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1 Executive Summary  
A study was commissioned by Scottish Natural Heritage (SNH) from a team led by Econnect 
Ventures, into the use of renewable energy systems on Rum. The team comprised Econnect 
Ventures (electrical system control and integration), North Energy Associates (heating), Search Ltd 
(hydro generation system) and Wind and Sun (battery storage, wind and PV options). 

The buildings involved comprise around fifteen dwellings, the School, village hall and the Grade A 
listed Kinloch Castle, a huge, three-floored building partly in use as a hostel with a large area of 
historical rooms, some of which are open to the public.  

Aspects which need to be taken into account with alternative technologies are as follows: 

• Rum’s status as a National Nature Reserve and any environmental impacts from proposed 
generation. Particular issues which are understood to be potentially sensitive include any 
impact on Manx shearwaters and eagles, adverse impacts on habitat, and visual impact, both 
during construction and during subsequent operation. 

• Existing network cable limitations. Rum’s network operates at low voltage (LV) and its furthest 
points are already quite near the limit of LV operation in terms of voltage drop and energy 
losses. Any large generation sources located far away from the existing network would require 
new cabling, and might need to be connected at higher voltage; both of these will increase 
installation costs. 

• Integration into Rum’s electrical network in terms of control and network management 

• Transport logistics for installation, and subsequent access for maintenance 

• Ongoing maintenance requirements 

1.1 Electrical system and additional generation options 
Econnect Ventures and Wind and Sun investigated operation of the electrical system overall and 
looked into ways in which it could be improved.  

Available recent records of energy generation and consumption were analysed. Most domestic 
properties on Rum consume less electrical energy than the typical UK domestic average of 
approximately 12.7kWh per day (excluding space and water heating). This presumably reflects the 
measures SNH has taken to encourage alternatives to electric heating and cooking. The Castle’s 
(non-heating) electrical energy consumption is comparable with that of all the other metered 
properties put together. There is a noticeable discrepancy between the generation records and the 
metered consumption records, and it would help understanding of the system to ensure that all 
properties with an electrical supply have meters fitted and recorded. 

Automated monitoring and data recording of key system parameters would improve SNH’s 
understanding of how well the system is performing and where operational problems lie. 
Requirements and approximate costs for a data monitoring system to help improve understanding 
and management of electrical system operation have been identified. 

In theory, on average, the existing hydro system could meet most of the total average consumer 
energy consumption. Unfortunately, significant amounts of diesel generation have to be employed 
to meet demand, because the available hydro power falls off markedly in the summer months (April 
to August). and there is no energy storage capacity at the hydro intake. The surplus hydro energy 
generated during the winter is used to heat the Castle. Energy storage of some kind would help to 
match renewable power supply to consumer load demand, and make better use of the renewable 
resources available. 
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Electrical energy demand is expected to increase in future, and this will be met by diesel 
generation unless additional renewable generation capacity is installed. The hydro system 
expansion with its energy storage potential (proposed in section 1.2) offers an excellent renewable 
solution but would take some time to implement and require a major investment. 

A battery-inverter energy storage system could be installed in the short-medium term and would 
facilitate automation of the existing system, improve management of the current generation, and 
provide increased power output capacity at times of high consumer load. 

Small-scale wind generation and PV are suitable generation sources which could supplement and 
complement the existing hydro scheme in the short-medium term. Potential sites and costs for 
wind and PV installations have been identified, and their suitability needs to be confirmed by SNH. 

1.2 Hydro generation 
Search Ltd evaluated the performance of the existing scheme and investigated the practicalities of 
implementing an additional hydro supply. 
Existing scheme performance 
In general, records show the hydro scheme has been running reasonably reliably over the past 
four years. Some components are in need of repair, and performance could be significantly 
improved by installing additional equipment. Examination of meter records and comparison with 
HydrA software, developed by the Institute of Hydrology for assessing the performance 
characteristics of small hydro schemes, indicated the following key points: 

• The records show both hydro sets operating regularly throughout the three year period, 
with generated output varying seasonally as expected, indicating that both sets are in 
general reliable. Both hydro sets can be run together, but the ‘hours run’ figures suggest 
this is infrequent and only happens during the wet winter months. 

• Annual figures for hydro outputs for the three recorded years are 152MWh, 145MWh 
and 118MWh, average 138MWh. These annual energy output figures can be compared 
to the HydrA predicted output of 224MWh. Whilst the software provides indicative 
performance characteristics only, it suggests that there is considerable scope for 
increasing the energy capture of the existing scheme. The reduced performance is most 
likely due to a combination of less water in the river than predicted, and the lack of 
automated control of water flows through the turbines, which if available would allow 
mid-range flows to be better utilised. 

• The data suggests that that the pipeline in its current condition may not be able to 
deliver sufficient water/pressure to the turbines to realise their full combined generating 
potential (39kW). This is likely to be due, to some extent, to the pipe having run for 
almost 25 years without cleaning (pigging). 

• In all but one month during the three years recorded, some diesel backup was required. 
At times, usually during the summer, diesel backup was required almost continuously. 
This is consistent with the scale of demand and variable output from the ‘run of river’ 
hydro scheme. 

• It appears that some of the diesel-generated electricity has been being ‘dumped’ into 
water heating in the castle. This is inefficient, and therefore it would be advantageous if 
the Headley could be re-programmed to prevent this happening. 
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Recommendations 
Automated water management at the turbines 

The existing scheme could be upgraded to automatically adjust water flows through the turbines, to 
suit available flow rates in the river. This would allow better energy capture to be achievable from 
low water flows, and would involve: 

• replacing the existing manually-operated spear valves on the turbines with electrically-
actuated valves 

• installing level sensing equipment at the intake plus a signal cable connected to control 
equipment which will adjust the automated valves 

A preliminary quote for the work from the turbine manufacturers Gilkes was for £44,000. 

Controlled Activities Regulations (CAR) licence 

SNH should by law have a Controlled Activities Regulations (CAR) licence for abstracting water 
from the Coire Dubh burn. An application should be made to SEPA as soon as possible. This could 
possibly result in a requirement to provide a permanent compensation flow in the burn (reducing 
water flows available to the turbines). This might be negotiable if the application was accompanied 
by a request to waive the compensation flow requirement, in view of the established nature of the 
scheme and its importance with regard to renewable generation on a remote island relying 
otherwise on diesel generation. 

If a compensation flow is now required, this would involve installing a discharge pipe/orifice through 
the intake weir, sized to provide the correct flow specified by SEPA. 

Estimated budget cost for modifying the weir and paying for the license is £2,000.  

Pipeline cleaning 

Installation of pigging points into the pipeline, to include repair/replacement of non-functioning gate 
valves in the existing pipework. Estimated cost £5,000. 

Lower-priority potential improvement actions  

The following actions are possible and could provide performance improvements, but they are in 
no way urgent. 

• Replacement of existing intake structure with new weir and ‘Coanda’ type intake 
screen, to reduce any screen blockage problems. The estimated lowest cost for this (if 
no substantial reconstruction is required of the weir) is in the region of £5,000. If a 
completely new intake is required, the estimated cost goes up to £25,000. The decision 
to go ahead with screen replacement depends on how often the screen blocks and how 
much lost generation blockages incur. 

• Repair to upstream dam, excavation of sediment and provision of equipment for 
controlled release of stored water, to provide some stored energy capacity. The costs 
for carrying out this work are estimated at £25,000. This option would require more 
detailed quantification of the benefits before being progressed further. 

New large hydro schemes 
The only new site in the vicinity of Kinloch with significant hydro potential is the Allt Bealach 
Catchment, which includes Loch Gainmhich and Loch Bealach Mhic Neill. SNH have previously 
had studies carried out for schemes for this site. The feasibility of building a scheme on this site 
was investigated during the recent site visit. Technically feasible layout options for the two 
schemes with the greatest generating potential were identified during the survey and are shown in 
Figure (i) below. Additional scheme details for the two options are given in Table (i). Initial 
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calculations indicate that these schemes offer the potential for 100kW power output and up to 600 
MWh per year energy output. 

An initial response from SNH with regard to environmental/landscape issues is sought, with a view 
to informing the direction of the detailed phase 2 report.  

Other small schemes 
A number of very small streams flow down towards the shoreline along the eastern margins of 
Kinloch. None of these is considered suitable for supporting a cost-effective hydro scheme. 

There is also a waterfall on the Kinloch River about 1km to the west of Kinloch which has some 
hydro potential (~10kW scheme) This site looks problematical environmentally, but will be looked 
at in more detail as part of the phase 2 study. 
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Figure (i) - Possible new hydro generation options 

 
 

 Scheme Option 1 Scheme Option 2 

Concrete overflow dam, ~1m 
high, built across existing loch 
outfall 

2 
Loch Gainmhich 

Loch Bealach Mhic Neill 

1 
Loch Gainmhich 

Intake 2 
Loch Gainmhich, just upstream 

from the dam 
Loch Bealach Mhic Neill, a few 

metres out from the existing 
shoreline 

1 
Loch Gainmhich, a few 

metres out from the existing 
shoreline 

Buried plastic/steel pipeline, 
max. 250mm diameter  

1,000m long 2,000m long 

Powerhouse, similar in size to 
existing Powerhouse 

Kinloch Glen, close to existing 
track 

close to existing 
Powerhouse 

Piped water discharge burn feeding Kinloch River Allt Slugan a’ Choilich (as 
existing system) 

Access track Short (~75m) new access track 
between new powerhouse and 

existing track 

Very short extension to 
existing tracks near 

Powerhouse 
Cable connection to Kinloch 
distribution system  

buried HV cable 1200m long, plus 
ground-mounted transformers 

either end  

short buried LV cable 

Table (i) - New hydro scheme options summary 
 



 
 

 
2076 Rum generation feasibility Phase 1 report v1.0.doc   Page 10 of 138 

1.3 Heating 
Heating makes up the majority of the energy use on Rum. North Energy briefly evaluated the 
energy efficiency levels and heating options that are in use in the properties on Rum. Electrical 
heating is discouraged, and rarely used because large electrical loads can cause power cuts when 
the system is heavily loaded. There is extensive scope for energy efficiency improvements which 
will improve comfort levels and reduce fuel usage.  

North Energy also looked into resources and alternative heating technologies which can help 
reduce the use of fossil fuels, save carbon, produce heat more economically than at present, and 
make Rum more self- sufficient in fuel. Rum’s woodland and forestry would not provide enough 
timber to heat all the existing buildings. However the timber available could provide a heating 
resource for some of Rum’s buildings, and further supplies could be imported.  

Castle 
Phase 1 looked mainly at automated wood chip heating for the Castle. This is feasible from a 
practical point of view. The confined space in the existing boiler room would prevent indoor 
installation of a wood chip boiler - a containerised boilerhouse could be sited in the shrubbery with 
the oil tanks and bins. A secondary larger fuel store would also be needed, possibly in or behind 
the walled garden. The capital cost of wood heating is more costly than that of fossil fuelled 
systems for a number of reasons, including its more robust, long-lasting equipment; the need for a 
large insulated heat store tank; and the larger fuel storage facilities required. The system would 
need to be integrated with the current electric boiler to allow the Headley to continue to provide 
system control and make maximum use of surplus renewable electrical energy. 

An initial assessment of the cost of a containerised wood chip or pellet boiler with small fuel store, 
connected to the Castle is around £95,000 at mainland prices, plus the cost of a new pole barn or 
similar building for long term fuel storage. It is as yet uncertain whether wood heat can be delivered 
to the Castle from either pellets or wood chip at a price competitive with oil. The current cost of 
diesel heat for the Castle is 5.49p/kWh, and so the aim is to produce wood heat for less than this.  

Electrically-powered ground source heating was not considered for the Castle because its heat 
load is too large, and because this technology is more suitable for new buildings in which 
underfloor heating can be installed.  

Activity Centre 
Wood heating, ground source heating, and solar water heating are all feasible options for the 
proposed Activity Centre.  

A roof-mounted solar water heating system installed at the Centre would support its main summer 
hot water load well.  

Ground source heating (GSH) uses electricity about four times more efficiently than conventional 
electrical heating. GSH requires a sufficient area of open, tree-free space outside where 1m-deep 
trenches for heat pipes can be cut. Its feasibility will depend on the eventual capacity of the island 
electricity system. GSH produces low level heat (about 55 degrees C) and should only be used in 
buildings with a good thermal mass plus underfloor heating or oversized radiators. This would 
mean a different approach to the design of the building from that proposed in the current architect’s 
drawings. Initial estimates indicate that the cost of this system would be around £26,500 at 
mainland prices.  

Air and water source heating works in a similar way to GSH without requiring the extensive 
trenching. They were both also considered briefly, but rejected, on grounds of inefficiency and 
unsuitability for the site respectively. 

Alternatively, an automated wood fuel system could heat the Activity Centre. Wood pellet or chip 
boilers would work as well as GSH without the extra electrical load issues. Whether either is 



 
 

 
2076 Rum generation feasibility Phase 1 report v1.0.doc   Page 11 of 138 

appropriate will depend on the wood fuel supply issues, which will be addressed in Phase 2. The 
Activity Centre would require a 55kW wood chip or pellet system in addition to the solar water 
heating system and the accumulator tank. The cost of this, at mainland prices, including the feed 
auger, is in the region of £24,000 plus a silo or fuel store, the price of which would vary according 
to the fuel used but could be another £2,000-5,000. 

Other properties 
Solar water heating and possibly GSH may be viable on a small number of properties. Other 
homes or groups of homes would be suitable for long-log and possibly pellet boilers. Log burning 
boilers and pellet boilers will be considered in Phase 2, along with investigations to determine the 
most economic way to import wood fuel to Rum. 

Recommendations for heating 
The key proposals for immediate implementation are:  

• Energy efficiency measures should be incorporated urgently on as many properties as 
possible, before any attempt is made to change over to renewable fuels 

• SNH should roll out a programme of installing manually-loaded log burning stoves in all homes. 
This will reduce carbon emissions, create more of a market for logs and enable households to 
enjoy greater comfort levels without resorting to the use of electric heaters. Providing wood 
stoves would also be an incentive to undertake a well thought out programme of woodland 
management, including coppicing and new planting, and help to justify a job for a 
woodsman/wood fuel provider. 

• The Activity Centre architects should be engaged in a dialogue to explain ways of maximising 
the building’s energy efficiency and facilitating renewable heating options. 

Final conclusions with regard to heating options cannot yet be drawn until the options for supplying 
wood fuels have been assessed in Phase 2. Initial indications are that wood chip or pellet heating 
for the refurbished Castle could be appropriate, and that solar water heating plus ground source or 
wood pellet heating could offer a good solution for the Activity Centre. Using wood for both would 
save almost 300 tonnes of CO2 per year. Other options, including biodiesel-fired combined heat 
and power, will be investigated in Phase 2. 
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1.4 Way forward 
The actions recommended as a result of Phase 1 are listed below with approximate budget costs, 
and summarised with possible timescales in Figure (ii). Items in italics are discussed in the main 
body of the report, but are considered low priority. Phase 2 will help to firm up costs for many items 
and also identify in more detail the benefits from some actions and choices. 

Hydro  
CAR licence / compensation 
flows 

£2,000 apply to SEPA now 

clean pipeline £5,000 could be started now 
automatic flow control on 
turbines 

£44,000 wait for Phase 2 

new hydro scheme £500,000 wait for Phase 2 
mini-storage on Coire Dubh £25,000  
Coire Dubh screen upgrade £5,000  

System   
implement data monitoring £6,000 could be started now 
sort out Powaplugs could be started now 
improve overall control wait for Phase 2 
feeder disconnection  

Heating  
talk to architect about Activity 
Centre design 

could be started now 

energy efficiency programme ~£10,000 cost adjustable 
could be started now 

install log burners in properties ~£10,000 cost adjustable 
could be started now 

Activity Centre solar water ? wait for Phase 2 
Activity Centre GSH or wood 
heating 

£35,000 wait for Phase 2 

Castle wood heating £116,000 wait for Phase 2 
new CHP for Castle ? wait for Phase 2 
new houses ? wait for Phase 2 

Battery storage  
new building £50,000 could be started now 
15kW inverter system £48,000 could be started now 
upgrade to 30kW system £25,000 could be started now 

New power generation  
wind installation ~£120,000 cost adjustable, depending on power rating  

wait for Phase 2 
PV installation ~£134,000 cost adjustable, depending on power rating 

wait for Phase 2 
marine generation installation ?  
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Figure (ii) - Outline plan showing possible implementation timescales 
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University of Flensburg 
Students from the University of Flensburg, in Germany, carried out “an assessment of the present 
energy demand and forcast for Rum” [2] in September 2003 as part of their course. 

They evaluated the energy demands of the Rum community, in terms of space heating and hot 
water, transportation, cooking, and the use of electricity. They concluded that Rum’s energy supply 
mainly comes from non-renewable sources and identified the relative contributions made by 
different energy sources as follows: 

• hydropower (13 %) - electricity generation 

• biomass, in the form of wood, (4 %) - heating 

• diesel (68 %) - heating, electricity generation and transportation 

• coal (11 %) - heating and cooking 

• gas (4 %) - cooking and hot water 

They estimated growth in electrical energy consumption of 77% in the residential sector, 50% in 
the business and service sector, and 20% in the Castle, on the basis of an increase in population 
from 30 to 50 residents and implementation of a given Castle development scenario.  

They concluded that Rum’s current energy situation could be improved, with potential to reduce the 
consumption of fossil fuels, especially the use of diesel for space heating and power generation, 
with energy savings measures and by exploiting the island’s biomass and hydropower resources. 

Buro Happold 
Buro Happold carried out an Alternative Energy Technology Appraisal for Kinloch Castle [3] in May 
2006. This considers Rum’s energy use in relation to a development plan for the Castle and other 
buildings. The details of this development plan are not explained in the report. It estimates the 
heating and electrical demand for existing and new SNH buildings considered, namely: 

• Kinloch Castle (developed into separate apartments and guest accommodation) 

• a new Activity Centre 

• Squash Court Cottages 

• Lab 

• Plunge Pool and Dairy Meeting Rooms 

• Ferry Cottages 

The report focusses on an all-electric solution, including the use of ground-source heat pumps for 
heating to optimise use of electrical energy. It concludes that there will be an average electrical 
demand of 43kW (for non-heating requirements) plus 165kW (for heating requirements) from the 
properties considered (excluding the other Kinloch properties). Its estimated maximum electrical 
demands were 155kW (non-heating) plus 470kW (heating) for the properties considered. It 
recommends a combination of hydro power, wind turbines, solar PV and diesel back-up to meet 
these needs, and estimates implementation costs. 
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2.4 Client requirements 
SNH’s aims for this energy study are understood to encompass the following objectives: 

• to preserve the castle and its contents 

• to continue to support the island community by providing a mainland-quality power supply at 
reasonable cost (i.e. improving reliability and availability of the current system, and 
accommodating future demand growth) 

• to manage, and if possible reduce, the levels of subsidy currently provided by SNH to Rum; this 
would be helped significantly by reductions in electrical generation and Castle heating costs 

• to investigate options for transferring operation of the power system to an independent body 

• to provide solutions which demonstrate the island’s commitment to finding renewable energy 
and/or carbon neutral solutions 

• to identify potential funders and sponsors for power scheme upgrades 

The focus of this study is to identify realistic solutions for Rum’s future energy needs, to establish 
the practicalities and costs of implementing them, and produce a modular plan to allow SNH to 
improve Rum’s energy supply system progressively as the need and opportunity arise. 

Aspects which need to be considered when considering system development include the following. 

• Rum’s status as a National Nature Reserve and any environmental impacts from proposed 
changes. Particular issues which are understood to be potentially sensitive include any impact 
on Manx shearwaters and eagles, adverse impacts on habitat, and visual impact, both during 
construction and during subsequent operation. 

• Integration into Rum’s electrical network in terms of control and network management 

• Existing network cable limitations 

• Transport logistics for installation, and subsequent access for maintenance 

• Ongoing maintenance requirements 

2.5 This report 
Following the Executive Summary in section 1 and the Introduction in section 2, section 3 
considers the island’s electrical system and its current operation and performance. Section 4 briefly 
considers future energy demand and how it might be met. Appendix A (section 8) contains North 
Energy’s report on the heating options for the island. Appendix B (section 9) contains Search’s 
report on the hydro options. Section 5 considers electrical system development options, bearing in 
mind the potential for hydro system expansion. Conclusions are drawn from all of these aspects 
and recommendations are made in section 6. References are listed in section 7. Appendix C 
(section 11) contains itemised costings for battery/inverter configurations. 

2.6 Site visit (January 2008) 
The authors undertook a site visit accompanied by the SNH Project Manager, the SNH property 
manager and SNH's client's advisor from 29 January 2008 to 2 February 2008. Inspections of the 
electrical system components and the Castle were made. A survey of potential new hydro supply 
intakes and pipeline routes was carried out. A brief survey of the properties in Kinloch took place in 
order to inform alternative suggestions for heating. Possible sites for wind and photovoltaic 
installations were identified.  
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It appears that during some months, the Headley has been powered by the diesel generator. This 
is undesirable because it is very inefficient use of diesel fuel. Figure 10 compares the diesel energy 
generated with the non-Headley consumer demand. Ideally, the consumer energy demand should 
be provided by a mixture of the diesel generator and the hydro generators, so the diesel energy 
generated should be less than or equal to the consumer demand. However, for some months (e.g. 
March-September 2005), the total diesel energy exceeds the non-Headley consumer loads. This 
indicates that some of the diesel energy must have been going into the Headley. This is technically 
possible if the Headley is switched on when the diesel is running, and the Headley’s frequency 
setpoint is too low. Avoiding this situation requires co-ordination between the Powerhouse and the 
Castle when the system transfers from the hydro to the diesel generator. Monitoring the kWh data 
more frequently may help to avoid this situation, and ensure that diesel fuel consumption is 
minimised. 
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Figure 10 - Isle of Rum - diesel energy generated compared with consumer energy use 

3.2.2 Generated energy output 
Hydro energy generated on Rum was 151,709 kWh in 2004/5, 148,592 kWh in 2005/6, and 
117,925 kWh in 2006/7. The average daily outputs were 416 kWh/day, 407 kWh/day, and 318 
kWh/day, respectively. These average values suggest that the hydro system could easily meet 
almost 100% of the total average consumer energy consumption (332 kWh per day in 2006/7). 
Unfortunately, significant amounts of diesel generation have to be employed to meet demand 
because the available hydro power is not consistent through the year, and falls off markedly in the 
summer months (April to August). Figure 11 shows the monthly variation in hydro energy 
generated. Hydro energy output is very susceptible to rainfall variation because there is no energy 
storage capacity at the intake. The noticeable year-to-year variation for each month may in some 
instances reflect reduced hydro generator availability for some periods, as well as rainfall 
fluctuations. Hydro generation performance, and potential improvements, are discussed more fully 
in Appendix B. 
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Figure 13 - Isle of Rum - energy generated from diesel and from hydro  

 

3.2.3 Hourly load profile 
Little information is available about the island’s load profile during the day. Figure 14 shows the 
consumer load and Headley power consumption during a 24-hour period in March 2003, recorded 
during testing carried out by Econnect. The 30kW hydro was operating continuously at full power 
for the entire period. Overnight baseload was approximately 10kW, and the load during the day 
was around 15kW, with an evening peak between 6pm and 9pm, and more sporadic peaks in the 
morning, between 9am and 1pm. The maximum consumer load was 24 kW. The total energy 
consumed for this day was 334 kWh, with 77 kWh being consumed between midnight and 7am.  

