored electricity could be used to optimise available network capacity when the 
primary generating plant is either operating at a reduced output or is offline.  If 
generation schemes are developed that benefit from previous investment (e.g. in 
communications links) by a previous developer then the initial developer may be 
entitled to some compensation on their initial outlay proportionate to the use of the 
shared assets.  Developers may seek to share the cost of relevant electrical or 
communications infrastructure in a manner that is financially beneficial to all.  
 

Other projects 
PURE - Shetland 
The Promoting Unst Renewable Energy project was set up with realisation that 
renewable energy projects within Shetland must either be developed as an off-grid 
system, or must incorporate a substantial amount of storage to provide a guaranteed 
supply.  It consists of the primary renewable energy system, the secondary hydrogen 
system and the energy conservation measures.   
 
The energy is generated by two Proven engineering wind turbines rated at 15kW 
each installed on community council owned land.  These wind turbines directly 
supply all heating requirements of the five business units.  The hydrogen subsystem 
consists of a controllable electrolyser with an electrical consumption of between 2kW 
and 7kW with a daily output of approximately 2kg of hydrogen per day and gas 
storage with metal hydrides cylinders that can store large amounts of hydrogen at 
low pressures.   
 
The hydrogen bulk storage will also provide a dispensing facility for refuelling a small 
fuel cell vehicle and other hydrogen applications as an alternative to fossil fuels.  A 
5kW fuel cell provides a back-up supply of electricity to the business units for essential 
services from the stored hydrogen.  Development costs were of the order of £250,000 
with funding from the European Regional Development Fund, Highlands & Islands 
Enterprise, Shetland Enterprise, Shetland Islands Council and the Unst Partnership. 
 
HARI Loughborough University 
The Hydrogen and Renewables Integration (HARI) project was set up at West Beacon 
Farm in Leicestershire, home of Tony Marmont, former chairman of a very successful 
soft drinks company.  It was set up in association with CREST (the Centre for 
Renewable Energy Systems Technology) at Loughborough University. 
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The hydrogen element 
supplemented the existing facility 
of two 25 kW wind turbines 13 kW 
solar of Photovoltaic arrays 
totalling output and 3kW of micro-
hydro generators.   
 
The hydrogen element consists of 
a 36kW electrolyser, a 2856 Nm³ 
pressurised gas store and two fuel 
cells: one a 5kW unit and the 
other a 2kW unit configured for 
Combined Heat and Power (CHP) 
operation 

Source: HARI project, Loughborough University 
 
It is planned to extend the concept to include fuel cell vehicles and so complete the 
hydrogen economy. 
 
Utsira project – Norway 
The Utsira project was set up by the Norwegian Energy company Norske Hydro to 
extend its involvement in hydrogen and renewable energy sources. Utsira is an island 
community with just under 250 inhabitants, just north of Stavanger in Norway.  The 
purpose of the project is to be able to demonstrate how the technology could be 
used to continuously supply 10 households with electricity.   
 
The project was set up by Norske Hydro, a large Norwegian Energy company as a 
demonstration project with a budget of £3.5 million.  The project has 2x 600 kW Wind 
turbines, a 5 kWh flywheel, a 48 kW Electrolyser, 10 Nm3/h, 55 kW (top load) Hydrogen 
engine, 10 kW Fuel cell, 5.5 kW Compressor and 2400 Nm3 Hydrogen storage 
capacity.   
 

What can be done on Stronsay? 
Hydrogen is fast becoming the accepted fuel of choice for the future.  Interest in the 
hydrogen economy is taking off and projects are being announced all over the world 
– in Canada, Hawaii, Cape Barren island Australia, Greece, Japan and others.  Most 
of these schemes are demonstration projects for fuel cell applications.  While fuel cells 
offer the most exciting long-term opportunities, another fuel cell demonstration 
project is unlikely to be able to attract significant funding.   
 
Hydrogen technology is costly and needs to attract extensive grant funding in order 
to be economic.  With so many projects springing up it is necessary to develop 
projects that offer a new approach.  One big opportunity is to look at a low 
technology approach to substituting hydrocarbons with hydrogen and test this within 
a community to create a model for transition into a hydrogen economy.  It will be 
some time before fuel cell technology will be affordable with that price constraint 
tends pushing government thinking towards hydrogen later scenarios of 2020 – 2050.  
With increasing concerns about climate change, there is a need to research low cost 
options that will accelerate the transition to hydrogen.  A basic outline of the 
proposed hydrogen economy is shown in Figure 8.   
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This research focus will be as much about people, user friendliness and economics as 
it is about testing technologies and so a small island community is an ideal test bed.  
The big question is does Stronsay want to become that guinea pig?  Stronsay spends 
over £250,000 a year on energy (valued at 3p / kWh) and there are clear economic 
advantages from circulating that money within Stronsay. Preliminary discussions with 
Heriot Watt University indicated that there was considerable interest in exploring new 
ways of storing hydrogen and providing grid support.   
 

Figure 8  Outline of the proposed hydrogen economy 

 
 
Despite these opportunities, it is unlikely that the prospect of widespread fossil fuel 
replacement with hydrogen will gain widespread support unless there are more 
tangible benefits to compensate for the potential inconvenience.   
 
One option would be to start with a premise that the project would need to attract 
sufficient funding / tax breaks to make the cost of hydrogen say, 10-20% cheaper 
than hydrocarbon fuels.  There is also potential for using the facilities for testing 
research projects.  Physical help and financial support would also be needed to 
cover the costs of making the transition the conversion of car engines and 
agricultural machinery.  
 
