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Appendix 1 Summary of existing 
energy policies 

Building Regulations 2007 

Policy Author, Title, Date 

Building Regulations 2007  

Short description of content 

The Building Regulations set standards for energy efficiency in new construction including, walls, windows, 
roofs and heating appliances. Currently the Building Regulations are at 2007 level (which is same as UK 2006 
U values). 

Summary of key points  

PART L — CONSERVATION OF FUEL AND POWER is of most relevance for this study.  

Requirements for dwellings 

L1. Reasonable provision shall be made for the conservation of fuel and power in dwellings by —  

 (a) limiting the heat loss —  

o (i) through the fabric of the building;  

o (ii) from hot water pipes and hot air ducts used for space heating;  

o (iii) from hot water vessels;  

 (b) providing space heating and hot water systems which are energy efficient;  

 (c) providing lighting systems with appropriate lamps and sufficient controls so that energy can be used 
efficiently;  

 (d) providing sufficient information with the heating and hot water services so that the building's occupiers 
can operate and maintain the services in such a manner as not to use more energy than is reasonable in 
the circumstances.  

The requirement for sufficient control in requirement L1(c) applies only to external lighting systems fixed to the 
building. 

Buildings or part of buildings other than dwellings  

L2. Reasonable provision shall be made for the conservation of fuel and power in buildings or parts of 
buildings other than dwellings by —  

 (a) limiting the heat losses and gains through the fabric of the building;  

 (b) limiting the heat loss —  

o (i) from hot water pipes and hot air ducts used for space heating;  

o (ii) from hot water vessels and hot water service pipes;  

 (c) providing space heating and hot water systems which are energy-efficient;  

 (d) limiting exposure to solar overheating;  

 (e) making provision where air conditioning and mechanical ventilation systems are installed, so that no 
more energy needs to be used than is reasonable in the circumstances;  

 (f) limiting the heat gains by chilled water and refrigerant vessels and pipes and air ducts that serve air 
conditioning systems;  

 (g) providing lighting systems which are energy-efficient;  

 (h) providing sufficient information with the relevant services so that the building can be operated and 
maintained in such a manner as to use no more energy than is reasonable in the circumstances.  

Requirements L2(e) and (f) apply only within buildings and parts of buildings where more than 200m
2 

of floor 
area is to be served by air conditioning or mechanical ventilation system.  

Requirement L2(g) applies only within buildings and parts of buildings where more than 100m
2 

is to be served 
by artificial lighting. 

Objectives and Targets 

- 

Timescales 

- 
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Implementation responsibility 

- 

Future developments - how might the policy develop in the future?  

Work on new regulations are expected to start in November 2010. 

 

2006 Report by the Council of Ministers on Energy Policy 

Document Author, Title, Date 

Council of Ministers, Report on Energy Policy, 2006 

Short description of content 

The paper examines the Isle of Man‘s use of energy and proposes a key policy objective to guide the IoM in its 
future energy decisions. This policy is supported by aims and strategic actions. 

Summary of key points 

 The core energy policy is: to maintain and build on the high quality of life enjoyed by the Island‘s community 
by providing the energy needed to allow economic growth at a financial price that is affordable for all 
consumers and at an environmental cost that does not compromise the ability of future generations to meet 
their own needs. 

 The energy policy report defines three energy policy aims and 25 strategic actions that identify how the IoM 
will target its efforts and demonstrate that it is putting its policies into practice. 

Energy policy aim 1: to maintain the security of energy supply. Reliable energy supplies to maintain the IoM‘s 

economy and improve quality of life. Supplies should be diversified and distributed across the Island to help 
protect against supply shortages, price rises and failures of distribution systems. IoM will favour the use of 
energy supplies that reduce reliance on energy imports. 

Strategic actions: 

 encourage the provision of an economically viable supply of energy to meet the needs of all consumers. 

 encourage the diversification of energy supply 

 encourage the connection of community or other small scale generation schemes to the energy distribution 
network 

 wherever possible, use local energy sources (e.g. biomass, solar, wind) 

 facilitate access for renewable energy generators to the electricity supply network where generator size and 
point of connection will not adversely affect the stability of the established network 

 promote the opportunities for wind and tidal powered electricity generation to suitable developers where this 
would provide benefits to the Island 

 investigate the opportunities for the use of low carbon or carbon neutral energy sources such as biofuels 

Energy policy aim 2: to secure the efficient use of affordable energy. Energy efficiency and affordability.  IoM 

will target space heating and transport energy consumption though energy conservation measures and help fuel 
poor. 

Strategic actions: 

 reduce the unit energy consumption of the Government estate over the next 5 years and publish our targets 
and achievements annually to demonstrate our commitment to these aims 

 reduce the energy demand of space heating and cooling in the domestic and commercial sectors by the 
application of planning policies and revised building regulation controls 

 provide community energy schemes in new public sector housing developments where this is beneficial and 
encourage private developers to adopt such schemes. 

 reduce the unit energy consumption and carbon emissions of the public sector housing estate over the next 
5 years and publish our targets and achievements annually to demonstrate our commitment to these aims 

 reduce the unit energy consumption of the transportation sector through measures designed to increase 
transportation efficiency, to reduce vehicle emissions and to promote public transport 

 reduce the energy consumption and carbon emissions of the government fleet over the next 5 years and 
publish our targets and achievements annually to demonstrate our commitment to these aims 

 maximise the efficiency of the energy delivery system 

 protect vulnerable energy users 

 address fuel poverty by providing financial support for energy efficiency measures and investigate other 
options 

 provide an advisory service to promote energy conservation 

 provide financial support to encourage energy conservation and the use of high efficiency and low carbon 
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energy technologies 

 encourage the improvement of thermal efficiency in pre-2001 construction private, domestic and commercial 
properties through education, advice and financial support schemes 

Energy policy aim 3: to minimise the impact of IoM energy use on the local and global environment. 

Strategic actions: 

 monitor the impacts of climate change and investigate those adaptations that will support our energy 
policies 

 support recycling initiatives that contribute to overall reductions in energy consumption 

 reduce the carbon dioxide emissions of each unit of grid supplied electricity and publish our achievements 
every 5 years 

 review energy supply legislation to reflect the 3 aims of this policy 

 pursue the long-term aim of reducing fossil fuel consumption to the minimum level that does not harm our 
community‘s quality of life 

 apply this Isle of Man Government energy policy to all government decisions involving the use of energy 
ensuring that all future policy and capital development proposals state how they reflect this energy policy 

Objectives and Targets 

No detailed/quantified targets. 

Timescales 

- 

Implementation responsibility 

IoM Government 

Future developments - next steps identified 

The Council of Ministers committed to review this energy policy by October 2009 at the latest to ensure that it is 
responding to the energy challenges of the IoM in the best way that it can. 

 

Confidential Woodchip Adoption Policy 

Document Author, Title, Date 

Confidential MEMORANDUM FOR COUNCIL OF MINISTERS - Woodchip Adoption Policy (2010) 

Short description of content 

Paper outlines a recommendation to adopt a policy of installing biomass heating systems in new and refurbished 
government buildings in order to increase energy security, reduce imported energy requirements, and reduce 
Carbon Dioxide emissions. 

Summary of key points 

The prime market for woodchip is Government buildings with high heat loads, although there may be private 
sector interest as buyers or suppliers stimulated by Government activity in this market.  The production of 
woodchip does not detract from Sawmills current activity, but will increase its financial viability. 

The technology to automate wood heating is well developed, as evidenced by countries such as Austria and 
Switzerland.  These modern commercial boilers have automatic feed systems, automatic ignition, automatic ash 
removal, automatic daily cleaning of heat exchanger and therefore labour requirements are not significantly 
different to any other boiler.  We therefore have the option to make use of the forestry estate for energy needs 
as well as wood products.   

The development of this market will ensure a supply of indigenous, price stable fuel, not reliant on external 
energy markets at a cost-effective price. 

Each tonne of woodchip will produce 3800kWh/t (at 20% Moisture Content, Carbon Trust metric), which at a 
selling price of £150/t delivered equates to a unit cost of 3.95p/kWh.  This compares to Feb 1st 2010 OFT prices 
of 8.45p/kWh (Town‘s Gas), 6.2p/kWh (Natural Gas) and 5.10p/kWh (Heating Oil).  All these prices exclude 
VAT.  Government sites in 2010/11 are likely to be paying prices close to this unless they have exceptionally 
high load sites which can attract volume discounts. 

Objectives and Targets 

- 

Timescales 

- 

Implementation responsibility 

- 
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Future developments - next steps identified 

Council of Ministers in September 2010 adopted the following policy wording: 

 ―Biomass is the preferred fuel for heating all new and refurbished public buildings and where boiler 
replacement is being implemented, as long as the lifetime costs are better than or equal to alternative forms 
of fuel.‖  This Policy will be reviewed in three years. 

 

Manx Electricity Authority, Service Delivery Plan, 2008 

Document Author, Title, Date 

Manx Electricity Authority, Service Delivery Plan, 2008 

Short description of content 

The Plan provides an overview of the activities of the MEA, its objectives and priorities over the next three years. 

Summary of key points 

MEA commits itself to the following actions of relevance in its Plan: 

 Move towards compliance with ISO 14001 (environmental management system); 

 Assist the Isle of Man Government with the development and implementation of sustainable development 
policy and energy policy; 

 Reduce carbon dioxide emissions from non-generation activities by 2010 in accordance with Tynwald‘s 
resolution to reduce the Isle of Man Government carbon emissions; and 

 Provide information to Island residents on energy efficiency. 

Objectives and Targets 

Key Performance Indicators: 

 Maintain current levels of kg CO2/unit electricity generated (2006/7: 0.43kg CO2/unit) 

 Tonnes of CO2 emissions from non-generation activities - Isle of Man Government target to reduce CO2 
emissions to 832 tonnes (20%) by 2010 

Timescales 

2008 to 2011 

Implementation responsibility 

- 

Future developments - next steps identified 

- 

 

Energy Policy Consultation 2008 – summary findings (2009) 

Document Author, Title, Date 

Department of Trade & Industry, Energy Policy Consultation 2008 Part 1: Summary of Findings 

Short description of content 

Summary of 140 consultation responses received 

Summary of key points 

 Energy security and securing the Island's economic future are primary motivations for respondents  

 The public themselves repeatedly asked for more information from an independent source, especially on 
home energy saving and generation. 

 Some of the public and most respondents from the other sectors indicated a desire to be further involved in 
energy policy implementation.  

 Tidal generation was revealed as the 1st choice (although cost is an issue) with 97% support 

 The other key findings are summarised in the table below. 
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Objectives and Targets 

- 

Timescales 

- 

Implementation responsibility 

- 

Future developments - next steps identified 

The results of the Energy Policy Consultation will be referred to the Council of Minister‘s Energy Policy Working 
Group which has been established to provide Policy Direction and Strategy in accordance with the requirements 
of the Isle of Man Government Strategic Plan 2007-2011. 
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Appendix 2 Onshore wind 

2.1 Technology description and status 

Wind turbines produce electricity by using the natural power of the wind to drive a generator. Wind 
energy technology is developing fast, with turbines becoming cheaper and more powerful.  This is 
reducing the cost of renewable electricity generated by the power of the wind

1
.   This technology 

module looks at the status of onshore wind technologies, using the UK position as a basis.  This is due 
to the Isle of Man having a similar wind resource level as the UK. 

2.1.1 How wind turbines work 

Almost all wind turbines producing electricity for the national grid in the UK consist of rotor blades 
which rotate around a horizontal hub. The hub is connected to a gearbox and generator, which are 
located inside the nacelle, although some are also direct drive.  The nacelle houses the electrical 
components and is mounted at the top of the tower.  The nacelle can be rotated or yawed 
automatically so that the blades face into the prevailing wind direction.  This type of turbine is referred 
to as a Horizontal Axis Wind Turbine (HAWT).  There are some basic parameters that are typical of 
modern wind turbines. 

 Rotor diameters vary in range and can be up to 126 metres. 

 Most wind turbines have three blades, but some have two or even one blade. 

 Blades are typically made of fibreglass-reinforced polyester or wood-epoxy composites. 

 Blades rotate at 10-30 revolutions per minute at constant speed, although an increasing number 
of machines now operate at a variable speed. 

 Most wind turbines start operating at a speed of 4-5 m/s and reach maximum power at about 15 
m/s.  Power is controlled automatically as wind speed varies and machines are stopped at very 
high wind speeds (>25 m/s) to protect them from structural damage. 

 Towers are typically cylindrical and made of steel.  These are generally painted light grey or use 
subtle banded colours to soften the visual impact.  Towers range from 25 to 120 meters in 
height. 

 Commercial turbines range in capacity from a few hundred kilowatts to over 3.5 megawatts. The 
crucial parameter is the diameter of the rotor blades; i.e. the longer the blades, the larger the 
area 'swept' by the rotor and the greater the energy output.  At present the average size of new 
machines being installed in the UK is now super megawatt range, 1.3-1.85MW, and there are 
larger machines on the market.  The trend is towards moving to these larger machines as they 
can produce electricity at a lower price.   

 Most turbines are upwind of the tower; i.e. they face into the wind with the nacelle and tower 
behind. However, there are also downwind designs, where the wind passes the tower before 
reaching the blades. 

Overall, there are many different wind turbine designs, although the dominant design is the up-wind, 
three bladed, stall controlled, constant speed machine.  The next most common design is a three 
bladed, pitch controlled machine.  These turbines can vary the pitch of the blades and therefore the 
speed of the turbine.  Direct drive and variable speed variants are also available.  See Box 2-1 for an 
explanation of stall and pitch control methods.  A smaller number of turbines have 2 blades, or use 
other concepts, such as a vertical axis. 

 

                                                      

1
  The long term trend is for turbine costs and the associated electricity to reduce. However in the short term, supply chain 

bottlenecks and high demand can lead to an increase in turbine costs. 
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Box 2-1: Stall and pitch control 

There are two main methods of controlling the power output from the rotor blades.  

 The angle of the rotor blades can be actively adjusted by the machine control system.  
This is known as pitch control. This system has built-in braking, as the blades become 
stationary when they are fully 'feathered'. 

 The other method is known as stall control.  This is sometimes known as passive 
control, since it is the inherent aerodynamic properties of the blade which determine 
power output; there are no moving parts to adjust.  The twist and thickness of the rotor 
blade vary along its length in such a way that turbulence occurs behind the blade 
whenever the wind speed becomes too high.  This turbulence means that less of the 
energy in the air is transferred, minimising power output at higher speeds.  Stall 
control machines also have brakes on the blade tips to bring the rotor to a standstill, if 
the turbine needs to be stopped for any reason.  

2.1.2 Technology readiness level 

The technology readiness level for onshore wind is TRL 9.  Onshore wind turbines have now become 
an established technology.  In addition to the technology, sophisticated resource modelling and 
landscape visualisation capabilities are now well established. 

2.1.3 Levels of deployment 

It is relevant to the Isle of Man to consider the extent of deployment of onshore wind in the UK, since 
technologies, suppliers and operating conditions will be similar, if not the level of economic incentive 
for their development.  There are currently 250 operational onshore wind farms in the UK with a 
combined capacity of almost 3.5GW.  Those onshore wind farms currently consented and under 
construction will contribute an additional 4.85GW.  Finally, over 7.5GW of onshore capacity is currently 
within the planning system.  Table 2-1 provides further detail. 

Table 2-1: UK onshore wind farms operational, under construction, consented and in planning 

UK Onshore Wind Farms No. Farms Capacity (MW) 

Operational wind farms 250 3,491 

Wind farms currently under construction 24 522 

Consented projects 186 4,328 

Projects in planning 255 7,558 

2.2 Technology resource and cost 

The possible size, and hence the generation capacity, of an onshore wind farm will depend upon a 
number of factors. 

 Wind speeds. 

 Environmental impact. 

 Impact on residential areas (including noise and visual issues).  

 Grid connection capacity. 

 Availability of economically viable resource. 

 Telecommunication links. 

 Civil and MoD radar installations. 

Onshore wind farms can be heavily constrained by the above factors that will often significantly reduce 
the proportion of a potential development site, or size of development, which is acceptable to planning 
authorities.  In some areas the development of wind farms is extremely difficult.  However, it is 
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sometimes both possible and appropriate to implement mitigation measures to ensure that a wind 
development can go ahead.  

Onshore wind farms can vary greatly in size (installed capacity).  There are many small community 
and industrial developments of the order of a few MW up to tens of MW, as well as single turbine 
developments.  There are even very large scale developments of over 100MW and more. 

At the outset of wind farm development, turbines were rated below 0.5MW.  However, turbine ratings 
have increased over the last 20 years such that onshore turbines can have ratings as high as 3.6MW.  
For onshore developments the average rating for installed turbines is now greater than 1MW. 

2.2.1 Onshore wind energy resource for the Isle of Man 

In order to determine the onshore wind energy resource for the Isle of Man, the relevant constraining 
factors discussed above are explored.  Figure 2-1 shows that the Isle of Man has onshore wind 
speeds of greater than 6m.s

-1
 at 50m above ground level (agl) and more precisely wind speeds 

between 6m.s
-1

 and 10m.s
-1

 at 45m agl.   