These results agree with the observations in the Flensburg report [2] and are likely to be similar to 
more recent experience, since the daily energy consumed (334 kWh) is comparable with the more 
recent averages discussed in section 3.2.1. It is possible that loads today are peaking at higher 
values than on 1 March 2003, because blackouts are being experienced, suggesting the system is 
being overloaded. 
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Figure 14 - Isle of Rum - 24-hour load profile, 1 March 2003 

3.3 Electrical distribution system 
Rum’s electrical network comprises three underground cables which supply the Castle, the north 
side of Kinloch, and the south side of Kinloch, respectively. The network operates at low voltage 
(LV). The network design was assisted by the then Hydro Board, and cable current capacities are 
very generous in comparison with the loads the network currently carries. However, the furthest 
points of the network are quite near typical design limits for LV operation in terms of voltage drop 
and energy losses. For this reason, the recommendations made in the Buro Happold report [3] 
(i.e. to meet the island’s heating needs via electrically-powered ground source heat pumps), or 
any other electrically- based suggestions for widespread heating should be approached 
cautiously. 

Any large generation sources located far away from the existing network would require new 
cabling and might need to be connected at higher voltage; both of these will increase installation 
costs. 

4 Projected future electrical energy demand 
Electrical energy demand is expected to increase in future. The reasons for this include: 

• achieving the desired improvements in system reliability and power availability will 
encourage more widespread use of consumer electrical goods 

• re-occupation of currently unoccupied properties, and the hoped-for population increase 
and community development will increase the number of households using energy 

• the proposed Castle re-development and new Activity Centre will add to island energy 
demand significantly 
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• new technologies, if adopted, may increase electrical power and energy demand 
(specifically ground-source heat pumps) 

It is likely that the re-occupation of a new or refurbished property could be accommodated within 
the existing system. However significant new demands would place a burden on the existing 
generation which it could well struggle to accommodate. 

Projected future energy demand will be considered in detail in Phase 2.  
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5 Electrical system development options 

5.1 Issues to address 
Areas in which the system does not operate optimally, or in which the system operation could be 
improved, include the following. 

Manpower requirements 
The system depends heavily on manual operation, and system optimisation depends on SNH 
personnel’s system knowledge, available time and motivation. Manual intervention is always 
required in the event of a power cut, despite the fact that the Mains Fail Autostart facility on both 
diesel generators will restore power to the island immediately after the 30kW hydro trips off (e.g. on 
a system overload). Manual intervention is required either to restore the system to hydro operation 
in order to save diesel fuel, or to shut down the hydro generator, in order to ensure that the hydro 
set does not run for long periods with its deflector controlling hydro generator speed2. This task 
places an additional load on SNH personnel (the mechanic in particular) at inconvenient times of 
night or day. 

Paper records of system performance are taken monthly, and information such as the frequency 
and duration of power outages, the amount of hydro usage, or the daily variation in electrical 
energy consumption, is not available. This system is vulnerable to personnel changes and staff 
time availability. Monthly records have not been logged between July 2007 and January 2008. 

Limited system capacity 
The island load can peak at levels which exceed the power output capacity of the generator which 
is running. Currently this occurs particularly frequently because the smaller hydro generator is 
undergoing maintenance. When this happens there is a power cut on the island.  

This problem is managed by the use of Econnect Powaplugs to avoid overloading whichever 
generators are operating, and prevent blackouts. Each Powaplug is connected to a single 
consumer load e.g. a kettle, or fridge. The Powaplugs detect a drop in system frequency, indicating 
an impending system overload, and temporarily switch off the load they are connected to, until the 
frequency has risen enough for the load to be switched back on. This ensures that the island load 
does not exceed the limited power supply. Although this helps to reduce the occurrence of power 
cuts, it does place constraints on consumer’s use of power, and should really only form a last 
defence against overloads. 

Diesel fuel usage 
The diesel generators are essential to maintaining a power supply to the island during the dry 
summer months. The diesel generator in use must remain in continuous operation when it provides 
the sole source of power, and this uses up its operational life quickly and means that it is operating 
at inefficiently low power during low load periods. It also results in high fuel operating costs during 
the dry months, and risks the inadvertent use of diesel electricity to run the Headley electric heater 
in the Castle. 

                                      
2 This puts a large load on the deflector, and it is desirable to avoid prolonged running of the hydro generator 
under these circumstances. 
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5.2 Operational improvements 

5.2.1 Automated power system monitoring 
During the site visit, SNH indicated that they feel the need to have a more detailed understanding 
of system operation than is currently provided by the manual data recording carried out at present. 
This will help in identifying the frequency, duration and causes of power outages, and provide 
information to help understand and improve system operation and efficiency. It will also help 
overcome the disadvantages of a manual system, namely the need for someone to record the data 
regularly and then carry out an analysis of the results in order to make the most of what has been 
recorded. A suitable automated system would ensure that data is recorded regularly and could also 
provide regular easily-assimilated reports to allow SNH managers to monitor power system 
performance. 

A list of parameters required (discussed during the site visit in January 2008) is included in Table 
2. 

 Parameter Unit Measurement 
type 

Comment 

1. diesel power output kW 0-1mA existing measurement 
2. diesel energy output kWh  can be integrated from 

power measurement 
3. 15kW hydro power output kW 0-1mA existing measurement 
4. 15kW hydro energy output kWh  can be integrated from 

power measurement 
5. 30kW hydro power output kW 0-1mA existing measurement 
6. 30kW hydro energy output kWh  can be integrated from 

power measurement 
7. Headley power consumption kW 0-1mA existing measurement 
8. Headley energy consumption kWh  can be integrated from 

power measurement 
9. Castle power consumption kW analogue  
10. Castle energy consumption kWh  can be integrated from 

power measurement 
11. system frequency Hz 0-1mA existing measurement 
12. L1/L2/L3 voltages at Powerhouse V analogue  
13. L1/L2/L3 power factors at Powerhouse - analogue  
14. 38kVA diesel online - digital  
15. 60kVA diesel online - digital  
16. 15kW hydro online - digital  
17. 30kW hydro online - digital  
18. grid supply live - digital  
19. north feeder power consumption kW analogue  
20. north feeder energy consumption kWh  can be integrated from 

power measurement 
21. south feeder power consumption kW analogue  
22. south feeder energy consumption kWh  can be integrated from 

power measurement 
23. Powerhouse power consumption kW analogue  
24. Powerhouse energy consumption kWh  can be integrated from 

power measurement 
Table 2 - Parameters required for data monitoring 
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Estimated costs for a system which employed dedicated datalogging equipment would be of the 
order of £4900-6000, with the necessary transducers costing approximately £1500, the data 
recording equipment £1400-2500 depending on functionality, and installation around £2000. Some 
parameters could be provided and recorded by a Sunny Island battery-inverter system (section 
5.3) if installed at the same time, reducing costs. Alternatively, if a Sunny Island system was on the 
cards but scheduled for a later date, the data monitoring components could be installed earlier and 
integrated with the inverters later on. It might be possible to make use of the PC in the 
Powerhouse, but this would entail more setup time and possibly introduce the risk of data loss 
through PC crashes. 

5.2.2 Powaplug review 
During the site visit in January, a meeting with community members was held to explain the work 
being carried out within this project. During the meeting, it was suggested that a significant number 
of Powaplugs have been bypassed because they were perceived not to be working, i.e. not 
switching the loads back on when necessary. In particular, problems with fridges and freezers 
defrosting were described.  

Ensuring that (correctly operating) Powaplugs continue to be used will help reduce the number of 
power cuts experienced on the island. It is recommended that malfunctioning, incorrectly set up, or 
bypassed Powaplugs are identified and rectified, and that island residents are (re-)educated in how 
to make best use of Powaplugs.  

5.2.3 Feeder disconnection 
When a system overload fails to be prevented by the Powaplugs, the operating generator 
disconnects itself from the network in response to an underfrequency signal. If a diesel generator is 
operating, it will shut down. If the hydro generator is operating, it will merely disconnect itself 
electrically, but continue to run, with its deflector controlling generator speed. This puts a large load 
on the deflector, and it is desirable to avoid prolonged running of the hydro generator under these 
circumstances.  

It would be possible to avoid the underfrequency trip by reducing the system load. This could be 
achieved by disconnecting the feeder connections to the island, and restoring them when the 
frequency recovers. This would require new contactors in addition to the manual feeder switches, 
controlled by frequency-sensitive relays.  

The benefits of this would be: 

• power supply to the Powerhouse maintained 

• quicker, and automatic, restoration of supplies to the island 

• continued availability of the Headley load controller to manage system frequency and avoid 
overuse of the hydro deflector (if the Castle feeder was the last to be disconnected) 

The disadvantages would include 

• some power cuts on the feeders 

• the risk of repeated feeder disconnection and reconnection, if loads were not switched off by 
consumers in response to the loss of supply 

• there is little space available within the control panel for the necessary equipment and the 
installation would be difficult and untidy 

The last point is probably the most significant, and it is recommended that alternatives be 
considered in preference to this option. 
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5.2.4 Automated control and improved generator synchronisation 
Currently is possible to operate the 15kW hydro set in conjunction with any of the other generators, 
since it has an induction generator. It is not possible to operate: 

• both diesel sets in parallel (system load is not high enough for this to be necessary in any 
case) 

• the 30kW hydro set in parallel with either diesel for long periods (because they do not share 
load satisfactorily) 

This limits the amount of power available to the network at periods of heavy load. The problem 
relates to the interaction between the two governors and AVRs on the generators. It would be 
possible to make control modifications to try and improve parallel operation. It is recommended 
that this be tied in with potential energy storage developments (see section 5.3). 

The Auto Mains Fail facility on the diesel generators is used to ensure reasonable continuity of 
supply if the hydro generator trips off on an overload. It is recommended that this continues to be 
used. 

5.3 Energy storage system - short term / medium term 
Energy storage offers benefits to Rum’s power system because it can help match the available 
power from the hydro system to the system load. If hydro energy can be stored when it is not 
required, it can be made available to support the system when power demand is high. 

The best way to store hydro energy is to maintain a volume of water at the intake of the hydro 
pipeline. Appendix B describes an existing dam structure upstream of the Coire Dubh intake which 
could perhaps be updated to provide an hour or two of energy storage, but the geography of Coire 
Dubh would not allow larger volumes to be stored economically. If a second hydro system were to 
be installed on Rum, it would be extremely beneficial to include as much storage volume as 
possible at the intake. This could provide weeks of stored energy. 

The most practical short-term alternative to hydro energy storage for Rum (pending any decision 
on an additional hydro supply) is a battery-inverter system. Technology is now available 
commercially which makes this option straightforward to implement, and achievable in a much 
shorter timescale than a hydro expansion. 

Figure 16 shows a 24-hour example of how battery storage helps optimise operation of an isolated 
island grid with a PV array and a diesel generator. The dark blue line is the island load demand. 
The red line is the power available from the PV array. The batteries provide the difference between 
these (the light violet line). When the PV power exceeds the island load, the excess energy is 
stored (dark purple line). The diesel generator runs overnight (in this case), recharges the batteries 
as required, operates at maximum efficiency when it is running, and runs for less time than it would 
if it was providing island power unaided. 
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Figure 16 - Example of battery storage operation on a small power system 

 
Battery inverter options for Rum 
A battery storage system requires equipment to convert the energy stored at dc voltages in the 
batteries into “mains” ac voltage (an inverter), and equipment to charge the batteries from the 
energy sources available (a charger). Modern market-leading systems incorporate both functions 
in the same device. In the authors’ experience of small island systems, the SMA “Sunny Island” bi-
directional battery inverter [4] is the only product on the market which offers extensive control 
capability in addition to its battery charging and inverter functionality. The Sunny Island has been 
developed specifically for renewables-based island systems, and these control characteristics 
greatly simplify system design and implementation. It combines a high quality sine wave inverter 
with sophisticated overload behaviour, a high performance battery charger that ensures maximum 
battery lifetimes, an energy management controller for loads and generators, and a generator 
control system. Inverters can be combined in a cluster of three to provide a three-phase supply, 
and clusters can be stacked together to increase the available power output. 

A variety of renewable generation sources, including the hydro turbines, can be connected on the 
ac side of the inverters, at any location within the network. The Sunny Island inverters control 
battery charging when energy is available from the renewables, and integrate with SMA’s Sunny 
Boy PV inverters and Windy Boy wind turbine inverters to manage system frequency and voltage. 
Some minor control modifications might be required to integrate the hydro turbines with the 
system. 

The Sunny Island system is designed to tie in a back-up diesel generator located near the Sunny 
Island installation. This is controlled automatically by the Sunny Island. The generator would only 
be used if the loads exceed the inverter capacity or if the batteries need recharging in times of 
unfavourable weather.  
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SMA also offer a variety of data logging and communications options which make monitoring and 
evaluating system operation very straightforward. The SMA equipment can also be expanded to 
include measured data from other, non-SMA equipment. 

The minimum useful Sunny Island installation would be a single three-phase cluster, rated at 15kW 
(nominal, with some short-term overload capacity). This would be unlikely to be able to support 
Rum’s network (at least during the daytime) without some other generation online. If used in 
conjunction with the hydro generators, it would provide extra power at peak load demand periods, 
automate and improve operation of the diesel generator, and make more hydro energy available as 
electrical power rather than as Castle heating. It could probably operate on its own with the small 
hydro set when water supplies are low, reducing diesel run time. It would not prevent use of the 
Headley load controller in the Castle, but energy would only be used by the Headley when the 
batteries are full. 

A second Sunny Island cluster would bring the nominal inverter rating up to 30kW, which would be 
able to support current island load. It would also be able to store more renewable energy than a 
single cluster.  

As demand increased and finance became available, it would be possible to add up to two more 
clusters, bringing nominal power rating up to 60kW. This is the system currently installed on the 
Isle of Eigg [5]. 

Batteries 
Batteries are bulky and heavy, can require reasonably frequent maintenance, and have relatively 
short lifespans (5-10 years typically). However the system benefits of having some energy storage 
usually outweigh the disadvantages of batteries. 

The required features of the batteries include: 

• available off-the-shelf from established manufacturer 

• design for off-grid power supply applications 

• robust and reliable, with good warranty period and long design life 

• ease of transport 

• minimal maintenance requirements 

The required features of the batteries as an installation include: 

• ease of installation and wiring 

• (relatively) high battery voltage, to: 

o minimise DC currents 

o minimise cabling requirements 

o improve system efficiency 

Lead-acid batteries only have been considered because alternative storage technologies (e.g. fuel 
cells, redox flow batteries, hydrogen storage) are not well-enough established to offer a robust, 
cost-effective and reliable storage medium appropriate to Rum’s remote location and limited on-
island technical resources. 

A minimum useful battery capacity is that required to provide 24 hour power without needing to 
operate the diesel generators overnight. This would appear to be of the order of 70-100kWh 
(estimated from Figure 14, with an allowance for an increase since 2003). A smaller battery 
capacity would be less useful but would still help support peak island loads. Ideally the batteries 
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would allow energy to be stored over a period of several hours. Batteries to store more than 1-2 
days’ worth of energy would require huge amounts of space. 

Vented lead-acid batteries do have regular maintenance requirements but offer good value for 
money. Maintenance-free sealed lead-acid batteries are also available but are significantly more 
expensive. 

Housing for inverters & batteries 
The inverters, like all control equipment, need a relatively warm and dry room. They can be wall-
mounted (see Figure 17). Their control wiring means they need to be fairly close to the diesel 
generators. 

 
Figure 17 - Three Sunny Island clusters (45kW) 

 

Battery banks can be very hazardous if not managed correctly. They contain sulphuric acid and 
store a great deal of energy in a small space. During charging, dangerous quantities of explosive 
hydrogen may be liberated, with a real potential for explosion or fire. The battery bank should be 
installed on its own in a well-ventilated shed, away from living areas.  

 
Figure 18 - Battery banks for four Sunny Island clusters 

 

The preferred option would be to build a new battery / inverter building adjacent to the existing 
power house, partitioned to house the inverters, batteries, diesel generators and possibly fuel 
tanks separately. This should be designed and built to accommodate a full scale battery / inverter 
system, to ensure that any work done now is future-proof and expandable at minimal cost.  

A small interim inverter system (1 or 2 clusters) could be fitted on the wall of the existing control 
room. A lean-to building could be constructed against the back wall of the power house to house 
the batteries. However, the control room is a less than ideal environment, being somewhat damp 
and crowded. Also the installation would need to be removed and resited in order to expand the 
system in future, resulting in duplicated costs. 
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Costs 
A single Sunny Island cluster (15kW) with a 53kWh battery would cost £43,700. A double Sunny 
Island cluster (30kW) with a 106kWh battery would cost £75,100. These costs are itemised in 
Appendix C and could be adjusted by varying battery size, although large reductions would not be 
recommended. They do not include VAT, building costs, transport of materials from Mallaig to site, 
or food and accommodation on site. 

Maintenance 
The battery inverters require minimal maintenance, mainly comprising annual inspection for any 
obvious wiring or other problems, and ensuring fans and housings are kept clean and dust free 
every few months. Vented lead-acid batteries require regular inspection and top-up with distilled 
water (3-monthly intervals would be typical). 

Recommendation 
Assuming SNH’s potential budget for short-term improvements may be relatively limited, a single 
15kW Sunny Island cluster would offer system control and monitoring benefits and would support 
the system when overloaded. Ideally this would be located in a new building designed to 
accommodate a larger long-term system. If achievable within the budget, a 30kW Sunny Island 
system would be able to support the system unaided and offer more system benefits. 

In the long term, the system could be expanded modularly via a three-cluster system to a four-
cluster system, to meet growing demand and accommodate additional generation sources more 
effectively. 

5.4 Other technologies - wind / PV / marine / CHP 
Other technologies offer the possibility of increasing renewable generation output during the 
summer months when hydro capacity is reduced. These include wind turbines, solar photovoltaics 
(PV), marine technologies, and bio-diesel fuelled combined heat and power (CHP). Of these, the 
best-established, and hence least risky technically, are wind and PV.  

5.4.1 Photovoltaics 
Photovoltaic (PV) modules consist of a number of solar cells connected together, to produce 
electricity from daylight.  When used with inverters, PV produces standard ‘grid’ ac power. These 
maintenance-free panels have no moving parts, make no noise, cause no pollution, and will 
produce some useful power even under a grey overcast sky. A PV system has the advantage of 
being quick and easy to install with a minimal requirement for site preparation. Also their modular 
design allows the easy expansion of a smaller system if needs change. 

Siting is most important: in order to get the most power, PV modules need maximum exposure to 
direct sunlight for the longest time - any shading will reduce module output considerably. Potential 
shading at different times of the day and year must be considered. On Rum most places near 
buildings are shaded by trees or the hills to the south, and the best PV sites are on the northern 
side of the bay. 

Other factors to consider are ease of installation and maintenance, and avoidance of potential 
power losses due to long cable runs. Indoor space (e.g. a small building) close to the array is 
required to house the PV inverters. 

Three potential PV sites were identified. 

1. The walled garden offers plenty of space for a PV array and is close to the existing cable 
network, but too much shading from surrounding woodland makes this area unsuitable (Figure 19). 
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Figure 19 - View of the Walled Garden looking South, showing trees 

 

2. The Workshop (Figure 20) has a reasonable southerly aspect and an electrical supply. It is due 
to be re-roofed shortly, offering potential for roof-mounted PV. The available roof area (approx 15m 
x 5m) would accommodate approximately 9kWp of PV array. However some shading from tall 
trees to the south would severely limit performance. Full scaffolding would be required for 
installation. 

  
Figure 20a - View of Workshop from South Figure 20b - View of Workshop from North 

showing trees to South 
 

3. The land near the incinerator (Figure 21) is unshaded, with an open aspect to the south. It is 
close to an existing track and not too great a distance from the existing cable network. There is 
plenty of space here for an ample sized PV array. The PV array could be installed on ground-
mounted structures similar to those shown in Figure 22 using strip concrete foundations. Because 
of the good access, installation and maintenance would be straightforward. This site also offers 
potential for one or more small wind turbines which would allow the PV cable extension to be 
combined with wind turbine cabling. 

 
Figure 21a - View along track back towards Kinloch Figure 21b - View of best site for PV near 

incinerator 
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Figure 22a - View of two 5kWp ground mounted PV 
arrays 

 
Figure 22b - View showing foundations 

 

A small building close to the array would be required to house the PV inverters. As a guide the 
installed cost of each bank of PV shown in Figure 22 (approximately 5kWp) would be in the region 
of £28,000 + VAT (excluding groundworks, foundations, network cabling and delivery from 
Mallaig).  

The PV array itself also only requires occasional inspection for obvious wiring problems or panel 
damage, and possibly cleaning if performance is below that expected. PV inverters require minimal 
maintenance, mainly comprising annual inspection for any obvious wiring or other problems, and 
ensuring fans and housings are kept clean and dust free every few months. 

PV is not a cheap option, but it does require very little maintenance, has a very long operating life, 
and would provide renewable energy input to the network at dry times of the year. Energy output 
estimates will be made in Phase 2. 

5.4.2 Wind turbines 
Wind generation, like PV, will complement the hydro generation because reasonable windspeeds 
will be obtainable all year round, unlike the water flows. Unfortunately Kinloch is somewhat 
sheltered from the southwest, which was measured to be the prevailing wind direction on nearby 
Eigg (pending wind measurements for Rum). During the site visit we were told that the wind does 
whistle up and down Kinloch Glen. Met Office data is awaited from SNH to make a better 
evaluation of wind regime and potential wind turbine output.  

Small turbines, each no larger than typical island load (for example, in the range 5-30kW), have 
been considered because they would be most easily integrated into Rum’s electrical network and 
would have the least possible environmental impact. The existing Headley controller would help 
with accommodating the fluctuating wind turbine output if wind turbines were to be installed before 
a battery-inverter system. 

A wind turbine should be sited so it is exposed to the most frequent and strongest prevailing winds. 
Factors such as surface roughness and obstructions are important, e.g. woodland or built up areas 
will create higher turbulence than open grassland, cliff tops are to be avoided, and wind turbines 
must be sited clear of obstructions to the wind. Windspeed can increase dramatically with height, 
especially over rough surfaces, such as in wooded or hilly areas. This means a significant increase 
in power production can often be obtained for a given cost, by using a smaller wind generator on a 
taller tower rather than simply using a larger machine. The ideal site for a wind turbine is a smooth 
hill top, with a flat, clear fetch, at least in the prevailing wind direction. Near the top of the hill the 
wind speeds up significantly and the flow should be reasonably smooth. 

In practice, especially for small machines, there is a compromise between choosing the best wind 
site and other considerations. Practical considerations such as ease of maintenance and electrical 
connections need to be taken into account. To avoid noise disturbance, turbines should be located 
away from occupied buildings. 
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for any obvious wiring or other problems, and fans and housings need to be kept clean and dust 
free. 

Installed cost per machine would be in the region of £25,000 + VAT (excluding groundworks, 
foundations, network cabling and delivery from Mallaig). Energy output estimates will be made in 
Phase 2. 

5.4.3 Marine technologies (wave and tidal) 
Much marine technology development is focussed on large-scale offshore generation. This is not 
suitable for consideration on Rum, due to the small size of Rum’s electrical network. In addition, 
these technologies are in general at relatively early stages of product development, and hence 
possibly not robust enough operationally for an island power system with limited resource for 
maintenance and troubleshooting. 

Some smaller-scale marine technologies exist (for example, buoy-type wave generators) and will 
be considered in Phase 2. Loch Scresort is well-sheltered, which will reduce exposure of 
equipment to damaging seas, but also reduce the energy output available from wave devices. 
However the practicalities of connecting such devices to the electrical network may render such 
technology not feasible or cost effective on Rum. 