It might then be possible to create a hydrogen economy by say 2020 and make 
Stronsay a centre of excellence.  Table 11 shows how that vision might be realised if 
we go to 2020 and then look back to see what is needed.  
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Table 11  Programme for developing a hydrogen economy on Stronsay 

Date Milestone Comments 

2005 Funding package Get funding package for pilot and outline approval for full 
scale development 

2005 Detailed feasibility 
study  

Carry out detailed feasibility study on hydrocarbon 
replacement for whole island and a pilot scheme to prove 
the technology, identify costs and technical / social barriers 

2006 Detailed design pilot Get funding and finalise designs 

2007 Pilot project 
completed 

Build and commission pilot project 

2008 Pilot project report Analysis of the technical, economic and social barriers to 
developing a hydrogen economy 

2009 Socio-economic 
report 

Work out the detail of how to manage the transition, from a 
community perspective 

2010 Community approval Stronsay Development Trust authorises go-ahead for 
transition to full hydrogen economy over next 10 years 

2011 Complete detailed 
design for full system 

Detailed design of facilities required for extensive 
hydrocarbon replacement with hydrogen 

2013 Generation facilities 
for full system 
installed 

Main wind and H2 generation systems installed – start to 
manage the transition – conversion of vehicles, housing 

2017 Infrastructure installed Infrastructure – piping, conversion of vehicles, house 
heating etc  

2020 100% Hydrogen Stronsay becomes a “hydrogen island” with extensive fossil 
fuel replacement 

 
Each milestone represents a mini-decision point at which the whole project is 
evaluated and the community can withdraw from the project if required.  The major 
decision point, when the community would have to decide whether it wanted to 
implement the full scheme is, not until 2010.  By that stage, the doubts about climate 
change should have been resolved on way or another and the future of the 
hydrogen economy should be clearer.   
 
The first phase would be to undertake a detailed feasibility study on the costs and 
benefits of making this transition.  Estimates for complete pilot system systems from 
people who have installed systems (HARI, siGEN) varied considerably varied 
considerably from around £500,000 to nearer £1million.  A rough breakdown of the 
hydrogen costs is presented in Table 12.  This excludes the wind turbine costs, which 
are addressed in Chapters 3 & 4.   
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Table 12  Preliminary costing of hydrogen pilot plant  

Capital costs Low High 

 Detailed feasibility study   £      25,000   £   100,000  

 Electrolyser - 130 kW, water purification, compression etc  £     250,000   £   500,000  

 Pipework   £      50,000   £     10,000  

 Design   £      50,000   £   100,000  

 Refuelling   £      75,000   £   100,000  

 Building   £      50,000   £     50,000  

 Site preparation access   £      50,000   £   100,000  

 Conversion - two cars   £      10,000   £     30,000  

 Conversion - one tractor   £      20,000   £     40,000  

 Conversion - heating one house   £        2,000   £      5,000  

 Pipework for heating   £        5,000   £     10,000  

Totals  £     587,000   £1,045,000  

   

 Annual running costs    

 Manpower   £      25,000   £     50,000  

 Storage   £        5,000   £     20,000  

 Maintenance   £      10,000   £     20,000  

Totals  £      40,000   £     90,000  

 
A high level estimate of energy use and consumption has been assembled by Dr Bob 
Tateson from the Stronsay School Table 13 to see how much energy would need to 
be generated to replace hydrocarbons. 
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Table 13  Estimate of energy production & use for Stronsay 

Energy Use Energy value (KWh/l) Liters or kg Energy (KWh) 

Diesel + DERV 10.8 202,738 2,189,570 

Kerosene 10.4 211,501 2,199,610 

Petrol 10 71,800 718,000 

Gas 9 1,680 15,120 

Coal 8 170,000 1,360,000 

Peat & Driftwood 5 6,000 30,000 

Electricity Peak consumption for 
whole Island is 600kW. Say 
average is a half (peak x 0.5) 

300 24hrs per day 365 
days per year (KWh) 

2,628,000 2,628,000 

  Total (kWh) 9,140,301 

  Total (GWh) 9.1 

    

Energy Production    

Peat   0.15 

Driftwood   0.15 

Wind energy average output 0.4 
MW (about half max) x 24 x 365 

3,500 3 10,500 

  Total (MWh) 10,500 

  Total (GWh) 10.5 

Annual demand for transport and heating M3        2,177,247  

Annual demand for transport and heating kg         194,397  

Daily hydrogen production kg           532.59  

Daily hydrogen production m3        5,965.06  

Hourly hydrogen production m3           248.54  

 
There are two main areas of opportunity – heating (3.6 GWh) and transport (2.9 
GWh).  From this we can see that the 130 kW electrolyser from the pilot study 
(producing 30 M3/hr) would theoretically be capable of generating 10% of Stronsay’s 
heating and transport requirements.  In practice allowance has to be made for 
windless days when the turbine have a reduced output, but  there are economies of 
scale with the electrolyser.  Increasing the capacity tenfold from 30 M3/hr to 270 M3/ 
hr only increases the cost from £500,000 to £750,000.  There are other opportunities 
depending upon the economics, additional hydrogen can be used to support the 
grid when the grid is under supplied. 
 