Figure 2-1: UK Wind Resource at 45m, AEA (formerly ETSU) 
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The potential for onshore wind farm development has been previously reviewed for the Manx 
Electricity Authority (MEA) by PB Power

2
.  The resource assessment in the current study is based 

upon the six sites that were identified for further deliberation in the PB Power study, plus two 
additional sites in the north of the Island, which have been added for comparative purposes (these 
sites were also in the original list of sites for consideration in the previous study).  This resource 
assessment has not attempted to re-evaluate the Island‘s wind energy resource, as the 2003 study for 
the MEA has examined the resource in some detail and identified specific sites.  It is also evident from 
the analysis of the terrain that there are only a few limited opportunities for development in the upland 
regions of the Island despite the high wind speeds experienced over this region. The review of the PB 
Power study, along with the terrain analysis, has concluded that the site selection in that report was 
appropriate and, with the addition of the two sites in the North of the Island, represents the key 
opportunities available on the Isle of Man.   

The previous assessment by PB Power compared annual mean wind speed data from two different 
sources – a previous National Wind Power monitoring programme and a WAsP model.  A best fit plot 
was generated from these two sources to estimate the wind speed at different locations across the 
Island.  The individual site wind speeds given in the report are within the range identified in the UK 
wind resource map show in Figure 2-1.  With the exception of Jurby and the Cronk the wind speed 
values from the PB Power report have been used to calculate the amount of electricity generated.  
The wind speed at Jurby has been derived from the data provided in Table 3 of the PB Power study.  
The annual mean wind speed at the Cronk is assumed to be similar to Jurby. 

To estimate the onshore wind energy resource at specific sites, a standard wind turbine design needs 
to be selected.  The amount of electrical energy generated can then be estimated based on the 
turbine‘s power curve and the annual mean wind speed at that site.  For this study it has been 
assumed that a 12 turbine wind farm could be developed at each location based on a Vestas V52-850 
kW model.  According to the manufacturers this model is suited to high to medium wind speeds 
experienced on the Isle of Man

3
.  In comparison with many wind farms now being developed across 

the UK, these turbines are modest in terms of capacity.  It has been assumed that larger turbines 
might be less acceptable although this may not necessarily be the case. 

This study has included eight prospective sites, but estimates that only two would be developed to 
meet the Island‘s renewable energy target, which is in line with the conclusions of another study, 
which stated that the maximum additional capacity from onshore wind on the Isle of Man is 20 MW

4
. 

For this study it has been assumed that each farm would have the same capital cost, but in each case 
an additional increment has been included for connection to the nearest 33 kV substation.  Due to 
uncertainties, the cost does not include the wind farm transformer or any upgrades that might be 
necessary at the 33 kV substation.  A summary of the eight sites is contained in Table 2-2. 

                                                      
2
   Manx Electricity Authority.  Review and recommendation for potential wind farm sites on the Isle of Man, PB Power, January 

2003 
3
  http://www.vestas.com/en/wind-power-plants/procurement/turbine-overview.aspx#/vestas-univers  

4
  Technical and economic appraisal for onshore wind generation, April 2009.  Mott MacDonald & Manx Electricity Authority 

http://www.vestas.com/en/wind-power-plants/procurement/turbine-overview.aspx#/vestas-univers
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Table 2-2: Isle of Man Prospective Wind Farm sites 

Site 
No. 

Site Name 
Wind speed 

(m/sec) 

Capacity 
(MW) 

Annual 
Energy 
Output 

(MWh/year) 

Capacity 
Factor 

Proximity to 
33kV 

substation 

(km) 

Accessibility & 
comments 

CAPEX (incl. 
overhead cable 
connection to 

33kV 
substations)

5
 

£1,334/kW
6
 

CAPEX 

(incl. underground 
cable connection 

to 33kV 
substations) 

Assumes average 
cost. 

1 Ballacooiley 7.5 10 19,425 26% 4.7 

Access reasonable 
from A3 open 

exposed site on 
coast 

£13.98M £14.87M 

2 
Beary 

Mountain 
9.0 10 27,260 37% 3.3 

Upland location 
access roads 
unsuitable for 

construction with 
severe 

modification & cost 

£13.87M £14.49M 

3 
Dalby 

Mountain 
8.5 10 24,704 33% 5.9 

Site access from 
south only due to 
sharp bends in 

roads. 

£14.08M £15.19M 

4 Gordon 8.5 10 24,704 33% 3 

Low lying coastal 
site south of Peel 
with good road 

access 

£13.85M £14.41M 

                                                      
5
   33kV mains overhead, 175mm2 (per metre): £80.  Mains underground (per metre): £190 - £346 

6
  http://www.bwea.com/pdf/briefings/Generation_costs-factsheet.pdf  

http://www.bwea.com/pdf/briefings/Generation_costs-factsheet.pdf
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Site 
No. 

Site Name 
Wind speed 

(m/sec) 

Capacity 
(MW) 

Annual 
Energy 
Output 

(MWh/year) 

Capacity 
Factor 

Proximity to 
33kV 

substation 

(km) 

Accessibility & 
comments 

CAPEX (incl. 
overhead cable 
connection to 

33kV 
substations)

5
 

£1,334/kW
6
 

CAPEX 

(incl. underground 
cable connection 

to 33kV 
substations) 

Assumes average 
cost. 

5 Keppel Gate 9 10 27,260 37% 5.7 

Upland exposed 
areas.  In close 

proximity to road 
but only from south 

from Douglas.  
Road network to 
north unsuitable 
for construction 

traffic. 

£14.06M £15.13M 

6 
Snuff the 

Wind 
7.5 10 19,425 26% 3.9 

Small plateau area 
in upland area.  

Has good access 
& close to road 

£13.92M £14.65M 

7 Jurby 7.0 10 16,715 22% 2.8 

Old airfield on west 
of Island in open 
exposed position.  

Good access 

£13.83M £14.36M 

8 Cronk 7.0 10 16,715 22% 7.5 

Most northerly 
location open 

exposed location 
possible restricted 

access 

£14.21M £15.62M 
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2.2.2 Capital costs associated with onshore wind farm development 

The capital costs (CAPEX) per kW of installed capacity ranges from £1,250/kW to £1,573/kW, with an 
average value of £1,334/kW according to Renewables UK

7
.  This average value has been used in this 

study to compare the identified onshore wind sites.  The distance to the nearest 33kV substation has 
also been considered.   

Figure 2-2 shows the breakdown in typical capital costs for an onshore wind farm. 

Figure 2-2: Onshore CAPEX breakdown 

 

As with costs, build and commissioning times also vary according to the size of the wind farm and the 
complexity of the issues faced at the site. 

Small, single turbine developments can take in the region of five years to complete the feasibility, 
planning, building and commissioning stages, and potentially longer for larger, multi-turbine 
developments.  Following on from these stages would be the construction stage.  Construction of 
comparatively small wind farms of around ten turbines should be achievable within a year, with larger 
wind farms potentially taking longer.   

As mentioned, the PB Power study identified six prospective sites based on accessibility, wind speed 
and terrain and two additional sites have been included in the north of the Island.  The position of 
these sites relative to the 33kV network and the substations is shown in Figure 2-3.  The PB Power 
considered a total of 22 sites, but opportunities for other high wind speed areas in the upland regions 
of the Island were limited by accessibility, as the road network in some upland areas is not conducive 
to large vehicles.  Some upland areas also have steep slopes and wooded areas that induce turbulent 
air flow making them less suitable for wind energy development. 

                                                      
7
  http://www.bwea.com/pdf/briefings/Generation_costs-factsheet.pdf 

29.5% 

65.0% 

0.7% 
0.2% 2.6% 2.0% 

Construction Turbine Supply Detail Design

Project Management Legal and Financial Project Development
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Figure 2-3: Potential sites for wind farms on the Isle of Man relative to the 33 kV network 

 
 

1. Ballacooiley 
2. Beary Mountain 
3. Dalby Mountain 
4. Gordon 
5. Keppel Gate 
6. Snuff the Wind 
7. Jurby 
8. Cronk 

2.2.3 Operating and maintenance costs associated with onshore wind 
farms 

An operating and maintenance cost (OPEX) value of £54/kW/year has been used in this study.  This 
estimate comes from a review of renewable energy by Ernst and Young in 2007

8
.  The value is an 

upper limit for onshore wind.  It has been assumed that operational costs would be at the higher end 
of the scale on the Isle of Man because, in some cases, specialist maintenance crews may have to be 
flown from the UK.  However, it is possible that operating costs could be reduced if maintenance was 
carried out by an existing organisation on the Isle of Man, such as the MEA. 

Figure 2-4 shows the breakdown in typical operating costs for an onshore wind farm. 

                                                      
8
   Ernst and Young, 2007, Impact of Banding the Renewables Obligation costs of Electricity Production.  URN 07/948. 
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Figure 2-4: Onshore OPEX breakdown 

 

The CAPEX, OPEX and unit costs of generation for the eight selected sites are summarised in Table 
2-3.  In each case the unit cost of generation assuming overhead and underground connection to the 
33kV network has been calculated. 

Table 2-3: CAPEX, OPEX and levelised cost of electricity for 8 potential wind farm sites on the 
Isle of Man 

No. Location 

Annual energy 
output 

(MWh/yr) 

CAPEX 

(assuming 
overground 
connection) 

CAPEX 

(assuming 
underground 
connection) 

OPEX 

1. Ballacooiley 19,425 £13.98M £14.87M £459k 

2. 
Beary 

Mountain 
27,260 £13.87M £14.49M £459k 

3. 
Dalby 

Mountain 
24,704 £14.08M £15.19M £459k 

4. Gordon 24,704 £13.85M £14.41M £459k 

5. Keppel Gate 27,260 £14.06M £15.13M £459k 

6. 
Snuff the 

Wind 
19,425 £13.92M £14.65M £459k 

7. Jurby 16,715 £13.83M £14.36M £459k 

8. Cronk 16,715 £14.21M £15.62M £459k 

47.6% 

4.3% 1.8% 

17.4% 

12.0% 

16.9% 

Service and Maintenance Insurance

Grid Supply Management and Consultancy

Land Related Costs Other
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Appendix 3 Offshore wind 

3.1 Technology description and status 

The opportunities for the development of offshore wind around the UK and Ireland, including the Isle of 
Man, are potentially quite large.  Although there has been significant offshore wind development over 
the last decade, there are still significant technical challenges.  Comparatively high capital costs and 
reliability are emerging as areas where improvements need to be made. 

Many of the fundamental technical aspects of wind energy are the same for both onshore and offshore 
installations.  However, there are differences and it is likely that this divergence of offshore from 
onshore wind technology will continue.  One of the biggest differences is the scale of the technology.  
Moving offshore presents opportunities to increase the scale of turbines and the size of arrays.  Whilst 
this should increase the economies of scale, larger turbines require bigger foundations.  The largest 
offshore turbines have now reached 3.6 MW in size, with some companies prototyping turbines with 
much larger generating capacities.  The turbines are mounted on monopiles driven into the sea floor.  
Extending the available resource to deeper water (greater than 30 meters deep), and developing 
larger turbines, will mean that different foundation designs, including jackets and supported tripod 
structures, will become necessary.  Floating platforms could also be used, but these options are 
currently too expensive. 

It has long been acknowledged that some of the design drivers for a wind turbine installed offshore are 
fundamentally different from those installed onshore, specifically:  

 The non-wind turbine elements of an offshore project represent a much higher proportion of the 
capital cost, with that cost element only partially scaling with turbine size. 

 Acceptable noise levels are much higher offshore. 

 Better reliability is required offshore. 

These drivers have already influenced the design of wind turbines used offshore.  This is leading to 
the development of wind turbines specifically designed for offshore use, with features such as: 

 Larger rotor diameters and rated power. 

 Higher rotor tip speeds. 

 Sophisticated control strategies. 

 Electrical equipment designed to improve grid connection capability.  

Other technological innovations that may be deployed in future offshore turbines include: 

 Two-bladed rotors. 

 Downwind rotors. 

 More closely integrated drive trains. 

 Multi-pole permanent magnet generators. 

 High temperature superconductors (in generators). 

 High voltage output converters (eliminating the need for turbine transformers). 

Support structures form a significant proportion of offshore wind development costs. To improve 
project economics, as well as to meet the more challenging demands for future sites and wind 
turbines, it is expected that there will be modifications to current designs, a scaling up of 
manufacturing capacity and the introduction of entirely new designs. 

Foundation designs could include: 

 Suction caisson monotowers. 

 Use of suction caissons as the foundation of jacket or tripod structures. 
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 Application of screw piles. 

 Braced supports to monopoles. 

 Floating structures.  The main drivers for floating technology are: 

 Access to useful resource areas that are in deep water yet often near shore. 

 Potential for standard equipment that is relatively independent of water depth and sea bed 
conditions. 

 Easier installation and decommissioning. 

Overall, offshore wind developments demand high system reliability and availability.  Consequently 
design and component reliability are essential.  Given the cost of servicing offshore wind turbines they 
need to be easily accessible with modular components that can be rapidly replaced.  Some turbines 
are equipped with internal cranes or winches.  Helicopter access to the nacelle top has been provided 
in some cases.  This option may be too expensive as a routine method of transporting personnel to 
and from offshore wind turbines, but as projects grow in size and go further offshore, this could 
become a credible option.    

3.1.1 Technology readiness level 

The Technology Readiness Assessment for offshore wind has reached TRL 9, as offshore turbines 
are in long term operation in the marine environment.  Thirteen arrays are reported to be in full 
commercial operation in UK waters (see Table 3-1). 

While the technology elements of offshore wind are well developed and has reached TRL 9, the 
offshore wind sector itself remains relatively immature.  Despite the first demonstration project being 
built in 1991, the global installed capacity only reached 1GW by 2007.  In addition, the sector presents 
unique technical challenges that must be addressed, particularly with projects that involve multiple 
distributed installations, spread over much larger areas in comparison to oil and gas installations.  
Therefore there is scope for improvements in reliability. 

3.1.2 Levels of deployment 

The UK is currently the world leader in the offshore wind sector with over 1GW of installed, operational 
wind capacity, providing energy for 700,000 homes.  As mentioned, thirteen arrays are reported to be 
in full commercial operation (see Table 3-1).   

Table 3-1: Current operational UK offshore wind farms 

Wind farm name Turbines Rated power (MW) MW installed capacity 

Barrow 30 3 90 

Beatrice 2 5 10 

Blyth Offshore 2 2 4 

Burbo Bank 25 3.6 90 

Gunfleet Sands I  30 3.6 108 

Gunfleet Sands II  18 3.6 64.8 

Kentish Flats 30 3 90 

Lynn & Inner Dowsing 54 3.6 194.4 

North Hoyle 30 2 60 

Rhyl Flats 25 3.6 90 

Robin Rigg 60 3 180 

Scroby Sands 30 2 60 

Thanet 100 3 300 

 336  1,341.2 
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The Crown Estate, as landowner of the seabed, has leased a large number of offshore sites around 

the UK.  This offshore wind farm leasing has been carried out in three rounds, with the third round 
announced in January 2010.  These projects currently have a maximum potential of approximately 
48GW.  The Crown Estate hopes all these schemes will come to fruition by 2020.  Table 3-2 provides 
a breakdown of offshore wind farms currently in planning, construction or operation.  This emerging 
UK position is relevant to the Isle of Man because it gives confidence that there will remain a regional 
market for the supply and support to development of offshore wind, and there may be opportunities for 
collaboration on developments in nearby UK waters, such as the Irish Sea Zone proposal being taken 
forward by Centrica. 

Table 3-2: UK offshore wind farms 

UK Offshore Wind Farms No. Farms Capacity (MW) 

Operational wind farms 13 1,341 

Wind farms currently under 
construction 

4 1,153 

Consented projects 7 2,620 

Projects in planning 5 2,260 

3.2 Technology resource and cost 

The possible size, and hence generation capacity, of offshore wind farms depend upon a number of 
factors. 

 Environmental impact. 

 Grid connection capacity. 

 Availability of economically viable resource. 

 Consideration of other sea users. 

Current offshore wind farms have varying generating capacities.  For example, in the UK offshore wind 
farm size is increasing significantly.  In round 1 of the offshore wind farm leasing carried out by the 
Crown Estate, wind farms had a capacity of as little as 60MW.  However, following this commercial 
demonstration round, wind farm generation capacity has significantly increased to as much as 
500MW.  Indeed in the latest, third round of offshore leasing there are plans for multi GW scale wind 
farms.  To put this into context, the 1GW London Array will occupy an area 245km

2
 between the 

coasts of Kent and Essex
9
.  The developers plan to install 271 turbines each with a capacity of 

3.7MW.  The scheme would require five offshore substations and one large shore based substation on 
the north Kent coast occupying an area of 20 acres (80,978m

2
 or 0.08 km

2
).   Up to six cables will 

export power from the offshore array to the shore based substation.  The developers claim that 
development could take up to four years.  Projects developed on this scale, within the territorial waters 
of the Isle of Man, could export power directly to the UK mainland thereby avoiding shore based 
development on the Island.  However, some development would be needed in the UK. 

The offshore wind resource for the Isle of Man in this study is based on four large arrays (Figure 3-1).  
Four different locations have been considered – one to the north east (Z1); two to the east (Z2 and Z3) 
and the fourth (Z4) to the south.  The rationale behind the selection of these areas is explained later in 
this section.  Z1 and Z2 are located in a water depth of <30m.  It has been assumed that these arrays 
would be based on monopile foundations supporting 3.6MW turbines.  Each location would have a 
capacity of 500MW.  In contrast, locations Z3 and Z4 are in deeper water (>30m).  It has been 
assumed that 5MW turbines would be deployed. However, turbines at this scale are still under 
development, with some companies having prototype turbines.  Progressing the technology for deeper 
water deployment, and at a larger scale, would require jacket or tripod structures to support the 
turbines.  The rotor diameter would also increase from around 104m for a 3.6 MW turbine to 126m for 
a 5MW turbine. 