5.4.4 Combined heat and power (CHP) 
North Energy’s investigations have discovered a commercially-available biodiesel-powered CHP 
plant. From an electrical point of view, such a device would probably integrate easily into the 
network, being effectively another diesel generator. Further detail will be provided in Phase 2. 

5.5 Diesel generators 
The two diesel generators are understood to operate reasonably satisfactorily. At present, the lack 
of detailed records means it is not known whether the 38kVA machine is vulnerable to overload 
shutdowns at present. Data monitoring will help provide information to establish how high system 
power demand becomes, and how often the diesel generator shuts down due to an overload (if at 
all). 

The diesel generators cannot operate in parallel, but this is unlikely to be necessary in the near 
future, since the rating of the 60kVA unit comfortably exceeds the island’s probable peak load. 

In section 3.2.2 it is indicated that the diesel generator appears to have been powering the 
Headley on occasion. The system operator needs to be aware of this possibility and how to avoid 
it. A more automated control system would help avoid this completely. 
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6 Conclusions and recommendations 

6.1 Conclusions 
The authors undertook a site visit accompanied by the SNH properties managers and energy 
advisor from 29 January 2008 to 2 February 2008. Inspections of the electrical system components 
and the Castle were made, and opportunities for improving and developing the system were 
discussed.  

Aspects which need to be taken into account when considering system development include the 
following. 

• Rum’s status as a National Nature Reserve and any environmental impacts from proposals 

• Integration into Rum’s electrical network in terms of control and network management 

• Existing network cable limitations 

• Transport logistics for installation, and subsequent access for maintenance 

• Ongoing maintenance requirements 

Renewable technologies suitable for heating the Castle, the proposed Activity Centre, and the 
other properties on Rum, have been reviewed. Some form of wood-fired heating appears most 
suitable for the Castle. The Activity Centre is still in its early design stages, and it would be 
beneficial to highlight to the architects how its design could be adjusted to improve energy 
efficiency and accommodate renewable heating technologies. Heat for the Activity Centre could be 
supplied by roof-mounted solar water heating panels supplemented either by a ground-source heat 
pump or a wood-fired boiler. The logistics and economics of supplying sufficient wood fuel to Rum 
will be considered in more depth in Phase 2, in addition to heating options for other properties. 
More information is provided in Appendix A. 

Available recent records of energy generation and consumption were analysed. Most domestic 
properties on Rum consume less electrical energy than the typical UK domestic average of 
approximately 12.7kWh per day (excluding space and water heating). This presumably reflects the 
measures SNH has taken to minimise the use of electric heating and cooking, and to encourage 
alternatives. The Castle’s (non-heating) electrical energy consumption is comparable with that of 
all the other metered properties put together, at an average of 106kWh per day. There is a 
noticeable discrepancy between the generation records and the metered consumption records, 
and it would be of benefit to ensure that all properties with an electrical supply have meters fitted 
and recorded. 

Requirements and approximate costs for a data monitoring system to help improve understanding 
and management of electrical system operation have been identified. 

In theory, on average, the hydro system could meet almost 100% of the total average consumer 
energy consumption (332 kWh per day in 2006/7). Unfortunately, significant amounts of diesel 
generation have to be employed to meet demand, because the available hydro power falls off 
markedly in the summer months (April to August). and there is no energy storage capacity at the 
hydro intake. The surplus hydro energy generated during the winter is used to heat the Castle. 
Energy storage of some kind would help to match renewable power supply to consumer load 
demand, and make better use of the renewable resources available. 

Electrical energy demand is expected to increase in future, and this will be met by diesel 
generation unless additional renewable generation capacity is installed.  
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Previous proposals for a second hydro supply pipeline and generator have been investigated 
further, to allow comment by SNH. Such a scheme could offer the benefits of energy storage at the 
intake. The extent of the proposals mean that it could take one or two years to obtain approvals 
and funding, and then source, install and commission equipment. More information is provided in 
Appendix B and more detail will be developed in Phase 2 of this project. This offers an excellent 
renewable solution but would take some time to implement and require a major investment. 

A battery-inverter energy storage system could be installed in the short-medium term and would 
facilitate automation of the existing system, improve management of the current generation, and 
provide increased power output capacity at times of high consumer load. 

Small-scale wind generation and PV are suitable generation sources which could supplement and 
complement the existing hydro scheme in the short-medium term. Potential sites and costs for 
wind and PV installations have been identified, and their suitability needs to be confirmed by SNH. 
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6.2 Recommendations 
The actions recommended as a result of Phase 1 are listed below with approximate budget costs, 
and summarised with possible timescales in Figure (ii). Items in italics are discussed in the main 
body of the report, but are considered low priority. Phase 2 will help to firm up costs for many items 
and also identify in more detail the benefits from some actions and choices. 

Hydro  
CAR licence/compensation flow £2,000 apply to SEPA now 
clean pipeline £5,000 could be started now 
automatic turbine flow control  £44,000 wait for Phase 2 
new hydro scheme £500,000 wait for Phase 2 
mini-storage on Coire Dubh £25,000  
Coire Dubh screen upgrade £5,000  

System   
implement data monitoring £6,000 could be started now 
sort out Powaplugs could be started now 
improve overall control wait for Phase 2 
feeder disconnection  

Heating  
talk to architect about Activity 
Centre design 

could be started now 

energy efficiency programme ~£10,000 cost adjustable 
could be started now 

install log burners in properties ~£10,000 cost adjustable 
could be started now 

Activity Centre solar water ? wait for Phase 2 
Activity Centre GSH or wood 
heating 

£35,000 wait for Phase 2 

Castle wood heating £116,000 wait for Phase 2 
new CHP for Castle ? wait for Phase 2 
new houses ? wait for Phase 2 

Battery storage  
new building £50,000 could be started now 
15kW inverter system £48,000 could be started now 
upgrade to 30kW system £25,000 could be started now 

New power generation  
wind installation ~£120,000 cost adjustable, depending on power 

rating  wait for Phase 2 
PV installation ~£134,000 cost adjustable, depending on power 

rating 
wait for Phase 2 

marine generation installation ?  
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Figure 26 - - Outline plan showing possible implementation timescales 
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6.3 Responses required from SNH 
Before Phase 2 commences, it would be helpful to receive comment from SNH on the following 
issues. 

Hydro  
new hydro scheme • feasibility of schemes suggested 

• any possible issues with implementation 
• preferred option, if any 
• recommended adjustments 
• probability of implementation 

mini-storage on Coire Dubh
(refurbish upper dam) 

• any possible issues with implementation 

Heating  
Activity Centre design • current project status and preferred heating options, if any
Castle  • current project status and preferred heating options, if any
new houses • current project status and preferred heating options, if any

Battery storage  
new building • feasibility of scheme suggested 

• any possible issues with implementation 
• preferred location, if any 

inverter system • probability and timescale of implementation 
New power generation  

wind installation • feasibility of schemes suggested 
• any possible issues with implementation 
• preferred option, if any 
• recommended adjustments 
• probability and timescale of implementation 

PV installation • feasibility of schemes suggested 
• any possible issues with implementation 
• recommended adjustments 
• probability and timescale of implementation 

Overall • general comments and feedback 
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8 Appendix A - Heating 
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Executive Summary 

A study was commissioned by Scottish Natural Heritage (SNH) from a team led by 
Econnect, into the use of renewable energy systems on Rum.  As part of this, North 
Energy was asked to examine the potential for solar and ground source heating and to 
look in more detail at the practical and economic viability of installing a range of wood 
fired heating systems to buildings on Rum owned or planned by SNH.  The purpose is to 
reduce the use of fossil fuel, to save carbon and to try to produce heat more 
economically than at present.  There is also an aspiration to become more self- 
sufficient in fuel. 

The buildings involved comprise around 15 dwellings, the school, village hall and the 
Grade A listed Castle, a huge, three floored building partly in use as a hostel and with a 
large area of historical rooms some of which are open to the public.   

On Rum there is an area of woodland and some forestry all of which would benefit from 
a greater level of management and replanting regimes. The main timber resource is 
somewhat misshapen hardwood and a small amount of softwood which it was hoped 
could be used to supply heat to Rum’s buildings in a range of different types of 
systems. The use of heat pumps and solar water heating was also investigated. 

The study looked mainly at automated wood chip heating, and will consider log burning 
boilers and pellet boilers in Phase 2.  The amount of timber on the island was not found 
to be adequate to heat all the existing buildings let alone the new buildings proposed.  
However investigations are underway to determine the most economic way to import 
wood fuel to Rum. 

Initial proposals 

The two key proposals for immediate implementation are:  

• recommendations on energy efficiency measures which should be incorporated 
urgently before any attempt is made to change over to renewable fuels 

• that SNH should immediately roll out a programme of installing manually 
loaded log burning stoves in all homes. This will reduce carbon emissions, 
create more of a market for logs and enable households to enjoy greater 
comfort levels without resorting to the use of electric heaters.  

Providing wood stoves would also be an incentive to undertake a well thought out 
programme of woodland management, including coppicing and new planting, and help 
to justify a job for a woodsman/wood fuel provider.  

Further proposals are made in general for the use of solar water heating and possibly 
heat pumps on a small number of properties and for long-log and possibly pellet boilers 
in some homes or groups of homes.  More detail on this will be provided in Phase 2. 

More detailed work was carried out on wood heating for the Castle and wood and 
ground source heat for the proposed Activities Centre. 

 



  

 

Proposals for the future 

The Castle 

Wood heating is carbon neutral and, from a practical point of view, automated wood 
heat could be made to work for the Castle, the new activities centre and the small 
cluster of buildings near the community hall.  In terms of economics it is as yet 
uncertain whether wood heat can be delivered to the Castle from either pellets or 
wood chip at a price competitive with oil.  Research is ongoing into options for 
transporting small roundwood logs and processing them on Rum, versus bringing wood 
chips and wood pellets to the island.    The current cost of diesel heat for the Castle is 
5.49p/kWh, and so the aim is to produce wood heat for less than this.  

The capital cost of wood heating is more costly than of fossil fuelled systems for a 
number of reasons including: 

• it is more robust long lasting equipment 

• it needs a large insulated heat store tank 

• fuel storage facilities are required  

Due to the confined space in the existing boiler room it is suggested that a 
containerised boilerhouse be used, sited in the shrubbery with the oil tanks and bins.  A 
secondary larger fuel store would be also need possibly in or behind the walled garden. 
An initial assessment of the cost of a containerised wood chip or pellet boiler with 
small fuel store, connected to the Castle is around £95,000 at mainland prices plus the 
cost of a new pole barn or similar building for long term fuel storage.   

Ground source heating was not considered for the Castle because of the size of heat 
load and because it is more suitable for new buildings in which underfloor heating can 
be installed.  

The Activities Centre 

It is suggested that a solar water heating system be applied to the Centre which will 
work well as the main use will be in summer.   

For heating ground source heating (GSH) has been assessed.  It operates like a fridge in 
reverse and requires electric pumps and compressors.  It uses electricity about four 
times more efficiently than conventional electrical heating.  Depending on the eventual 
size of the proposed upgrade of the island electricity system and whether there is going 
to be sufficient spare electrical capacity long term, some limited introduction of 
ground sourced heating on the island could be advantageous. to the Activities Centre 
and a small number of new houses.  The effect of starting current on the system would 
need to be assessed in detail at the time, taking into account other increases in 
electricity demand, though this may be alleviated by use of soft start motors and 
careful timing of the hours when this heating is used.  Ground source produces low 
level heat (about 55 degrees) and should only be used in buildings with a good thermal 
mass and underfloor heating or oversized radiators. This would mean a different 
approach to the design of the building and use of underfloor heating.   It is only 
appropriate for sites where there is a good area of open, tree-free space outside and 
where it will not harm the ecology to cut trenches for heat pipes. 



  

 

With a ground source heat pump heating system, and water heating supplied 50% by the 
heat pumps and 50% by solar, the electricity consumption for heating and hot water is 
estimated to be 54,500 kWh. 

Initial estimates indicate that the cost of this system would be around £26,500 at 
mainland prices.  This covers the heat pumps, slinky pipes, 500m of trenching and two 
hot water storage tanks plus installation and commissioning. 

Air and water source heating works in a similar way to GSH and were also considered 
briefly but rejected. 

Wood pellet or chip boilers would work equally well without the extra electrical load 
issues (apart from electrical loads from mechanical parts of the fuel feed system).  
Whether they are appropriate will depend on the issues of fuel supply which will be 
addressed in Phase 2.  A 55kW wood chip or pellet system would be suitable along with 
the solar water heating and an accumulator tank.  The cost of this, at mainland prices, 
including the feed auger, is in the region of £24,000 plus a silo or fuel store, the price 
of which would vary according to the fuel used but could be another £2-5000. 

Financing renewable energy 

The grant regime for public sector organisations is restricted but it seems likely that 
private sector monies, notably the proposed Carbon E… Reduction Target (CERT) 
scheme in which utilities such as Scottish Power are obliged to make finance available 
for projects which offer fuel switching to a cleaner fuel and/or energy saving measures 
could well help SNH with the costs of energy improvements on Rum.  Households would 
be eligible for the Low Carbon Buildings Programme but would need to apply 
individually. 

Conclusions 

Final conclusions cannot yet be drawn until the options for supplying wood fuels have 
been properly assessed in Phase 2.  Initial indications are that wood chip or pellet 
heating for the refurbished Castle could well be appropriate and that that ground 
source or pellet heating for the Activities Centre would be a good solution.  Using wood 
for both would save almost 300 tonnes of CO2 per year.  Other options including 
biodiesel fired combined heat and power will be addressed in Phase 2. 





  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please note that all financial, energy and cost estimates in this report are prepared in 
good faith using recent information but are indicative only and will require further 
detailed work before action is taken. 

© Any spreadsheets and technical information contained within this report are the 
intellectual property of North Energy Associates Ltd and are for the sole use of their 
client / intended recipient. 
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1 Background 
1.1 Description of assessment 

A study was commissioned by Scottish Natural Heritage (SNH) from a team led by 
Econnect into the use of renewable energy systems on Rum.  As part of this, North 
Energy was asked to examine the potential for solar and ground source heating and to 
look in more detail at the practical and economic viability of installing a range of wood 
fired heating systems to buildings on Rum owned or planned by SNH.  The purpose is to 
reduce the use of fossil fuel, to save carbon and to try to produce heat more 
economically than at present.  There is also an aspiration to become more self 
sufficient in fuel. 

The buildings concerned are the Castle, the small primary school, detached and semi 
detached cottages and a cluster of cottages and other buildings including the 
community hall and shop.  In addition there are plans for total refurbishment of the 
Castle, to incorporate a number of apartments and hotel style facility, a number of 
new buildings including a 40 bed Activities Centre, a new village shop/cafe and possibly 
a bunkhouse. In the longer term there is a Development Plan for the island which could 
result in a doubling in the number of housing units over a period.  The hall, the 
residential and community buildings are currently heated with oil and a small number 
of coal systems and LPG gas boilers, which are in some cases supplemented with log 
burning stoves. 

The study divides into several parts covering background to types of wood heating, 
viability and proposals for wood heating for the Castle, Activities Centre and a range of 
sample buildings and information on fuel supply and storage of wood fuel, as well as an 
initial look at solar water heating and ground, water and air source heating.  A list of 
information on funding available for renewables in the Western Isles is provided. 

1.2 The brief 
The feasibility study is to include: 

Biomass  
 Estimate the heat energy requirement for the Castle and Activities Centre 

 Update heat energy requirements for other sample buildings previously assessed 
by other consultants 

 Consider options for biomass heating for the Castle and Activities Centre, 
including capital costs and running costs per kWh  

 Discuss with client and assess/recommend preferred options  

 Present more detailed information on preferred options for Castle and Activities 
Centre including the boilerhouse position, boiler size, accumulator tank size, 
links to any Building Management System (BMS) and fuel store arrangements, 
space required, and costings including civils, installation and commissioning.  

Fuel supply 
 Investigate fuel feedstock availability on the island, (or nearest mainland) 

quantify resource and propose best method of procuring fuel (whether fully 
home produced or some imported) 

 Other technologies – solar and heat pump technology 
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 Quickly assess other buildings for further work on biomass in Phase 2, 
identifying any clusters and which technologies might work at which 
locations. 

1.3 Previous work by other consultants 
The Buro Happold report 2006 concentrates on the potential for using wind and 
hydro power to generate relatively large amounts of electricity.  It proposes the 
use of efficient electric heating utilising ground source heat pumps to derive heat 
from boreholes for all properties.  Electrical supply and starting current issues 
aside, there are also a number of other problems with this approach: 

• A very costly proposal with boreholes costing £5,000 each and at least two 
required for a single house.  

• The likelihood of hitting rock on many sites is high and will increase cost further. 

• Heat pump technology circulates lower temperature water than a conventional 
heating system and needs either extra-large radiators or underfloor heating. 
For existing housing this is difficult or impossible.  For new or refurbished 
buildings it could be considered but using ground loops rather than boreholes 
would be more cost effective provided rock is not encountered. 

• Heat pump technology is not good at providing domestic hot water unaided.  It 
generally needs temperature top up to achieve washing water temperatures. 
This would need to be provided by fossil fuel or surpluses of electricity if 
available. 

The report produced by students from Flensburgh does not consider heating in any 
detail and gives only generalised information.  

The Dulas report mainly deals with hydroelectricity on Rum and provides background 
information on woodpellet heating systems but has no site specific recommendations 
relating to buildings on Rum. 

1.4 Structure of the report 
The report begins with introductory material, moves on to report on the site survey 
stage and comment on initial opportunities for renewables in the buildings on Rum. 
This section is split into Existing and Proposed buildings.  The chapter identifies a 
number of buildings for further work in Phase 2.  A brief chapter on Energy Efficiency is 
given as this is essential before any work is undertaken on renewables.  The  second 
part of the report takes the two main buildings for consideration in Phase 1, the 
refurbished Castle and the proposed Activities Centre and proposes a number of 
renewable heating solutions.  It provides background information on biomass heating 
and fuel supply and on ground source heating, with a small sub-section on other types 
of heat pump technology which could be considered further in Phase 2. 

The main proposals section follows, giving suggestions of ways in which to deploy wood 
heating for the Castle and wood and ground source heating for the Activities Centre.  
Estimates of capital costs are presented along with comparisons of running costs using 
the proposed technologies and oil in order to give an indication of the level of saving 
that may be expected, both in terms of quantities of oil and carbon savings. 



  

Page 3 

 

2 Site survey and data collection 
2.1 Methodology 

A walk round survey of the buildings and their settings was undertaken with the 
orientation of buildings, the level of shading and openness around the building being 
recorded. The boiler room of the Castle was investigated and measured. 

Plans of the proposals for the Castle refurbishment, the activities centre and the 
proposed cottages were supplied by SNH and examined. 

2.2 Fuel use on Rum.   
 
The use of heating fuel on the island was provided by SNH and is shown in the summary 
table below.  The source material is the year 2006-7 as 2007-8 is as yet incomplete and 
figures for earlier years are not entirely comparable.  Some individual homes use more 
heat than others due to the level of energy efficiency in the house, their family needs 
and also the differing attitudes to use of fossil fuels.  What is clear from this is the 
large amount of CO2 and other emissions being emitted by the use of fossil fuels.  
Replacing even a proportion of this oil use with wood would be a significant step in the 
right direction, reducing running costs and saving carbon. 

 
Users Kerosene 

litres 
Diesel litres LPG litres CO2 tonnes 

     
Households 25,580 1,660  68.78 
Castle (current)  53,161  139.81 
Non-domestic buildings 2,500 128,700  102.99 
School   3,979 5.96 
     
 
 
At present tenants are not charged for heating oil but if they were the price per litre in 
February 2008 would be is 44p/l for Kerosene plus 5% VAT (= 46.2p)and for the diesel at 
the Castle 42.5p plus 17.5% VAT (= 49.9p).  Kerosene has a lower calorific value than 
diesel and this gives a price per kWh for heating the houses of 6.42p including VAT and 
servicing, assuming that the oil boilers are 80% efficient and that the fuel is kerosene.  
In the Castle the price would be 5.49p/kWh assuming the old boiler is 75% efficient and 
the fuel is diesel.  This provides a useful comparison for use later in the report when 
considering the cost of producing heat from wood for the Castle. 

By far the greatest use of fuel is the Castle which uses more diesel than all the other 
houses put together and emits considerably more CO2.  At the time of survey it is also 
being heated, mainly at night, by surplus hydro electricity.  If this electricity was 
charged for, using 2006-7 figures) it would cost around £9,500 based on the price 
charged to the domestic consumers on the island. 

2.3 Heat load estimation 
Accurate heat load predictions are key to sizing boilers and heat stores (accumulator 
tanks).  For the current heat usage, oil use figures and records of electricity supplied to 
the electric boiler in the Castle were supplied by SNH and used to estimate current 
heat load in the Castle and other buildings.   
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Until more information is known about the level of use of the new Activities Centre and 
the precise nature of the use of the refurbished Castle it is impossible to be accurate.  
We have attempted to estimate likely heat loads for both buildings based on the 
drawings and good practice figures for such buildings once they have been completed 
and have compared these with the figures produced by Buro Happold.  Both will have 
to comply with at least the 2000 Building Regulations (2006 edition).   

2.4 Assumptions for the refurbished Castle  
For the Castle the Building Regulation requirements on energy saving measures will be 
relaxed due to its historical importance so we have assumed that for it will only be 
possible to reduce heat loss by 20% compared with the current heat use for the 
majority of the building by using energy saving measures. The new uses for parts of the 
Castle will, however, require it to be heated to a much higher comfort level than at 
present.  We have assumed: 

• That the private parts of the building will follow the patterns of other housing 
on the west coast with a long heat season and that public parts of the building 
will be maintained at 15o at all times. This suggests that the demand will be at 
least double the present use even after allowing for energy efficiency 
measures.  This gives a similar figure to Buro Happold.   

Based on these assumptions we have estimated the heat loads below. 

2.5 Assumptions for the Activities Centre 
By scaling off the plans the floor areas were estimated and heat loss calculations were 
carried out based on the drawings supplied (Appendix 1).   The following assumptions 
apply: 

• the building just complies with current Building Regulations (England & Wales) 
Part L2A for new, non domestic buildings 

• that this is a lightweight building, made of timber clad timber framing with 
insulation, a profiled metal roof insulated at rafter level, and double glazed to 
minimum standards.  

This calculation assumes that this is a “lightweight” building, with high occupancy of 16 
hours per day, seven days per week, all year round, heated using a slow response 
heating system. 

At a design indoor temperature of 21 degrees centigrade, the overall heat loss for the 
building is initially assessed as 43.5 kW and overall heat energy requirement is assessed 
as 129,000 kWh per year. (Appendix 1). 

2.5.1 Summary of building heat energy requirements 
The likely building heating energy consumption has been assessed, using the 20 year 
average heating Degree Day information for the north west of Scotland. 
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Table showing heat load estimates 

Building Annual heat 
and hot water 
use estimated 
by Burro 
Happold in 
kWhr/year 

Annual heat 
and hot water 
use estimated 
by North 
Energy in 
kWhr/year 

Peak heat 
load est by 
Burro 
Happold 

Estimated 
peak load est 
by North 
Energy 

Castle current Not given 552,000kWh 
inc hydro heat 

none 150kW 

Castle 
refurbished 

829,837 883,430 414,120kWh 300kW 

Activities 
Centre 

85,772 31,380  50kW 

 

2.6 Survey of existing buildings  
Castle – is badly lacking in energy efficiency measures.  In the short term some simple 
energy efficiency measures and possibly replacing the boilers with more modern ones 
would be highly beneficial.  A modern boiler could be reused as back up for any later 
system.   