The cost of scaling up the pilot project to supply the bulk of Stronsay’s transport, 
heating and grid intervention and any other requirements will depend upon a 
number of variables: 
• grid intervention requirements; 

• efficiency of wind turbines; 
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• electrolyser utilisation with wind; 

• opportunities for cost sharing with research projects; 

• cost and extent of engine modifications, especially farm machinery; 

• efficiency of engines after modification; 

• extent of the use of other fuels such as biogas. 
 

Conclusions 
There is a lot activity in the hydrogen sector and a fairly narrow window of 
opportunity.  Current EU research and development funding is around Euros 100 
million, which is matched by a further Euros 100 million from the private sector.  This is 
due to be increased to a total of Euros 150 million.  This is matched by similar 
investment levels in the US.    
 
Setting a goal to become a hydrogen island has the advantage of providing a 
platform for attracting both short and long term funding and potential partnerships 
with industry and research institutions.  It also helps to stimulate strategic thinking, 
especially with respect to the siting of a hydrogen plant and storage area bearing in 
mind any potential synergies with biogas and aquaculture possibilities.  However a 
number of questions need to be answered: 
• How easy will it be to convert vehicles and farm machinery to hydrogen – is it a 

practical proposition? 

• How easy will it be to use other fuels if required without making any engine 
modifications? 

• How much will hydrogen cost?  Will it need to be subsidised to be an attractive 
proposition? 

• How will it benefit the island as a whole in terms of employment and the 
economy? 

 
Answering these questions need a mixture of desk based research and direct 
experience.  This report provides a first step.  The Development Trust have agreed to 
look for funding for undertaking a detailed hydrogen feasibility study, that should 
provide the theoretical answers whilst a pilot study is needed to see how the theory 
plays out in practice. 
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6 Biodigestion 
Contributions from Maria Cuthbertson, OIC Waste Reduction Officer, Sam Harcus, 
Westray Development Trust, Chris Whaley, Safe Waste, Dr Clare Lukehurst, Consultant 

Introduction4 
Anaerobic digesters produce conditions that encourage the natural breakdown of 
organic matter by bacteria in the absence of air. Anaerobic digestion provides an 
effective method for turning residues from livestock farming and food processing 
industries into:  
• Biogas (rich in methane) which can be used to generate heat and/or electricity  

• Fibre which can be used as a nutrient-rich soil conditioner, and  

• Liquor that can be used as liquid fertiliser.  
 
The biogas produced by the anaerobic digestion process is quite similar to “natural” 
gas.  However, natural gas contains a variety of hydrocarbons other than methane, 
such as ethane, propane, and butane.  As a result, natural gas will always have a 
higher calorific value than pure methane.  Depending on the digestion process, the 
methane content of is biogas generally between 55%-80%. The remaining 
composition is primarily carbon dioxide, with trace quantities (0-15,000 ppm) of 
corrosive hydrogen sulphide and water 
 
The process is already used for treating agricultural, household and industrial residues 
and sewage sludge.  It has been used in the UK agricultural sector in the form of small 
on-farm digesters producing biogas to heat farmhouses, dairies and other farm 
buildings. Experience has shown that an anaerobic digestion project is most likely to 
be financially viable if it is treated as part of an integrated farm waste management 
system in which the feedstock and the products from anaerobic digestion all play a 
part (see case study).  A summary of the process is shown in Figure 9. 

                                                      
4 (From the British Biogen website http://www.britishbiogen.co.uk/gpg/adgpg/adgpgintro.htm ) 
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Figure 9  Overview of biodigestion process 

 
 
 
A number of commercial units are available that work on a batch process or 
continuous feed.  One example from Safe Waste Systems is shown below. The Process 
steps are summarised as:  
 

 

 
1. The Pre-process (pulveriser) reduces 

the waste to an acceptable digestible 
state.  

2. The waste is fed into the Portagester.  
3. The three-day digestion process is 

triggered when the Portagester is full.  
4. When digestion is complete, the 

Portagester is automatically drained of 
digestate and emptied from the 
Portagester.  

5. Gas is produced in the static digestion 
tanks and collected in biogas holder.  

 
 

6. The gas is normally “scrubbed” to remove CO2 sulphur compounds that can 
cause odours.  It is then used in CHP generators to produce energy to 
operate the system and excess energy can be utilised for other onsite 
equipment.  

7. The digestate is dried and matured into a compost or soil conditioner. 

8. The digestate can be matured into a compost or soil conditioner depending 
upon the feedstock. Systems producing large amounts of electricity can sell 
the electricity to the national grid. Anaerobic Digestion is classified as 
advanced technology. S-W-A-P Systems can be registered to claim 
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Renewable Obligation Certificates (ROC`s), which can be traded to give an 
income stream. 

Figure 10  Portagester system in action 

  

 

Indicative costs 
A case study was carried out by Walford College, Shrewsbury in 1995 and gives an 
indication potential costs and benefits.  Further information about this study is 
available from:   
http://www.britishbiogen.co.uk/gpg/adgpg/adgpgapp8.htm 
 
These results come from a 260-hectare mixed farm attached to Walford College.  The 
livestock is made up of includes a 130 dairy cow herd, 160 sows and progeny, plus 
beef cattle and dairy young stock that produce some 3000 tonnes of organic 
manure per annum.  
 
The project was jointly funded by Walford College and the European Community’s 
LIFE programme.  Details of costs and benefits are shown in Table 14 using 1995 
figures. 
 