                                                      
9
  http://www.londonarray.com/wp-content/pdfs/Non-technical-summary.pdf  

http://www.londonarray.com/wp-content/pdfs/Non-technical-summary.pdf
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The position of the other marine technologies is also shown in Figure 3-1 for comparison.  The 
location of the offshore wave array that is shown coincides with the location of Z4.  Therefore, it would 
not be possible to develop both technologies at this location.  Wave is less economically viable 
compared with offshore wind and is therefore far the less likely to be developed. 

Figure 3-1: Four hypothetical locations for offshore wind farm arrays within the IoM’s territorial 
waters 

 

3.2.1 Resource parameters for offshore wind 

The wind resource for the UK and Isle of Man‘s renewable energy zone has been quantified but only 
at a low resolution (Figure 3-2 and Figure 3-3).  This map indicates that the Isle of Man has offshore 
wind speeds of between 7m.s

-1
 and 10m.s

-1
 at 100m above ground level. The most favourable sites 

are located to the south west of the Island.  The annual mean wind speed at Z1 is 8.25m/sec, for Z2 
7.15m/sec and up to 9.4 m/sec in the Z3 and Z4 areas. 
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Figure 3-2: UK offshore wind resource within the UK’s renewable energy zone 
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Figure 3-3: Offshore wind resource within the IoM’s territorial waters (based on an extract from 
the Atlas of marine renewable energy resources) 
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3.2.2 Resource constraints applicable to offshore wind 

The development of large offshore arrays requires comparatively shallow areas (~30m) and could 
occupy areas of up to 250 km

2
.  The arrays need to be designed to minimise environmental impact 

and conflicts of interest as well as physical parameters such as depth of water.  The constraints that 
need to be considered are summarised in Table 3-3. 

Table 3-3: Constraints considered 

Category Sub-Category 

Physical conditions 

Wind speed 

Water depth 

Strength of tidal current 

Seabed type 

Biodiversity, flora and fauna 

Natural fish resources 

Marine mammals (all protected) and seabirds 

Basking shark sightings 

Local Economy Commercial fishing grounds 

Shipping Shipping routes 

Grid connection 
Distance to shore 

Onland access 

Archaeology Protected and unprotected wrecks 

Recreation 
Yacht clubs 

Sailing and diving 

Visibility  

MOD 
Submarine practice 

Firing range 

Other infrastructure 
Oil and gas activity 

Electrical interconnectors 

Marine prospecting areas  

The key physical parameters that determine location are water depth, tidal current and sea bed type.  
As mentioned, offshore wind turbine technology is currently limited to a depth of 30 meters.  The 
bathymetry of the surrounding sea bed depicted in Figure 3-4 clearly shows that the best prospects 
for development are located to the north and east of the Isle of Man.  In the future the deeper waters 
to the south could present suitable opportunities as the technology advances.  The peak spring tidal 
current strength is <1.0 m/sec in the potential areas that might be suitable for large arrays.  The 
current strength increases near the coast particularly to the north west of the Point of Ayre and to the 
south east where the current strength can reach a peak 1.5 m/sec peak mean spring tide

10
.  

Consequently, these areas would be less suitable.  They would be also highly visible. 

                                                      
10

  Atlas of UK Marine renewable energy resources 
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Figure 3-4: Bathymetry within the territorial waters of the Isle of Man 

 

In addition to current strength, sea bed sediment will be an important influence on location because of 
the foundation conditions and associated costs.  The British Geological Survey 1:250,000 series map 
of the sea bed sediments and Quaternary geology provides evidence of sediment type, distribution, 
thickness and character to the north, west and to a limited extent east of the Island

11
. 

                                                      
11

  Isle of Man Sheet 54
◦
N – 06

◦
W British Geological Survey 1:250,000 Series, Sea Bed Sediments and Quaternary Geology 
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The most distinguishing features to the north and north east of the Island are the presence of sandy 
gravels, gravely sand and sand.  These deposits overlay glacial drift and vary in thickness from 
between 10-40m.  Some of the sand deposits form major banks aligned to the prevailing direction of 
tidal currents.  This type of coarse grained clastic deposit is observed in other coastal areas around 
the UK where there are strong tidal currents.  Finer grained sediments are preferentially transported 
to sea bed areas with lower currents and deeper water, for example to the west of the IoM.  
Sediments directly to the east of the IoM are also composed of sandy gravels.  Thicknesses vary from 
2- 40m but there are also glacial clays formed into channels.  Similar sediments are observed to the 
south of the Island.  Other large scale wind farm arrays are planned in areas with comparable 
sediments, for example the London Array

12
.  This suggests that the areas to the north east, east and 

south of the Island would be suitable for large wind turbine arrays.  If these areas were selected 
detailed geotechnical surveys would be required to determine the consistency and variability of the 
sediments to establish the foundation conditions. 

The selected areas have also been determined by the other constraints, particularly shipping.  Figure 
3-1 and Figure 3-4 shows the position of Primary Navigation Routes (PNRs), wrecks, MoD practice 
areas, including undersea utility links to the Isle of Man.  It has been assumed that offshore wind 
arrays would not be placed in PNRs to avoid the risk of collision.  Other restricted areas would also be 
avoided. 

3.2.3 Environmental and fisheries constraints that apply to offshore wind 

Large scale development of offshore wind could potentially affect the marine habitats those 
associated with including fisheries.  There are a number of marine habitats and commercial fisheries 
within the Isle of Man‘s territorial waters (see Figure 3-5 and Figure 3-6) that need to be considered.  
This information has been compiled in a survey report by Bangor University and supplied by the 
Fisheries Division of DEFA

13
.  This preliminary survey has identified three main habitats of 

conservation interest as well as the distribution of an important scallop fishery.  In summary the three 
habitats are: 

 The horse mussel, Modiolus modiolus, which is located in the tidal current swept area to the 
north of the Island as well as locations to the south and south-east (Figure 3-5).  The 
colonisation of these bivalves has led to the establishment of reefs particularly to the north of 
the Island. 

 Maerl beds, classified by the presence of several species of coralline red-algae.  The habitat is 
important for the development of juvenile queen scallops. 

 Sabellaria spinulosa which is a polychaete worm that also forms reefs.  It is notably present in 
the southern most territorial waters. 

The presence of the burrowing anemone Edwardsia timida has been detected off the south west tip of 
the Isle of Man and other isolated locations throughout the territorial waters.  The UK Biodiversity 
Action Plan (BAP) has identified Edwardsia timida as a priority species, and this may also require 
consideration for the Isle of Man.  The presence of Eel Grass beds Zostera marina have also been 
observed. 

The presence of the three main habitats is of significant conservation interest under plans drawn up 
under the BAP and the OSPAR convention.  The Horse mussel and Sabellaria spinulosa are also 
features of interest under the EU Habitats Directive.   

The presence of reefs indicates the longevity of these key species.  Reef formation would be 
vulnerable to trawling and dredging according to the Bangor University report.  This vulnerability has 
important implications for the development of offshore wind.  Piling and cable laying in particular will 
lead to the disturbance of sea floor sediments which could potentially damage these habitats.  The 
scallop fishery might also be impacted for the same reason.  Three of the four zones for offshore wind 
farm development could potentially avoid these habitats although Z3 is close to a recognised scallop 
dredging area consequently impacts would need to be carefully assessed.  For comparison a very 

                                                      
12

  London Array offshore wind environmental statement.  Non-technical summary, June 2005 
13

  Seabed habitats around the Isle of Man, School of Ocean Studies, College of Natural Sciences, Bangor University, Isle of 
Man Government, Department of Environment, Food and Agriculture.  Fisheries and Conservation report No. 12, Bangor 
University, 2010. 
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large 1,000 MW array on the scale of Z4 would occupy ~240 km
2
 and incorporate the Sabellaria 

spinulosa habitat and a scallop fishery if it was located to the south of the Island.  If the impact was 
deemed to be unacceptable then an array on this scale could be located off the west coast of the Isle 
of Man.  However, there are also disadvantages to this alternative.  The length of cabling required for 
exporting power to the UK mainland would be longer and therefore more expensive compared with 
sites to the north and east.  There are also vulnerable species present, but in a limited number of 
comparatively small areas. 

Figure 3-5: Marine habitats of conservation value and relative intensity of dredging for the 
queen scallop within the territorial waters of the Isle of Man 

 

The potential impact on fishing intensity is illustrated in Figure 3-6.  The inference drawn from this 
information suggests that Z1 has the least impact, but Z2 and Z4 encroach on some areas of 
relatively high intensity fishing.  Z3 may be less intrusive on this activity.  This preliminary analysis 
suggests that arrays on the scale of 1,000 MW may need to be scaled back to reduce impacts on 
vulnerable marine habitats and fisheries.  It should also be noted that once wind turbines have been 
installed the marine habitat is likely to recover, especially if trawling and dredging is excluded.  The 
extent and rate of recovery would, however, require careful scientific investigation to determine 
whether these changes would be acceptable. 
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Figure 3-6: Fishing intensity with the territorial waters of the Isle of Man 

 

3.2.4 Estimation of annual energy output 

The estimated annual energy output can be deduced from the power curve for a specific turbine, 
which is its rated performance over a range of wind speeds up to a rated maximum.  Wind turbines 
are designed to shut down at 25m/sec to avoid structural damage.  Energy capture above this 
threshold might be feasible but there is no economic advantage to operating for short periods in 
extreme conditions.  In the selected examples used in this study the annual energy output has been 
estimated assuming the annual mean wind speeds at the four different locations and based on the 
power curve of Siemens 3.6MW turbine.  However, for Zones 3 and 4 the power output from a 5MW 
turbine has assumed a similar performance as the 3.6MW turbine but scaled up to the higher power 
rating.   

The average capacity factor
14

 for offshore wind in 2008 was reported by Renewables UK to be 35%
15

.  
However, the estimates assume an availability

16
 of 97%.  It is possible that actual availability could be 

lower than this, but operators have yet to publish results on this parameter. 

Table 3-4 provides details of possible development scenarios at each site. 

                                                      
14

  Capacity factor is the ratio of the actual energy produced in a given period, to the hypothetical maximum possible, i.e. 
running full time at rated power. 

15
  Renewable UK: Factsheet on generation costs; http://www.bwea.com/pdf/briefings/Generation_costs-factsheet.pdf  

16
  Availability is the percentage of time that a wind turbine is able to operate, i.e. is not down for maintenance 

http://www.bwea.com/pdf/briefings/Generation_costs-factsheet.pdf
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Table 3-4: Possible development scenarios 

Details  Zone 1 Zone 2 Zone 3 Zone 4 

Average wind 
speeds  

8.25 m/s 7.15 m/s 9.4 m/s 9.4 m/s 

Annual mean 
energy output 

1,402 GWh/year 1,051 GWh/year 1,752 GWh/year 3,504 GWh/year 

Capacity Factor 32% 24% 40% 40% 

Potential area 
(km

2
) 

100 100 100 240 

Water depth 14 – 23 m 10 – 20 m 30m+ 30m+ 

Theoretical number 
of turbines  

144^ 144^ 100# 200# 

Feasible installed 
capacity 

(^assuming 3.6MW 
machines) and 

(#assuming 5 MW 
machines) 

518.4^ 518.4^ 500# 1,000# 

Theoretical array 
footprint (km

2
) 

including 500m 
buffer zone 

100 100 100 240 

Hub height and 
blade length 

80m hub height, 
45m blade length, 
115m total above 
mean sea level** 

80m hub height, 
45m blade length, 
115m total above 
mean sea level** 

120m hub height, 
60m blade length, 
180m total above 

mean sea level***
17

 

120m hub height, 
60m blade length, 
180m total above 

mean sea level***
18

 

Number of offshore 
substations  

3 3 3 6 

Turbine spacing 560m within rows 

760m between 
rows* 

560m within rows 

760m between 
rows* 

504m within rows, 
882m between 

rows 

Array area based 
on London Array 

Potential export 
cable connection 

point 
Point of Ayre Ramsey 

Landfall between 
Meary Veg and 

Castletown 
Port Erin 

* Assuming a similar spacing layout to a scenario for Burbo Bank offshore wind farm i.e. turbine spacing 560m within rows and 
760m between rows.  Assumes 500m exclusion zones around boundary turbines 

** Assumes Siemens 3.6 MW turbine specifications, hub height 80m 

*** Assumes Repower 5 MW turbine 

The potential landing sites for the wind farm to shore cable could be at the Point of Ayre, or slightly 
south of the Point of Ayre where there exist shelving shoreline types suitable for cable landing and 
substations.  The areas have been estimated based on the proposed scale of the 1 GW London 
array.  It is possible that there may be a number of arrays within the designated development zones 
proposed for the London array however there are no details available.  If the arrays assumed a 
uniform spacing arrangement the area occupied would be more compact.  This area termed the 
theoretical array footprint has also been included for comparison. 

                                                      
17

  Crown Estate Round 3 Connection Study (http://www.thecrownestate.co.uk/round3) 
18

  Crown Estate Round 3 Connection Study (http://www.thecrownestate.co.uk/round3) 
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3.2.5 Capital costs associated with offshore wind farm development 

The capital cost (CAPEX) of offshore projects differs significantly from those onshore.  50% of the 
capital costs of offshore wind are comprised of non-turbine elements, compared to less than 25% for 
onshore projects. 

The present-day costs of installing offshore wind energy are around £3 million per MW, compared to 
£1.4 million per MW for onshore.  The higher capital expenditure costs are due to the increase in size 
of structures and the logistics of installing the turbines at sea.  The costs of offshore foundations, 
construction, installations, and grid connection are also significantly higher than onshore (see Figure 
3-7).  For example, offshore turbines are around 20% more expensive, and towers and foundations 
can cost more than 2.5 times the price for a project of similar size onshore. 

Figure 3-7: Offshore CAPEX 

 

BWEA recently undertook a study into the historical capital costs of offshore wind. This revealed 
several influencing factors have been responsible for an escalation in costs from a relatively stable 
position between 2000 and 2004.  

Figure 3-8 shows the capital expenditure (CAPEX) for all UK offshore wind farms at varying stages of 
development. Clearly CAPEX varies greatly but an average industry figure often used is £3.1 Million 
per MW.  
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Figure 3-8: Capital costs of offshore wind
19

 

 

Analysis by Ernst and Young
20

 shows that the Material Costs to capital costs for projects at or near 
financial close in January 2009 include:  

 Wind turbine generators (WTG) make up around 47%  

 Foundations, which make up around 22%  

 Electrical infrastructure makes up around 19%  

 Planning and development costs make up the remaining 12%  

3.2.6 Operation and maintenance costs associated with offshore wind farms 

Successful performance of operation and maintenance (OPEX) is most critically dependent on service 
teams being able to access the wind farm as and when needed.  Good progress has been made on 
this in recent years and accessibility has improved significantly. 

Future offshore wind farms offer new access challenges, being larger and much further offshore.  This 
will result in increased use of helicopters for transferring service crews, larger vessels to give fast 
comfortable transit from port to site, and the use of offshore accommodation platforms. The increased 
distance from shore and the access challenges posed will most likely increase the annual operational 
expenditure for offshore wind farms.  Figure 3-9 provides a percentage breakdown of the main OPEX 
costs. 

                                                      
19

  BWEA report, ‗UK Offshore Wind: Charting the Right course‘ 
20

  ‗Cost of and financial support for offshore wind: A report for the Department of Energy and Climate Change‘, 27 April 2009 
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Figure 3-9: Offshore OPEX 

 

Figure 3-10 shows the evolution of forecast operating costs over time (against Commercial Operation 
Date – COD) for a range of Round I and Round II projects. Operating costs for offshore wind have 
increased from 2006 level, rising to approximately 100k per MW per annum by 2010.  

Figure 3-10: Total forecast operating costs at COD, trend line 2006 – 2012 

 

3.2.7 Economic Evaluation 

The parameters used to estimate the unit cost of generation at each site are summarised in Table 
3-5.  A higher capital cost per unit cost of capacity has been assumed for Zones 3 and 4 because it 
would involve deployment in deeper water.  Costs for the larger 5 MW+ turbines deployed in water 
depths of >30m remain uncertain and therefore have to be assumed for these two zones.  The 
timescale of all developments has been estimated on the basis of the proposed London array

21
. 

                                                      
21

  Environmental statement.  A non-technical summary London Array limited, June 2005. 
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Table 3-5: Cost and revenue breakdown for each potential development site 

 Zone 1 Zone 2 Zone 3 Zone 4 

Resource level  518.4 MW 518.4 MW 500 MW 1,000 MW 

Capital cost
22

 £3.1 Million per MW £3.1 Million per MW £3.8 Million per MW £3.8 Million per MW 

Total capital cost  £1607.04 Million £1607.04 Million £1,900 Million £3,800 Million 

Construction period  3 years 3 years 3 years 4 years 

Technical life 20 years 20 years 20 years 20 years 

Operating cost
23

 £100k per MW £100k per MW £100k per MW £100k per MW 

Total operating cost 
per year 

£51.84 Million £51.84 Million £50 Million £100 Million 

                                                      
22

  As quoted as an industry average figure by the BWEA report, UK Offshore Wind: Charting the Right Course‘.  
23

  Taking calculated 2009 operating costs  
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Appendix 4 Biomass heating 

4.1 Technology description and status 

Biomass heating involves two distinct operations; the collection and preparation of fuel and its 
combustion in a boiler to raise useful heat.  This section first describes the types and quantities of fuel 
that could be made available in the Isle of Man and then describes the technology for heat generation. 