For the longer term, at the time of refurbishment, wood heat has been examined and 
details are given below.   

The boilerhouse is in the basement of the Castle and is unlikely to be suitable for a 
wood boiler due to access difficulties, though the proposed new access to the 
basement shown in the proposal drawings could perhaps be modified to allow access for 
two smaller boilers.  However, there is a suitable space for a containerised 
boilerhouse/fuel store (see photo in Appendix 3) near the Castle in the bin and oil tank 
area which is well screened from the Castle by shrubs and trees. 

The school - would also benefit from energy efficiency measures.  Water use is unlikely 
to be sufficient to justify solar water heating and in any case the south east side of the 
roof is shaded by trees and topography.   It is thus also unsuitable for solar PV. If the 
building is ever to be refurbished and underfloor heating or large radiators can be put 
in then it could have potential for ground source heating subject to availability of 
electricity. 

The Community Hall – this building also needs urgent energy efficiency work and 
possibly installations of some partitions so that small meetings do not need to heat the 
whole building.  Its roof is reasonably open to the sun and could accommodate solar PV 
to generate electricity.  It is doubtful whether its use of hot water would justify solar 
water heating panels. 

Housing - Most of the housing is traditional solid stone walled slate roofed detached or 
semi detached, built around the turn of the century.  Some additional units have been 
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added more recently and are lower standard buildings.  Many of the houses are sited 
within trees and with little open external space.  This restricts their potential for 
renewable energy.  Some potential for solar water heating has been identified for the 
following buildings: 

• School House (though its rear roof is somewhat overshadowed by the hill behind 
and it only faces south-east. The School House badly needs internal dry lining 
or external cladding to provide insulation and replacement of its coal fired 
system with a less polluting system.  A multifuel/log or pellet stove or small 
pellet boiler would be a good solution 

• White House - The White House is to receive some refurbishment in terms of roof 
and double glazing.  This would be a good opportunity to also add some wall 
insulation and upgrade the heating system as well as possibly solar water 
heating panels.  Depending on the willingness to have some manual 
intervention a long log boiler or pellet boiler could be used to heat the building 
in place of oil.  (Note this would be a good one to look at in more detail in 
Phase 2).  

• Bay View (with some tree removal to protect from shading) 

• Post Office house. 

2.7 Selection of existing buildings for further work on biomass in Phase 2 
As examples it is proposed that Phase 2 includes work on wood heating for:  

• A typical single house – possibly White House 

• A small cluster around the Farmhouse. 

2.8 Survey of proposed buildings and refurbishments 
The Activities Centre – The suggested site area currently includes scattered trees but 
SNH indicated that these could be felled as part of a midge reduction operation and to 
make space for the building with some landscaped area around it.  The plans for the 
proposed 40 bedspace building suggest that it could be suitable for solar water heating 
provided the site is carefully chosen and landscaped to ensure that the roof is not 
overshaded.  As the majority of its use is in warmer months a considerable contribution 
could be made by solar water heating. The area of land around the site looks large 
enough for ground loop ground source heating. However the drawings suggest a low 
thermal mass timber framed building which is not ideal for ground source heating if the 
electricity supply could cope with it.  Some guidelines could be provided in Phase 2 for 
the architects to make the building more suitable for renewable energy. 

The fact that proposals are at an early stage make it fairly flexible and wood pellet, or 
if used in the Castle wood chip heating, may also be viable.  These technologies are 
explored later in the report.   

Tattie Houses/Ferry Cottages and other future cottages - The sites are fairly open, or 
potentially could be, and both could be suitable for ground source heating.  Both would 
need underfloor heating installed as part of the development for GSHP to work 
successfully.  Equally both pairs could share a wood pellet or long log boiler if the 
labour involvement is acceptable or if an Energy Company is set up on the island to run 
such systems. 
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Shop and café/campsite toilet block/bunkhouse - The sites for these are not yet firmly 
fixed and so there is an opportunity to ensure that open sites with little shading are 
chosen.  These will all be high hot water users and solar water heating would be a 
definite advantage given that the main hot water use will be in summer. 

2.9 Potential locations for primary wood fuel store 
The site survey included looking for sites for the possible long term fuel store, at 
which logs and chip fuel could be stored.  The best location seems to be either 
behind or inside the walled garden. 
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3 Energy efficiency 
Home energy use in the UK is responsible for 27% of the carbon emissions.  According to 
the Energy Savings Trust, the average home could save around two tonnes of CO2 per 
year by making the building more energy efficient.  As a landlord and operator of 
buildings, it is essential for SNH to address these issues, in both domestic and non-
domestic buildings before embarking on installing renewable heating systems.   In the 
buildings on Rum the need is for energy saving measures.  Observation and comments 
from tenants indicates that, with the exception of the two houses that have recently 
been refurbished and provided with new roofs and double glazing, most of the buildings 
are badly in need of basic energy efficiency measures.  It should be noted that simple, 
reasonably priced measures can reduce the heat losses, even from solid walled 
buildings, by at least 15 or 20% and for buildings with cavities as much as 40% if cavities 
are filled and all other measures applied. 

As a starting point we recommend that a programme of basic measures should be 
installed to all buildings immediately to include: 

• draught proofing of doors and windows, loft hatch, gaps round skirting boards 
and gaps in any stripped floors 

• loft insulation top-up to at least 300mm 

• fit unused fireplaces with balloon draught stoppers 

• lag hot water tanks and all pipework in the roof thoroughly 

• apply foil panels behind radiators on external walls 

• apply cling film type double glazing in winter 

• add self closers on external doors 

• use heavy curtains and draw them as soon as it gets dark.   

This can be done for under £500 per house and grant assistance may be available to 
those on benefits or elderly from the Warm Deal 
http://www.scotland.gov.uk/Topics/Housing/Housing/FP/Warmdeal .   

Additional more costly improvements might include:  

• adding thermostatic valves to radiators 

• replacing boilers with efficient condensing boilers 

• adding double or secondary glazing to all windows 

• applying one of the proprietary flexible wall linings to the interior of solid walls1  

• or, for better level of insulation when refurbishing properties, adding dry lining 
with a layer of insulation to all external walls of solid walled properties (though 
this will be impossible in large areas of the Castle due to the Listed status and 
the existence of panelling and other historical finishes.) 

• for small buildings of little architectural value, applying exterior cladding and 
insulation (e.g. School House). 

• applying insulation under timber ground floors. 

                                             
1  Eg. Wall Reform, Warmawall etc 
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Good materials with guidance on the above and other suggestions are available 
from the Energy Saving Trust, in particular their document CE101, Domestic Energy 
Primer – an introduction to energy efficiency in existing homes, is useful and give 
approximate costs and paybacks. 
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4 Wood fuel for small and medium scale applications 
Wood used as heating fuel avoids the release of carbon dioxide into the atmosphere 
from fossil fuels.  Any carbon dioxide released during combustion is locked up again 
during growth of new trees.  Wood can be used as a fuel in its own right as logs, chips, 
chunks or pellets or in association with other fuels.   

Wood heat appliances - Wood heating system can be hand fired, semi-automatic or 
fully automatic.  Hand fired systems use logs, cordwood or off-cuts and are best run in 
conjunction with an accumulator tank to store the hot water.  Larger systems use wood 
chips.  They range in size from 50kW to MWs.  The smaller systems are normally 
underfed by an auger and larger ones can have a step or chain grate. Larger systems 
often use several boilers to give greater efficiency at times of low heat load. 

Automatic and semi-automatic systems – these are normally fed with wood chips using 
a mechanical conveyor or auger feed system.  Automatic wood fired systems are often 
associated with an existing oil or gas boiler for backup which help with high heat 
demand in extreme weather conditions. 

The most efficient and clean use of wood as fuel is when the wood is burnt fast. 
Greatest efficiencies are achieved by firing the boilers once or twice a day and heating 
water in an accumulator tank to a high temperature 99o.  The accumulator tank stores 
heat to enable fast response time and greater efficiency in summer or times of low 
heat load.  Peak loads are sometimes dealt with by the addition of a fossil boiler. Wood 
systems are ideal for buildings with a steady heat-load for long periods of time 
although most models now turn up and down very well, without loss of efficiency.   

Long log boilers are fired once or twice a day and require manual loading and lighting.  
When the fire goes out this hot water is then used to heat the central heating water or 
domestic hot water supply, for the remainder of the day.  It can be re-fired later in the 
day if needed. 

One of the main concerns in considering whether to adopt a woodfuel heating system is 
the availability of a caretaker, maintenance person or other labour force on the site.  
Using any form of solid fuel is inevitably more labour intensive than gas or oil.  The 
amount of labour required depends on the type of wood system employed.  Carrying 
and loading logs is obviously a high labour operation but a modern automatic wood chip 
system requires only minimum daily checking plus regular maintenance time of, say, 
depending on the system and the quality of fuel and how it is used, a few hours a 
month.  In the early days of chip systems when the fuel supplier is learning to make 
consistent fuel the boiler will need more attention to respond to variations in fuel 
quality but this should soon reduce. 

With the right equipment wood can be an ideal fuel, logs are readily available and 
chips are relatively easy to manufacture, store and transport, provided basic rules are 
followed.  There are a range of reliable wood boiler suppliers throughout Europe who 
can offer machines of different sizes and level of automation. 
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For a wood chip or log heating system to be competitive with fossil fuel alternatives 
the level of boiler performance and capital cost must be considered together with fuel 
costs.   

Log costs are related to extraction costs and any processing required and wood chip 
fuel costs are directly related to the costs of chipping, handling and storage. 

4.1 Introduction to long log systems 
Long logs can be either 500mm or 1m in length (provided the logs are split or up to a 
maximum 180mm diameter).  They can be either hard or softwood.  Hardwood logs are 
heavier and therefore harder work to load but they produce more heat for a given 
volume of wood so fewer logs are needed. 

The most efficient and clean use of wood as fuel is when the wood is burnt fast.  Long 
log systems are fully loaded in the morning and fired flat out.  This process heats the 
water in the highly insulated accumulator tank to a high temperature (90 degrees) and 
functions in the same way as an indirect hot water system.  When the fire goes out the 
heating needs of the building are met by water heated and stored in the accumulator.  
The larger the accumulator, the less often the boiler will need to be fired.  In extreme 
weather in midwinter a second firing may be needed in the evening to provide heat for 
the evening or frost protection if the building is unoccupied for any length of time, 
such as over the weekend for example. 

A rolling programme of thinning, air drying and preparing logs and stacking in an 
appropriate storage area should be adopted to ensure that dry seasoned logs are always 
available.  

  Photo 3G Energi log boiler with accumulator tanks 
 

4.2 Introduction to wood chip systems 
Wood chip systems are common in Scandinavia, Austria and Germany.  They are best 
suited to sites with a heat load over 50kW because of the relatively high cost of fuel 
handling equipment and to make it worthwhile to process the wood into chips.  
Chipped wood does not flow or pour and must be moved mechanically.  A typical 
system consists of a wood boiler, a wood store and a feed system which includes an 
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agitator or moving floor and an auger to convey chips to the boiler.  A heat store or 
accumulator tank is often used. 

Wood chip fuel - Wood chips for automatic heating systems are typically large 
thumbnail size and must not contain slivers or long sinuous pieces of wood which could 
block the auger.  A full specification for a range of qualities of wood chip appears as 
Appendix 4.  The quality of fuel is all important with wood chip systems.  The method 
of delivery to be used to get the chips into the store will dictate the design of the store 
and so it is essential for there to be close liaison between the designer of a wood chip 
system and the supplier of the fuel. 

Fuel storage – storage of damp chips (over 35% moisture) is problematic, leading to the 
formation of moulds and loss of heat value if the heap starts to compost.  For this 
reason wood for chips is typically air dried in the round in summer to the desired 
moisture content and then chipped.  Depending on the size of the heat demand and the 
number of heat plant being supplied it is essential for the fuel supplier to have several 
months stockpile of chips to last through the worst winter weather. 

 150kW containerised wood chip boiler  

Cost of wood chip systems - wood chip systems vary in price according to size.  The 
smallest at about 50kW heat output is over £20,000 installed at mainland prices, and a 
larger one – say 250kW, could be over £100,000 at mainland prices, including the fuel 
storage system.  To that must the added in this case, a second main fuel store for long 
term storage which could cost £10-15,000 to construct unless an under used existing 
building can be found with headroom for manoeuvring a tractor and foreloader. 

4.3 Introduction to wood pellet systems 
There are a variety of pellet heating appliances suitable for installation in domestic 
dwellings. 

Pellet boilers – these are relatively large appliances suitable for positioning in a garage, 
outbuilding or cellar. They are about the size of an upright piano with approximately 
half of their volume taken up with a fuel hopper.  The storage hopper is usually able to 
provide fuel for at least one week's operation between re-fills.  The hopper can be 
filled manually from sacks or larger hoppers may be filled directly by a pneumatic 
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delivery lorry.  Once the fuel hopper is loaded pellet boilers are completely automatic 
and compatible with most British central heating systems.  They are not dissimilar in 
performance to an oil fired heating system.  Domestic pellet boilers range in output 
between 15 and 50kW and usually come complete with a central heating controller 
incorporated with the boiler controls.  A 4” or 5” class one flue is required.  Existing 
stacks may be suitable (subject to individual inspections).   

Pellet stoves or room-heaters – similar in style to a modern log burning stove but fitted 
with a small hopper for pellets at the back or top.  The hopper needs to be filled 
manually from a sack or hod.  These stoves are self igniting and will operate with a 
timer and thermostat to match the heat output to the heating needs of the building.  
They can be fitted against any external wall.  A 3” insulated flue is required and 
existing stacks will require to be lined. Typically the stoves have a variable output 
between 2kW and 10kW and when in use have a small convection fan to circulate the 
warm air around the room.  

Pellet fuel supply - At present wood pellets are a world-wide commodity with 
international trade between Europe and the United States. In Europe there are over 
one hundred pellet mills supplying private households, commercial boilers, district 
heating schemes and power stations with clean, renewable fuel.  There are increasing 
numbers of suppliers from former states of the USSR who are keen to sell pellets to the 
UK and a small number of UK suppliers.  The pellets are not necessarily all of a quality 
which would meet the current codes of Good Practice or quality standards.  However 
Highland Wood Energy in Fort William supply bagged pellets on pallets at a price of 
about £160 per tonne to Mallaig. 

Costs of pellet equipment -  

Pellet boilers: Individual appliance prices are between £4,500 and £10,000 depending 
on size and specification. The cost of a flue or flue lining and installation costs of the 
boilers and supply and installation of suitable wet heating systems (if required) would 
be subject to quotation. Cost for a typical SNH house would be about £15,000 installed 
(plus a Rum factor of say £2000 for a single boiler – a bulk purchase is likely to reduce 
the installation costs.)  These boilers are eligible for Low Carbon Buildings Programme 
under the household scheme.  See Appendix 8. 

Pellet stoves: Domestic stoves cost between £1,800 and £3,000 each plus installation, 
hearth and flue.  An average cost for flue and installation is in the region of £1,500 plus 
a Rum factor as above.  These stoves are also eligible for Low Carbon Buildings 
Programme grants. 
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5 Proposals for wood heating  
5.1 Options for heating the larger buildings  

The choice of renewable heating systems for the Castle and Activities Centre are 
limited.  Options are wood chip heating, wood pellet heating and heat pump 
technology.  For the Activities Centre, air source or water source could also have some 
potential. 
 
The table below summarises the pros and cons of each and comments on some of the 
issues and needs for further research in Phase 2. 
 

Technology Plus points  Negative points Comment Application on 
Rum 

Wood chip 
heating 

Clean and green 

Low emissions 

90-95% efficient 

Benefits local 
economy 

Relatively 
cheap fuel 

Low ash and ash 
can be used as 
fertiliser 

Bulky - needs 
large storage 
space and 
transport of chip 
or timber and 
chipper could be 
costly  

Needs occasional 
manual 
intervention and 
chimney 
cleaning 

High capital cost  

Not appropriate 
under 50kW 

Ideal for estates 
with own 
woodland but 
quantities of 
timber on Rum 
are inadequate 
to heat Castle.  

Needs research 
into shipping 
costs of timber 
for chipping or 
ready made 
wood chip fuel. 

May be useful 
for Castle if fuel 
supply issues 
can be 
resolved. 

Would need 
new 
(containerised?) 
boilerhouse as 
inadequate 
space in current 
boiler room. 

Wood 
pellet 
heating 

Clean and green 

Low emissions  

95% efficient 

Less bulky than 
chip 

Lower shipping 
cost than chip 

Smaller fuel 
store required 

Scottish wood 
pellets should 
be available 
soon  

Low ash and ash 
can be used as 
fertiliser 

Only available in 
bags at present 
so labour 
intensive to use 
for a large 
building  

Pellets more 
costly to buy 
than wood chip 

Boiler/fuel store 
more costly than 
fossil equivalent 
but cheaper than 
chip boiler and 
fuel store 

 

Size range 25 -
200 kW 

Comparison 
needed to 
ascertain 
relative cost of 
chip v pellet as 
reduced 
shipping cost 
may 
compensate for 
higher purchase 
price 

Useful for larger 
homes or small 
groups of 
homes, possibly 
hall and 
possibly 
activities 
centre. 

Boiler size for 
refurbished  
Castle is at top 
end of pellet 
boilers and 
ideally needs a 
bulk delivery 
system to save 
labour of 
tipping bags 
into hopper 
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Ground 
source 
heating 

Efficient use of 
electricity for 
heating (COP 3-
4)2 

Cheaper to run 
than oil or coal 

No manual 
involvement 

Steady reliable 
heating system 
for new 
buildings  

Takes up little 
space in 
building (size of 
small fridge 
freezer) 

 

Adds to island 
electrical 
demand in 
winter when 
demand is 
already high 

Not suitable for 
existing buildings 
as needs 
underfloor 
heating 

Not ideal for 
supply of 
domestic hot 
water 

Installing ground 
loops can be 
intrusive to 
ecology and 
vegetation 

Boreholes are 
expensive 

Heat more costly 
than wood heat 

It may be that 
for new 
buildings with 
good thermal 
mass using a 
GSHP system 
could utilise 
spare electricity 
at times of low 
demand 

To supply 
domestic hot 
water requires a 
large heat store 
tank and water 
will need to be 
topped up to 
bathwater 
temperature of 
about 60o 

High motor 
starting 
currents may be 
a problem, 
particularly in 
the larger units 

Not suitable for 
most existing 
houses on Rum 
unless 
boreholes used, 
due to 
proximity of 
trees. 

 

Could be used 
for Tattie 
Houses and 
Ferry Cottages 
and any future 
new builds if 
electrical 
supply can 
cope. 

May have 
potential for 
Activities 
Centre in 
association with 
solar water but 
would need 
additional 
domestic hot 
water system 
for winter use 
and top up 

Water 
source 
heating 

Efficient use of 
electricity for 
heating (COP 3-
4)3 

Cheaper to run 
than oil or coal 

No manual 
involvement 

Steady reliable 
heating system 
for new 
buildings  

Takes up little 
space in 
building  

Adds to island 
electrical 
demand in 
winter when 
demand is 
already high 

Not suitable for 
existing buildings 

Not ideal for 
supply of 
domestic hot 
water 

 

Pipes need to 
be maintained 
at depth of 1.5 
– 2m.  Doubtful 
whether this 
can be achieved 
in Kinloch River 
in summer and 
certainly not in 
burns around 
the village. 

Hot water 
demand will be 
greatest in 
summer when 
there is least 

  Not 
recommended  

                                             
2  COP Co-efficient Of Performance – i.e  1 unit of electricity produce 3-4 units of heat 
3  COP Co-efficient Of Performance – i.e  1 unit of electricity produce 3-4 units of heat 
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water in river 

High motor 
starting 
currents may be 
a problem, 
particularly in 
the larger units 

Air source 

heating 

Efficient use of 
electricity for 
heating (COP is 
about 2.5 to 
3.0)4   
The COP for air 
source has been 
generally lower 
than the ground 
or water source 
units, but 
recent 
improvements 
in technology 
has seen 
increases in the 
efficiency of air 
source heat 
pumps. 
Installation 
costs are less 
expensive than 
ground or water 
source heating. 
The internal 
heat 
distribution is 
with a blown 
warm air so 
that it can be 
more 
responsive to 
changes in 
internal air 
temperature. 
Can provide 
summer cooling 
with some 
modifications 
to the control 
system.  
 

The efficiency of 
these units is 
reduced, with 
lower outside air 
temperatures, 
when heating 
demands will be 
increased. 
Is not generally 
suitable for the 
provision of 
domestic hot 
water. 
Blown warm air 
systems can give 
rise to draughts 
if not well 
designed. 
 

This could be a 
solution for 
some cases 
where a 
responsive heat 
top-up may be 
required, 
particularly 
where there 
may be some 
summer cooling 
required. 
High motor 
starting 
currents may 
cause some 
problems with 
the electricity 
distribution 
system. 

 Unlikely to be 
suitable for 
widespread use 
as this would 
increase 
electricity 
demand at 
times when 
demand is 
already at its 
highest. 

 

                                             
4 COP is Coefficient of Performance – i.e. 1 unit of electricity produces 2.5 to 3.0 units of heat. 
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5.2 Proposals for heating the Castle 
5.2.1 Range of equipment available 

The following types of heating are discussed: 

• oil in new efficient boilers 

• biodiesel heating or CHP 

• wood chip boiler  

• wood pellet boiler 

• ground source heating.  

 

5.2.2 Oil heating  
New oil boilers 
Replacing the current system, which comprises an antiquated coal boiler adapted to 
burn oil, with a conventional modern oil condensing boiler, or boilers, would save 15% 
of oil use compared to 2007 just through operating at greater efficiency.  This would 
save £9,000 per year with oil at 42.5p.  If some years are to elapse before the Castle is 
refurbished this could be a sensible solution and the new oil boiler(s) could be used as 
back up for a wood system later.  When the Castle is refurbished it will be essential to 
provide zoning controls and to carefully control heating use. 

Capital costs 
A new 200kW boiler installed with all other plant controls etc, at mainland prices, using 
existing tank, is about £4-7000, depending on whether a calorifier is included. 

Running costs and viability 
Assuming new condensing boiler at 90% efficiency, the heat cost comparator in 
Appendix 2 shows heat at 3.13p/kWh. 

5.2.3 Bio-diesel and potential for CHP in future? 
Firing conventional boilers with bio-diesel may be an option if the fuel can be obtained 
in the Western Highlands.  More work on this in Phase 2.  There is also new technology 
coming on the market in the form of bio-diesel fired Combined Heat and Power  .  This 
may also be worth investigating later.   

5.2.4 Wood chip boiler(s) system 
Description 
Given the access difficulties with the current boiler room the boiler(s) could best be 
accommodated in a containerised boilerhouse sited outside in the oil tank and bin store 
area, about 50m from the existing boiler room.  A length of insulated heat pipe would 
connect it to the Castle where hot water would be fed into a new wet heating system 
for the entire building.  

For a fully automatic chip system the container would incorporate a fuel store and fuel 
feed system of augers and a moving floor or mechanical stirrer.  A section of the 
container is partitioned off to form a fuel store with a hinged and hydraulically 
operated top opening lid.  This fuel store is filled with a loading shovel or foreloader on 
a tractor which would bring chips from a larger long term store on the island, as close 
as practical to the Castle – probably behind (or inside?) the walled garden.  Some 
examples of containerised boilerhouse/fuel stores are shown in Appendix 3. 
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5.2.5 Pellet boiler system 
As an alternative to using wood chip it could be worth utilising wood pellets instead of 
chips.  The boiler is the same as the chip boiler but the same sized fuel store would be 
able to hold fuel of a greater heat value due to the higher calorific value of pellets.  
This size of boiler is as the top of the range for pellets and the main problem here is 
the lack of pneumatic pellet delivery vehicles on the west coast of Scotland.  However, 
in years to come this may not be a problem.  The short term solution is to buy bagged 
pellets on pallets but these would have to be opened and emptied into the fuel store 
by hand.  At this scale this would be rather an onerous operation.  Once a pneumatic 
delivery vehicle becomes available it could be brought over on the ferry and its full 
load (15-20 tonnes) be offloaded into the fuel store or an adjacent silo. 