Table 14  Indicative costs and benefits fro the Walford project 

 
Capital cost  £  

Digester  89,349  

CHP unit  34,700  

Composting unit (including site infrastructure and connections)  9,600  

  £ 133,649  

 
Benfits 

Benefits  actual (£) in 
first 6 months  

potential (£)  

“Value” of electricity generated annum 18.22kW x 
19.5hrs x 365 days x £0.08  

10,374  (30kW)17,082  

Avoided contractors’ spreading costs  2,500  2,500  
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Value of fertiliser saving to grassland (summer 6 
months), nitrogen only 34.8kg/day x 180 days x £.32kg  

2,004  2,004  

Compost sales  400  (1460m3 x £10/ 
m3) 14,600  

Waste hot water  
20kW x 20hrs x 365 days x £0.18/kWh  

2,628    

Annual (notional) income generated  £15,278  £38,814  

Running costs: repairs and callouts  (2,100)  (2,100)  

(Notional) Net annual income (see Note below) £13,178  £36,714  

Labour: 1hr/day @ £8/hr  £(2,920)  £(2,920)  

  
The need to allow for addition of labour charge will depend on individual farm case, whether worked in 
overtime or absorbed in working day etc. 
For further information contact Ken Dann, Walford College, Baschurch, Shrewsbury, Shropshire SY4 2HL,  
tel: 01939 260461, fax: 01939 261112.  Source: http://www.britishbiogen.co.uk/gpg/adgpg/adgpgapp8.htm 
 
Note: 
The income stream from electricity is valued at 8p a unit from the generation of 
electricity in the CHP unit.  Hard income can be generated from the sale of 
Renewable Obligation Certificates (ROCs).  ROCs are currently trading at about 4p / 
kWh, so adding the value of ROCs which would generate £5,000 - £8,500 pa using 
these figures.  
 
A more recent 2003 estimate of the capital cost estimates for the Portagester system 
is shown below, courtesy of the Westray Development Trust. 
 

QTY EQUIPMENT PRICE EACH TOTAL NET 

    

1 2,000 S-W-A-P control system container      93,800.00       93,800.00  

2 10 Tonne Mobile Portagester unit      16,800.00       33,600.00  

3 Tank 25,000 LT       4,200.00       12,600.00  

1 Gas Storage Bag       1,314.00        1,314.00  

1 Zago 5 cu/m mixer      15,000.00       15,000.00  

                  -                    -    

 Totals     156,314.00  

        

 Estimate installation costs        10,000.00  

 Estimate delivery costs         4,000.00  

 TOTAL  PRICE + VAT   £170,314.00  

 Courtesy of Westray Development Trust   
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The 10 tonne Portagester’s are able to digest 40 tonnes of cow manure (12% dry 
matter) each week, operating on a 6 day week @ 50 weeks p/a. This quote includes 
two Combined Heat & Power units; One x 40Kw output for during the day (7am to 
7pm) & one x 20Kw for during the night. 
 

Analysis 
The biodigestion concept shows potential but involves high capital outlay for a 
modest direct return on capital, as only the ROCs generate hard income.  Also the 
amount of heat generated will probably be too much for a single dwelling (10-15KW) 
and it is worth considering the provision of a community based facility as well as an 
initiative from a single farm or co-mingling the gas with hydrogen for transport.   
 
Any community-based scheme should be sited well away from public buildings 
(>400m), piping the gas into the CHP unit.  Biodigestion would be more attractive the 
by the following: 
• Environmental requirement to stop spreading of slurry or problems on Stronsay 

with the disposal of organic wastes 

• Good synergies with the production and use of hydrogen 

• A requirement to reduce the organic material shipped as waste to Kirkwall and 
process it locally.  This is unlikely in the short term.  Indications are that OIC would 
support, but not fund, a bio digester. 

• A building or suite of buildings requiring 20 - 30MW of heat per day, which would 
not be adversely affected by the proximity of the biodigestion unit. 

 

Conclusions 
Biodigestion offers considerable potential especially with land draining onto sensitive 
water locations.  There also some potentially interesting synergies with hydrogen and 
using combined fuels.  However, this is not seen as a priority and while provision for 
bio-digestion should be made in any long term development plans, it may be best to 
wait to see how things go with the  Westray unit before starting in Stronsay.  
 

7 Biofuels 
Contributions from Colin Risbridger, William McEwen, Westray Development Trust, 
John Nicholson, Bio-Power, Craig Jameson, Royal Agricultural College, Cirencester 
 
There are two main types of bio-diesels - Modified Used Vegetable Oil (MUVO 
essentially recovered chip fat as used on Westray) and Rapeseed Methyl Ester (RME – 
in which the original oil is chemically modified). 
 

Modified Used Vegetable Oil  
This process does not involve any chemical reactions and it does not require any 
mineral catalysts or reactants like acid, caustic soda or methanol.  It also does not 
create any waste by-products like glycerol.   
 
Waste fat is collected, filtered to remove debris and allowed to stand to remove the 
water.  The water is drawn off and the fat is heated, treated with solvent and filtered 
with a fine mesh to remove particles down to about 10 microns.  It is then left for three 
to four weeks to mature, with unwanted fats settling out.  This reduces the risk of 
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clogging the fuel filters and starving the engine of fuel.  The matured fat is mixed with 
a solvent like bio-ethanol and it is then ready for use.  This process is relatively simple 
and does not require chemical skills or special licences, but does require registration 
with HM Customs and Excise to handle the duty.  Further details are available on 
http://www.bio-power.co.uk. 
 