4.1.1 Biomass fuels 

The definition of biomass is all recently grown plant and animal matter and so could encompass a 
wide range of materials from cereal straw to paper and textiles in the waste stream.  In practice the 
vast majority of applications use wood fuel and the discussion in this section is confined to this fuel. 

Wood fuel is supplied in three commercial forms; logs, chipped, and pellets.   

Logs are almost always supplied to domestic customers for use in room heaters and smaller boilers 
up to 50kW output.  They can be used in some small commercial applications but the amount of 
manual attention needed for fuelling usually restricts the potential. 

Wood chips are usually supplied for use in commercial and industrial boilers.  They are prepared 
from logs and waste wood in a chipper with knives fixed to a rotating disc or drum.  Chips are sold 
according to the particle size and the moisture content.  Moisture comes from the tree after felling and 
is determined by the length of time in store and the storage conditions. Dry fuel with a small chip size 
can be burned in smaller, cheaper boilers than wetter, larger sized material.  

Pellets are a relatively new form of fuel that has been introduced over the past 20 years in Austria 
and Scandinavia and has now become widespread in the rest of Europe and North America.  They 
are manufactured by extruding sawdust or other finely crushed wood through a die to produce a pellet 
that is typically 6mm diameter and 20mm long.  The pellets closely resemble cat litter or animal feed – 
indeed they are produced in the same pellet milling equipment.  Pellets have several advantages over 
logs and chips: 

 They are uniform in size and properties. 

 They are clean and free flowing and seldom give problems in material handling systems. 

 They can be delivered in bulk though a pipe by pneumatic tanker.  Pellets are as close to the 
convenience of oil as a biomass solution can come. 

 They are manufactured to a closely specified standard and can be purchased from a variety of 
suppliers as a traded commodity. 

A range of dedicated pellet firing boilers and heaters has been developed to maximise the benefit 
from these properties and these are widely available.  Pellets have become very popular in both 
Northern Ireland and Eire off the gas grid in response to grant support and the competitive pricing of 
pellets when compared with oil. 

Pellets are however expensive compared to chipped material so tend not to be used in larger 
installations that can bear the additional costs of chip handling.   

The choice of fuel is always a balance between equipment capital cost and ongoing fuel costs.  The 
matrix in Table 4-1 shows the fuels that are the most appropriate to the typical applications 
considered. 

Table 4-1: Fuels appropriate for typical applications 

Fuel Application Boiler cost Fuel cost Storage 

Logs 
Domestic 

Very small commercial 
++ +++  to + Shed 



 Renewable energy sustainability study – impacts and opportunities for the Isle of Man 

 

AEA in Confidence Ref: AEA/ED46657/Issue Number 1  27 

Pellets 
Domestic 

Small commercial 
++ +++ Simple hoppers & bins 

Dry chip 
Small commercial 

Large commercial 
++ ++ Live bottom bunkers and 

bins 

Wet chip 
Large commercial 

Industrial 
+++ + Live bottom bunkers and 

bins 

4.1.2 Technology readiness level 

Heating using wood as a fuel is a fully developed commercial technology used in many hundreds of 
thousands of applications around the world.  Equipment is available from many suppliers.  The type of 
technology used depends on the scale of operation and the fuel used. 

Domestic scale installations below 50kW rated output use wood pellets or logs, commercial scale 
installations above 50kW rated output tend to use wood chip. 

Most boilers are derivatives of the coal firing technology that was commonly used in Europe in the 
past century and the basic elements of a fuel store, stoker, heat exchanger and flue remain 
recognisable.  Wood however is a much cleaner and easily burned fuel;  

 The ash content is much lower resulting in ash removal intervals of days rather than hours. 

 There is little or no sulphur to give rise to acid deposition. 

 In a sustainable system the carbon dioxide released on combustion will be balanced by an 
equivalent amount absorbed by the next generation of trees. 

Combustion technology has also advanced in the last two decades, driven by large scale deployment 
in Austria, Germany and Scandinavia.  Biomass equipment is now available with similar efficiencies 
and levels of convenience as oil fired boilers.  The UK Carbon Trust has recently published a guide to 
the technology 

24
 which describes in detail how the technology is implemented. 

AEA is the management contractor for the UK Bioenergy Capital Grants Scheme that has supported 
over 500 installations ranging from small domestic to large industrial boilers.  Some interesting 
illustrations can be found on the Southwest woodshed website

25
. 

Biomass applications such as those described here are successfully operating in a wide variety of 
situations and the market for the provision of plant and fuel has developed to a stage that justifies a 
classification of Technology Readiness Level 9. 

4.2 Technology resource and cost 

4.2.1 Wood fuel resource 

Indigenous resource 

Energy crops  

Energy crops are grown specifically for use as fuel.  The characteristics of a good energy crop are 
that it grows quickly with a high yield of biomass per hectare and that it can be harvested 
mechanically to reduce handling cost.  Willow grown as a coppice crop harvested every three years 
has been trialled successfully in the UK and Sweden.  Poplar or eucalyptus can also be grown as 
single stem trees for energy.  

There are 12k acres of cereals and 67k acres of grassland and hay
26

 on the Isle of Man.  This 
excludes rough pasture, which is undesirable on environmental grounds, so gives 79k acres (i.e. 12k 
+ 67k) suitable for energy crop cultivation.  If 10% can be made available for energy crops this would 

                                                      
24

  Biomass heating: a practical guide for potential users (CTG012) http://www.carbontrust.co.uk/Publications/  
25

  http://www.southwestwoodshed.co.uk/static/?page_id=98 
26

 2009 Digest of Economic & Social Statistics, Economic Affairs Division, Isle of Man Treasury 

http://www.carbontrust.co.uk/Publications/
http://www.southwestwoodshed.co.uk/static/?page_id=98
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give 7.9k acres or 3.2k hectares.  If it is then assumed that this land is planted with willow coppice 
with an annual yield of 8 oven dry tonnes of wood fuel per hectare and year, then this gives a realistic 
potential of 25.3k oven dry tonnes from this source. 

Willow has proved very successful in the similar climate of high rainfall levels in Northern Ireland.  
Both England and Northern Ireland also have specialist contractors that can establish the crop and 
advise on management and harvesting.   

Harvesting could be carried out with a modified forage harvester which may be available in the Island.  
To get the best results from planting requires a specialist machine that will have to be brought over 
from the mainland. 

Given the climate in the Isle of Man it is assumed that willow grown on a 2-3 year cycle coppicing 
system and mechanically harvested as chip is the most promising option.  However a proportion of 
fast growing poplar or eucalyptus grown as single stem trees or coppice on a 9-12 year cycle could 
also be attractive if more log product is required.  

Forestry 

The Isle of Man has a maximum yield from the DEFA forestry estate of 8-10,000 tonnes per year
27

.  It 
is assumed that this has a moisture content of 45% giving 5.2 to 6.5k oven dry tonnes. 

This gives a total maximum wood resource of 25.3k + 6.5k = 31.8k oven dry tonnes.   

If it is assumed that 5.16MWh/tonne is produced, this equates to 164 GWh/year or 24% of the current 
oil heating supply. 

Cereal straw 

Given the relatively small acreage of cereals and the much larger livestock sector it is assumed that 
all straw is used for animal bedding and is not available for energy usage. 

Import of wood pellets 

The Isle of Man is very well placed for supplies of wood pellet fuel brought in by sea from the Balcas 
manufacturing facility in Northern Ireland or from one of the new pellet plants being established on the 
mainland.  Typically this would be delivered in bulk carrier vessels similar to those used for grain. 

Small round wood could also be brought in from the mainland.  This material is in the form of logs with 
a diameter less than 200mm i.e. too small to be used for sawn timber.  It can be stored for long 
periods without deterioration and is either chipped prior to use in larger commercial boilers or split into 
smaller logs for domestic appliances.  

Given the small size of the demand in the Isle of Man and the rapidly growing supply of these 
commodities in both the UK and the rest of Europe 

28
 
29

there should be adequate supplies to make a 
substantial contribution should this be necessary.  Imports also have an important role in 
guaranteeing fuel availability and bridging gaps in the timetables for supply and demand 
infrastructure. 

Plant health regulations and the import of firewood 

Plant health controls do not apply to wood agglomerated in logs, briquettes, pellets or similar forms in 
the UK and Canada

30
 

31
  This is because the wood processing is considered to render the material 

pest free.  The import of logs or chipped wood on the other hand is subject to strict control; the 
material must undergo varying degrees of treatment ranging from simple debarking to heat treatment 
depending on the origin and species. 

                                                      
27 

 Energy & Climate Change Committee Agenda Item No. /10, Paper For The Council of Ministers Committee on Energy and 
Climate Change, Proposal for a Renewable Energy Target 

28
  http://www.eurobserv-er.org/pdf/barobilan9.pdf  

29
  http://www.pelletsatlas.info/  

30
  Plant health import controls for wood-based biofuel products entering Great Britain.  Forestry Commission Guidelines for 

Plant Health (Forestry) Order 2005 (SI 2005 No. 2517).  www.forestry.gov.uk/planthealth  
31

  Canadian Food Inspection Agency Directive D-01-12. Phytosanitary Requirements for the Importation and Domestic 
Movement of Firewood 

http://www.eurobserv-er.org/pdf/barobilan9.pdf
http://www.pelletsatlas.info/
http://www.forestry.gov.uk/planthealth
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The Manx authorities would need to take a view as to what extent they wish to adopt the practice of 
importing wood fuel.  This would require an assessment of the potential risk to the habitats on the 
Island that could be endangered in the event of a failure of regulation against the potential benefit of 
an expanded renewable energy source. 

4.2.2 Costs of technology 

Cost of wood fuels 

Wood pellets are an internationally traded commodity.  The current price for bulk delivery is quoted at 
£180 per tonne delivered in the UK

32
.  This equates to 3.4 p/kWh.  Ireland is marginally more 

expensive at €220/tonne delivered or £191/tonne equating to 3.6 p/kWh.  If a further 10% on to the 
UK delivery price is assumed for delivery to the Isle of Man, this would give a price of £200/tonne or 
3.8p /kWh.  Therefore, this value is assumed in the assessment.  This is comparable with the current 
Island price of 3.95p/kWh. 

Wood chips are supplied locally in the UK from sawmills and forestry for approximately £85/tonne dry 
matter.  This equates to 1.61p/ kWh.  It would be unreasonable to expect a similar price in the Isle of 
Man where the infrastructure needs to be built up solely on the basis of energy sale; in UK it is shared 
to some extent with the board industry.  Therefore an estimate of £120/ tonne dry matter is judged as 
reasonable for wood fuel production and import costs.  This corresponds to an energy price of 2.3 
p/kWh for the input energy. 

A previous briefing estimates
33

 4.1 p /kWh but this seems high in comparison with production 
elsewhere, it could however be used as a high price test in sensitivity analysis. 

Logs are locally supplied in the UK and vary widely in price and quality depending on the size of the 
delivery and location.  It is reasonable to assume logs could be sourced at the same price as chips, 
which is 2.3p/ kWh. 

Cost of wood heating technologies 

AEA has recently completed a study into the design and deployment of the Renewable Heat Incentive 
in the UK

34
.  This work included the compilation of costs for the various categories of wood heating 

technology described above. 

 

Table 4-2 shows the costs and performance of wood fuelled heating installations. 

                                                      
32

  Pellets Atlas http://www.pelletsatlas.info  
33

  Memorandum for Council of Ministers, woodfuel adoption policy. 
34

  The UK Supply Curve for Renewable Heat, Study for the Department of Energy and Climate Change. Ref: URN 09D/689 
(DECC) 
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Table 4-2: Costs and performance of wood fuelled heating installations 

 
Typical sizes 

(max rated 
output). kW 

Typical 
applications 

CAPEX £/kW 
installed 

Fixed operating 
cost 

Load factor.  % 
of full load 

Efficiency of 
conversion of 

fuel to heat 
Lifetime 

Wood fuel 
quantity 

Oven dry 
tonnes/y 

Biomass Heat 
Domestic 

15 
Detached house 

in a rural area 
using pellet fuel. 

528 £270 20% 81% 15 9 

Small non-
domestic 

200 

Primary school, 
public offices 

using wood chip 
fuel 

368 3% of CAPEX 30% 81% 15 119 

Medium non-
domestic 

1000 
Leisure centres, 

shopping 
complexes etc 

313 3% of CAPEX 30% 81% 15 596 

Large non-
domestic 

2000 

Dairies, 
creameries, also 
includes general 

hospitals 

274 3% of CAPEX 70% 81% 15 2783 

Note – benefit to the local economy 

Whilst the cost of the boiler is high and may need some support the continuing purchase of wood fuel from indigenous resources is valuable in that there is no 
revenue leakage from the local economy as there is with imported oil and LPG.  Profit earned is spent locally on goods, services and taxes. 
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4.3 Application of biomass on the Isle of Man 

Biomass is a viable, low risk renewable energy option for the Isle of Man that is most economic in larger 
public buildings and high heat demand settings. These findings reinforce those set out in the 
Memorandum for Council of Ministers - Woodchip Adoption Policy (2010) which recommends 
preferentially installing wood fired heating in public buildings. 

If the uptake of woodchip heating systems achieved a production level of 4,000 tonnes per annum from 
the DEFA Conifer Estate, this would represent 1.5% of total heating demand in the Island. 

Given a combination of modest support for the initial cost, and a portfolio of good practice examples in the 
public sector, such as the Reayrt Y Chrink sheltered housing scheme, biomass heating could be 
expanded in the Island using local forestry and sawmill residue extended by energy crops up to 
168GWh/year or 24% of the current oil heating supply. 

Larger scale expansion could use imported wood pellets. Wood fuels other than pellets may present plant 
health risks that would need to be managed, or may not be acceptable.  More detailed analysis and a 
thorough risk assessment would be needed before fuel imports of any character were allowed. 
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Appendix 5 Anaerobic digestion 

5.1 Technology description and status 

Anaerobic digestion (AD) involves the conversion of biodegradable organic matter to energy by 
microbiological organisms in the absence of oxygen.  The biogas produced in the process is a mixture of 
methane and carbon dioxide, and can be used as fuel source for heating and/or electricity production.  
The treatment of waste leaves behind residues, generally in the form of liquor, called digestate that can 
be used as fertiliser. If sent or returned to farms it helps to reduce the use of mineral based fertilisers (that 
provide the essential plant growth nutrients of Nitrogen, Phosphorus and Potassium, often referred to as 
NPK). 

AD can be carried out in small scale systems located on the farm and operated by farmers or in large 
centralised systems, operated as commercial concerns.  The latter collect slurries from several farms 
within the locality and tend to use other waste, such as food waste from commercial or industrial sources, 
as a feedstock. 

Technologies developed to digest the biodegradable organic matter fall into three distinct categories: 

 low solids digestion, operated at solids content up to 10% solids;  

 high solids digestion that process substrate of between 15% and 35% solids; and  

 two-phase digestion that includes those in which the biological breakdown of the rather challenging 
and complex wastes is carried out in separate containment from the rather slow stage of 
methanogenesis. 

Any front end processing, including feed preparation stages, are related to the type of feed and digestion 
system, whereas the market outlet of the digestate dictates the post-digestion processing. The overall 
plant is generally optimised to maximise the throughput of the incoming waste, which is treated to 
biologically stabilise for its market outlet. 

As mentioned above, the waste feedstock for centralised AD systems are fairly flexible with regard to the 
types of waste that can be utilised and will invariably include livestock farm slurries. In return the farms 
would agree to provide a secure outlet for the digestate.  Figure 5-1 provides a simple depiction of the 
inputs and outputs to and from a centralised AD plant based on livestock slurry, kerbside-collected food 
waste from a waste collection authority, and sludge from an effluent treatment plant operated by an 
industrial food manufacturer.  The AD plant could be situated sufficiently closely to the last of these to 
enable either the transport of the biogas to the industrial site or for that matter the heat, when generated 
from the biogas-based CHP scheme.  Due to environmental as well as energy security pressures the UK 
Government is currently assessing the future need and scope for biogas, including:  

 Biomethane to gas grid 

 Biomethane to transport fuel 

 Biogas to CHP 

 Biogas to heat only 

It will be important that IoM considers each of these options, for each possible AD plant proposal. 



 Renewable energy sustainability study – impacts and opportunities for the Isle of Man 

 

AEA in Confidence Ref: AEA/ED46657/Issue Number 1  33 

Figure 5-1: Schematic of a centralised AD plant 

 

Suitable market outlets need to be found for the resulting digestate. Careful management is therefore 
needed to reap the full benefits of anaerobic digestion in these circumstances. 

In operational terms, centralised anaerobic digestion plants present both opportunities and challenges for 
the plant operator, environment and the users of the digestate. For instance, the logistics involved in 
collecting the different types of waste and providing a consistent feed mix to the digester requires a highly 
integrated approach among a number of stakeholders, including the farms. The role of the farms is pivotal 
in the success of centralised AD plants as they not only provide livestock slurry but also take back the 
digestate (treated wastes) for application to land. 

Odour from treated animal slurries is significantly lower than that of raw slurry, especially during 
applications, has pathogens destroyed and helps the farmers reduce the risks of water pollution from 
livestock faecal matter. This approach also has the potential to reduce uncontrolled methane, ammonia 
and nitrous oxide emissions. However in order to fully realise these benefits, it is important that the 
system is operated well and that the digestate is correctly applied to land so that the nutrients can be 
utilised effectively. 