5.2.6 Planning issues 
The buildings are all listed, and all changes will require consent to connect to the heat 
network.  The flue, any external alterations and the new boilerhouse will require 
Building Regulation consent 

5.2.7 Heat load and building use profile 
Records and projections suggest that the total heat and hot water load of the 
refurbished Castle could be around 300kW.  The load will be fairly constant in daytime 
but the peak demand will be early mornings and evenings.   

5.2.8 Proposed equipment 
The Castle once warm will have a considerable thermal mass and retain heat in its 
internal walls.  This heatload means that a chip boiler can be sized at around 200kW 
and, by using a large 9,000 litre accumulator tank, storing water at 90o, would provide 
for the peak demand and be able to cope with light heat demands in summer.  Adding a 
new efficient oil condensing boiler for back up would also provide some extra capacity 
for peaks in exceptionally cold weather and times of full occupation. 

5.2.9 Capital costs 

Wood fuel systems for Castle 

£ 

Wood 
chip 

£ 

Pellet 

Containerised 200kW boiler/system (inc flue, controls etc. as 
required) plus 9,000 litre accumulator tanks and other plant, 
controls etc. 

Including fuel store with hydraulic opening lid and spring arm or 
moving floor 

90,000 80,000 

Insulated heating pipework  50m at £40 plus trenching at say £30 4,500 4,500 

Design and management (15% of project cost) 14,175 12.675 

Total 108,675 97,175 

For regional suppliers and hirers of woodfuel equipment see Appendix 6.  
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5.2.10 Running costs 
The running costs of heating the unrefurbished Castle with a range of fuels, including 
wood, are shown in Appendix 2, along with the assumptions made in the calculation.  
However, as information on possible wood chip costs on Rum are still sketchy, only a 
notional wood chip price has been entered into the spreadsheet.  This work will be 
continued in Phase 2 to try to establish a realistic price for imported wood chip or for 
wood chip made from imported small roundwood.   

Interim findings on cost of heat per kWh – cost includes servicing 

Oil in current 
boiler 

Assumed 
42.5p/litre 

Oil in new boiler 

Assumed 
42.5p/litre 

Wood chip  

Poss £90 per tonne 

Wood pellet 

Est £160/tonne 

5.49p/kWh 5.13p/kWh Not yet firm but 
3.45p/kWh looks 
hopeful 

 

4.04p/kWh 

An oil price of 42.5p/l has been used. (Source, SNH – purchase price plus transport) 

5.2.11 Carbon saving over oil 
Using woodfuel (either chip or pellet) in place of oil at the Castle in a new boiler would 
save 258 tonnes of CO2 per year. 

5.2.12 Suppliers 
A list of a range of suppliers who could supply and/or install new biomass (wood 
chip/pellet) heating systems appears in Appendix 6. 

5.2.13 Ground source heating  
This was considered for the Castle but rejected on grounds of the vast size of the 
scheme required and the impact on the limited supply of electricity on Rum. 

5.3 Proposals for heating the Activities Centre 
5.3.1 Building energy reduction/sustainability improvement potential 

There is substantial potential for making a building such as this more sustainable. Some 
of this may already be incorporated, but we do not have sufficient information on the 
building at this stage to make anything other than the basic assumptions about its 
design. 

Briefly the design can be altered to: 

• improve thermal insulation values well beyond Part L2A 

• incorporate passive solar features, such as a sun-space on the south of the 
building and larger windows on the south face, but incorporating features to 
avoid summer overheating 
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• increase air-tightness and incorporate mechanical ventilation with heat 
recovery between outgoing and incoming air 

• reduce lighting load by ensuring all rooms are well daylit, using Sun-Pipes if 
necessary 

• if an underfloor heating system is chosen (using heat pump or biomass boiler) 
then the thermal mass of the building should be increased to make use of the 
thermal flywheel storage effect 

• zoning of heated areas to reflect use patterns i.e. zoning office heating and 
bedroom heating 

• incorporate solar water heating systems into the south facing roof, The 
minimum aim would be to cover 50-60% of the building’s annual hot water load. 
A larger installation could be installed which could also be used to assist the 
heating system via a thermal store during the spring and autumn periods. 

The choice of technologies is limited to wood chip or pellet for an automatic system or 
ground source heat. 

5.3.2 Wood chip heating 
If wood chip or pellets are available on the island then it should be considered for the 
Activities Centre.  However, as it is likely that the centre will be built well before the 
Castle needs a new heating system, using chip for the Activities Centre will require the 
whole fuel supply chain to be set up for a much lower heat load.  Technically this is not 
a problem but will require some investment in a building for storage.  The key issue will 
be whether funds are available for this for such a relatively small heatload. 

A 55kW wood chip or pellet boiler would cost in the region of £24,000 including the fuel 
store and heat is likely to cost more than the cost of the electricity for GSH at Rum’s 
current price for electricity of 6.79p/kWh. 

5.4 Heat pump technology 
Heat pumps can be used to extract low level heat from the ground, water or air.   

Water source heat was considered, using the Kinloch river but due to the great 
variations in water levels is not suitable.  Air source heat is less efficient than ground 
and given the limited electricity supplies on Rum is not ideal   

Ground source heating (GSH) has therefore been assessed.  It operates like a domestic 
fridge in reverse and requires electric pumps and compressors.  It uses electricity about 
three and a half times more efficiently than conventional electrical heating.  Ground 
source produces low level heat (about 55 degrees) and should only be used in buildings 
with a good thermal mass and underfloor heating or oversized radiators. This would 
mean a different approach to the design of the building and use of underfloor heating.   
It is only appropriate for sites where there is a good area of open, tree-free space 
outside and where it will not harm the ecology to cut trenches for heat pipes. 

Depending on the eventual size of the proposed upgrade of the island electricity system 
and whether there is going to be sufficient spare electrical capacity long term, some 
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limited introduction of ground sourced heating on the island could be advantageous.  
The effect of starting current on the electrical system would need to be assessed in 
detail at the time, taking into account other increases in electricity demand, though 
this may be alleviated by use of soft start motors and careful timing of the hours when 
this heating is used.   

5.4.1 Ground source heat pump sizing 
From the heat loss calculations (Appendix 1) a design value of 45.3 kW heat will require 
a heat pump system of 50kW heat output, assuming a plant sizing factor for a heat 
pump system of 1.1. 

The actual sizing of suitable ground source heat pumps need to take into account the 
zoning of the building. However we do not have this information. 

A suitable system could be made up of, for example two heat pumps a 30kW output 
NIBE Fighter 1330-30 and a 22kW output NIBE Fighter 1330-22. 

Stated Coefficients of Performance are 4.8 and 4.5 respectively at design conditions 
BO/W35. Electricity inputs are therefore 6.8kW and 4.8kW respectively, for these units 
at design conditions, making a total of 11.6 kW electrical load on the Rum system.  

Each unit has two heat pumps connected in parallel inside, so it may be possible to 
control them to limit concurrent starting if the island’s electricity supply conditions 
demand this. 

Actual electrical loading conditions would need to be looked at in more detail when the 
building design is nearer to completion. 

Electrical energy requirements for heating can be determined from the heat 
requirements of the building, assuming a Coefficient of Performance of 3.5 (as 
recommended in the Building Regulations). 

The electrical energy use for heating is therefore around 37,000 kWh per year and the 
heat requirement approximately 130,000kWh per year. 

5.4.2  Hot water energy requirements 
Based on CIBSE rules of thumb, the requirement for hot water for student 
accommodation is 70 litres per day per bed space. For 40 bed spaces this is 2,800 litres 
per day. 

Assuming that water saving features, such as spray taps and low water use showers are 
incorporated in the design, a use of 2,000 litres per day can be used to assess heat 
energy requirements. 

The energy required for heating this water is 36,500 kWh per year. 

Assuming that 50% of this can be met from a solar water heating system then the other 
50% needs to be met from the heat pump system. Assuming a COP of 2.5, because of 
the higher supply temperature for hot water (50 degrees), then the electricity 
requirement for water heating is around 7,300 kWh. 
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5.4.3 Total electrical energy consumption 
With a ground source heat pump heating system, and water heating supplied 50% by the 
heat pumps and 50% by solar, the electricity consumption for heating and hot water is 
estimated to be 54,500 kWh. 

5.4.4 Sub-surface ground loop 
Assuming that a trench-based ground loop is feasible on this site, without hitting too 
much rock, then the following give approximate sizes. 

A very approximate rule of thumb for ground loop sizing is 10 metres of trench per one 
kW of heat requirement. 

This would then give a trench length of 500 metres in total. 

The area required, again using a rule of thumb, is 1.5 times the floor area of the 
building. With a floor area of 1,316m2, then the ground loop will require an area of at 
least 2,000m2 which will need to be clear of the trees and not covered with an 
impermeable surface. 

Further work will be required to give a better idea of the design of the heat pump 
system, when the architectural design is known in more detail. 

A ground source heat pump system may be feasible, and this is subject to both suitable 
ground conditions and suitable supply of electricity, both for start-up and running of 
the heat pumps for the building. 

5.4.5 Capital costs 
Initial estimates indicate that the cost of this system would be around £26,500 at 
mainland prices.  This covers the heat pumps, slinky pipes, 500m of trenching and two 
hot water storage tanks plus installation and commissioning. 

5.4.6 Running costs and viability 
The running cost of the heat pump system, using electricity produced on Rum, priced 
as is charged to the residents in 2007, is £3,700.  Interestingly this is similar to the 
price of wood heat if fuel can be procured for £60 a tonne. 

5.5 Water source heating 
The potential for extracting heat from Kinloch River using heat pipes and a heat pump 
was briefly examined.  However as the levels in the river vary considerably over the 
year it was not found to be suitable for this purpose. 

5.6 Air source heating 
This works in a similar way to ground source but extracts heat from air.  It is less 
efficient (ie uses more electricity to produce heat) than ground source and has been 
discounted because of the need to conserve electrical power on Rum.  If in future 
surplus electricity is available it may be worth re-visiting, particularly if the Activities 
Centre is to used mainly in summer. 

5.7 Heat recovery from loft space 
Used in south facing buildings with large lofts and dark slate roofs sun warmed air 
collects in the loft space and can be drawn into the house with a fan or heat pump.  
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This will help to reduce the need for conventional heating but like GSH, the systems 
also require electricity to run, though less than either of the heat pump systems. This 
could be used in a small number of buildings with south facing roofs.  Using it will 
depend on there being long term spare capacity in Rum’s electrical system. 
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6 Proposals for heating individual and groups of homes 
An immediate programme of energy efficiency work (described in Section 2) and 
installation of log burning stoves as a supplement to the oil heating would help to 
reduce oil consumption, provide heat in the evenings during early summer and autumn 
without putting the oil central heating on, reduce heating costs for residents and save 
carbon emissions.   

In addition the study looked at opportunities for clusters of existing buildings on the 
island to be linked by a heat network from a shared boiler.  The best potential for this 
is the area around the Stalkers Bothy, Stables and Farmhouse, possibly including the 
community hall and with a spur up to Lea and Rock Cottages and eventually to the 
Tattie Houses.   

However due to the urgent need to address heating issues for the Farmhouse/Stalkers 
Bothy and Stable Cottages it seems preferable to limit this idea to those three 
dwellings and to programme an immediate installation of a shared long log burning 
boiler with hot water accumulator tank in a container or outbuilding with space to also 
store fuel for a month or so.  Sharing the boiler would mean installing (heat 
exchangers?) and heat meters in each dwelling so that each tenant can be charged for 
heat used. In the Farmhouse it will also mean installing a hot water storage tank.  The 
project will also require an operative who is responsible for ensuring the fuel store is 
replenished regularly and to load and light the boiler each morning (10 minute job so 
long as logs are on hand.)  The production of logs for this system and any future similar 
systems could start to create a part time job on the island. 

Details of these ideas including capital costs, running costs and carbon savings will be 
worked up in Phase 2. 

Some proposals for use of solar energy and heat pump technologies will also be 
included in Phase 2 once it is clear whether or not the proposed improvements to the 
electrical system on Rum will be able to cope with additional demand from heat 
pumps. 

A typical new or refurbished family sized house requires about 80m of one metre deep 
trench. The Tattie Houses could be suitable if very high levels of insulation and 
underfloor heating can be incorporated in the refurbishment, as would any new build 
cottages. 
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7 Fuel supply solutions 
Providing a secure and high quality fuel supply is key to the success of biomass heating 
projects and is the aspect of the wood heating operation that most often leads to 
problems – usually through inexperience and not appreciating the critical nature of fuel 
supply issues.   

This part of the study appraises the various opportunities for fuel supply, concentrating 
on the opportunities for self-supply on Rum with the option for bought–in wood chip 
fuel or buying in small roundwood logs or slabwood and chipping on the island.   

The fuel supply issues on the island vary according to the types of fuel to be adopted.  

7.1 Wood fuel resources on Rum 
After discussion with Richard XX about the need for improved woodland management 
and planting it was concluded that a programme of thinning and some clearfell would 
produce sufficient low grade wood to supply logs to homes with log burners and 
possibly to supply long logs for heating the Activities Centre if that was the preferred 
option.  Woodland management operations would be carried out by an additional 
member of estate staff and small roundwood could be transported around the estate 
using existing equipment.  Wood will need to be air dried/seasoned in a windy position 
to around 35% moisture and then protected from weather until it is moved to the log 
fuel preparation area and into a fuel store. 

 For logs there is some scope for use of dead trees which are already seasoned but as 
these are used up a programme of thinning and felling will need to be incorporated in 
the management plan so that trees are felled in good time for seasoning to occur.  
(One year for softwood and at least two for hardwood.)  For logs a store will be needed 
with subdivisions to support piles of logs and to ensure that they are stored safely and 
tidily. 

7.1.1 Wood chip supplies 
Wood chip is a more difficult issue and will require more detailed to work in Phase 2 to 
accurately assess costs and logistics.  Initial indications are that small roundwood 
timber could be imported to the island and chipped on site using a second hand chipper 
or a hired in larger chipper.  This fuel, once chipped, would need to be stored under 
cover in a pole barn or similar building, high enough for a tractor and foreloader to 
operate within the buildings.   

Training would be required for the fuel supplier5 in order to ensure that quality fuel is 
available at all time.  Given the somewhat transient population on the island in recent 
years it would be beneficial to have at least two people trained in wood fuel 
production.  The key to good chip fuel is seasoning the timber and then keeping it dry.  
A number of solutions have been evaluated at other sites and the clear winner in terms 
of cost and logistics is to dry appropriate timber in the forest setting and move the dry 
logs to an area near the long term store for chipping. The preferred option is to avoid 
double handing by chipping directly into the fuel store, though this could have noise 
implications depending on the siting of the long term store.   

                                             
5 Ignite programme is helpful on this, www.northwoods.org.uk/ignite  
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7.2 Delivery of wood fuel 
A rigid skeleton lorry bringing timber over on the ferry would have time in summer to 
deliver the logs to a site near the store and return to the ferry for the next sailing, 
provided deliveries take place on days when the ferry calls twice at the island.  
Alternatively logs could be offloaded at the ferry terminal and the tractor and pole 
trailer combination could deliver the fuel wood in the round to a new shed(s) where 
firewood is to be produced. Producing fuel will create a certain amount of noise and 
disturbance caused by chainsaws, log splitting and vehicle movements.   Wood chipping 
of bought in small roundwood also would be a relatively noisy operation probably 
carried out for full days at a time.  

7.3 Access for fuel delivery vehicles 
The vehicles need to travel along the small island roads and turn into the access area 
to the potential fuel store. Therefore it is necessary that any boiler house/fuel store 
have appropriate access. Delivery vehicles should not impinge on the pedestrian access 
or courtyard where they may conflict with visitors.  Timing of deliveries should be 
arranged to avoid peak visitor times but some conflict is inevitable given that visitors 
and guests also arrive on the ferry.  The effect of these additional large vehicle 
movements on the surface of the road on Rum also needs to be considered and may not 
be acceptable. 

7.4 Fuel store  
The fuel store area is required to be as large as possible to reduce the frequency of 
fuel deliveries and to ensure a supply of dry fuel. 

It should be ideally immediately adjacent to the boiler area.  Depending on whether 
logs or chips are used will define the arrangement and details of the fuel store. 

7.5 The implications of different chipping and storage options 
7.5.1 Chipping 

There are various types of chipper with different capital and running costs, chip quality 
and output.  Chip quality is a function of chipper design together with chipper set-up 
and blade sharpness. If using a chipping contractor it will be necessary to instruct them 
exactly on the quality of chips expected and operate some type of quality assurance to 
ensure the required chips are produced.  Chipping to a high quality will reduce the 
output quoted by the contractor and this should be borne in mind when considering 
chipping costs. 

The required chip quality will vary depending on the type of boiler installed and the 
set-up of the boiler.  The more advanced modern chip boilers will require software 
changes to burn at optimum efficiency for different chip qualities, however a number 
of settings may be pre-programmed for “standard” variations in chip type - say 
according to type of chipper and the season of the year. In general, consistent chip 
size, minimum fines (under, say, 8mm) and consistent moisture content (as low as 
possible) are preferred.  Again some boiler plant types are more “forgiving” than 
others. In all cases large “slivers” or sticks must be avoided at all costs. 
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7.5.2 Chipping costs 
Chipping costs will be based on the tonnage chipped per man-day and an hourly rate on 
the machine.  For instance a fully utilised two man manual operation may achieve costs 
as low as £6-8 per tonne. Larger mechanised plant can achieve slightly lower costs at 
high throughputs.  Smaller plant, although cheaper to own and run, have less output 
and may be restricted as to the size of timber that may be introduced causing down 
time while larger baulks of timber are trimmed to size.  Typical manual feeding costs 
with variable feedstock and a tractor PTO or self powered chipper are likely to be in 
the region of £10-£15 per tonne, particularly if chip quality is to be ensured by regular 
adjustment and servicing of the machine.   

7.5.3 Importing small roundwood 
More work on this in Phase 2.  Figures from the Isle of Mull and Knoydart  indicate that 
small roundwood logs can be bought at roadside for £23/tonne, with transport to 
Mallaig and then ferry costs, the price increases to £45/tonne.  To produce one tonne 
of chip at 35%mc requires 1.6 tonnes of green timber, thus the fuel feedstock costs £72 
per tonne at 35%.  Add to this an average contract chipping cost which is about 
£10/tonne on the mainland and with transport of the chipper to Rum it appears that 
the price could easily become over £90/tonne.   

It is bound to be advantageous to minimise the number of visits by the contractor to 
the island because of duplication of transport costs.   

7.6 Proposed fuel storage and handling 
7.6.1 Wood chip 

The quantity of fuel required covers the heat lost from the pipe network and allows for 
the efficiency of the boiler.  We estimate that for the refurbished Castle the fuel 
demand will be 320 tonnes of wood chip (1100 cu metres) at 35%mc - equivalent to 500 
tonnes of newly harvested timber at 55%mc. 

7.6.2 Primary fuel store  
A compartment is supplied in the container to store fuel for a week or so and this will 
be refilled by loading shovel. 

A moving floor or spring extractor plus auger system is supplied in the containerised 
boilerhouse/fuelstore and is required to enable fuel to be fed automatically to the 
boiler from the store or hopper.  Spring extractors are less costly and work well in 
square fuel store.  

7.6.3 Secondary fuel store 
A secondary store for wood chip will be essential to keep chip in good condition over 
winter, and would enable SNH to bring chip, slabwood or logs to the island in large 
quantities. 

The secondary fuel store could be accommodated in the vehicle workshop if an 
alternative space could be found for vehicle maintenance or a new pole barn with 
concrete floor and reinforced concrete retaining wall on two sides would be needed.  
Low cost cladding such as slabwood can be used to provide protection from rain but 
allows good ventilation.  The siting of the secondary store must be carefully chosen if 
chipping is to be direct to the store, to avoid noise disturbance to neighbouring 
properties. 
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The number of visits by the chipping contractor could be kept to about four times per 
year by using a larger store about 15m x 6m filled to a depth of 3m.  It would hold 
about 270 cu metres of chips.  

7.6.4 Fuel delivery 
Delivery into the fuel store at the boilerhouse can be by foreloader or loading shovel 
from the secondary store.  The larger the shovel, the better.
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8 Assessment of heating alternatives 
In order to assess the various options discussed, an assessment matrix has been 
devised.  This gives relevant costs and indicates how well the different heating systems 
meet the aims of the project.  A number of criteria reflecting the aims have been listed 
below and these are scored using ticks or crosses. 

8.1 Assessment matrix for refurbished Castle 
 Wood chip  

heating 
system  at 
£90/t 

Wood pellet 
heating system at 
£160/t 

Two new oil 
boilers and 
tanks  at 
42.5p/litre 

Capital cost (minimum) £109,000 £97,000 £4-7,000 

running cost per kWh 3.39p 3.97p 4.58p 

carbon dioxide saving tonnes 
pa 

232 232  

to find an economic use for 
local timber 

√√  XX 

to use an environmentally 
benign fuel 

√√ √√ XX 

to manage undermanaged 
woodlands for conservation 
reasons 

√√ √√ XX 

To minimise electricity 
demand  on the island 

√ √ XX 

to make project attractive to 
funders  

√√ √√ X 

to keep capital costs to a level 
which would attract grant aid 

√ √ X 

to provide stability of future 
fuel supply and price 

√√ √√ X 

to provide employment  √ √ XX 

key √√ meets criteria fully √goes some way towards meeting criteria  X does not meet 
criteria  XX goes against criteria 

The assessment matrix above helps in identifying which option would be most 
advantageous to SNH.  It shows that: 

 wood heating is considerably more expensive than oil heating to install 
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 wood heating provides SNH/the community with a small annual income from heat 
sales to Castle occupants 

 wood heat provides the opportunity to manage woodlands for fuel products. 

 

 

8.2 Assessment matrix for Activities Centre 
 Wood chip  

heating 
system  at 
£90/t 

Wood 
pellet 
heating 
system at 
£160/t 

Ground 
source 
heating 

Two oil 
boilers  

At 
42.5p/litre 

Capital cost (minimum)     

running cost per kWh 4.05p 4.63p  4.63p 

carbon dioxide saving tonnes pa 38 38   

to find an economic use for 
local timber 

√√ XX XX XX 

to use an environmentally 
benign fuel 

√√ √√ X XX 

to manage undermanaged 
woodlands for conservation 
reasons 

√√ √√  XX 

To minimise electricity demand  
on the island 

√ √ XX √ 

to make project attractive to 
funders  

√√ √√ √ X 

to provide stability of future 
fuel supply and price 

√√ √√  X 

to provide employment  √ √  XX 

key √√ meets criteria fully √goes some way towards meeting criteria  X does not meet 
criteria  XX goes against criteria 
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9 Financing 
Grants and loans may be available towards the cost of installing the equipment.  
Details of various grant schemes are shown in Appendix 8. 