Biodiesel 
This is made from oil rich plant like linseed or oilseed rape.  The crops are harvested by 
cutting them and allowing them to dry before recovering the seed with a combine 
harvester.  This normally takes place in September.  These oil crops are sensitive to wet 
weather, which will cause the seeds to start germinating before they can be 
harvested and it is very easy to lose the whole crop, thus these oil crops are not ideal 
for Orkney. 
 
Normally, the oil is then pressed and chemically treated with caustic soda and 
methanol to produce a mixture of glycerol and Rapeseed Methyl Ester or Biodiesel.  
The process is similar to the production of soap and is not that difficult.  However, it 
does require a basic understanding of the chemistry involved.  The chemicals 
involved are hazardous and need to be handled very carefully.  Specialist training is 
advised before undertaking this process.  It also requires a special licence from the 
Environmental Agency in England and Wales and is therefore likely to require a 
licence from the Scottish Environmental Protection Agency for a locally produced 
product. 
 
Technical details on the chemistry and a description of the process are available on 
http://journeytoforever.org/biofuel_library/EthylEsterofRapeOil.pdf 
 
Westray are doing some work with the Agronomy Institute at Orkney College on bio-
fuels.  They have grown rape, linseed and turnip crops for extraction and conversion 
into oils.  They are looking at alternative ways of treating the oil so that it can be used 
as a fuel, but this work is still ongoing.  They are also looking at the production of fuel 
alcohol such as ethanol from starchy crops such as sugar beet, potatoes and neeps. 
 
Analysis and conclusions 
The waste fat scheme is the cheapest and easiest method of producing bio-diesel.  
This has been so successful in Westray that it is unlikely that there will be enough 
feedstock to make it worth while starting with another project in Stronsay. 
 
Preliminary trials have been carried out in Westray growing bio-fuel crops for 
feedstock.  The results are not yet available but the indications are that the sensitivity 
of the crops to the Orkney climate makes commercial production too risky to be 
viable.  Further more, it seems that under the current UK taxation regime, it is not 
possible to produce bio-diesel any cheaper than Derv (John Nicolson, Biopower, pers. 
comm.).  
 
It is recommended that a watching brief on the market is maintained through links 
with the Westray Development Trust, but that no further action is taken at this time.  
 
 

8 Energy conservation and fuel poverty 
Contributions from John Wells, Keep Orkney Warm; Alistair Morton, OIC 
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Introduction 
A Scottish House Condition Survey 20025 indicated that 31% of the households in the 
Orkney Islands Council (OIC) area were in fuel poverty.  This was the second highest 
figure for any of the 32 council areas in Scotland (only the Western Islands scored 
worse in terms of percentage of fuel poor households).  However, there was no 
further information within this report about where these households may be located.  
 
A second survey was then commissioned Northern and Western Isles Energy Efficiency 
Advice Centre (NWI EEAC) based in Orkney, to carry out an exercise to map fuel 
poverty within the OIC area.  The survey used Fuel Poverty Index (FPI) technique 
developed by the University of Bristol and Centre for Sustainable Energy6. 
 
The FPI reflects those aspects of income, household status, housing conditions, and 
fuel costs which combine to create fuel poverty. The FPI differs from other 
approaches, as the technique is not based on specific benefit entitlements or 
general deprivation indices, so that,  
• The FPI does not assume that the fuel poor are on benefits. Many fuel poor 

households are not 

• The FPI ignores other variables such as homelessness and overcrowding which 
feature in general deprivation indicators, which are unrelated to, or inversely 
related to fuel poverty. 

 
The FPI uses a definition of fuel poverty based on the expenditure on fuel required to 
achieve affordable warmth and other energy services rather than actual fuel 
expenditure. This approach to defining fuel poverty is consistent with the government 
approach.  The FPI used statistical modelling techniques to match data from the 1996 
English House Condition Survey and the 1991 Census to identify a weighted set of 
census based indicators to provide a proxy for fuel poverty.  These indicators were: 
 
• Unemployed households 
• Under occupied households; 
• Households with no access to a car; 
• Households with no central heating; 
• Single pensioner households; 
• Lone parent households; 
• Private renting households; 
• Households with a disabled person; 
 
All of these variables were extracted here for each of the OIC wards from the 2001 
Census data, and the weightings applied.  The total FPI raw score was calculated by 
aggregating the weightings for each variable for each ward.  This raw score was then 
divided by the number of households within each ward to calculate to calculate the 
FPI for each ward, that is, the percentage of households within each ward that are 
likely to suffer from fuel poverty.   
 

                                                      
5 Communities Scotland (2004) Fuel Poverty in Scotland: Further Analysis of the Scottish House 
Condition Survey 2002, Communities Scotland and Scottish Executive, Edinburgh  
 
6 W Baker, G Starling, and D Gordon (2003) Predicting fuel poverty at the local  level: Final 
report on the development of the Fuel Poverty Indicator, Centre for Sustainable Energy, Bristol 
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Results 
The results presented in Table 15 show that 32.53% of households are in fuel poverty 
using the FPI, of which 4 of the 8 sub-ward areas scored above the ward average, 
and all 8 scored above the OIC average of 22.29%. 