Anaerobic digestion increases the available nitrogen content of digested livestock manures and slurries 
by breaking down the more complex organic compounds. It is important that appropriate application 
methods, timing and rates are used, and matched to the needs of the crop. Otherwise, there is a potential 
for ammonia and nitrous oxide emissions to increase, both during the storage of the digestate and 
following the application to land.  

5.1.1 Type and size of AD plants 

Three quite distinct types of anaerobic digestion plants are emerging in the UK: 

1. On-farm AD plants based on livestock slurry and producing around 50 - 200kW biogas. These will 
be slow to be implemented as the financial returns are still poor. 

2. Farm Enterprise AD plants are those set up by rural or farm enterprises to manage local waste 
streams from farm(s) but also mixed with food waste and energy crops or silage.  These produce 
between 500 and 5000 kW biogas, but typically 2000kW.   

3. Merchant AD plants which are mainly based on the treatment of food waste from household origin 
but will also include other commercial and agricultural wastes from the locality. These produce 
between 1500 and 5000kW of electricity and tend to be operated by local authority or waste 
management contractor companies. 
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Those likely to be suitable in IoM are on-farm and farm enterprise types as the waste quantities are quite 
small and distributed widely. 

5.1.2 Technology readiness level 

In the UK there are currently over 100 AD plants at planning or construction phase but only around 12 in 
operation.  These use food waste alongside other wastes, such as livestock slurry and agricultural silage 
as feedstock (belonging to Types 2 and 3, as described above). 

Based on these the TRL statuses of the three different types of AD plants are given as follows: 

 On Farm AD Plants: While some plants exist this technology still requires development for wider 
acceptance and is judged to be at TRL 6-7. Interest in this technology is gradually increasing and 
will require some innovation, which may take between 3 and 5 years to reach TRL 9. 

 Farm Enterprise AD Plants: Thousands of such plants are installed in Europe, notably in 
Germany.  These are also implemented or being implemented in several locations in England.  The 
market for them is increasing and is judged to be at TRL of 9. 

 Merchant AD Plants: Over 100 such plants exist in Europe and several are installed in England.  
The market for them is judged to at TRL of 9. 

5.1.3 Levels of deployment 

At present there is reluctance to implement AD plants on IoM, which partly stems from the mid-nineties 
experience with an AD plant, installed at a meat processing factory near Santon.  UK has suffered similar 
lack of confidence in the technology. Over the last 20 years interest in AD technology (apart from that for 
traditional sewage sludge plants) for livestock and food waste has fluctuated considerably.  In practice 
this led to a very small uptake.  The key reason for this was the poor economic returns due to high capital 
costs of the installation, compared to alterative treatment and disposal options.  Since the introduction of 
the Renewable Obligation Order there has been a rise in the installed electricity generation from around 3 
MWe in 2005 to some 6 MWe installed capacity of AD plants in 2009.  Most of this capacity is presently in 
England and has come about in the last five years. 

Table 5-1 lists a selection of the major operational AD plants in England, with the associated feedstock 
and plant capacity.  

Table 5-1: AD plants in the UK and their current status 

Site name Waste 
Waste 

capacity 
(t/y) 

Energy 
(estimated, 

kWe) 
Location 

Current 
status 

Holsworthy AD Plant, 
Devon 

Mixed waste 135,000 3,000 Devon Operational 

Wessex Grain Ltd, 
Templecombe 

Livestock & food 
waste 

13,500 570 Somerset Operational 

Kemble Farms Ltd, 
Tetbury 

Livestock & food 
waste 

12,522 550 
Gloucestershir

e 
Being 

commissioned 

Melbury Bioenergy Ltd, 
Dorchester 

Livestock & food 
waste 

14,782 500 Dorchester 
Being 

commissioned 

Wanlip STW (owned by 
Severn Trent Water) 

Biodegradable 
fraction of MSW 

40,000 1,110 Leicester Operational 

Westwood AD plant Food waste 45,000 1,220 East Midlands 
Being 

commissioned 

Bedfordia Plant 
Livestock & food 

waste 
40,000 1,110 East Midlands Operational 
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Site name Waste 
Waste 

capacity 
(t/y) 

Energy 
(estimated, 

kWe) 
Location 

Current 
status 

Ludlow AD plant Food waste 4,000 370 Shropshire Operational 

Adnams (Suffolk) AD 
plant 

Food waste 12,000 540 Suffolk 
Being 

commissioned 

Langage 
Food waste 

(commercial & 
industrial) 

15,000 600 Devon 
Under 

construction 

Staples 
Agro-industrial food 

waste 
50,000 1,400 Plymouth 

Under 
construction 

GWE 
Food waste 

(commercial & 
industrial) 

50,000 1,320 
Driffield (E 
Yorkshire) 

Under 
construction 

Xergi/SSE 
Food waste 

(various) 
80,000 2,000 

Barkip/N 
Ayrshire 

Advanced 
feasibility 

PDM AD plant 
Food waste 

(various) 
45,000 1,220 Doncaster 

Advanced 
feasibility 

5.2 Technology resource and cost 

5.2.1 Capital Cost (CAPEX) 

As with any developing or developed technologies, the capital cost of AD plants is difficult to establish.  
Equipment and plant suppliers regard this type of information as commercially sensitive and often provide 
it in an imprecise way or using qualifying assumptions.  The best quotes are often produced in 
competitive tenders. 

Capital cost of the merchant AD plants, which process food waste from household and commercial 
premises, is typically 40% higher than the farm enterprise AD plants due to the need for extensive 
mechanical sorting and the design loads that could handle rather varying loads of the quantities and 
characteristics of the food waste. 

Table 5-2: CAPEX of AD plants 

 
Base digester and 

balance of plant (£m) 
Boiler or burner for 

heat (£m) 
Injection equipment 

(£m) 

200kW biogas 0.43 0.01 N/A 

2MW biogas 3.9 0.1 1.1 

5MW biogas 11.2 0.25 2.8 

5.2.2 Operating cost (OPEX) not including feedstock 

Operating and maintenance cost is often quoted as a percentage of the capital cost; it can 
typically vary between 5% and 10%.  Where possible it is prudent to view the operating cost by 
examining both the fixed and variable operating costs: 

 Fixed costs, which include: labour, maintenance, overheads etc 

 Variable costs, which include: utilities (water, fuel, back up electricity supply, other), chemicals, 
waste transport costs etc 
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Feedstock costs 

The costs of wastes or biomass are normally given on a weight basis.  Livestock slurry and wastes are 
generally taken to be zero; there would be the inclusion of transport cost if they have to be delivered to an 
AD plant.  Energy crops such as maize which are grown on farm are taken to be around £25 per tonne 
wet weight; however, if it was delivered to merchant plant then its cost would be around £30 per tonne 

wet weight
35

. In contrast food waste attracts a gate fee (income) of between £30 and £60 per tonne, 
depending on local competition for the material and disposal costs. Table 5-3 below gives energy 
generation from these feedstocks as well as costs per MWh methane. It shows that livestock slurry has a 
very low methane potential compared with energy crop and food waste. 

Table 5-3: Energy yield and cost of energy from waste 

 MWh/Tonne £/tonne £/MWh raw biogas 

Slurry 0.14 0 0 

Food 1.2 - 54 -45 

Energy crops (grown on site) 0.95 + 25 +26.3 

On this basis feedstock costs would be as follows:  

 200kW on-farm: £26.1 Per MWh biogas export 

 2MW farm enterprise: -£33.7 Per MWh biogas export 

 5MW merchant:  -£60.0 Per MWh biogas export 

This gives a simplified picture of the feedstock but there are a range of other feedstocks throughout the 
food chain and agriculture. 

5.2.3 Anaerobic Digestion of Wet Wastes and Effluents 

In assessing the scope for AD plants on the IoM, the approach and logic that is applied is similar to those 
related to the AD plants in England.  Any plants are likely to be based on the farm enterprise model as 
described earlier  but at smaller scale (between 200 and 400 kW biogas) compared to those in England 
(which are above 500 kW).  Overall, a limited scope for economically viable AD plants on the IoM is seen 
in the near future.   

AD Resources 

Farm livestock manures 

These wastes contain a high proportion of water and provided sufficient quantities are available they can 
be treated on-site using anaerobic digestion (AD) plants.  Information has been acquired

36
 on some of the 

Island‘s largest livestock farms to be able to select five geographically spread large farm sites for 
consideration in this study (as shown in Figure 5-2).  Environmental legislation and the pressure to deal 
with farm wastes could be an important driver as well as income from bioenergy. 

Municipal solid wastes (MSW) 

The current MSW arisings on the IoM are estimated to be approximately 50,000
37

 t/y.  All of this currently 
goes to the energy from waste (EfW) plant, near Douglas, that is capable of handling 60,000 t/y of waste.  
There are pressures from the EU to manage biowaste (food and garden waste) more effectively by first 
introducing their separate collection where possible. If the IoM Government considers this in the future, 

                                                      
35

  Price for forage maize. The John Nix Farm Management pocketbook, 40
th
 edition Sept 2009  

36
  From Andy Macdonald and Chris Neil of DEFA, June 2010 

37
  Based on factors taken from the ITI Waste and Energy from Waste survey 2009 
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then a quantity of separately collected food waste will become available.  This is regarded as a future 
possibility only.  Therefore estimates have been made on the quantities of food waste that may be 
available, assuming waste collection arrangements based on kerbside collection of food waste from 
households and some from commercial premises and industrial food production sites.  The overall food 
waste likely to be collected is between 5,300 and 7,000 t/y.  The upper estimate includes a proportion of 
garden waste that may come co-mingled with the food waste. 

Sewage sludge 

It is understood
38

 that the Isle‘s sewage treatment works, at Meary Veg, deals with sewage from around 
65,000 people.  By-product of the sewage treatment, known as sewage sludge, is normally between 2-4 
wt% solids and requires a safe and secure outlet.  Currently, it is dewatered, dried to 92% DM and 
pelleted for either land application or sent to EfW plant.  The quantity produced amounts to some 5 t/d or 
1500 t/y and all of this is currently delivered to the EfW plant.  Therefore, no sewage sludge has been 
taken into account in the considerations related to AD plants. 

The report entitled IRIS Regional Sewage Treatment Strategy - Business Case Report
39

 makes 
recommendations for treating sewage from the remaining settlements that are not yet connected to the 
Meary Veg sewage treatment works.  This additional capacity would produce another 750 t/y of sewage 
sludge.  Overall this would make up to 2250 t/y of sewage sludge pellets or around 60,000 t/y of wet 
sludge (assumed 4 wt%). 

Other wastes 

Near Douglas there is a creamery that takes in ~22,000 m3 of milk for the production of pasteurised milk, 
cream and cheese among other products.  Information acquired from the creamery

40
 shows that it 

produces around 15,000 m3 of whey which is centrifuged to separate out certain fats (for use in the 
production of whey butter) and leave behind the concentrate containing lactose (5%) and protein (2%) 
with the rest (93%) being water. At present, the creamery uses up to 45,000 m3/y of water that creates 
dilute effluents. These are mixed with the whey concentrate to produce up to 60,000 m3/y of effluent with 
around 4,200 mg/l BOD; 7,000 mg/l COD; and 500 mg/l suspended solids. This whole effluent is currently 
discharged to sea, under license.  If the concentrate (containing lactose and protein) is kept separate it 
will provide a rich feedstock that can be mixed with the livestock slurry from the dairy cattle farm, for 
biogas production.  This is included in the following analysis. 

Nearby there is also a meat processing (cum abattoir) plant that annually culls around 8,500 cattle, 8000 
pigs and 60,000 sheep. Approximately 2,500 t/y of waste, comprising hard and soft animal tissues, is sent 
for processing to the Animal Waste Processing Plant where it is rendered. There are small to medium 
size breweries on the Isle too. These waste streams are not considered in the feasibility of specific AD 
plants. 

The five sites 

As mentioned above, five sites have been selected, based on their current livestock waste and their 
proximity to other wastes that could be co-digested; see Figure 5-2. Such an arrangement with the 
livestock farms provides secure access to land for the disposal of digestate (the residue left after AD 
process).  Each of the five sites is examined with respect to the quantities of waste and the scope for an 
AD plant there. 

                                                      
38

  Personal communication with Peter Winstanley, May 2010 
39

  IRIS Regional Sewage Treatment Strategy - Business Case Report; Department of Transport, Isle of Mann, Rheynn Arraghey, 
July 2009; http://www.isleofman.com/News/article.aspx?article=17733  

40
  Andy Thornton and Findlay McCleod of IoM Creamery, July 2010 

http://www.isleofman.com/News/article.aspx?article=17733
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Figure 5-2: Five of the large farm sites considered in the analysis 

 

Site A: Santon AD plant that could be based at or close to the large dairy farm with approximately 340 
cattle. This site is also close to the IoM Creamery and other food processing sites (such as a meat 
processing plant and a brewery) that could provide additional wastes.  As mentioned above, the 
assessment for AD plant takes account of only IoM Creamery‘s waste alongside the farm‘s cattle slurry. 

Site B: Braddan AD plant that could be based at the largest dairy farm on IoM with approximately 425 
cattle.  As mentioned above, the IoM has an EfW that takes all of the municipal (household) solid waste at 
present.  It is possible that in future the IoM Government will consider separate collection of food waste.  
This quantity is estimated using food waste production per capita; the population of the districts 
surrounding this site is around 44,000 (i.e. from Braddan, Lonan, Onchan, Marown and Douglas) which 
would provide approximately 2,900 tonnes of food waste. 

Site C: Andreas AD plant that could be based at a dairy farm there with 215 cattle, but also in future could 
take separately collected food waste from the six local districts and the town of Ramsey. 

Site D: Malew AD plant could be based at a dairy farm there with 150 cattle, but also in future could take 
separately collected food waste from the districts surrounding it. 

Site E: Peel AD plant could be based at a dairy farm there with 200 cattle, but also in future could take 
separately collected food waste from the districts surrounding it. 

Table 5-4 shows the estimated quantities of waste for each of the AD plant.  
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Table 5-4: Estimated quantities of wastes linked to the potential AD plant sites 

 Site A 
(Santon) 

Site B 
(Braddan) 

Site C 
(Andreas) 

Site D 
(Malew) 

Site E 
(Peel) 

 Dairy cattle (number) 340 425 215 150 200 

 Dairy cattle waste (t/y)  4,100 5,100 2,600 1,800 2,400 

 IoM Creamery‘s sludge/waste (t/y) 15,000 - - - - 

 Future food waste (t/y) - 2,900 900 1,000 550 

 Total potential waste (t/y)  19,100 8,000 3,500 2,800 2,950 

Current options 

Under the current options, only site A plant is considered economically viable.  Table 5-5 gives the 
technical and economic data related to the feasibility assessment.  All other sites, that do not currently 
have source separated food waste from households, would not be economically viable. 

Table 5-5 shows that this would be an AD plant capable of generating some 220 kWe.  Outgoing costs 
such as operation and maintenance would be balanced against the potential sources of income provided 
by the likely AD plant. It can be seen that financial gain may be achieved through the avoided cost of 
disposal of the site‘s own waste. 

Table 5-5: Technical and economic parameters related to the AD plant at Site A (Santon) 

Parameter 

 Livestock 340 dairy cattle 

Dairy cattle waste (t/y)  4,078 t/y 

Creameries sludge or waste (t/y)  15,000 (7% DM) 

Total (7.8% dry matter) 19,078 t/y 

Project lifetime 20 years 

Size of digester 500 m3 

Methane produced from digester 471,000 m3/y 

Generator size 220 kW 

Electricity exported, after use on AD plant 1,434,000 kWh 

Heat for export 1,205,000 kWh 

Capital cost £1,260,000 

O&M cost £113,000 per year 

Site's own waste (avoided cost) -£50,000 per year 

Note: negative expenditure numbers signify income 

Possible future options 

The analyses around AD plant sites B-E are only valid if and when the IoM government introduces 
separate collection of food wastes from households.  Table 5-6 gives the basic energy parameters 
associated with these AD plants considered, alongside that of Site A. 
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Table 5-6: Energy balance associated with the potential AD plants 

 Site A** 
(Santon) 

Site B 
(Braddan) 

Site C 
(Andreas) 

Site D 
(Malew) 

Site E (Peel) 

Methane production (m3/y) 471,486 315,428 113,684 108,251 86,486 

Electricity generation (kWe) 220 170 60 60 50 

Electricity produced (kWh) 1,687,000 1,128,648 406,777 387,339 309,460 

Heat produced (kWh) 2,410,064 1,612,354 581,110 553,341 442,085 

Electricity exported (kWh) 1,433,988 959,351 345,760 329,238 263,041 

Heat exported (kWh) 1,205,000 806,177 290,555 276,670 221,043 

** The site A is not dependent on separate collection of food waste but its details are given alongside for comparison. 

From the above analysis it seems there is at present a relatively good prospect of one AD plant based at 
Santon (Site A).  We consider all other plants are not economic at present. 

However, if the IoM government were to implement a separate collection for food wastes (possibly as part 
of a broader environmental strategy) then more AD plants are possible.  Under this scenario the most 
attractive AD plant would be at Braddan (Site B).  Those at Andreas and Malew will have a much lower 
rate of returns and that at Peel would not likely be viable at all. 

5.3 Conclusions 

This assessment needs to be viewed alongside the IoM‘s current sewage sludge and waste management 
practices and how these may evolve in the future.  At present all of the MSW and sewage sludge (after 
dewatering and drying) are taken to the Isle of Man‘s EfW plant.  Several other organic wastes are being 
sent to the EfW plant; this includes waste from meat plant and breweries as well as municipal solid waste.  
The EfW plant has sufficient capacity to deal with these wastes. Effluents such as whey concentrate are 
currently discharged to sea. 