The grant regime for public sector organisations is restricted but it seems likely that 
private sector monies, notably the proposed Carbon E… Reduction Target (CERT) 
scheme in which utilities such as Scottish Power are obliged to make finance available 
for projects which offer fuel switching to a cleaner fuel and/or energy saving measures 
could well help SNH with the costs of energy improvements on Rum.  Households would 
be eligible for the Low Carbon Buildings Programme but would need to apply 
individually.  If the SCHRI gets extended finance this would also provide a source of 
funds for community or households. 
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10 Conclusions 
An urgent need exists for simple energy efficiency measures to be installed in all the 
domestic and non-domestic properties, and some suggestions for these are provided.  In 
addition there is a good immediate opportunity to install wood burning stoves in all 
houses, this would create work, improve comfort levels and reduce oil and electricity 
use as well as achieving carbon savings. Logs could be produced on the island and this 
would give some motivation to carrying out much needed woodland management and 
replanting.  It is estimated that this would reduce oil use by as much as 25% and would 
avoid the need for tenants to use electric heaters. 

There is not enough timber on Rum to enable it to heat the larger buildings but the 
study has identified so far that the Castle and Activities Centre provide some practical 
potential to use heat from wood and the Activities Centre also has potential for ground 
source heating.  Economic and secure fuel supply and delivery is the most significant 
part of the wood heating project.  The larger systems will require timber or wood chip 
to be imported to the island.  More work to collect prices and detail on the economics 
and practicality of this will be included in Phase 2 and will then enable a conclusion to 
be drawn on the economic viability of using wood heat for the larger buildings.   

Proposals which appear to have potential so far are: wood chip or pellet heating for the 
Castle using a containerised boiler sited in the bin store area and a new long term fuel 
store near or in the walled garden and wood chip, wood pellet or heat pump technology 
for the activities centre.  

Installing a small heat network to link the Farmhouse, Stalkers Bothy and Stables, 
heated by long logs (500mm) or pellets will also be examined in Phase 2.  This would 
also provide the impetus for additional woodland management work to be undertaken, 
and provide work on the island. 

The proposed Tattie Houses and Ferry Cottages could potentially use ground source, 
long log or wood pellet technology.  This will be developed in Phase 2 which will also 
provide some guidelines for the proposed shop and bunkhouse.  

Potential for solar water heating was examined but, due to shading from trees, is not 
suitable for many locations.  It could however possibly be utilized for the School House, 
the White House, and Post Office House and the Activities Centre could have good 
potential if an area of trees is cleared for midge control reasons and to provide space 
for ground source heating.  Solar water heating for these buildings will be costed in 
Phase 2. 
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Appendix 1 Activities Centre heat loss calculations 

 
 

 

Isle of Rum activity Centre- Heat Loss Calcs 
U-values from Part L2A Building Regs 2006

Surface Area (m²)
U-value 
(W/m²K)

Temp Diff 
(K)

Heat Loss 
(W)

%

External walls wood clad - insulation -wood 600.0 0.35 22 4620 10.2%

Roof
profiled metal - insulated at 
rafters 940.0 0.25 22 5170 11.4%

Ground floor
concrete - insulation under - 
minimum for Building Regs 940.0 0.25 22 5170 11.4%

Windows 
double glazed - minimum for 
Building Regs 59.5 2.20 22 2878 6.3%

Doors
double glazed - minimum for 
Building Regs 15.4 2.20 22 745 1.6%

Venti ation loss (air change volume in m³) 3684.8 0.33 22 26752 59.0%

Total 45335

Air changes 1 per hour
Total floor area 1316 m²
Room height 2.8 m
Average heat loss 34 W/m²
Ventilation loss is 59% of total building heat loss

Rum Activity Centre
INPUTS

Building Heat Loss 45.3 kW
Buidling Class (d) 5 ºC Old CIBSE Table B18.7 Class 3
Degree Days (NW Scot 2507
Indoor Design Temp 21 ºC
OutDoor Design Temp -1 ºC
Usage of Heating 7 days/week
Occupancy 16 hours/day

Equivalent hours full load operation:
forms input to intermittent use factors:

Eq = 24 x 2507 x 1.06 = 2899 hours
21 - -1

Base Temp = 21 - 5 = 16 ºC Base temp (ºC) Ratio
10 0.33

Ratio for 16 ºC is 1.06 12 0.57
forms input to Equiv hours above 14 0.82

15 0.94
15.5 1.00
16 1.06
17 1.18
18 1.30

Net annual heat requirement:

Qr = 2841 x 45 3 x 3600 x 277.8 = 128,709 kWh/year
1000000
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Appendix 2  Heat cost comparators 
Notes to the heat cost comparators 
The heat load in KWh for Kinloch Castle has been estimated from the reading taken 
from the spreadsheets made up from the meter readings from the hydro system and the 
amount of diesel delivered during 2006.  The heat load for the Activities Centre has 
been estimated using floor area from drawings supplied. 

The heat load for the refurbished castle is assumed to be the current heat load less 
20%, which is the estimated reduction in heat demand after energy saving measures 
have been installed, and doubled to accommodate currently unheated rooms. 

The boiler efficiency has been assumed 90% for new oil and wood chip boilers, but 75% 
for the old boiler in the Castle. 

The fuel price has been assumed at 41.5p/litre for oil. £90 per tonne for wood chip and 
£160 per tonne for pellets. 

The fuel consumption is calculated on the required boiler output and the boiler 
efficiency. 

In the following comparators the boiler efficiencies have been assumed at 90% for a 
wood chip boiler, 86% for a log boiler, although no comparator for a log boiler has been 
produced at this stage.  A new oil condensing boiler for the Castle conversion is 
assumed to be 90% efficient.  The existing oil boiler has been assumed to have 75% 
efficiency, but it is likely that it is running at a lower efficiency, depending upon the 
age of the boiler. 

The maintenance cost is the servicing of the boilers.  It is assumed that filling the fuel 
hopper and de-ashing would not incur any extra cost.  The £100 for the oil boiler is 
based on the assumption that an engineer resident on the island will be able to perform 
the service.  Servicing the wood boilers is done by a specialist from the mainland and 
assumes an overnight stay and travel as well as the basic service charge.  The cost has 
been estimated at around £1000. 

A further comparator has been produced assuming that the current oil boiler is 
replaced by a new oil boiler and no further refurbishment is carried out. This scenario 
assumes that the hydro contribution is still made. 

The comparator for the refurbishment assumed that there is no contribution from 
hydro. 

A comparator for an individual house burning kerosene has been produced assuming a 
heat load of 20,000kWh pa and servicing costs of £100. 
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Rum Activity Centre  cost comparator

diesel boiler
boiler efficiency 90%
estimated heat demand per year 128,700 kWh
calorific value 0.037 GJ/litre 10.37 kWh/litre
estimated diesel consumption 13785 litres 143,000 kWh
price per litre of diesel 42.5 p/litre ex VAT
oil cost per year 5858.74 £ 
price of fuel per kWh 0.05 p/kWh
estimated maintenance cost per year 100.00 £ 
total cost 5958.74 £
cost per kWh inc maintenance 4.63 p/kWh

woodchip
moisture content 35 % mc

calorific value 11 GJ/tonne 3052.5 kwh/tonne
boiler seasonal efficiency 90%

boiler output inc efficiency 2,750 kWh/tonne

required heat output per year 128,700 kWh

woodchip consumption @ 35%mc 46.80 tonnes 164 cu m
wet timber needed 73.54 tonnes 202,243 kWh
delivered cost of woodchips 90.00 £/tonne ex VAT
woodchip cost per year 4,211.66 £

cost of fuel per kWh 3.27 p/kWh

annual service by engineer 1,000.00 £ 

Total cost inc servicing 5,211.66 £

cost per kWh inc maintenance 4.05 p/kWh

wood pellet
moisture content 7 % mc

calorific value 17 GJ/tonne 4606.5 kwh/tonne
boiler seasonal efficiency 90%

boiler output inc efficiency 4,150 kWh/tonne

required heat output per year* 128,700 kWh

pellet consumption 31.01 tonnes

delivered cost of woodchips** 160.00 £/tonne ex VAT
woodchip cost per year 4,961.53 £

cost of fuel per kWh 3.86 p/kWh

annual service by engineer 1,000.00 £ 

Total cost inc servicing 5,961.53 £

cost per kWh inc maintenance 4.63 p/kWh

CO2 savings from not using diesel 37.61 tonnes CO2
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Kinloch Castle cost comparator
Current situation
hydro electricity contribution
Average hydro meter reading per year 138,553 kwh

notional cost 6.79 p/kWh
total cost per year 9407.75 £

diesel boiler
boiler efficiency 75%
estimated heat demand per year 413,595 kWh
net calorific value 0.037 GJ/litre 10.37 kWh/litre
diesel consumption 2006 53161 litres 551,460 kWh
price per litre of diesel 42.5 p/litre
oil cost per year 22593.43 £ 
price of fuel per kWh 5.46 p/kWh
estimated maintenance cost per year 100.00 £ 
total cost 22693.43 £
cost per kWh inc maintenance 5.49 p/kWh

Estimated current total cost 32101.17 £
average unit cost 5.81 p/kWh

woodchip
moisture content 35 % mc

calorific value 11 GJ/tonne 3052.5 kwh/tonne

boiler seasonal efficiency 90%
boiler output inc efficiency 2,750 kWh/tonne

required heat output per year 552,148 kWh

woodchip consumption @ 35%mc 200.76 tonnes 703 cu m

wet timber needed 315.49 tonnes 867,661 kWh
delivered cost of woodchips 90.00 £/tonne

woodchip cost per year 18,068.84 £

cost of fuel per kWh 3.27 p/kWh

annual service by engineer 1,000.00 £ 

Total cost inc servicing 19,068.84 £

cost per kWh inc maintenance 3.45 p/kWh

wood pellet
moisture content 7 % mc

calorific value 17 GJ/tonne 4606.5 kwh/tonne
boiler seasonal efficiency 90%

boiler output inc efficiency 4,150 kWh/tonne

required heat output per year* 552,148 kWh

pellet consumption 133.04 tonnes

delivered cost of woodchips** 160.00 £/tonne

woodchip cost per year 21,285.92 £

cost of fuel per kWh 3.86 p/kWh

annual service by engineer 1,000.00 £ 

Total cost inc servicing 22,285.92 £

cost per kWh inc maintenance 4.04 p/kWh

CO2 savings from not using diesel 139.81 tonnes CO2



  

Page 42 

 

Kinloch Castle cost comparator
Replace with new oil boiler
hydro electricity contribution
Average hydro meter reading per year 138,553 kwh
notional cost 6.79 p/kWh
total cost per year 9407.75 £

diesel boiler
boiler efficiency 90%
estimated heat demand per year 413,595 kWh
net calorific value 0.037 GJ/litre 10.37 kWh/litre
diesel consumption 2006 44301 litres 459,550 kWh
price per litre of diesel 42.5 p/litre
oil cost per year 18827.87 £ 
price of fuel per kWh 4.55 p/kWh
estimated maintenance cost per year 100.00 £ 
total cost 18927.87 £
cost per kWh inc maintenance 4.58 p/kWh

Estimated current total cost 28335.62 £
average unit cost 5.13 p/kWh

woodchip
moisture content 35 % mc

calorific value 11 GJ/tonne 3052.5 kwh/tonne

boiler seasonal efficiency 90%
boiler output inc efficiency 2,750 kWh/tonne

required heat output per year 552,148 kWh

woodchip consumption @ 35%mc 200.77 tonnes 703 cu m

wet timber needed 315.49 tonnes 867,661 kWh
delivered cost of woodchips 90.00 £/tonne

woodchip cost per year 18,068.85 £

cost of fuel per kWh 3.27 p/kWh

annual service by engineer 1,000.00 £ 

Total cost inc servicing 19,068.85 £

cost per kWh inc maintenance 3.45 p/kWh

wood pellet
moisture content 7 % mc

calorific value 17 GJ/tonne 4606.5 kwh/tonne
boiler seasonal efficiency 90%

boiler output inc efficiency 4,150 kWh/tonne

required heat output per year* 552,148 kWh

pellet consumption 133.04 tonnes

delivered cost of woodchips** 160.00 £/tonne

woodchip cost per year 21,285.93 £

cost of fuel per kWh 3.86 p/kWh

annual service by engineer 1,000.00 £ 

Total cost inc servicing 22,285.93 £

cost per kWh inc maintenance 4.04 p/kWh

CO2 savings from not using diesel 116.51 tonnes CO2
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Kinloch Castle cost comparator
with energy efficiency measures and increased usage

diesel boiler
boiler efficiency 90%
estimated heat demand per year 883,436 kWh
calorific value 0.037 GJ/litre 10.37 kWh/litre
average diesel consumption per year 94626 litres 981,596 kWh
price per litre of oil 42.5 p/litre ex VAT
oil cost per year 40216.21 £ 
price of fuel per kWh 4.55 p/kWh
estimated maintenance cost per year 100.00 £ 
total cost 40316.21 £
cost per kWh inc maintenance 4.56 p/kWh

woodchip
moisture content 35 % mc

calorific value 11 GJ/tonne 3052.5 kwh/tonne

boiler seasonal efficiency 90%
boiler output inc efficiency 2,750 kWh/tonne

required heat output per year 883,436 kWh

woodchip consumption @ 35%mc 321.22 tonnes 1124 cu m

wet timber needed 504.78 tonnes 1,388,257 kWh
delivered cost of woodchips 90.00 £/tonne ex VAT
woodchip cost per year 28,910.15 £

cost of fuel per kWh 3.27 p/kWh

annual service by engineer 1,000.00 £ 

Total cost inc servicing 29,910.15 £

cost per kWh inc servicing 3.39 p/kWh

wood pellet
moisture content 7 % mc

calorific value 17 GJ/tonne 4606.5 kwh/tonne

boiler seasonal efficiency 90%
boiler output inc efficiency 4,150 kWh/tonne

required heat output per year* 883,436 kWh

pellet consumption 212.86 tonnes

delivered cost of woodchips** 160.00 £/tonne ex VAT
woodchip cost per year 34,057.47 £

cost of fuel per kWh 3.86 p/kWh

annual service by engineer 1,000.00 £ 

Total cost inc servicing 35,057.47 £

cost per kWh inc servicing 3.97 p/kWh

CO2 savings from not using diesel 258.16 tonnes CO2



  

Page 44 

 

 

Rum individual household on kerosene

kerosene boiler
boiler efficiency 80%
estimated heat demand per year 20,000 kWh
calorific value 0.035 GJ/litre 9.78 kWh/litre
estimated fuel consumption 2557 litres 25,000 kWh
price per litre of kerosene 46.2 p/litre inc VAT
cost per year 1181.33 £ 
price of fuel per kWh 0.06 p/kWh
estimated maintenance cost per year 100.00 £ 
total cost 1281.33 £
cost per kWh inc maintenance 6.41 p/kWh
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Appendix 3  Examples of containerised boilers and fuel stores 
 

Photos courtesy of Highland Renewable Energy Solutions Limited 
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Appendix 4  Wood chip specification 
NOTE IT WAS ANNOUNCED MID FEBRUARY 2008 THAT NEW CEN STANDARDS ARE 
BEING ADOPTED – WE WILL COMMENT ON THIS IN PHASE 2 BUT THIS GIVES GOOD 
GUIDE FOR NOW 
Wood quality 
Feedstock must be clean and free from contaminants such as paint, preservatives or 
varnishes, melamine coatings, or tramp material such as string and plastics.  If these 
occur they will cause corrosion of the boilers and emissions problems.  The 
Environmental Health officer will want to be reassured from day one that clean wood 
only will be used. 

Wood can be either hard or softwood but should not contain bark because it will lead to 
a high proportion of ash and can foul up the boiler. 

Moisture content 
Ideal moisture content at 25% but 35% is acceptable without seriously de-rating the 
boilers. Many boilers will burn at up to 55% moisture but this will require a larger boiler 
and fuel store and more wood as heat has to be used to drive off the moisture. 

Size of particle 
Wood chip size grades are important. Wood chip burning plant will generally operate 
best on material between 2 and 25mm maximum dimension. However, it is accepted 
that fuel production methods do produce a wider range of particle sizes than this. Very 
fine dusty material can upset combustion in a boiler, and large chunks and long stringy 
material can block feed systems, so any grading system will put limits on these 
constituents.  

British BioGen6 undertook consultation with fuel suppliers and boiler manufacturers and 
produced a retail grading system which reflects the variation in fuel tolerance of 
different combustion systems. They expect to review the grading system periodically 
and an EU standard, CEN 335, is now being prepared which will supersede the British 
BioGen standard.  Wholesale suppliers and purchasers may wish to agree different 
specifications to suit their particular needs. 

Retail wood chip is described by three grades; Super, Fine and Coarse. 

Size  <2mm  2 – 25 mm  25 – 50mm  50 - 100mm  100 – 200 mm  

Description  Dust  Small  Medium  Oversize  Slivers  

Super  <15%  Any  0%  0%  0%  

Fine  <15%  Any  10%  2%  0%  

Coarse  <15%  Any  Any  <30%  <2%  

 

                                             
6 Now part of Renewable Energy Association (REA) 
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Other requirements  
Maximum of 5% tramp material is permitted with no stones >25mm.  

Oversize and sliver material is assumed to be "long and thin" and below the length 
allowed for each grade– material greater than 50mm square is unacceptable. 

Super Grade Wood Chip: This is a very tightly defined wood chip, with a total absence 
of larger material to avoid blockages in certain types of equipment. Specialised 
chipping and screening facilities will be required for its production. 

Fine Grade Wood Chip: This is likely to be the most widely used retail chip grade, 
being suitable for the majority of small-medium scale woodfuelled equipment. This 
grade is achievable with selected chippers and/or basic screening.  

Coarse Grade Wood Chip: This grade is likely to be popular in the self-supply sector 
and in some retail sectors. Most automatic plant will operate acceptably on this grade, 
however occasional blockages can be expected. The lower price of this readily 
produced fuel will compensate for the extra intervention required. A wide range of 
chipping equipment including many mobile chippers can produce fuel to this grade 
without screening.   

For Rum, fine grade is essential for modern Austrian boilers. 
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Appendix 5  List of biomass equipment suppliers  
Note the inclusion or exclusion from these lists of any supplier does not infer any 
recommendation or otherwise on the part of North Energy Associates. 

3G Energi 
Tel: 01835 824201 

Allesudden 
Charlesfield 
St Boswells 
Melrose 
TD6 OHH 

Kunzel 
Kob 
Pellet-Heizkessel 

Buccleugh Bioenergy  
Tel: 0131 524 0910 

27 Silvermills Court 
Henderson Place Lane 
Edinburgh   
EH3 5DG 

 

Econergy  
Tel: 0117 377 5606 

69 Hampton Park 
Redland 
Bristol 
BS6 5LQ 
 

Veto 
Compte 
KWB 
Froling 

Fuelwood Harvesting 
Tel: 01361 840251 

Weirburn House 
Abbey St Bathans 
Duns 
TD11 3TX 
 

Veto 
 
(cheap and cheerful 
boilers but not highly 
efficient) 

Highland Wood Energy 
Tel: 01397 773 000 
www.highlandwoodenergy.co.uk 

Unit 2 Old Mart Industrial 
Estate 
Corpach 
Fort William 
PH33 7NN 

 

Highland Renewable Energy 
Solutions Ltd 
Tel: 01349 877 859 
www.hi.-res.ltd.com 

Units 2 & 4 Inverbreakie 
Industrial Estate 
Invergordon 
IV18 0QR  

 

Wood Energy Ltd  Pinkworthy Barn 
Oakford, Tiverton 
Devon 
EX16 9EU 
 

Binder 
Primdal & Haugeson 
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Appendix 6  List of chipper suppliers, hirers and contractors 

 
Caledonian Forestry Ltd. 
Tel: 01835 824201 

Allesudden 
Charlesfield 
St Boswells 
Melrose 
TD6 OHH 

Patu 

Fuelwood Harvesting 
Tel: 01361 840251 

Weirburn House 
Abbey St Bathans 
Duns 
TD11 3TX 
 

He also sells a 
reasonable small 
chipper but larger ones 
will give a better 
quality chip 

Richard Livett 
Greenwood 
Tel: 01972 500702 

Ardslignish 
Acharacle 
Argyll 
PH36 4JG 

 

Jas P Wilson 
Tel: 01556 612233 

Industrial Site 
Coast Road 
Dalbeattie 
DG5 4QU 

Junkkari 

Sylvestrus Ltd 
Tel: 01463 237 812 

 

1a Broadstone Park 
Inverness 
IV2 3JZ 

Logs,chips and pellets. 
Can organise fuelwood 
harvesting and 
woodland management 

Woodtherm Fuels 
Tel:  

 

Tigh Sgoile 
Onich 
Fort William 
PH33 6RY 
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Appendix 7  List of woodfuel suppliers 
 

Possible Rum fuel suppliers: 

Richard Livett 
Greenwood 
Tel: 01972 500702 

Ardslignish 
Acharacle 
Argyll 
PH36 4JG 

Chips 

Woodtherm Fuels 
Tel:  

 

Tigh Sgoile 
Onich 
Fort William 
PH33 6RY 

Chips 
Pellets 

 

 
 

 
Tomintoul 

 

Chips 

Alvie Farm Partnership 
Tel: 01540 651 255 

@alvie-estate.co.uk 

Alvie Estate Office 
Kincraig 
Kingussie 
Inverness-Shire 
PH21 1NE 

Chips 

Anderson Woodfuel 
Tel:  

3 Blackpark 
Broadford 
Isle of Skye 
IV49 9DE 

Chips 

Highland Wood Energy 
Tel: 01397 773 000 
www.highlandwoodenergy.co.uk 

Unit 2 Old Mart Industrial 
Estate 
Corpach 
Fort William 
PH33 7NN 

Chips 
Pellets 

Sylvestrus Ltd 
Tel: 01463 237 812 

 

1a Broadstone Park 
Inverness 
IV2 3JZ 

Logs,chips and pellets. 
Can organise fuelwood 
harvesting and 
woodland management 
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 Appendix 8  Grants for renewable energy schemes 

 
Bio-energy Capital Grant Scheme is funded by DTI and the New Opportunities fund.  
Capital grants are awarded towards the cost of electricity or heat equipment using 
energy crops and other biomass feedstocks.  A new round is imminent.   

Grants from Electricity Suppliers 
 
Scottish Power’s Green Energy Trust offers grants to assist in the creation of new 
renewable electricity and heat sources, and has a strong educational element.  Email 
greenenergytrust@scottishpower.com 
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1. SUMMARY 
 

Existing Scheme 
 
In general, records show the hydro scheme has been running reliably over the past four 
years, but some components are in need of repair and performance could be 
significantly improved by installing additional equipment. 

The following items are considered:- 

1. Installation of pigging points into the pipeline, to include repair/replacement of 
non-functioning gate valves in the existing pipework.  

2. Replacing existing manually operated spear valves fitted to the turbines with 
automated valves controlled by electric actuators. 

3. Installation of level sensing equipment at the intake, connected via signal cable to 
the automated valves, providing the facility to adjust water flows through the 
turbines, to suit available flow rates in the river. 

4. Installation of discharge pipe/orifice through the intake weir, to provide passage 
for compensation flows. 

5. Application to SEPA for CAR license. 
6. Repair to upstream dam, excavation of sediment and provision of equipment for 

controlled release of stored water. 
7. Replacement of existing intake structure with new weir and ‘Coanda’ type intake 

screen. 
Items recommended for implementation, in order of priority are  

• items 2,3,4 and 5 together as top priority, but costly; 
• item 1; 
• item 7; 
• item 6. 

 

New Schemes 
 
Two new scheme options are proposed in outline and a concise list of some of the 
environmental impacts which will result from building and operating each of the 
schemes.   