Table 15  Fuel Poverty Index Scores: Sanday, North Ronaldsay and Stronsay Wards 

Sub-Ward area No. of 
households 

FPI total score FPI  

% 

FPI > or = OIC 
average 

FPI > 1 st. dev. 
point 
>average 

Not applicable 57 19 32.86 Yes No 

 39 12 30.68 Yes No 

 41 12 29.91 Yes No 

 69 24 35.19 Yes Yes 

 36 11 31.68 Yes No 

 44 16 36.23 Yes Yes 

 29 9 32.71 Yes No 

 75 23 30.41 Yes No 

      

Ward  390 127 32.5   

 
Two other indicators were used.  The Standard Assessment Procedure (SAP), which is 
based on energy costs for space and water heating only.  SAP has a scale of 1 to 120 
(1 being very poor, 120 being excellent).  A typical SAP for an average house in 
England is about 45, with a new house rated at 80-100 or more.  The Stronsay score 
was 39 and so less than the national average.   
 
The NHER rating takes into account the local environment and the affect it has on the 
building's energy rating.  The NHER calculates the costs of space and water heating 
as well as cooking, lighting and appliances and is more accurate than the SAP.  The 
NHER was conceived as a rating with as scale of 0 to 10 (0 being poor, 10 being 
excellent).  An average dwelling would currently score between 4.5 and 5.5, while a 
new building would probably score around 8.0 or more.  Stronsay was only slightly 
below the average scoring 4.39. 
 

Conclusions 
Fuel poverty and energy efficiency indicators for Stronsay are slightly higher than the 
national average.  This might be useful in levering funding for heating schemes from 
renewable energy sources.   

9 Community benefit 
There a number of ways that a community can benefit from renewable 
developments that range from receiving payments from the developer to buying a 
stake in the development to outright ownership.  
 
The following sections give an overview of the different ways in which the community 
can get involved with the further development of the opportunities that have been 
identified in this study, together with a broad description of the potential risks and 
rewards.   
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Risk profile  
The first step is to understand a little about the risks that are associated with 
renewable projects, which are illustrated in Figure 11.      
 

Figure 11 Risk profile of a typical renewable development 

 

 
 
Planning – Getting the grid connection and the planning approvals 

• Feasibility studies – high level analysis to get estimates of costs, benefits and 
potential “show stoppers” such as the lack of a grid connection or high 
environmental sensitivity.  Grid connections are expensive – of the order of £50- 
100,000, often with a requirement of a 25% down payment. 

• Concept design – the production of an outline design with sufficient detail to 
apply for outline planning consent, attracting funding partners, negotiating the 
grid connection and power purchase. 

• Detailed design – the production of detailed costs, funding / loans, corporate 
structure, Environmental Impact Assessment process, consultation with key parties.  
Application for detailed planning approvals. 

 
Operation & decommissioning 

• Construction – site preparation and construction of facility, normally carried out 
by contractors. 

• Commissioning – testing the installation by the manufacturer to make sure that 
everything is working properly before the device is handed over to the developer 

• Operation –start operations – main risks are from mechanical failure.  Often some 
warranty is offered by the manufacturer, insurance can also be arranged. 

•  Decommissioning - removal of facility and re-instatement of the site.  
 
Wind turbines are now a well-established technology, so it is relatively easy to predict 
the power generated and the frequency of breakdowns.  The risk is therefore at the 
beginning of the project when the developer has to spend money on design studies, 
environmental impact assessment with possible down payments on grid connections, 

Plan OperateApprove Time

Wind

Wave, Tide
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before applying for planning consent.  About 50% of Irish planning applications for 
wind developments were turned down in 2004.  This is reflected in the risk curve, with 
the risk rapidly falling off after the granting of planning approval and the successful 
negotiation of a grid connection.   
 
The remaining risk area is the future of the Renewable Obligation Certificates (ROC) 
that are issued by the Government to stimulate investment in renewables.  This is 
reflected in the increase in the risk curve later in the project.  Current values of the 
power produced are around 2p from the electricity generator and around 4p from 
the ROC.   
 
The current ROC agreements end after 2015 and it is not clear if there will be 
continued support for renewable energy.  At worst the value of the electricity could 
be reduced by 60% for half the expected 20 year lifetime of the project.  On the 
other hand, if global warming does turn out to be a real threat, it would be 
reasonable to assume that there will be continued if not increased support for 
renewable power sources.  
 

Community benefit models 
Direct payment 
The simplest, risk free way for the community to benefit is to get a direct payment 
from the developer.  There is no legal obligation for developers to give money to the 
community, but while there are cases where no contribution has been made by the 
developer, it is increasingly common for the developer to offer community benefit.  
The payment is made in return for the support of the community for getting planning 
approval and during the operation of the development.  
 
Highland Council offers some very useful detailed guidance on revenues from 
developers in the form of a toolkit. ( http://www.highland.gov.uk/cx/community-
benefit/community_benefit.htm#map ) 
 
To date a small number of developers in the Highlands have not made a community 
benefit donation in association with renewable energy development, but there is a 
growing number of developers who do contribute.  This has usually taken the form of 
an agreed annual rate per megawatt (MW) of the scheme’s “installed capacity” (the 
scheme size).  When the Rothiesholm wind turbine site was first developed, the 
developer agreed to pay £1,000 a year to the Stronsay Community Association 
 
Since then, the rates have tended to increase.  By the beginning of 2004, wind farm 
development in the Highlands had yielded community benefit offers of up to £1150 / 
MW / year while small-scale hydro schemes had yielded up to £1800 / MW / year, 
which for their time, were broadly in line with the level of community benefit that the 
renewables industry was offering elsewhere in Scotland and the UK.  
 