There is an all-Island sewage treatment plan that is being implemented by the Water and Sewerage 
Authority.  It is reported that the quantity of sludge, produced during sewage treatment, is rather small 
and commercial justification cannot be made for its digestion to produce biogas.  Therefore the sludge is 
dewatered, dried and pelleted prior to sending it to the energy from waste (EfW) plant. 

In the analysis it has been assumed that there is a possible scope for kerbside collection of food waste 
from households, but the sewage sludge management will proceed as planned.   

The final analysis shows that at present there is a prospect of only one AD plant on the Isle of Man.  This 
would be based at Santon with feed of up to 20,000 t/y of waste comprising cattle slurry and whey 
concentrate from the IoM Creamery.  It will be capable to supporting a 220 kWe engine for combined heat 
and power production. 

Sourcing different feedstocks from the locality is very important.  It leads to the design of a more flexible 
AD plant that will not wholly rely on a specific waste stream.  Use of farm slurry allows a base load of 
feedstock that easily lends to AD but it also allows access to farms to provide a secure outlet for farms. 

If the IoM government were to implement a scheme to collect food wastes separately from the rest of the 
waste (possibly as part of a broader environmental strategy) then more AD plants are possible.  Based on 
this the most attractive AD plant would be at Braddan (Site B) and be based on cattle slurry and some 
3000 t/y of food waste.  Those at Andreas and Malew will have a much lower rate of returns and that at 
Peel would not likely be viable at all.   

It should be noted that if an AD plant based on food waste were to be built then it is likely that all of the 
separately collected food waste be taken there, making it economically more attractive than shown 
above.  Similarly, other wastes (e.g. from poultry farms or other agro-industrial sources) may also be 
attractive to such an AD plant. 
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Appendix 6 Wave energy 

6.1 Technology description and status 

Wave energy is the extraction of useful energy from the motion of water in surface waves on the sea.  
Wave energy devices are usually designed to generate electricity, although their use to directly drive 
water desalination plant has also been suggested.   

The first technologies for extracting wave energy appeared in the 1970s as part of an upsurge of interest 
in renewable energy R&D following the 1973 oil crisis, but the technologies now being promoted began 
their development in the late 1990s and early 2000s.   

Waves contain energy by virtue of their motion and the difference in height between peaks and troughs.  
In a wave energy device, the waves exert forces on a moving collector element.  This is a large structure 
whose shape, and the way it is constrained to move, varies from one device concept to another.  
Spheres, cylinders, doughnuts, paddles and other more complex shapes have all been used.  One of the 
first wave devices to be developed, the oscillating water column, uses a column of air as its collector 
element.   

The collector element is connected, via a power take off system to a reaction source, which could be the 
seabed, a large inertial mass or another collector element that moves out of phase with the first.  The 
power take off system converts the relative motion of the collector element and the reaction source into a 
usable form of energy.  

Ocean waves are random in nature and this has important implications for the extraction of energy.  It 
means that waves must be characterised statistically and devices must be designed to respond to mixed 
seas containing a wide range of wave heights and frequencies.   

The key parameter determining the economics of a wave generating station is the annual average wave 
power density of the sea at the deployment site.  This varies from one location to another, but tends to be 
greater in higher latitudes and also increases with distance from the shore.  In UK sites exposed to the 
Atlantic, power density

41
 varies from less than 20kW/m at the shoreline to over 50kW/m, 55 km west of 

South Uist
42

.  In the Irish Sea, however, energy densities tend to be much lower, typically less than 
10kW/m.   

Wave energy technology is extremely diverse, with around 80 device concepts currently under 
development around the world.  This could be viewed as an indication that the underlying physics of wave 
energy extraction is not yet properly understood or the technology to extract the energy in the optimum 
way is not established.   

6.1.1 Technology readiness level 

Wave energy is currently at TRL 6, having achieved a number of full scale prototype tests of short 
duration, up to a few weeks, but with no continuously operating prototype yet in place.   

The full scale prototype deployments that have happened in the UK so far are: 

Limpet 

The Limpet is a shoreline oscillating water column device in which the rising and falling water level inside 
a concrete air chamber forces air backwards and forwards through a unidirectional air turbine, which 
rotates in the same direction irrespective of the direction of air flow.  The turbine drives an electrical 
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  The power (kW) contained in the wave can be expressed in terms of the wave amplitude/length of the wave (m) 
42

 BERR: Atlas of UK marine renewable energy resources.  Downloadable from http://www.berr.gov.uk/energy/sources/ 
renewables/explained/wind/page27403.html (Checked 22 February 2008)  

http://www.berr.gov.uk/energy/sources/renewables/explained/wind/page27403.html
http://www.berr.gov.uk/energy/sources/renewables/explained/wind/page27403.html
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generator.  The Limpet was made of reinforced concrete and built into an artificial gully in the side of a 
cliff on the isle of Islay.   

The device was built in 2000 by Wavegen Ltd and Queens University Belfast.  It had an installed capacity 
of 500kW and was expected to generate 200kW annual average.  However, in practice it only achieved 
around 1/10 of this, mainly because the slope of the seabed on the approach to the mouth of the device 
was not as steep as originally thought.   

Pelamis 

The Pelamis consists of a number of steel tubes connected together by hinged power modules. The 
relative motion of the tubes, in response to the action of the waves, pushes hydraulic pistons in the power 
modules, driving fluid to a hydraulic motor which drives an electrical generator.  The device floats on the 
surface of the water and is held in place by a three point flexible metal wire centenary mooring anchored 
to the seabed.  Power is taken ashore via a cable attached to the nose of the device.   

The Pelamis has been deployed three times at full scale.  The first of these was in 2004 at the European 
Marine Energy Centre (EMEC) in Orkney.  Although planned to operate for a year, the device operated 
for approximately two weeks before being taken ashore due to unspecified technical problems.  The 
same machine was deployed again at EMEC in 2008 and operated for an undisclosed period of time 
(certainly less than three months), before being taken ashore indefinitely.  In May 2005 Pelamis Wave 
Power (then called Ocean Power Delivery) was awarded a contract by Portuguese utility Enersis to build 
three machines for a wave farm in Portugal.  The machines were delivered in May 2006 but did not begin 
generating until September 2008.  Four months later the machines were taken ashore due to ―excessive 
wear on bearings‖

43
 and have not been reinstalled.   

Aquamarine Oyster 

The Aquamarine Oyster is a bottom mounted hinged flap wave energy converter designed to operate in 
approximately 10m water depth close to shore.  It is being developed by Aquamarine Power Ltd, which is 
owned by Scottish and Southern Energy.  A prototype device was deployed at EMEC in the summer of 
2009.  This device has a nameplate capacity of 315kW and is 26 meters wide by 13 meters high.  The 
device works by pumping seawater to the shore where it drives a pelton wheel powering a conventional 
electrical generator.  To date, no information has been divulged into the public domain regarding how 
many kWh the device has generated.   

6.2 Technology resource and cost 

This section describes a potential wave power scheme in Manx waters, and estimates its 
technoeconomic characteristics.  The most advanced device concept, at least chronologically, is the 
Pelamis, and so it has been decided to base the scheme on that technology.   

6.2.1 Description of Scheme 

The scheme is a farm of 40 Pelamis machines each rated at 750kW nameplate capacity totalling 30MW.  
Each machine is 150m long and 3.5m wide and the farm is arranged in three rows.   
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  Lisa Pham (2009) ―Special Report - Energy - Waves Start to Make Ripples in Renewable Energy World.‖ New York Times, 20th 
October. [online] Available from: http://www.nytimes.com/2009/10/21/business/global/21iht-renwave.html (Accessed 26 May 
2010) 
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Figure 6-1: Configuration of array of Pelamis wave energy collectors 

 

Figure 6-2: Location of wave energy array 

 

Figure 6-2 above shows the suggested location of the array, which is in the area with the highest energy 
density, as shown in Figure 6-3. 

Figure 6-3 shows a map of the annual average wave energy density in kW/m of wave crest in the waters 
around the Isle of Man.  This shows that the highest energy density is to the south of the Island roughly 
between 4 and 16 km south of the Calf of Man.    
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Figure 6-3: Annual average wave energy density around the Island 

 

Figure 6-4 shows how the energy density at this selected location to the south of the Island varied from 
month to month during the course of a year. 

Figure 6-4: Variation of wave power density (kW/m) in the selected grid square 

 

Figure 6-5 shows the position of the hypothetical offshore wave energy array in combination with the 
other marine energy technologies.  Its location is determined by the highest wave energy intensity within 
the Isle of Man‘s territorial water.  It is also possible that offshore wind energy arrays (Z4) could be 
deployed in the same area however this will depend on which of these technologies is the most 
economically viable.  If both were deployed the wind turbine array would need to be designed to avoid 
interference with the wave array to minimise energy losses. 
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Figure 6-5: Position of offshore wind and wave arrays relative to Primary Navigation Routes 

 

6.2.2 Environmental Considerations 

The hypothetical example of a floating wave energy array would mean that a series catenary mooring 
systems would be spread over an area of approximately 3.4km

2
.  These systems rely on large gravity 

anchors linked to a connection system consisting of cables attached to buoys which allows each Pelamis 
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device to be connected quickly at a single point.  The anchors would have a limited footprint on the sea 
floor, but after installation the entire system would become colonised by marine algae and sessile 
invertebrates.  The position of the hypothetical array suggests that it would avoid the scallop dredging 
area and the Sabellaria spinulosa habitat to the south of it (Figure 6-6).  Careful scrutiny would be 
required to minimise the impact of these delicate habitats. 

Figure 6-6: Marine habitats of conservation value and relative intensity of dredging for the queen 
scallop within the territorial waters of the Isle of Man 

 

Figure 6-7 shows that part of the area occupied by the wave array would have an impact on the Isle of 
Man‘s inshore fishing fleet.  The Pelamis is a large floating structure and consequently the array would 
effectively become a fishing exclusion zone.  One longer term benefit is that it could provide a no-take 
zone helping to build fish stocks. 
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Figure 6-7: Fishing intensity with the territorial waters of the Isle of Man 

 

6.2.3 Total electricity generated each year 

Dalton et al
44

 have derived an estimate of the Pelamis‘s capture width, based on PWP‘s published 
performance data, obtaining a range of 6 to 8m (compared with a physical width of 3.5m) depending on 
the wave climate.  Assuming a capture width of 8m, each machine in the Isle of Man deployment location 
(Figure 6-2), would therefore produce an annual average of 69kW, with the array of 40 machines 
producing 2.76MW annual average equivalent to 24.17GWh/y, assuming 100% availability.  With a more 
prudent assumption of 90% availability, the annual energy production would be 21.8GWh/y. 

6.2.4 Capital costs (CAPEX) 

Devices 

The capital cost of a Pelamis device is not available in the public domain.  Pelamis Wave Power‘s 
Aguçadoura wave farm in Portugal was reported as costing €8M for the quayside cost of the machines, 
but no information was given about the installation cost or the cost of the cable or grid connection.  A 
recent survey carried out by Ernst & Young (E&Y) for the UK Department of Energy and Climate 
Change

45
, concluded that, for current demonstration projects, the levelised cost of energy was 
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  Dalton, G. J., Alcorn, R. and Lewis, T. (2010)  ―Case study feasibility analysis of the Pelamis wave energy convertor in Ireland, 
Portugal and North America.‖ Renewable Energy, 35(2), pp. 443-455. [online] Available from: 
http://www.sciencedirect.com/science/article/B6V4S-4WXRDJ1-1/2/0cb8dd29bfa44b82b82a3d93d779663d (Accessed 5 
February 2010) 

45
 DECC (2010) ―Marine Action Plan.‖ [online] Available from: http://www.decc.gov.uk/en/content/cms/what_we_do/ 

uk_supply/energy_mix/renewable/explained/wave_tidal/funding/Marine_action_/Marine_action_.aspx  (Accessed 18 March 
2010) 

http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/renewable/explained/wave_tidal/funding/Marine_action_/Marine_action_.aspx
http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/renewable/explained/wave_tidal/funding/Marine_action_/Marine_action_.aspx
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£551/MWh.  This was an averaged figure for the whole field of wave energy technologies, but must reflect 
the Pelamis most strongly, as this is the most advanced technology.  Without knowing discount rate and 
opex that were used in the cost of energy calculation, it is difficult to work backwards to obtain the capex.  
However, assuming a discount rate of 15% and annual opex of 5% of capex, the figure would be 
consistent with a capex of £5,500/kW or £5.5M/MW.  E&Y‘s analysis shows costs falling to £214/MWh by 
2020 and £86/MWh by 2050, but these are based on learning curve calculations, which must be treated 
with extreme caution because they are top down predictions made in the absence of any technical 
information on possible cost reductions.   

The first of the next generation of the Pelamis, the P2, designed to overcome the reliability problems 
encountered in the previous generation of machine, has recently been built at Leith in Edinburgh and was 
due for installation at the European Marine Energy Centre (EMEC) in the Summer of 2010.  No 
information regarding its cost has been released into the public domain, but in February 2010 the Carbon 
Trust awarded PWP and EOn a £4.8M grant towards the cost of this project.  Because of EU state aid 
rules, this cannot represent more than 50% of the project cost, but could include the cost of operating and 
testing the device as well as the capex.   

Therefore, it has been assumed that the capex of a single machine is £5,500/kW or £4.125M for a 750kW 
machine.   

If 40 machines are manufactured, then there will be economies of scale.  This is modelled by assuming 
that, of the cost of a single machine, 50% is a fixed overhead that remains the same irrespective of the 
number of machines being built.  This would imply that the cost of a 40 machine farm would be (0.5 x 40 
+ 0.5) x 4.125 = £84.56M). 

Grid connection 

In addition to the devices themselves, it will also be necessary to install cabling and grid connection.  The 
most relevant source of cost data for this is a study carried out by National grid and Econnect for the 
Crown Estate in 2008

46
 examining the costs of connecting round 3 offshore wind farms.  Scaling the data 

from this study to the characteristics of the farm proposed here would indicate the costs shown in Table 
6-1.   

Table 6-1: Estimated costs of proposed farm 

Cost element Cost (£M) 

Offshore cable cost 4.7 

Substation cost 9.7 

Total cost 14.4 

This would give a total capex of £99M.  It is assumed that the cost of installation is included in the CAPEX 
quoted above.   

6.2.5 Opex 

It is assumed that the opex will be 5% of capex per year, which in this case would be equal to £4.95M/yr. 

Table 6-2: Summary of proposed wave farm 

Parameter Unit Value 

Device capacity MW per device 0.75  

No of devices Dimensionless 40 
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 Crown Estate (2008) Round 3 Offshore Wind Farm Connection Study, [online] Available from: 
http://www.thecrownestate.co.uk/round3_connection_study.pdf (Accessed 18 December 2009) 
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Resource parameters kW/m annual average 8.66  

Annual energy production GWh/y 21.8 

Capex £M 99 

Time profile of capex spend See above  

Opex £M 4.95 
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Appendix 7 Tidal current 

7.1 Technology status 

Tidal-current energy is the direct extraction of energy from naturally occurring tidal currents.  This is done 
in much the same way as wind turbines extract energy from the wind.   

Strong tidal currents are most frequently found near headlands and islands.  These retard the progress of 
the tidal bulge as it moves around the earth, leading to differences in hydraulic head that can only be 
equalised by a flow of water around and between the land features.  It is this flow that constitutes the tidal 
current.  The detailed flow regime is determined by the topography of the coast and the bathymetry of the 
seabed.   

A number of different tidal current generator concepts have been proposed in recent years.  With a few 
exceptions the majority are variations on the theme of a horizontal-axis turbine – which look something 
like an underwater wind turbine.  The main differences are the method of holding the turbine in place, the 
number of blades and rotors and how the pitch of the blades is controlled.  Some turbines also have a 
flow modifying structure, such as a shroud or cowl.   

The leading device concept is the SeaGen turbine being developed by Marine Current Turbines Ltd 
(MCT) of Bristol.  In April 2008 MCT began the installation of SeaGen, a 1.2MW nameplate capacity 
turbine in Strangford narrows Northern Ireland.  Following various teething troubles, it accumulated 1000 
hours in February 2010 and, based on knowledge at the time of writing, is continuing to operate.   

The SeaGen device has two rotors attached to a horizontal crossbeam attached to a vertical steel tube 
that pierces the surface.  The device is designed so that the swept area of the rotors occupy as much of 
the water column as possible and is limited to locations with a water depth up to 30m.   

Unfortunately, much the Isle of Man‘s tidal current resource is somewhat deeper than this, with only 
limited potential areas in the 20-30m depth range.   

For locations deeper than 30m, alternative designs must be used in which the rotor occupies a smaller 
proportion of the water column.  Such design concepts are less advanced than the MCT device and must 
be considered as being at a lower TRL.   

There are two approaches to deeper water tidal current turbines – either the turbine can be seabed 
mounted occupying the lower part of the water column, or it can be suspended from beneath a floating 
structure such as a pontoon.  The former approach appears to be favoured, and accounts for the majority 
of device concepts currently under development.  Examples of these include: 

 Tidal Generation Limited (TGL) 

 Lunar Energy 

 Atlantis Resources Corporation 

 Swanturbines 

 Hammerfest Strøm 

MCT‘s device is currently at TRL 7.  The Norwegian Hammerfest Strøm turbine has been installed at full 
scale in a relevant environment, but no information has been made public about how successful this 
demonstration was, so it would be prudent to allocate it to TRL 6.  Of the others, Tidal Generation Ltd is in 
the process of deploying a full scale prototype, so could achieve TRL 6 relatively soon, but the others are 
best allocated to TRL 5.   
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7.2 Technology resource and cost 

This section describes a potential tidal current power scheme in Manx waters, and estimates its 
technoeconomic characteristics.   