An initial response from SNH with regard to environmental/landscape issues is sought, 
with a view to inform the detailed phase 2 report.  
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2. EXISTING SCHEME - SCHEME PERFORMANCE 
 

2.1 DESCRIPTION 
 
The existing scheme runs off the Allt Slugan a’ Choillich, a small upland burn which 
drains a catchment of around 0.9km2. Water is drawn into a 200mm ductile iron pipe 
through a screened intake built into a small stone weir. The intake does not provide a 
passage for compensation flows. The pipeline is approximately 1500m long, with gate 
valves top and bottom, but has no facility for pigging the pipe. Two Pelton type turbines 
are connected to the pipeline inside a powerhouse, at grid ref. NM399995. The turbines 
operate under a gross head of 170m. Each turbine is direct drive coupled to a 3phase 
generator and generating capacities are generally believed to be 30kW and 9kW 
respectively. Both hydro generating sets can run simultaneously, synchronised and both 
are governed by the Headley load controller. 
Two diesel generating units are available to provide a backup supply when the hydro 
generating sets are unable to meet the demand. 
 

2.2 HYDRA PREDICTIONS 

Inputting scheme parameters into HydrA (software developed by the Institute of 
Hydrology for assessing the performance characteristics of small hydro schemes) 
predicts an annual average output of 224MWh for 39kW installed capacity on this site. 
This includes an allowance for Q95 compensation flows.  
 

2.3 METER READINGS - RECORDED FIGURES AND ASSESSMENT 
 
Records of generated electrical outputs (kWh) and machine running hours, taken over a 
three year period 01/07/04 to 01/08/07, have been made available for assessing the 
performance of the generator sets, see Appendix A.  

Whilst meter readings have been regularly recorded, insufficient parameters have been 
measured to fully understand the performance of the sets, eg:-  

• Meter readings aggregate outputs from both hydro sets, i.e. outputs generally 
cannot be attributed to either one or the other of the two sets.  

• There are no corresponding records of water flows available to the turbines. 
• Records of plant shut-downs and the reasons for them are not available. 

Nevertheless deductions can be drawn from some of the meter readings taken, in 
particular the following:- 

1. The records show both hydro sets operating regularly throughout the three year 
period, with generated output varying seasonally as expected, indicating that 
both sets are in general reliable.  

2. Annual figures for hydro outputs for the three recorded years are 152MWh, 
145MWh and 118MWh, average 138MWh. 
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3. Both hydro sets can be run together, but the ‘hours run’ figures suggest this is 
infrequent and only happens during the wet winter months.  

4. Hours run readings taken for month up to 01/01/05 show zero hours for the 
smaller set and 745.5 hours for the large set (continuous operation) producing an 
average daily output of 724 kWh i.e. the large set generating 30kW (rated 
capacity) throughout record period. 

5. Hours run readings taken for month up to 01/02/07 show 746 hours and 749 
hours (both sets continuous operation) with an average daily combined output of 
817 kWh, i.e. 34 kW continuous.  

6. In all but one month during the three years recorded, some diesel backup was 
required. At times, usually during the summer, diesel backup was required almost 
continuously.   

7. ‘Hours run’ records show that in almost all instances, diesel backup was required 
when the 30kW hydro set was shut down.  

8. The 9kW hydro set often ran together with the backup diesel set. 

9. It appears that some of the diesel generated electricity is being ‘dumped’ into 
water heating in the castle.  

 

Point 2. These annual energy output figures can be compared to the HydrA predicted 
output of 236MWh. Whilst the software provides indicative performance characteristics 
only, it suggests that there is considerable scope for increasing the energy capture of the 
existing scheme.  

Point 3. This is most likely due to a combination of less water in the river and the lack of 
automated control of water flows through the turbines, which if available would allow 
mid-range flows to be better utilised. 

Point 4. These recorded readings shows the system performing as expected, with the 
larger generating set operating at its rated 30 kW capacity throughout the period, 
supplying island demand without need for diesel backup.  

Point 5. These readings show both hydro generating sets in continuous operation; 
however the combined average daily hydro output of 817 kWh is lower than expected. 

This low output may be due to periods of drier weather and reduced river flows, however 
if this were the case, one would not expect both turbines to be left running. It is possible 
that both turbines were operating with their spear valves partially closed, or both left 
running for extended periods with the pipeline only part full?   

On the other hand, lack of river flows is less frequent during January (period of record) 
which is generally a wet month. So if we assume water was plentiful, the figures indicate 
that the pipeline in its current condition is not able to deliver sufficient water/pressure to 
the turbines, to realise their full combined generating potential (39kW). This is likely to be 
due, to some extent, to the pipe having run for almost 25 years without cleaning 
(pigging).  

Point 6. This is consistent with the scale of demand and variable output from the ‘run of 
river’ hydro scheme. 
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Point 9. Using diesel generated electricity for water heating is likely to be inefficient and 
therefore it would  be advantageous if the Headley could be re-programmed to prevent 
this happening. 

 

3. PROPOSALS FOR IMPROVING PERFORMANCE 
 
3.1 PIGGING 

Pigging the pipe will improve its performance, especially under higher flow conditions, 
when there is sufficient water to run both turbines. Meter reading records from earlier 
years when the pipeline was relatively new, might show what generation outputs can be 
achieved from a clean pipe. 

Installing pigging points into this pipeline will be relatively straightforward and the new 
parts required not that costly. A budget of £5k should be sufficient to cover all. 

3.2 FLOW CONTROL 

Current methods for controlling water flows through the turbines are inadequate. The 
water ’economiser’ fitted to the larger turbine which controls the spear valve is no longer 
used, made redundant by the Hedley load controller. The smaller turbine is fitted with a 
manually operated spear valve. Water flows to both turbines now appear to be set either 
to ‘on’ or ‘off’, with nothing in between. This ‘wastes’ water. 

More efficient use of available river flows could be achieved by installing a motorised 
spear valve to one or both turbines, controlled by electric actuators linked to a water 
level sensor at the intake. This equipment would not only bring about an increase in 
hydro generation, but also provide the means for maintaining compensation flows, which 
are a requirement for CAR licensing.  

Enquiries have been made to Gilkes regards procurement and installation of 
replacement spear valves for the turbines and level sensing equipment. Indicative costs 
have been quoted as £44k. It would be advantageous if the new valves could include an 
inspection hatch, to allow access for cleaning around the spears. A signal cable will 
need to be laid between powerhouse and intake - this is a low voltage cable and could 
go for the most part overground. Compensation flows can be released by installing a 
small pipe/orifice through the weir at some specified distance below crest level. This 
modification and the installation of the sensors is costly, but relatively straightforward. 

3.3 WATER STORAGE 

The remains of a small stone-built dam can be found some 500m upstream from the 
existing intake. The top stones have been part washed out, but the main body of the 
structure is reasonably intact. Upstream of the dam, the river bed has generally silted up.  

A small storage pond could be created by repairing the dam and removing the 
accumulated sediment with an excavator. The resulting storage volume would be 
relatively small and the surrounding ground levels prohibit raising the dam crest level. 

However, previous studies (Dulas Ltd for RWEnpower, 2001) have shown 
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that an increase in annual kWh output of up to 10% can be obtained from a store 
sufficient for two hours supply at rated turbine flows - for this scheme 320m3 is sufficient. 
This looks achievable from a visual inspection of the old dam site. A measured survey of 
the site is needed to confirm the storage volume available and the extent of excavations 
required. A method to dispose of the considerable volumes of excavated material will 
need to be agreed, to meet environmental requirements.  

Some form of automated water level control and compensation flow orifice should be 
fitted through the dam during reinstatement, to make best use of the stored water.   

The costs for carrying out this work are estimated at £25k.  

3.4 INTAKE SCREENS 
 
Major problems with blocked intake screens have not been reported. The upstream 
catchment is devoid of trees and vegetative debris consists mostly of dead moor grasses 
which get blown into the stream during high winds. How often the screens need to be 
inspected is not known, but experience with other intakes in similar situations suggests 
fairly infrequently. The deposition of moor grass into the stream will be seasonal and 
weather related and the need for an inspection will follow a pattern unique to the 
catchment.  
Replacing the screens with a low maintenance Coanda type screen is an option, but the 
scale of works required for installation was not possible to assess during the site visit, 
due to high water flows obscuring the existing structure. Installing a prefabricated screen 
and collection chamber to the back face of the existing weir would be the easiest option, 
provided the stone structure can provide a secure fixing for the prefabrication. Cost for 
this, including the screen and provided no substantial reconstruction is required to the 
weir, is estimated in the region of £5k. If not, then a completely new intake will be 
required, which will be a substantial and costly undertaking (c£25k). The decision to go 
ahead with screen replacement depends on how often the screen blocks and how much 
lost generation blockages incur.  
 

3.5 CAR LICENSE 
 
All hydro schemes now require a CAR license issued by SEPA. For small schemes 
under 100kW capacity, a single ‘simple’ license is required. The charge for a simple 
license is £542.00 as a ‘one off’ fee. 

The license will be issued to SNH as the ‘responsible person’ owning and operating the 
hydro scheme, authorising certain controlled activities associated with the scheme, 
namely abstraction and impoundment, with conditions attached. SNH will be required to 
keep a record off abstraction rates, based on kWh meter readings.  

It is standard practice for SEPA to require compensation flows to remain in the stream, 
past the point of abstraction, to maintain the ecology associated with the stream. The 
current arrangement at the hydro intake does not allow for this and the weir chould be 
modified to allow a compensation flow rate of Q95 to be released through the weir at all 
times when natural flows exceed this flow rate in the stream. The effect of this will be to 
reduce available flows to the turbine, so will impact negatively on generation. HydrA 
predicts a 7% reduction. An alternative strategy would be to request compensation flow 

requirement be waived, in view of the established nature of the scheme 
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and it’s importance viz renewable generation on a remote island relying otherwise on 
diesel generation. 

Budget for modifying the weir and pay for the license is £2k.  

 

3.6 RECOMMENDATIONS 

All the above items will improve system performance. With regards prioritising:- 

Items 3.2 and 3.5 are linked and considered top priority. 
Getting the scheme a CAR license requires a facility to release compensation flows and 
installation of flow control and level sensing equipment, as item 3.2. above. The 
flow/level control equipment will provide an increase in generated output. The downside 
of these modifications is high cost c£46k.  

Item 3.1 is probably the most cost effective way to increase energy production. It is also 
relatively quick and easy to implement. This ranks second in priority. 

Items 3.4  Whilst replacing the existing intake screens with a Coanda type will reduce the 
frequency of blocked screens, this issue was not raised during the site visit as one 
requiring urgent attention. It would be inappropriate therefore to consider a complete 
replacement of the existing intake structure to fit a new Coanda screen. If retrofitting a 
prefabricated unit to the existing weir is feasible, then the decision to go ahead can be 
taken by carrying out a cost/benefit analysis - value of energy lost due to screen 
blockages v cost of installing the new screen. 

Item 3.3 has potential for increasing energy yields incrementally throughout the whole 
year, but further survey work is required to confirm feasibility/costs/acceptability of 
environmental impact. 
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4. NEW SCHEMES 
 
The only new site in the vicinity of Kinloch with significant hydro potential is the Allt 
Bealach Catchment, which includes Loch Gainmhich and Loch Bealach Mhic Neill. 
Schemes for this site have been studied and reported on before. 

The feasibility of building a scheme on this site was investigated during the recent site 
visit. Technically feasible layout options for the two schemes with the greatest generating 
potential were identified during the survey and are shown below, in fig 1 

 
 

 
 
Fig 1 

4.1 SCHEME DESCRIPTION 

Both scheme options make use of the water storage potential of the loch(s). By 
constructing a low dam approx 1m in height across the loch outfalls, significant volumes 

of water will be stored, enabling generation of through periods of dry 
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weather. Previous studies (In particular Dulas Ltd in 2002) have shown that the 
reservoirs will enable the hydro scheme to provide the electricity needs of the island 
throughout much of the year. Both schemes have potential for installed capacities of up 
to 100kW, which is double the current maximum demand, with annual energy outputs up 
to 600MWh.  

Scheme Option 1 requires both lochs to be dammed; scheme Option 2 requires a single 
dam, on Loch Gainmlich. 

In brief, the schemes will consist of the following components:- 

Scheme Option 1 
• Two concrete overflow dams each c1m high built across existing loch outfalls 

• Two intakes, one built into Loch Bealach Mhic Neill, a few metres out from the 
existing shoreline and a second built through and just upstream from the dam on 
Loch Gainmlich. 

• A buried plastic/steel pipeline max 250mm diameter and 1000m long; 

• A small powerhouse, close to an existing track and similar in size to the building 
housing the existing turbines, with piped water discharge to the adjacent stream.  

• A short (75m approx) length of new access track to the powerhouse; 

• A buried HV cable connection to the distribution system in Kinloch.   

Scheme Option 2 
• One concrete overflow dam c1m high built across the existing loch outfall; 

• One intake, built a few metres out from the existing shoreline on Loch Gainmlich. 

• A buried plastic/steel pipeline max 250mm diameter and 2000m long; 

• A small powerhouse, close to and of similar in size to the building housing the 
existing turbines, with piped water discharge to the adjacent stream. 

• A buried cable connection to the distribution system in Kinloch.   

 
4.2 ENVIRONMENTAL AND LANDSCAPE ISSUES. 
 

A resume of some of the environmental and visual impacts associated with one or other 
of the proposed schemes are listed below for a considered response. In order to inform 
phase 2 of this study, it would be useful if issues of major concern, such that call into 
question the use of the site for developing the hydro scheme or the method/timing of the 
construction work associated with it, were brought to notice prior to submission of the 
phase 2 report, so that the issues can be addressed.  
 

Both scheme options proposed require construction in areas away from Kinloch, within 
the ‘wilderness’ area. In scheme option 1, the site shown for the powerhouse is outside 
the deer fence, some 1.5 km from Kinloch. If building on this site is considered too 
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intrusive, the pipeline could be extended eastwards, to re-site the powerhouse inside the 
deer fence.  

Conditions for carrying out a measured survey of the lochs were poor during the recent 
site visit. A survey of the lowest lying area around Loch Gainmlich was completed and a 
plot of the results shows that less than 0.01hectare of land will be flooded by raising the 
water level by 1 metre. Further measurements will be taken during a second site visit, to 
cover ground not surveyed, provided this can be arranged within the given timeframe. 

Construction 
Construction of the works and installation of equipment associated with the scheme is 
expected to take up to twelve months to complete.  Ideally the outside civil works, the 
dam(s), intake(s), pipeline, powerhouse and outfall shall be carried out during the drier 
spring and summer months. 

The following operations will be required to build either scheme. 

Excavations 
Tracked mechanical excavators will be required, to bury the pipeline and excavate 
foundations for the dam(s) and powerhouse. 
Pipeline excavation depths will be shallow; generally no more than 750mm deep and no 
imported backfill will be required to bed the pipes. The pipeline can be routed away from 
areas of bedrock, but excavation of small quantities of rock may be necessary in places, 
in particular short stretches leading from the intakes, where excavation depths of up to 
1.5m will be required over a distance of up to 50 metres.  

Lay-down area 
A fairly large lay-down area will be required at Kinloch, to offload and store pipes. Pipes 
will be delivered from the mainland by ferry, in lorry loads. 

Access tracks 
Apart from a short length of track up to the powerhouse in scheme option 1, no other 
new access tracks are required. Some upgrading of the existing track from the jetty to 
the layout area may be required, suitable for transporting the pipes, along with upgrades 
to the track from Kinloch to the powerhouse site.  

Movements  
It is likely that individual pipe lengths and concrete/materials for the dam structures will 
need to be air-lifted onto the hill. 

 
 
4.3 SMALL SCHEMES 
There are a number of very small streams which flow down towards the shoreline along 
the eastern margins of Kinloch. None of these is considered suitable for supporting a 
cost effective hydro scheme. 

There is also a waterfall on the Kinloch River about 1km to the west of Kinloch which has 
some potential (c10kW scheme) This site looks problematical environmentally, but will 
be looked at in more detail, as part of the phase 2 study.  
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END   
RL 19.02.08 
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10 Appendix C - Itemised battery / inverter cost estimates 
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1 Executive Summary  

1.1 Introduction 
A study was commissioned by Scottish Natural Heritage (SNH) from a team led by Econnect 
Ventures, into the use of renewable energy systems on Rum. The team comprised Econnect 
Ventures (electrical system control and integration), North Energy Associates (heating), Search Ltd 
(hydro generation system) and Wind and Sun (battery storage, wind and PV options). 

A report was produced at the end of Phase 1 of the study. This analysed historical electricity and 
heat consumption patterns on Rum, and identified measures to improve the existing electrical 
system and meet the island’s energy needs using renewable energy. The Phase 1 study looked at 
the energy needs for the community properties, Kinloch Castle and a proposed Activity Centre in 
the grounds of Kinloch Castle. It identified practical and cost-effective ways of improving the 
electrical system and increasing the amount of renewable energy employed on Rum. 

The context of the study has changed since the Phase 1 report was issued. In particular, moves 
have accelerated towards creating a community in Kinloch which is independent from SNH. The 
plans for developing Kinloch Castle and building the Activity Centre are awaiting identification of 
funding for these works. Management of Kinloch Castle is likely to remain separate from the 
community, and could be transferred from SNH to an independent trust. These changes will have 
an impact on Rum’s energy strategy. Development and operation of the electrical system in 
particular will depend as much on the island’s future organisational and administrative 
arrangements as on technical issues. 

1.2 Phase 1 study conclusions 
The conclusions from the Phase 1 report were as follows. 

Consumer energy and power demand 
Rum relies on a mixture of hydro and diesel generation for its electrical power, and a mixture of 
solid fuels, oil and LPG for its heating requirements. Annual energy consumption figures are listed 
for 2006-7 in Table 1. 

 Energy usage, MWh 
2006-7 

Consumer load (excluding Kinloch Castle)  48  
Consumer load (Kinloch Castle)  76  
Castle heat  552  
Domestic heat  240  
Other heat  46  
Total demand  962  
Coire Dubh hydro output  118  

Table 1 - Annual energy balance for Rum, 2006-7 
Generally there is surplus hydro power available in the winter months and insufficient in the 
summer.  
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Heat 

• Heating makes up the majority of the energy used on Rum. Most properties use oil or solid fuel 
for heating. Electrical heating is discouraged, and rarely used, except in the Castle.  

• Any surplus hydro energy generated during the winter is used to heat the Castle. The 
remainder of the Castle’s heating comes from old oil boilers. The Castle would benefit 
significantly from any insulation upgrades and energy-efficiency measures which could be 
achieved within the constraints of its listed building status.  

• There is extensive scope for energy efficiency improvements in most properties. This will 
improve comfort levels and reduce fuel usage.  

• Rum’s woodland and forestry would not provide enough timber to heat all the existing 
buildings. However the timber available could provide a heating resource for some buildings, 
and further supplies could be imported. Timber supply is one of the main issues with adopting a 
wood-fuelled heating strategy. 

• Automated wood-chip heating for the Castle is feasible from a practical point of view. The 
system would need to be integrated with the current electric boiler to allow the Headley 
Controller to continue to provide electrical system control and make maximum use of surplus 
hydro energy. 

• Wood heating, ground source heat pumps, and solar water heating are all feasible options for 
the proposed Activity Centre. 

• Other homes or groups of homes would be suitable for long-log or pellet boilers. This would 
reduce carbon emissions, create a market for logs, encourage a programme of woodland 
management, and improve comfort levels. Solar water heating may be viable on a small 
number of properties, but is generally constrained by the shadowing effect of trees around 
Kinloch. Electrically-efficient ground source heating may be viable on new properties or those 
undergoing major refurbishment. 

Electricity 

• Most domestic properties on Rum consume less electrical energy than the typical UK domestic 
average (excluding space and water heating). The Castle’s (non-heating) electrical energy 
consumption is comparable with that of all the other metered properties put together. 

• Electrical energy demand is expected to increase in future. This will be driven by increasing 
use of electrical appliances, the availability of more power, and by planned community growth.  

• Electrical power demand varies throughout the day from approximately 10kW overnight to 
15kW during the day. The load shedders installed in the Castle and in properties around 
Kinloch act regularly to prevent system overloads, indicating that peak power demand 
occasionally exceeds the 30kW system limit. 

• Small-scale wind and photovoltaic (PV) generation could supplement and complement the 
existing hydro scheme in the short-medium term. Potential sites for wind and PV installations 
were identified. These are the ground above the new Pier, and the area near the incinerator. A 
roof-mounted PV installation on the Garage may also be possible. 
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Hydro power 

• The existing hydro scheme (up to 40kW) operates reasonably reliably. However, it requires 
frequent manual intervention. At times (mostly in summer), diesel backup is required almost 
continuously, as a result of the current levels of power demand from the island and the nature 
of the existing “run of river” hydro scheme. 

• There is scope for increasing the useful energy capture of the existing hydro scheme by: 

o storing hydro energy using a battery storage system; 

o implementing automated control of water flows through the turbines; 

o cleaning the pipeline. 

• The Allt Bealach Catchment (Mam Lochs) offers the main potential on Rum for a new hydro 
development with significant capacity (of the order of 100kW). Two alternative schemes were 
identified. These schemes also offer potential for significant energy storage in their reservoirs. 

• None of the small streams along the eastern margins of Kinloch is considered suitable for 
supporting a cost-effective hydro scheme. The waterfall on the Kinloch River about 1km west of 
Kinloch has some hydro potential (~10kW) but this site looks problematical environmentally and 
would be significantly less cost-effective than the Mam Lochs options. 

Recommendations 

• A 30kVA battery / inverter energy storage system will help to make better use of the existing 
hydro resources available. It will also automate the existing system, improve management of 
the current generators, and provide increased power output capacity at times of high demand. 

• Energy efficiency measures should be incorporated urgently on as many properties as 
possible, before any attempt is made to change over to renewable fuels for heating. 

• An automated monitoring system to record key system parameters is being installed. This will 
improve understanding of how well the current system is performing and where operational 
problems lie. 

• The large untapped hydro energy potential on Rum, which appears to be exploitable at 
reasonable cost, indicates that hydro power should provide the main focus for developing the 
electrical system in the medium-long term. This would not preclude the incorporation of wind or 
PV into the system at some point, provided that no obstacles are introduced in the design of the 
system. 
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1.3 Phase 2 investigations 
Following the issue of the Phase 1 report, SNH indicated that they wished to focus on the following 
areas: 

• the proposed Mam Lochs hydro scheme; 

• a battery / inverter system; 

• any constraints dictated by the electrical capacity of the existing system infrastructure; 

• indicative future costs of, and income from, any proposed schemes. 

Proposal 1 in the Phase 1 report, which took the hydro pipeline north-east from Loch Bealach Mhic 
Neill directly into the Kinloch Glen, was not pursued, for environmental reasons. 

Consequently, Phase 2 of the study has included the following. 

• Development of the Mam Lochs hydro proposal: 

o detailed surveying of Loch Gainmhich; 

o identification of various configuration options; 

o modelling of predicted energy outputs; 

o cost and income estimation for different options; 

o initial discussions with SNH’s advisors about environmental impacts and 
constraints; 

o initial discussions with SEPA about potential impacts and constraints; 

o production of photomontages showing the effects of the new scheme on Loch 
Gainmhich. 

• Evaluation of electrical network capacity and integration of the proposed scheme into the 
network. 

• Completion of investigations into wood fuel supply, and comparative costings for different 
heating fuels. 

• Development of the battery / inverter system: 

o equipment location and accommodation; 

o electrical configuration. 
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1.4 Electrical system development 
In technical terms, a two-stage strategy is proposed for developing the electrical system to meet 
the growing and changing needs of the community.  