Developers in the Highlands have recently begun to offer annual payments related 
to the productivity of development.  These offers combine an annual rate per 
megawatt of installed capacity with a top-up payment linked to the value of 
Renewable Obligation Certificates (ROCs) and/or the annual output of the scheme in 
Megawatt hours (MWh).  Although these offers are still under negotiation, initial 
indications suggest that they will yield higher levels of funding than previously 
donated.  Highland Council guidance encourages developers to increase the level 
of community benefit contribution, or its equivalent equity, to at least £4-5000 / MW / 
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year. However, the developers’ offers are currently considerably less than this 
recommended target. 
 
Direct participation 
It is also possible for the community to take a more direct role in the development.  
Advice on alternative schemes for community projects is available through the newly 
formed Community Energy Company (http://hie.co.uk/community-energy.html) and 
from Sustainable Energy Ireland, who have also produced a useful guide “The 
Potential for Community Ownership of Wind Farms in Ireland”, which gives detailed 
information on all aspects of community ownership see 
http://www.sei.ie/content/content.asp?section_id=1357&language_id=1,   
 
Taking a more direct involvement has the advantage of giving the community a 
sense of ownership and a better understanding of the issues faced by the developer.  
Low risk options are available in which the community is given shares by the 
developer (as with the Burray wind turbine operated by Orkney Renewable Energy 
Ltd), or it is possible to for the community to become the developer, with 100% 
ownership, as with the Gigha development and the proposed Westray development.  
100% ownership is much higher risk, but also has high rewards and can provide an 
income stream for launching other initiatives.   
 
The recently established Community Energy Unit at Highlands and Islands Enterprise 
are offering grants to communities who are prepared to undertake the early high-risk 
phase of the project themselves, as with Westray.  However, it should be made clear 
that the level of commitment work involved is extensive and complex, as is shown by 
this diagrammatic representation of the contracts that may be involved. 

Figure 12 Diagrammatic representation of the contracts involved in a wind 
development 

 
Source:  http://www.sei.ie/uploads/documents/upload/publications/File_27.pdf 
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10 Funding sources 
There are a number of different sources of funding, covering direct grants and low 
interest loans.  These operate at different levels: 
• International level through the European Commission programmes such as the 6th 

Framework Programme for Research and Technological Development),  
European European Regional Development Fund (finishes shortly);  the Reneable 
Energy and Energy Efficiency Partnership (REEEP)  

• National – Department for Trade and Industry, Carbon Trust, Scottish Executive, 
National Lottery etc 

• Regional – Scottish Community and Householder Renewables Initiative (SCHRI), 
Highland & Islands Enterprise (HIE), Orkney Enterprise,  

 
Often projects a funded from a number of different sources of grants and loans as 
illustrated by the Gigha Heritage Trust, who financed a small wind farm using a three-
way mix of grant funding, loan finance and equity finance.  
 
£50,000 and £82,000 were secured from the Fresh Futures, Sustainable Communities 
Project Fund (National Lottery funding administered by Forward Scotland) and the 
Scottish Community and Householder Renewables Initiative (Scottish Executive 
money administered by Highlands and Islands Enterprise), commercial loan finance 
of £148,000 was provided by Social Investment Scotland and equity holdings of 
£80,000 and £40,000 were taken by the Highlands and Islands Enterprise and the Isle 
of Gigha Heritage Trust.  The total capital cost was £440,000. 
 
The loan has to be repaid over a five year period at a fixed rate of interest, with the 
equity currently held by HIE bought back by the Isle of Gigha Heritage Trust in year 
five.  Furthermore, over the first eight years of the project, a capital reinvestment fund 
of approximately £160,000 will be built up, sufficient to replace the wind turbines 
(blades, nacelles, gearboxes, generators etc) when required.  
 
HIE have set up a “one stop shop” to assist with funding applications through the 
SCHRI scheme, with a number of regional development officers to give advice and 
support.  The local representative is Sam Harcus in Westray.   
 
 

11 Conclusions and recommendations 
The study has found that there are a number of opportunities for renewable 
development – both large and small scale, with potential synergies between projects. 

Existing wind farm at Rothiesholm Head 
There is some 450 kW of spare wind capacity at the Rothiesholm turbines.  The power 
would only become available with wind speeds >11metres/sec (about 22 knots) 
which is about 15% of the year, mainly in winter – totalling about 800,000 kWh.  I & H 
Brown, the owners of the turbines, are prepared to consider making this potential 
energy available at no cost to the community provided that it does not affect their 
current electricity supply contract.  Preliminary enquiries with the regulator Ofgem, 
were not encouraging but there may be a way around the issue.  The most promising 
options were: 
 
• Generation of hydrogen.  The main disadvantage is that the electrolyser would 

only be used for 15% of the time.  However with the economies of scale that arise 
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from using large scale electrolysis units, it is worth considering installing an 
oversized electrolyser and sufficient storage to meet the requirements of the pilot 
project. 

• Heating water for growing tropical shellfish – abalone.  Ted Smith, a consultant 
who helped with this work, knows Stronsay and is keen to come and present the 
case in more detail.   

Recommendations 

• Review hydrogen generation in the light of the other wind generator options 

• Invite Ted Smith to present the case for abalone – this may also be of interest to 
Eday, where cheap power might be available from the tidal developments 

 

New wind projects 
There are a number of promising options for wind development, many of which are 
linked in with hydrogen production. 
 