7.2.1 Technology 

Although there are over 40 tidal current device concepts under development around the world, only a 
small number of these have built full scale prototypes and only one can be considered to have genuinely 
reached TRL 7.  This is Marine Current Turbines Ltd‘s ‗SeaGen‘ device, a full scale prototype of which is 
currently installed in Strangford narrows, Northern Ireland, and is believed to be operating continuously.  
This is the only technology for which reasonable cost estimates are available.   

Therefore, this assessment has been based on this technology.  The characteristics of this device have 
been described in the ‗UK Case studies‘

47
 report from the Sustainable Development Commission‘s 2007 

tidal power project.  This device has two rotors mounted on a horizontal crossbeam attached to a vertical 
steel tube.  The top of the tube protrudes above the water surface and supports a small control room 
accessible by boat.   

Figure 7-1: Diagram of Marine Current Turbines Ltd’s ‘SeaGen’ tidal current energy device 

 

The vertical column was originally designed to be cemented into a socket drilled into the seabed, but the 
design was changed to a quadropod foundation (Figure 7-2).  This was easier to install than the drilled 
socket approach.   
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 AEA, University of Edinburgh and Hartley Anderson (2007) Tidal Power in the UK. Research Report 5 - UK Case Studies., 
[online] Available from: http://www.sd-commission.org.uk/publications.php?id=616 (Accessed 5 October 2009)  
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Figure 7-2: the ‘quadrapod’
48

 

 

7.2.2 Description of suggested scheme 

Figure 7-3 shows the distribution of annual average tidal current density around the Isle of Man.  This 
clearly shows that the optimum location for a tidal current facility is the area between the North of the 
Island and the Mull of Galloway.   

Figure 7-3: Distribution of annual average tidal current energy density around the Isle of Man 

 

Figure 7-4 shows the location of two tidal diamonds on Admiralty Chart No 1826, entitled ‗Irish Sea, 
Eastern part‘.   
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  McDonald, Henry (2008)  ―Tidal power comes to Northern Ireland.‖ The Guardian, 31st March. [online] Available from: 
http://www.guardian.co.uk/environment/2008/mar/31/tidal.power (Accessed 11 March 2010) 

http://www.guardian.co.uk/environment/2008/mar/31/tidal.power
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Figure 7-4: Relevant tidal diamonds on Admiralty Chart 1826 

 

Shaded area is region between 20 and 30m depth contours, which is an appropriate depth for operation of a SeaGen turbine.  
Rectangles represent possible locations of tidal current farms.   

Figure 7-5: current speeds as a function of time at tidal diamonds E and G on Admiralty Chart 
1826 

   

Figure 7-6: averaged current speed profile 

 

The current speed profiles as described on admiralty charts are measured at the surface.  The current is 
slower below the surface, declining gradually to zero at the seabed and in-between proportional to the 
height above the seabed raised to the power 1/7.  Figure 7-7 below illustrates this relationship.  The water 
in contact with the seabed has zero velocity, but attains 50% of the surface velocity almost immediately.  
After that, the speed increases very slowly up to the surface.   
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Figure 7-7: Depth profile of current speed using a 1/7th law 

 

Marine Current Turbines‘ SeaGen machine is designed to operate in water depths up to a maximum of 
30m.  In Figure 7-4 the shaded area shows the regions around the north of the Island that are between 
the 20 and 30m depth contours.  The width of this area facing the direction of the current is approximately 
4.5km.  Using the above surface current time profile and the 1/7th law depth profile of velocity gives a 
total annual energy flux through the area of 404 GWh per year.   

Figure 7-8 shows the current speed at the surface and at the turbine‘s hub height, as a function of time 
over one spring neap cycle using simple ‗bi-sinusoidal‘ function.   

Figure 7-8: Time profile of surface and hub-height current speeds over a spring neap cycle 
derived from the data in Figure 7-6.   
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In addition to the Admiralty Chart, DECC‘s Atlas of UK Marine Renewable Energy Resources
49

 gives an 
estimate of the current speeds in the area.  The most energetic square in the area under consideration, 
shown highlighted in Figure 7-9 below, has mean spring peak current speed = 2.02 m/s and mean neap 
peak current speed = 1.05 m/s.   

Figure 7-9: grid square from DECC’s Atlas of UK Marine Renewable Energy Resources with mean 
spring peak current speed = 2.02 m/s and mean neap peak current speed = 1.05 m/s.   

 

These values would give a time profile of current speed as shown in Figure 7-10 below.  To be prudent, 
the data from the Admiralty Chart has been used.  However, if the tidal current option is to be taken 
further, more reliable data, based on actual measurements should be gathered, as neither the Admiralty 
charts nor the DECC Atlas can be regarded as sufficiently accurate for anything more than an initial 
screening exercise.   

Figure 7-10: Time profile of surface and hub-height current speeds over a spring neap cycle 
derived from the data in Figure 7-9 

 

v(h,t) = surface velocity, v(hhub,t) = hub height velocity 

                                                      
49
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7.2.3 Size of suggested scheme 

The MCT SeaGen turbine has two rotors of 16m diameter.  It is assumed that the device has a capacity 
factor of 0.45, a cut-in speed of 0.25 times and a rated speed of 0.75 times the peak spring current 
speed.  A single rotor with these characteristics in the tidal regime shown in Figure 7-8 would produce a 
power output, as a function of time, as shown in Figure 7-11.  The area under this curve represents the 
amount of energy the device produces.  The area under this curve over a whole year gives an annual 
energy collected by one such rotor in these conditions would be 0.303GWh/y for a single rotor or 
0.606GWh/y per twin rotor machine.   

The SeaGen machine in Strangford Narrows has a nameplate capacity of 1.2MW.  However, Strangford 
Narrows has much a faster current than does the Irish Sea north of the Isle of Man.  In a tidal current, the 
power per unit swept rotor area is proportional to the cube of the current velocity.  This means that a 
small change in velocity gives a large change in power, and the rated velocity

50
 of the Strangford machine 

is nearly twice what it would be here.   

Consequently, the nameplate capacity of the machines deployed here, with the same diameter rotor, 
would be 71.4kW per rotor or 142.8 kW per twin rotor device.  This is a factor of 8 smaller than the 
SeaGen device at Strangford narrows.  

Figure 7-11: Power output (W) per unit area of rotor swept area 

 

Extracting energy from a tidal current slows it down, and this can have an effect on sediment transport 
and coastal erosion.  Because of this, it is generally considered safe to extract up to 20% of the energy in 
a current, although detailed modelling studies are needed to establish exactly how much.  The extractable 
energy flowing through this area is therefore 81 GWh/y.  267 16m rotors would be needed to extract this 
amount of energy, or 133 twin rotor machines.   

However, this would represent an enormous facility and would likely cost in the region of £790M.  
Therefore, a model of a more modest facility consisting of 30 machines has been produced, having a total 
installed capacity of 30 x 142.8kW = 4.284MW.  This would have a more reasonable capital cost and 
installation time, and would allow scope for future expansion if so desired.   

Based on a single twin rotor machine having an annual energy production of 0.606GWh/y, the annual 
energy production of the whole 30 device array would be 18.18GWh/y. 
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7.2.4 Environmental considerations 

Potential tidal current development within the Isle of Man‘s territorial waters is restricted by the limited 
resource to two areas immediately to the north of the Island (Figure 7-4).  The potential environmental 
impact will depend on the technology and size of array.  Assuming that either pile or other foundation 
structures are used there will be some disturbance of the sea bed sediments during installation.  Cable 
installation could also cause temporary sediment movement.  However, since the area is swept by tidal 
currents it is likely that the sediments would be rapidly dispersed.   

A survey of marine habitats of conservation value shown in Figure 7-12 does indicate the presence of the 
horse mussel, Modiolus modiolus, which have formed a reef.  Consequently there is the potential to 
cause damage to this colony unless structures are positioned away from the reef.  If turbines were 
installed the sea bed habitat might recover, although pre-installation assessment and monitoring would be 
essential. 

The relative fishing intensity, depicted in Figure 7-13, indicates that the area immediately to the north of 
the Isle of Man is of minimal commercial interest.  If a tidal current array was developed in this area it is 
likely to have limited impact on inshore fisheries.  The potential impacts on the sea floor habitats and the 
commercial fisheries will depend on the size of the array.  This will depend on the velocity of tidal 
currents, which are comparatively low compared to some other prospective areas around the UK and the 
Channel Islands.  The limited resource, and the current status of the technology, suggest that tidal current 
development within the Isle of Man‘s territorial waters are highly constrained and not suitable for large 
arrays. 
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Figure 7-12: Marine habitats of conservation value and relative intensity of dredging for the queen 
scallop within the territorial waters of the Isle of Man 
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Figure 7-13: Fishing intensity with the territorial waters of the Isle of Man 

 

7.2.5 Costs 

Devices 

The slower current would mean that the turbines would be subject to smaller horizontal thrust forces than 
would be the case in Strangford.  This would enable a less robust structure to be used, with less steel and 
less ballast.  This would also lead to a cost saving per machine.  The peak velocity in Strangford Narrows 
is 2.95 m/s, whereas the site under considered here is only has a peak velocity of 1.7 m/s.  Consequently, 
the IoM machines would be subject to a horizontal thrust force roughly (1.7/2.95)

2
 = 33% that of the peak 

forces acting on the Strangford devices.   

Detailed engineering design studies would be needed to assess the extent of the resulting savings, 
however, the relationship between the thrust forces and the required strength of the structure is not a 
simple one.   

The SeaGen device in Strangford Narrows has been reported to have a capex of £12M
51

, and weighs 500 
tonnes not including ballast.  However, it is important to note that this is the cost of a research grant to 
develop the technology for this demonstration application.  It is not the cost of producing developed 
equipment.   

The cost figures are based on the SeaGen machine in Strangford Narrows, which has a nameplate 
capacity of 1.2MW.  The scheme identified for Isle of Man in the review would be a 30 device array based 
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  ―World's first as £12m turbine installed in Strangford Lough.‖ Belfast Telegraph, 31st March 2008. [online] Available from: 
http://www.belfasttelegraph.co.uk/news/environment/worlds-first-as-16312m-turbine-installed-in-strangford-lough-13397969.html 
(Accessed 11 March 2010) 
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on single twin rotor machine having an annual energy production of 0.606GWh/y.  The annual energy 
production of the whole 30 device array would be 18.18GWh/y. 

We have derived cost figures for an array of devices of the SeaGen type applied to the Isle of Man.  In 
doing so though there are a number of important points that must be taken into consideration: 

 The Strangford Lough project was a grant funded research and development programme that 
cost £12M.  Broadly speaking this cost can be broken down into three elements.  Environmental 
monitoring, which could be considered a fixed cost independent of the number of devices in the 
array.  Strangford Lough is an environmentally sensitive area and the cost of monitoring is 
estimated as £3m

52
.  There is a cost for the research and development of the first device, which 

again would not apply to the remaining devices in the array.  For Strangford Lough we do not 
have good data on this element but we estimate it to be 50% of the cost after environmental 
monitoring is taken into account, i.e. £4.5m.  The remaining cost, £4.5m, is assumed to relate to 
the production and installation of the device itself. 

 As mentioned above, the nameplate capacity of the machines suggested for the Isle of Man 
would be 71.4kW per rotor or 142.8 kW per twin rotor device.  This is a factor of eight smaller 
than the SeaGen device.  This would enable a smaller gearbox and electrical generator to be 
used, which would enable some cost saving to be achieved per machine.  It is difficult to 
determine the cost savings that come with a smaller scale, but it is realistic to expect that they 
could be significant.  An important point to note, however, is that the machines must be built to 
withstand extreme loadings, not just normal loadings, so the true cost reduction will relate to this 
aspect.  We have assumed that the production and installation cost of a SeaGen type device of a 
scale necessary for the Isle of Man would be 70% of the corresponding costs of a device in 
Strangford Lough. 

 The costs of manufacturing second and subsequent identical devices in an array will be less than 
the costs for the first device.  The developers of SeaGen, for example, estimate a capital cost 
reduction of around 50% (on a per kW installed basis) for a proposed array off Anglesey that has 
a capacity of eight times that at Strangford Lough

53
.  Whilst this is a forecast and not actual data, 

we judge a 50% reduction to be reasonable. 

With the above taken into account, The environmental monitoring programme is assumed to cost £3M, 
the R&D programme £4.5M, first device production and installation costs are £3.15M and subsequent 
device production and installations costs are each £1.58M 

Grid connection 

In addition to the devices themselves, it will also be necessary to install cabling and grid connection.  The 
most relevant source of cost data for this is a study carried out by National Grid and Econnect for the 
Crown Estate in 2008

54
 examining the costs of connecting round 3 offshore wind farms.  Scaling the data 

from this study to the characteristics of the farm proposed here would indicate a cabling and grid 
connection cost of £0.6M and a substation of £1.4M.   

Table 7-1: Estimated grid connection costs 

Cost Element Cost (£M) 

Offshore cable cost 0.6 

Substation cost 1.4 

Total cost 2.0 
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 http://kn.theiet.org/magazine/issues/0914/teaching-sonar-0914.cfm 
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 http://www.r-e-a.net/document-library/events/rea-events-2008-1/watts-2008/PeterFraenkel_MCT.pdf 
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  Crown Estate (2008) Round 3 Offshore Wind Farm Connection Study, [online] Available from: 
http://www.thecrownestate.co.uk/round3_connection_study.pdf (Accessed 18 December 2009) 

http://www.thecrownestate.co.uk/round3_connection_study.pdf
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Installation 

The installation process at Strangford Narrows was reported to take 14 days from the turbine structure 
arriving on site to being bolted to the seabed

55
.  Installation of the SeaGen machine in Strangford 

Narrows was completed 20 May 2008, to be followed by a12-week period of commissioning and testing
56

.  
The device was reported to have ‗started operation in late 2008

57
‘, which is longer than the planned 12 

weeks for commissioning.  This was because two blades snapped off and had to be replaced.   

The initial UK DTI grant for the construction and operation of SeaGen began in March 2005, so the time 
from starting work on the project to completion of installation of the first turbine could take anything up to 
three years. 

It is assumed, therefore, that there will be a period of two years from the date the project is given the go 
ahead to completion of installation of the first turbine, and that subsequent turbines will be installed at 14 
day intervals, followed by a 12 week commissioning period.  The last turbine will be operational 16.5 
months after the installation of the first turbine, or approximately 40 months from project start.   

7.2.6 Operating costs (OPEX) 

There is as yet no experience on the operation and maintenance costs of a tidal current facility.  For the 
purposes of this exercise, it is assumed that the opex is 5% of the non R&D elements of capex per year, 
or £2.44M/year when the farm is fully complete.   

7.2.7 Summary of suggested IoM scheme 

Table 7-2: Summary of proposed tidal current scheme 

Parameter Value Unit 

Device capacity 142.8 kW per device 

No of devices 30 - 

Array capacity 4.284 MW 

Annual energy production 18.18  GWh/y 

Array capacity 4.284 MW 

Annual energy production 18.18  GWh/y 

Environmental monitoring 3 £M 

First of a kind R&D 4.5 £M 

First of a kind production and 
installation 

3.15 £M 

No 2-30 production and installation 45.68 £M 

Grid connection costs 2 £M 

Total CAPEX (including R&D) 56.33 £M 

OPEX 2.44 £M/year 
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  McDonald, Henry (2008)  ―Tidal power comes to Northern Ireland.‖ The Guardian, 31st March. [online] Available from: 
http://www.guardian.co.uk/environment/2008/mar/31/tidal.power (Accessed 11 March 2010) 
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  Marine Current Turbines Ltd (2008)  ―SeaGen completed: world's first megawatt-scale tidal turbine installed.‖ [online] Available 

from: 
http://www.marineturbines.com/3/news/article/9/SeaGen_completed__world_s_first_megawatt_scale_tidal_turbine_installed/ 
(Accessed 25 March 2010) 

57
  Marine Current Turbines Ltd (2010) ―SeaGen Passes 1000 Operational Hours.‖ [online] Available from: 

http://www.marineturbines.com/3/news/article/29/SeaGen_passes_1000_operational_hours/ (Accessed 27 March 2010) 

http://www.guardian.co.uk/environment/2008/mar/31/tidal.power
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Appendix 8 Tidal lagoon 

8.1 Technology description and status 

This section presents an initial assessment of a hypothetical tidal lagoon on the west coast of the Isle of 
Man.   

Although components of tidal lagoons are relatively mature technologies, the cost of a tidal lagoon will 
depend on many site specific factors. 

 The local availability of construction materials (rock and sand). 

 The presence of suitable locations for the fabrication of caissons before floating them into position, 
their nature, and their distance from the lagoon site. 

 The wave climate at the construction site.   

It would be beyond the scope of an initial assessment to take all these factors into account.  The derived 
costs have been estimated by scaling the results of a previous study of a tidal lagoon in Swansea Bay

58
, 

and have used a simple flat lagoon model
59

.  This should be sufficient to indicate whether the technology 
is worth further investigation.  The next stage would be a more detailed, and costly, assessment, involving 
engineering design and detailed costing of the structures, their manufacture and installation.   

Tidal lagoons use the same technology as tidal barrages.  Several examples of tidal barrages are 
currently operating around the world, including the Rance barrage in Brittany, Annapolis Royal in Canada 
and a few small plants in Russia and China.   