In the short term, a battery inverter system will be installed to increase available power output, 
partially automate the system, and make better use of the energy from the existing Coire Dubh 
hydro scheme. This will require a new building to house the additional equipment. Electrically the 
battery / inverter system will be integrated into the existing distribution network, and make use of 
the distribution board in the existing Powerhouse. Further details are provided in section 1.5. 

In the longer term, significant renewable generation capacity can be added to the existing scheme 
by developing a new hydro scheme which makes use of the Allt Bealach catchment. This would be 
in addition to the Coire Dubh scheme, and it would significantly increase the power and energy 
available to the island’s population. This would help to meet the needs of the expanding 
community, and accommodate the growth identified in the Village Development Plan. It would also 
introduce the possibility of contributing to the community’s heating needs in addition to their 
domestic consumption. A separate hydro building would be constructed near to the battery / 
inverter building and the existing Powerhouse. The main distribution and control function would 
move to the battery / inverter building, as part of an upgrade to the electrical distribution 
equipment. The existing Powerhouse would still house the Coire Dubh hydro turbines, which would 
continue to operate, supplementing the new scheme. Upgraded cabling would be required on 
some sections of the distribution network around Kinloch. Further details are provided in section 
1.6. The new equipment added to the electrical system will require maintenance and supervision. 
New technology is involved, and operation and maintenance staff will require training. This 
additional burden should be offset by improvements in overall operability and reliability, and its cost 
should easily be exceeded by the income achievable from the energy produced. 

Management of the system will evolve to accommodate the increased power requirements. The 
associated administrative, regulatory and political aspects are important, especially as 
management of the system is transferred away from SNH. Some of these aspects are highlighted 
in section 1.7. 

1.5 Battery-inverter system 
Following the Phase 1 report, SNH has decided to proceed with the installation of a 30kVA battery 
/ inverter energy storage system, as a short-term improvement. The Sunny Island system selected 
is modular, so that its capacity can be increased as the community load grows. SNH 
representatives have visited the installation on the Isle of Eigg to gain an understanding from an 
operating installation of how the system will operate. 

The battery / inverter system will require a new building. The lead-acid batteries in particular take 
up a lot of space, and require specialised accommodation separate from the other equipment. This 
new building will be sized to accommodate any additional control and distribution equipment 
required to integrate any new hydro development into the electrical system. It needs to be situated 
close to the diesel generators, and will be located near the existing Powerhouse. 

Costs for the battery / inverter system and its building were provided in Phase 1 and have been 
allocated within SNH’s budget for 2008-10. 
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1.6 Hydro generation development 

1.6.1 Introduction 
The Phase 1 report identified sites for two new hydro schemes which make use of the potential for 
storing significant volumes of water in the two Mam Lochs, Gainmhich and Bealach Mhic Neill. 
Both schemes have the potential for meeting a large proportion of the island’s energy 
requirements. Whilst option 1 (using both lochs for reservoir storage) has the greater generating 
potential, it has been discounted on advice from SNH, on the basis of its adverse environmental 
impact. 

Scheme option 2 is a high head scheme, drawing water from a single reservoir, created by building 
a small dam across the outfall of Loch Gainmhich. Scheme options with installed capacities of 
50kW, 100kW, 150kW and 200kW are considered, along with dam heights of 0.5m, 1.0m, 1.5m 
and 2.0m. 

It should be emphasised that the proposed scheme will significantly reduce the amount of diesel 
fuel required, but it is probable that occasional use of the diesel generators will still be needed, to 
cover periods of non-availability of the hydro generators due to scheduled and unscheduled 
maintenance. 

1.6.2 The Loch Gainmhich scheme 
The proposed Loch Gainmhich scheme is shown in Figure 1.  

 

Figure 1 - Proposed Loch Gainmhich hydro scheme layout 
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In outline the scheme will consist of the following components:- 

• One concrete overflow dam up to 2m high, built across the existing Loch Gainmhich outfall 
stream at the southwest end of the loch. 

• One intake, built a few metres out from the existing shoreline on the north end of Loch 
Gainmhich. 

• A buried plastic/steel pipeline, maximum 300mm diameter and 2200m long, with a gross head 
of 280m. 

• A small powerhouse, close to, and similar in size to, the existing Powerhouse, with water piped 
to discharge into the adjacent stream (Allt Slugan a’ Choilich, or the Rockery Burn). 

• A turbine generator set, up to 200kW capacity, with a control system which allows the set to 
operate in “stand alone” mode or as part of the island network. 

• A buried cable connection to the electrical distribution system in Kinloch. 

Catchment Hydrology 
The scheme draws water from the Loch Gainmhich catchment. The catchment hydrology was 
assessed with LowFlows 2000 software, which uses recorded rainfall and river flow databases to 
estimate flows in un-gauged catchments and derive the flow duration statistics1. The catchment 
area is 0.98 km2, with an average annual rainfall of 2,818 mm, an estimated mean flow of 88 
litres/second and a Q952 flow of 15 litres/second. These flow figures, coupled with the available 
gross head of 280m, could accommodate a hydro scheme rating up to 200kW. 

Licensing 
Building and operating the hydro scheme will require a license from SEPA in accordance with the 
Water Environment (Controlled Activities) Scotland Regulations 2004. The regulations require a 
proportion of the flow (compensation flow) to remain in the river, to maintain the aquatic 
environment within the stream. The Gainmhich scheme differs from “typical” schemes because it 
has reservoir storage and also transfers water between catchments (catchment crossing). Whilst 
these characteristics are not unusual, their impacts on the site will need to be carefully assessed. 

The license will set out permitted abstraction and compensation flow rates and define flow 
monitoring requirements. For schemes over 100kW a "complex” licence would be required; at 
current rates this will cost in the region of £10,000. The license will be issued to the “responsible 
person” owning and operating the hydro scheme, authorising certain controlled activities 
associated with the scheme. Obtaining a license to build and operate the scheme is not expected 
to be problematic. 

Predicted energy output 
Modelling suggests that a 50kW scheme with no storage dam would produce 199MWh in an 
average year (in addition to the current hydro scheme output of approximately 130MWh). A 200kW 
scheme would be the largest feasible size, and could produce 515MWh in an average year with no 
storage dam. For comparison, non-heating consumer consumption is currently 124MWh per year.  

                                      
1 This is the theoretical flow prediction software used by SEPA in the implementation of the Controlled 
Activity Regulations, and provides the best guide to likely flows in the catchment - however actual flows will 
depend on micro catchment characteristics specific to this site, and these are not included in the software 
databases. 
2 Q95 flow: The flow rate which is exceeded by a river on average for 95% of the time. 
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Figure 2 - Example of reservoir modelling output 

The energy storage which would be provided by a dam has two benefits. Firstly, it extends the 
periods for which power is available - without storage, there would be insufficient water to supply 
the turbine for 33-40% of the year (as is currently experienced with the Coire Dubh scheme). Loch 
Gainmhich would provide approximately 1.275MWh of energy stored per metre of dam height. If it 
stopped raining, and the hydro output from Loch Gainmhich was limited to the current average 
value of consumer load (almost 14kW), a 1m dam would provide approximately 93 days of reserve 
power. Water will also continue to be available from the loch even when the Coire Dubh supply is 
halted by frozen peat. Secondly, the detailed reservoir modelling (an example results graph is 
shown in Figure 2) indicates that the storage capacity significantly increases the total energy that 
can be extracted from the scheme over a year. Estimated energy outputs are shown in Figure 3 
(an average rainfall year) and Figure 4 (wet and dry years, for comparison). An additional 200MWh 
per year becomes available, even with a 0.5m dam. As dam height increases, energy capture 
improves further, but at a slower rate. The larger schemes benefit most as the dam height is 
raised. This holds true for dry, average and wet years. 
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Figure 3 - Estimated hydro energy output from Loch Gainmhich scheme, average year 
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Figure 4 - Estimated hydro energy output from Loch Gainmhich scheme, wet and dry years 
All the schemes considered would provide more electrical energy than the community currently 
uses, particularly through the wet 6 months of the year (Oct - Mar inclusive) This “excess” electrical 
energy could be used to provide space and hot water heating, reducing the heating fuel 
requirement. The bigger schemes would save a larger proportion of the fuel requirement, 
increasing as the dam height is raised. The implications of distributing this power are discussed in 
section 1.6.4. 
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1.6.3 Environmental impact 
Installation of the scheme will result in some short-term environmental impacts during construction, 
and some long-term impacts once the scheme is built.  

Construction impacts will inform selection of the most appropriate construction methods and 
timetables, which will be formalised within the construction method statement, required as part of 
the planning application. Construction impacts will include noise/disturbance to wildlife:  

• around parts of the loch shoreline during excavations/construction of the dam and intake;  

• along the pipeline corridor during pipe installation; 

• around the new hydro powerhouse during construction; 

• across the site due to the movement of plant and construction personnel, including the possible 
use of a helicopter to lift pipes to their positions along the pipe route and to lift materials 
(concrete, ballast and small plant) up to the loch shoreline; 

• disturbance to/loss of habitat, due to excavations.  

Long term operational impacts will be primarily water use-related, affecting species which use the 
affected aquatic habitats: 

• loss of habitat along the loch shoreline due to flooding and variations in loch water levels;  

• reduction of flows in the burn connecting Loch Gainmhich to Loch Bealach Mhic Neill; 

• the discharge of water from the Loch Gainmhich catchment into the Allt Slugan a’ Choillich 
downstream of the new powerhouse. 

SNH and SEPA may identify further environmental impacts, when consulted for a scoping opinion.  

Raising the water level in Loch Gainmhich to create a reservoir will cause some flooding along the 
perimeter of the loch, in particular in the flat low-lying area at the south east end of the loch where 
the feeder stream comes in. In order to determine the extent of flooding, a topographic survey was 
carried out around Loch Gainmhich, using a “total station” surveying instrument.  

The estimated extents of the flooding for 1m and 2m dam heights are shown in Figure 5 and Figure 
6. The main flooding impact will be on the shoreline at the south-east end of the loch, along the 
banks of the feeder stream. Along other stretches of the loch shoreline, the extent of flooding will 
be limited by the steeper bank slopes. A 1m rise in water level will flood an area of approximately 
5000m2 (0.5 hectares) at the south-east end, plus an additional 250m2 in a corridor up to 2m wide 
along the remainder of the shore. A 2m rise in water level will flood an area of 11,000m2 (1.1 
hectares) at the south-east end, plus an additional 2150m2 in a corridor up to 5m wide along the 
remainder of the shore. 

The 1m and 2m flood limits are currently set out with flagged marker canes at regular intervals 
around the loch shoreline. The pipeline route is also set out with flagged marker canes down to the 
fence line 100m short of the existing powerhouse. These can be viewed by interested parties to 
identify the extent of the flooding and the area which will be affected by the pipeline construction. 
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View looking towards inlet stream at south-east end of Loch Gainmhich - original photo 

(1m and 2m flood areas shown by blue lines) 

 
View looking to inlet stream - extent of flooding with 1m high dam 

 
View looking to inlet stream - flooding with 2m high dam 

Figure 5 - Visualisation of flooded areas of Loch Gainmhich 
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Figure 6 - Flooded areas of Loch Gainmhich 
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1.6.4 Electrical integration 
The proposed new hydro scheme offers the potential to meet the majority of Rum’s consumer 
electrical needs from hydro power all year round, in addition to a significant proportion of the 
community’s and the Castle’s heating needs during the wet winter months. 

Table 2 indicates the approximate energy balance for Rum, with the new Loch Gainmhich hydro 
scheme. These figures suggest that the new hydro scheme could replace a large proportion of the 
heat energy currently supplied from diesel fuel, kerosene or LPG, but would be unlikely to meet all 
of Rum’s energy needs. This confirms that none of the feasible schemes are “too big” for the 
island. 

 MWh (current) MWh (future) 
Consumer load (excluding Kinloch Castle) 48 1551 
Domestic heat 240 5651 
Other heat (School, Hall, etc) 46 46 
Consumer load (Kinloch Castle) 76 1002 
Castle heat 552 8833 
Total demand 962 1,749 
Loch Gainmhich hydro output (average year) 824 824 
Coire Dubh hydro output (06/07) 118 118 
Total hydro output 942 942 
Shortfall 20 807 
Note 1: Estimates based on Village Plan figures- population increase from 31 to 75-100 and housing increase from 17 to 
35-40 houses at Kinloch 
Note 2: Indicative possible value - no firm information available on Castle future usage or occupation 
Note 3: Calculated by North Energy 

Table 2 - Indicative annual energy balance for Rum 
However the existing electrical network would struggle to distribute this power around the system 
for two reasons.  

Firstly, the current ratings of the existing distribution equipment are too low. Replacing the main 
island distribution board with modern equipment and relocating it to the new powerhouse will need 
to be included in all of the new hydro schemes. 

Secondly, the network was not designed to distribute high power flows to community buildings, 
being installed to provide a lighting and low-power supply. This will have three main consequences 
if the amount of power distributed around the network is increased significantly : 

1. low voltage at the end of the feeders when power flows are high 

2. high voltage all along the feeders when power flows are low 

3. high network losses (wastage of power). 

Figure 7 shows results from a basic electrical model, indicating the limits beyond which voltages on 
each feeder would be outside statutory limits3 (216-253V, shown in red). The Castle feeder, being 
short, could take 146kW, although its distribution equipment would need to be uprated, and 
additional capacity would need to be added to its existing heating equipment. The North feeder is 
shorter than the South feeder, and could therefore take 48kW, as opposed to the South feeder’s 
limit of 33kW. The model is likely to be slightly overoptimistic, because it only considers the main 3-
phase supply cables; it does not take account of major power factor variations; and it assumes that 
loads are distributed evenly between the three phases, which is unlikely in practice.  

                                      
3 under the Electricity Safety, Quality and Continuity Regulations 2002 (as amended) 
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• The Coire Dubh hydro scheme will not be eligible for ROCs because it has been in public 
ownership - the Loch Gainmhich hydro scheme would have to be owned by an organisation 
other than SNH for it to be eligible to claim ROCs. 

1.8 Power system finances 
Any company or organisation which owns and operates the power system on the Isle of Rum will 
need to develop a sustainable business plan. Estimates have been made of possible operating 
and maintenance costs and potential revenues. Parameters which will affect operating costs for the 
hydro / diesel scheme on Rum will include rainfall, consumer demand, the cost of diesel fuel, the 
level of manual supervision and intervention required by the system, and the percentage of energy 
obtained from diesel generation. Revenue figures will be sensitive to the tariffs applied, actual 
consumer demand for electricity, actual consumer demand for electrical heating, and whether 
Renewables Obligations Certificates (ROCs) can be obtained. The business plan for such a 
company would therefore need to be explored and developed in considerable detail. Consideration 
could also be given as to whether the company would sell heat other than electrical heat (e.g. 
operate and maintain wood-fired or other heating systems for the Castle and/or other Kinloch 
properties). 

A conservative scenario has been considered as an example, in which an energy company: 

• operates and maintains the battery / inverter system, the hydro schemes, and the diesel 
generators4; 

• sells “standard” electrical energy to all consumers on Rum, including the Castle, at 11p/kWh5; 

• sells all the surplus hydro energy as heat, metered separately, to all consumers on Rum, 
including the Castle, at 4p/kWh6, on the basis that its availability is automatically constrained by 
control equipment in relation to the available hydro power; 

• needs to operate the diesel generator for 10% of the time for operational reasons, to supply 
consumer demand 

• registers with Ofgem to obtain ROCs for the hydro energy from the Loch Gainmhich scheme. 

Estimated income and operating costs for the scenario considered are shown in Table 4, based on 
the generating and consumption figures listed in Table 2. These suggest that even without ROC 
income, the scheme would be financially sustainable if the electrical heat energy can be sold at a 
reasonably commercial rate. In terms of savings, if the electrical demand were to be met by diesel 
generation, it would cost approximately 18p/kWh (£23,000 per year at current demand levels) in 
fuel alone, at the current Rum rate of 68p/litre. 

                                      
4 approximate monthly maintenance hours were obtained from the Isle of Eigg 
5 being at the low end of the typical rates currently in operation (supplier: EBiCo, source:www.uswitch.com) 
6 being the lowest achievable cost of heat energy indicated by North Energy (for log-fired heating - note that North 
Energy costed kerosene-based heat at 9p/kWh at current kerosene prices 
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 Current demand Future demand1 

Running costs 33 39 

Electricity tariff income 14 29 

Electrical heat tariff income 33 27 

ROC income 41 41 

Total income 88 98 

Net profit 55 59 
Note 1: Estimates based on Village Plan figures- population increase from 31 to 75-100 and housing increase from 17 to 
35-40 houses at Kinloch; indicative possible value for Castle - no firm information available on Castle future usage or 
occupation 

Table 4 - Indicative financial figures for a possible Isle of Rum electricity company 
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1.9 Conclusions 
Battery / inverter system 
A 30kVA battery-inverter system is planned to be installed to increase available power output, 
partially automate the electrical generation system, and make better use of the energy from the 
existing Coire Dubh hydro scheme. This will require a new building to house the additional 
equipment. Space will be allocated within the building to allow eventual expansion of the battery / 
inverter system to 60kVA, in order to meet demand as the community grows. Electrically the 
battery / inverter system will be integrated into the existing distribution network, and make use of 
the distribution board in the existing Powerhouse. 

Loch Gainmhich hydro scheme 
The Isle of Rum currently derives a considerable proportion of its electrical power and heat from 
hydro power. However the existing scheme does not provide sufficient year-round power to meet 
the demand from the community and from Kinloch Castle as it grows.  

A proposed hydro scheme based on Loch Gainmhich offers the potential to meet all of Rum’s 
growing electrical needs and a considerable proportion of its heating requirements from renewable 
energy, reducing the cost of power and the environmental impact of Rum’s community. 

Table 5 summarises Rum’s current and projected energy needs, in comparison with energy output 
from the existing Coire Dubh scheme and estimated values for the proposed Loch Gainmhich 
scheme. 

 MWh (current) MWh (future) 
Consumer load (excluding Kinloch Castle) 48 1551 
Domestic heat 240 5651 
Other heat (School, Hall, etc) 46 46 
Consumer load (Kinloch Castle) 76 1002 
Castle heat 552 8833 
Total demand 962 1,749 
Loch Gainmhich hydro output (average year)4 824 824 
Coire Dubh hydro output (06/07) 118 118 
Total hydro output 942 942 
Shortfall 20 807 
Note 1: Estimates based on Village Plan figures- population increase from 31 to 75-100  
and housing increase from 17 to 35-40 houses at Kinloch 
Note 2: Indicative possible value - no firm information available on Castle future usage or occupation 
Note 3: Calculated by North Energy 
Note 4: 200kW “bespoke” turbine, 1.5m dam 

Table 5 - Indicative annual energy balance for Rum 
The Loch Gainmhich scheme offers the potential for up to 200kW of additional hydro power, plus 
the additional benefit of energy storage which can be provided by raising the level of the loch with 
a dam. The loch storage extends the periods for which power is available, providing approximately 
1.275MWh of energy stored per metre of dam height, or ~90 days of reserve power at current 
energy consumption levels. Water will also continue to be available from the loch even during 
freezing weather periods. The dam significantly increases the total energy that can be extracted 
from the scheme over a year, by ~200MWh per year. 
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The proposed scheme will comprise: 

• a concrete dam built across the outfall stream at the southwest end of Loch Gainmhich; 

• an intake at the north end of Loch Gainmhich; 

• a small powerhouse, close to, and similar in size to, the existing Powerhouse; 

• a turbine generator set, up to 200kW capacity, and control system; 

• a buried pipeline 2.2km long, maximum 300mm diameter, from the loch to the powerhouse; 

• a buried cable connection to the electrical distribution system in Kinloch. 

All the schemes considered would provide more electrical energy than the community currently 
uses, particularly through the wet 6 months of the year (Oct - Mar) This “excess” electrical energy 
could be used to provide space and hot water heating, reducing the heating fuel requirement. The 
bigger schemes would save a larger proportion of the fuel requirement, increasing as the dam 
height is raised. This will optimise hydro energy output, ensure that the Kinloch community can 
derive maximum practical benefit from the scheme, and also enable maximum tariff and 
Renewable Obligations Certificate (ROC) revenues to be obtained from operation of the scheme. 
Integrating the proposed hydro scheme into Rum’s existing electrical system will require electrical 
network upgrades plus additional distributed control and heating equipment. 

Estimated costs of the scheme range from £1.29 million to £1.53 million. Most of the variation 
comes from the choice of turbine rating (from 50kW to 200kW), the choice of turbine between 
“bespoke” (high efficiency) and “low cost” (lower efficiency), and the height of the storage dam on 
Loch Gainmhich (from 0.5m to 2m). The most costly scheme, a 200kW bespoke turbine with a 2m 
dam height, would produce the greatest energy output. However there is a steep increase in both 
the capital cost and extent of the civil works around the loch from a 1.5m dam to a 2m dam. A 
200kW scheme with a 1.5m dam would save £107k (9.5%) whilst producing only 3% less energy in 
an average year. 

Heating 

• Heating makes up the majority of the energy used on Rum. 

• There is extensive scope for energy efficiency improvements in most properties. This will 
improve comfort levels and reduce fuel usage. The Castle would also benefit significantly from 
any insulation upgrades and energy-efficiency measures which could be achieved within the 
constraints of its listed building status.  

• Rum’s woodland and forestry would not provide enough timber to heat all the existing 
buildings. However the timber available could be supplemented by imported timber. Wood-
fuelled heating offers a sustainable and cost-effective way of heating many of the properties on 
Rum. Options include wood-chip heating for the Castle, and long-log or pellet boilers for other 
properties. There is some limited scope for solar water heating on a small number of properties, 
but is generally constrained by the shadowing effect of trees around Kinloch.  

• Electrically-efficient ground source heating may be viable on new properties or those 
undergoing major refurbishment. 

• Direct electrical heating from the proposed Loch Gainmhich hydro scheme would provide a 
major supplementary contribution to the island’s heating needs, and ensure that maximum 
output is obtained from the scheme. 
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Additional energy sources 
The new battery/inverter system is ideally suited to the addition of small-scale wind or photovoltaic 
generation. This could be located anywhere on the electrical network. Development of the Loch 
Gainmhich scheme would not preclude the addition of such generation if deemed necessary at a 
later date. Marine energy generation technology is not well-enough developed at a scale suitable 
for Rum to be cost-effective or advisable technically at this stage. 

 

 

 

1.10 Recommendations 
It is recommended that the following actions are taken. 

• Implementation of the proposed battery / inverter system, in order to provide a short-term 
improvement in the operability and reliability of Rum’s electrical network. 

• Regulatory approvals and funding to be sought for design, construction and commissioning of a 
200kW hydro scheme on Loch Gainmhich with a 1.5m dam, including the necessary associated 
electrical system upgrades. 

• Development of the framework for a community power initiative. Key issues to address include:  

o the need for the proposed Loch Gainmhich hydro scheme to be developed and 
owned by an organisation which is separate from SNH or any other public body, in 
order to allow ROC income to be obtained from the scheme; 

o the best way to migrate technical management and administration of the electrical 
system from SNH to a separate operating body (perhaps an energy company), 
especially in view of the major technical changes which may take place within the 
next few years. 

• Implementation of energy-efficiency measures and insulation improvements in the properties in 
Kinloch, and reflection of best practice in new and refurbished properties on Rum in terms of 
heating and insulation. 

• Pursuit of wood-fuelled heating as a supplement to, or replacement of, existing heating in 
Kinloch properties, where appropriate. 

• Consideration of extensive energy efficiency measures and a wood-chip heating system in the 
future development of Kinloch Castle. 

Figure 12 shows an indicative proposed programme for the future development of the Isle of Rum’s 
energy supply. 

 



Figure 12 - Programme for succeeding phases of development  
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