Large scale 
Preliminary results indicate that there is potential for the development of a large 1MW 
wind turbine for both grid connected and non-grid connected operation.  The 
viability of a large turbine depends on a number of variables: 
• Finance – terms of loans, loan repayments & grant support. 

• Ownership models – risks, liabilities and responsibilities 

• The price and life of the Renewable Obligation Certificates (ROCs): these 
contribute about two thirds of the current market price but are only guaranteed 
until 2015. 

• Availability of grid connection. 

• For a non-grid connected – who will be buying the electricity?  How much will 
they pay?  What happens if their business is not successful?  

 

Small and intermediate scale wind 
There are good opportunities to use wind power that can both save on heating costs 
and provide a useful income from ROCs.  The simplest option is to put all the 
electricity directly into heating water, which could be used for heating for the 
swimming pool and the new sports facility, if it is located at the school.  The school 
would need a 75-100 kW generator to heat the swimming pool.  OIC are interested in 
the idea.  Preliminary enquires with local wind experts indicated that there was a 
limited choice of new commercially available turbines that were suitable for this 
application – either 25kW or 330 kW, but this search was not exhaustive.  A refurbished 
second hand turbine is another option.  Having a single machine is approximately 
30% more cost effective than having several units. 
 
The generation and storage of hydrogen present a significant hazard that that will 
need careful evaluation, through a detailed risk assessment.  From a logical 
perspective, it should be possible put the hydrogen facility far enough away from 
people to reduce the risk to an acceptable level.  Significant amounts of propane 
used to be safely stored in the village.  There are also advantages of having the 
hydrogen store in a central location.  On the other hand, there is a powerful, more 
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emotive argument in favour of putting any hazardous facilities well away from 
centres of population.   
 
Recommendations 
The Development Trust should focus on making a decision on wind options as soon as 
possible to maximise the value of the ROCs.  This will involve: 

• Deciding on the location of the sports hall and sizing the wind turbine 
requirements to suit. 

• Checking availability of suitably sized wind turbines, especially second hand / 
refurbished models. 

• Checking with Scottish & Southern / wind turbine manufacturer about supplying 
the community centre.  

• Investigate applying for a grid connection if there is interest a large turbine. 

• Decide on how the wind facility would be owned and operated. 

• Carry out a detailed feasibility & design study on the preferred option, including a 
risk assessment on financal, environmental and safety issues. 

 

Hydrogen 
Hydrogen is fast becoming the accepted fuel of choice for the future.  Interest in the 
hydrogen economy is taking off and projects are being announced all over the world 
– in Canada, Hawaii, Cape Barren island Australia, Greece, Japan and others.  Most 
of these schemes are demonstration projects for fuel cell applications 
 
Hydrogen technology is costly and needs to attract extensive grant funding in order 
to be economic.  With so many projects springing up it is necessary to develop 
projects that offer a new approach.  One big opportunity is to look at a low 
technology approach to substituting hydrocarbons with hydrogen and test this within 
a community to create a model for transition into a hydrogen economy.  However it 
is unlikely that the community are going to support such a transition unless there is a 
clear economic benefit – like cheaper fuel. 
 
Setting a goal to become a “hydrogen island” with extensive fossil fuel replacement 
has the advantage of providing a platform for attracting both short and long term 
funding and potential partnerships with industry and research institutions.  It also helps 
to stimulate strategic thinking, especially with respect to the siting of a hydrogen 
plant and storage area bearing in mind any potential synergies with biogas and 
aquaculture possibilities.  However a number of questions need to be answered: 
• How easy will it be to convert vehicles and farm machinery to hydrogen – is it a 

practical proposition? 

• How easy will it be to use other fuels if required without making any engine 
modifications? 

• How much will hydrogen cost?  Will it need to be subsidised to be an attractive 
proposition? 

• How will it benefit the island as a whole in terms of employment and the 
economy? 

 
Answering these questions need a mixture of desk based research and direct 
experience.  This report provides a first step.   
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Recommendations 
The Development Trust have agreed to look for funding for undertaking a detailed 
hydrogen feasibility study, that should provide the theoretical answers whilst a pilot 
study is needed to see how the theory plays out in practice.  SiGEN have agreed to 
make a funding application to the DTI. 
 

Bio-digestion 
Biodigestion offers considerable potential especially with land draining onto sensitive 
water locations.  There also some potentially interesting synergies with hydrogen and 
using combined fuels.   
 
Recommendations 
This is not seen as a priority.  While provision for bio-digestion should be made in any 
long term development plans, it is recommended  to wait and see how things go with 
the Westray unit before starting in Stronsay. 
 

Biofuels 
The waste fat scheme is the cheapest and easiest method of producing bio-diesel.  
This has been so successful in Westray that it is unlikely that there will be enough 
feedstock to make it worth while starting with another project in Stronsay. 
 
Preliminary trials have been carried out in Westray growing bio-fuel crops for 
feedstock.  The results are not yet available but the indications are that the sensitivity 
of the crops to the Orkney climate makes commercial production too risky to be 
viable.  Further more, it seems that under the current UK taxation regime, it is not 
possible to produce bio-diesel any cheaper than Derv (John Nicolson, Biopower, pers. 
comm.).  
 
Recommendations 
It is recommended that a watching brief on the market is maintained through links 
with the Westray Development Trust, but that no further action is taken at this time.  
 
 
 