Barrages are typically built across the mouths of estuaries and impound an area of water bounded by the 
barrage embankment and the banks of the estuary on the landward side of the barrage.  Lagoons, on the 
other hand, enclose an area of water that is not a whole estuary.  Two configurations have been 
proposed; a circular embankment located some distance from the shore and a ‗D‘ shaped embankment 
built out from the shoreline.   

Although no tidal lagoons have yet been built components of tidal lagoon, such as the turbines, have 
been demonstrated as individual sub-systems.  As there has been no complete system test, this 
technology can be considered to be at TRL 6.   

The 1981 Severn Barrage study
60

 assessed the option of a number of lagoons, called the ‗Russell 
Lagoons‘, which were of the ‗D‘ shaped variety although in the recent comprehensive spending review the 
UK Government pulled its support for the scheme.  Tidal Electric Limited (TEL) is promoting a lagoon 
scheme for Swansea Bay.  This would involve a circular lagoon away from, although very close to, the 
shore.  The proposed lagoon is an irregular shape roughly 3.5km wide across its longest dimension and 
1.5 km along its shortest and has a nameplate capacity of 60MW.  Figure 8-1 below shows both of these 
proposed schemes.   

Lagoons and barrages do not benefit from cost savings through bulk production, as their design and, to a 
certain extent, construction methods are site specific.  Also, they use large quantities of materials which 
do not attract significant economies of scale, and they may suffer from problems with shortage of 
materials supply for sufficiently large structures.   
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 Baker, Clive and Leach, Peter (2006) Tidal Lagoon Power Generation Scheme in Swansea Bay, [online] Available from: 
http://www.berr.gov.uk/files/file30617.pdf (Accessed 27 February 2010) 

59
  See Baker, A.C. (1991) Tidal Power, Peter Peregrinus, ISBN 978-0-86341-189-2 

60
  Tidal power from the Severn Estuary, EP46 Dept of Energy, HMSO 1981. 
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For barrages and lagoons it is estimated that a two or three-year period will be required before 
construction begins to allow detailed design and planning of the construction.   

There is a degree of controversy surrounding the Swansea bay lagoon proposal.  The scheme‘s 
promoter, TEL, has claimed that the lagoon will have a capital cost of £81.5 million, annual energy 
production of 187 GWh/year and levelised cost of energy from 4.03p/kWh (8% discount rate) to 
7.45p/kWh (15% discount rate).  Independent reviewers contracted separately by the UK Department of 
Trade and Industry and the Welsh Development Agency estimated the capital cost to be £234 million, the 
annual energy output 124GWh/y and the levelised cost of energy from 17.2p/kWh (8% discount rate) to 
32.5p/kWh (15% discount rate.   

The assessment in the present study has been based on the parameters used by the DTI/WDA‘s 
independent reviewers.   

Figure 8-1: Russell Lagoons from 1981 Severn Barrage Study (left) and the Swansea Bay Lagoon 
proposed by Tidal Electric Ltd (right) 
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The ideal location for a tidal lagoon is in an area where the water depth at the lowest tide is small 
compared with the tidal range.  This minimises the quantities of material needed to build the 
embankment.  However, around the Isle of Man the seabed slopes away relatively steeply and there are 
few places where a reasonably large area of water can be impounded at depths that are small compared 
with the tidal range.  This will mean that relatively tall embankments will be needed. 

8.2 Technology resource and cost 

This section describes a potential tidal current power scheme in Manx waters, and estimates its 
technoeconomic characteristics. 

8.2.1 Size of plant or installation in terms of generation capacity 

Figure 8-2 below shows a possible embankment route for a tidal lagoon.   
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Figure 8-2 – Possible tidal lagoon 

 

This is a semicircular structure extending from the coastline to the 10m depth contour, a few km north of 
Peel.  The diameter of the semicircle is 4.6 km giving an embankment length of 7.2km and impounded 
area of 8.3 km

2
.  

The embankment runs from the shoreline (water depth = 0) to around the 10m depth contour, with the 
majority of the route in a relatively flat area of depth around 8m below chart datum.  For the purposes of 
estimating the volumes of materials required, it is assumed that the embankment is the same height 
along all its length, and that this is the height that would be required at the 8m depth contour.  The cost 
differences of the relatively small part of the length where the water is shallower or deeper than this 
should roughly cancel.   

8.2.2 Environmental Considerations 

The environmental impact of the tidal lagoon will depend on its location, the area covered by the 
embankment and power house and the area of the lagoon.  For the purposes of this study the 
environmental impact is based on the hypothetical scheme presented in Figure 8-2.  A comparison of the 
aerial footprint of the lagoon in Figure 8-2 with areas of conservation importance highlighted in Figure 8-3 
suggests that there would only be limited impact on those species.  However, unlike other marine 
renewable technologies a lagoon would change the area it occupies.  The intertidal habitat the scheme 
would cover will fundamentally change it, by altering the tidal regime within it.  This change may not 
necessarily be detrimental because there will still need to be a tidal flux on each ebb and flood tide.  
However, the retention of sediment within the lagoon is likely to lead to the slow accumulation of sediment 
within it gradually depleting the volume available for power generation.  Consequently, it would be 
important to model the long term sediment movement into the lagoon using mathematical models 
calibrated by actual measurements.  Building a large structure out from the coast line will also induce 
changes to sediment movement in inshore areas on either side of the lagoon.  This may lead to sediment 
accumulation or loss within the vicinity of the lagoon and changes to the intertidal habitat.  Previous 
research has shown that there is a direct link between sediment type and migratory bird populations 
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attracted by invertebrate pray
61

.  Consequently detailed baseline monitoring before construction would be 
essential to establish the distribution of invertebrates and wading birds.  Consideration would also need to 
be given to other species protected under the wildlife act. 

Lagoon construction even of the scale proposed for this hypothetical scheme would require approximately 
2,000,000m

3
 of sand fill which would need to be dredged and pumped to the construction site.  The 

presence of a scallop fishery and the burrowing anemone Edwardsia timida off the west coast the Isle of 
Man could be affected and therefore careful evaluation and surveys would be necessary.  We also 
understand that the area would overlap with a basking shark hotspot, which would need further 
consideration. 

Areas of fishing intensity depicted in Figure 8-4 show that the area occupied by the lagoon is of no 
interest for commercial fishing.  However, changes to sediment movement, and particularly dredging, 
might affect commercial fishing if sediment is sourced from inappropriate areas. 

A large lagoon structure would also have a notable visual impact especially from the hills immediately to 
the east of the coastline.  A full landscape/seascape character assessment, including photomontages 
from key viewpoints and areas of high use within an identified Zone of Theoretical Visibility (ZTV), would 
be necessary. This would also need to take account of cumulative impacts of new overhead power cables 
or access roads.  The lagoon is approximately 4 km from the St Johns 33 kV substation.  

                                                      
61

  Estuary Sediments and Shorebirds I: Determinants of the Intertidal Sediments of Estuaries, ETSU T/04/00201, 1996. 
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Figure 8-3: Marine habitats of conservation value and relative intensity of dredging for the queen 
scallop within the territorial waters of the Isle of Man 
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Figure 8-4: Fishing intensity with the territorial waters of the Isle of Man 

 

8.2.3 Capital Costs (CAPEX) 

Proudman Oceanographic Laboratory (POL) tide levels for Port Erin
62

, for the years 2008 to 2026, relative 
to Admiralty chart datum (CD) are:   

 Highest astronomical tide 5.89 m  

 Mean high water springs 5.28 m  

 Mean high water neaps 4.20 m  

 Mean low water neaps 1.54 m  

 Mean low water springs 0.41 m  

 Lowest astronomical tide -0.24 

Consequently, the mean spring tidal range is 5.28 – 0.41 = 4.87m and the mean neap tidal range is 4.20 
– 1.54 = 2.66m. 

Embankment  

Following the approach adopted in the Swansea Bay report
63

, the embankment is assumed to consist of a 
central core made of sand, and a layer of ‗quarry run rock‘ that is added on the outside of the core to 

                                                      
62

  http://www.pol.ac.uk/ntslf/hilo.php?port=port_erin  
63

  Source: http://www.inference.phy.cam.ac.uk/sustainable/refs/tide/file30617.pdf  

http://www.pol.ac.uk/ntslf/hilo.php?port=port_erin
http://www.inference.phy.cam.ac.uk/sustainable/refs/tide/file30617.pdf
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provide temporary protection during construction.  The amount used is 0.75 m
3
 per 1 m

3
 of sand.  The 

armour consists of three layers of different categories of material.  These are underlayer, primary and 
secondary armour.  These form 42%, 38% and 20% respectively of the volume of the armour.  These 
materials are assumed, in the Swansea Bay report, to have the unit costs shown in Table 8-1. 

Table 8-1: Assumed unit costs for materials used for the embankment 

Material Unit cost (£/m3) 

Sand fill 5.5 

Quarry run 15 

Armour underlayer 30 

Primary armour 35 

Secondary armour 35 

Figure 8-5 shows the structures of the embankments for the inner and outer lagoon options.  No 
information was available about the seabed geology in this area and it is assumed that no settlement of 
the embankment would occur.  If the seabed geology were such that settlement is likely, more materials 
would be needed and the cost per unit length of embankment would be higher.   

Figure 8-5: Structure of embankment 

 

The cross section area of the core of the embankment is 524 m
2
, and the cross sectional area of the outer 

armour is 325m
2
.   

Table 8-2 – quantities and costs of embankment materials per metre of embankment length 

 Volume of material per metre of 
embankment length (m

3
/m) 

Cost per metre of embankment 
length (£/m) 

Sand fill 297.96 1,638.78 

Quarry run 226.04 3,390.6 

Armour underlayers 136.08 4,082.4 

Primary armour 124.33 4,351.55 

Secondary armour 64.61 2,261.35 

Total  15,724.68 

The length of the embankment is 7.2km, implying that the total cost is £113.2M. 

Generation plant 

The generation plant is assumed to cost the same per kW of nameplate capacity as that of the Swansea 
Bay lagoon.  This was assumed to be £14.1M for a 60 MW turbine and generator set and associated 
equipment.  A 40MW plant would therefore cost £9.4M. 
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Power house 

The structure that houses the generation plant is a reinforced concrete caisson that would be floated into 
place and founded on the seabed.  It is assumed that the scaled structure for the Isle of Man would be 
geometrically similar to that proposed for Swansea Bay and that the cost of this caisson is proportional to 
its volume, or to the cube of an appropriate linear dimension.  The power of the generating plant is 
proportional to the area of the intake, or to the square of the same linear dimension.  Consequently, the 
cost of the power house structure is proportional to the nameplate capacity of the generator raised to the 
power 3/2.   

The Swansea Bay powerhouse structure (60MW) was estimated as £46M, so the IoM equivalent at 
40MW (see below) is £25M. 

Sluices 

The Swansea By scheme did not have any sluices, because it was designed for bi directional operation.  
It is assumed that for an IoM barrage, the sluices would cost the same as the powerhouse structure.   

Construction of the embankments 

Installation and construction is assumed to add 30% to the materials cost of the embankment.  
Construction and installation costs of the other elements (generation plant, power house structure and 
sluices) is included in the estimates.   

Table 8-3 – Costs of IoM tidal lagoon options 

 Swansea Bay IoM 

Nameplate capacity (MW) 60 40 

Cost of generation plant (£M) 14.1 9.4 

Cost of power house (£M) 46 25 

Cost of sluices(£M) n/a 25 

Cost of embankment (£M)  113.2 

Embankment construction (£M)  33.96 

Total capex (£M)  246.56 

8.3 Resource parameters 

Figure 8-6 shows the time profile of external water level, internal water level and power output as a 
function of time over half a spring neap cycle.  This is based on the following assumptions:   

 Impounded area = 8.3 km
2
 

 Total rated capacity of turbines = 40MW 

 Assumed Turbine efficiency = 85% 

 Generation starts when the water outside the lagoon is 1.5m below the level of the water inside the 
lagoon.   

 Generation stops when the internal level is 1m above the external.   
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Figure 8-6: Time profile of water levels and power output 

 

Over the half cycle depicted, 1,807 MWh of power would be generated, equivalent to 90,460 MWh over a 
whole year.   

8.3.1 Operating costs (OPEX) 

Operation expenditure is assumed to be equal to 5% of capex per year, equal to £12.3M/y. 

8.3.2 Summary of suggested IoM scheme 

Device capacity 40MW 

No of devices 1 lagoon 

Annual Energy Production 90.46GWh/y 

Capex £246.56M 

Construction time 3 years 

Opex £9.1M/y 
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Appendix 9 Small scale wind 

9.1 Technology description and status 

The UK Government‘s Microgeneration Strategy (2006)
64

 and Renewable UK defines small scale wind 

systems as turbines rated up to 50kW, which can be sub divided into two categories, micro-wind turbines 
and small wind turbines. 

Table 9-1: BWEA definitions of typical small scale wind turbine systems 

Definitions of Small scale Wind Turbines 

Micro-Wind 
Turbines 

0 - < 1.5 kW 

Typically with a diameter of less than 2.1m (Swept Area < 3.5m²). 

Tend to be either free-standing or mounted directly to the side or top of the attached building. 

Usually mounted 3-4m above the ridge line of the attached building, or tip height up to 
approximately 16m above ground level for free standing system setups. 

Small-Wind 
Turbines   

1.5 kW – 50 kW 

Typically with a diameter of more than 2.1m (Swept Area > 3.5m²). 

Predominantly free-standing although interest in mounting units on top of large residential 
and commercial buildings is growing. 

Free-standing small wind turbines can reach over 30m in total height (i.e. from the ground to 
tip of highest blade). 

Small scale Wind Systems can be either… 

Off grid (12, 24 or 48 Volts) or On Grid (240 Volts) 

Building mounted or free standing  

Vertical Axis Wind Turbines (VAWTs) or Horizontal Axis Wind Turbines (HAWTs) 

Single turbine structures or integrated microgeneration systems e.g. with photovoltaic technology  

Figure 9-1: Diagram of a Vertical Axis Turbine and a Horizontal Axis Turbine 

 

Similar to large scale systems, wind turbines work by using the natural kinetic energy of the wind to drive 
a generator.  See section 2.1.1 for how wind turbines work. 

                                                      
64

  http://www.berr.gov.uk/whatwedo/energy/sources/sustainable/microgeneration/index.html  

http://www.berr.gov.uk/whatwedo/energy/sources/sustainable/microgeneration/index.html
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9.1.1 Market Characteristics:  

In terms of operational characteristics, siting considerations, the value of the market and the market 
drivers, small scale wind systems vary markedly from large scale units. They also have a greater range of 
applications compared to large scale wind turbines and can be either off grid or on grid, mobile or fixed, 
and can form part of combined installations, most commonly with photovoltaic systems. Small scale 
turbines therefore need to be suitable for installation and operation in a diverse range of conditions such 
as those encountered in the built environment, remote locations and onboard boats, where the primary 
purpose of the site is not electricity generation. Table 9-2 provides an overview of the different market 
sectors for small scale wind systems and a description of likely installation characteristics for each sector.  

Whereas large scale turbines require substantial capital investment and primarily serve the commercial 
power sector, the predominant customer base for the small and micro-wind market is the domestic 
sector

65
. Furthermore, the nature of the supply chain for small scale wind turbines, from technical 

development, manufacture, distribution and installation, as well as marketing and sales activities, is 
fundamentally different to that for large scale generators. 

Table 9-2: Market sectors and applications for small scale wind turbines 

Sector Setting Outline Description 

Micro wind 
turbines 

100W-1.5kW 

Small wind 
turbines 

1.5kW-50kW 

Sailing / 
Marine 
Leisure 

- Yachts 

- Motor boats 

Mounted onboard boats usually to charge 
batteries for lights, computers, pumps etc. 

  

Domestic 

- Individual 
Householders 

- Local Authorities 

- Housing 
Associations 

- Community 
Groups 

Single installations on dwellings; usually 
building mounted or freestanding micro 
sized turbines, however some domestic 

dwellings make use of up to 11kW 
turbines, or indeed larger depending on 

onsite resource, demand levels, and 
financial decisions. 

  

Commercial 

- Supermarkets 

- Petrol Stations 

- Universities 

- Colleges 

- Leisure Centres 

Usually single installations. Micro or Small-
Wind Turbines depending on site 

conditions, demand levels and financing. 

  

Agricultural 

- Farmhouses 

- Farmsteads 

- Outbuildings 

Single installations on farm dwellings and 
outbuildings; either Micro or Small- Wind 
Turbines; latter becoming more prevalent. 

  

Public 

- Public Buildings 

- Schools 

- Leisure Centres 

Single or multiple installations; micro sized 
building mounted wind turbines or free 

standing small sized units where land is 
available and suitable. 

  

Community 

- Isolated 
Communities 

- Village Power 

- Mini grid 

Single or multiple installations; free 
standing small sized units where land is 

available and suitable. 
  

                                                      
65

  The opinion of BWEA and Micropower Council 
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9.1.2 Technology readiness level 

Renewable UK reported that 13,910 installations are in commercial operation by 2010
66

 and therefore 

small and micro sized wind turbines can be classified as at TRL scale 9.  

However, despite being at TRL 9, there are a number of issues that have hindered the development of 
the small and micro sized wind turbine market.  Specifically: 

 Planning restrictions present a barrier to the growth of the micro and small scale wind turbine 
market, although in the UK new legislation related to Permitted Development rights to reduce this 
barrier is planned. 

 The economics of small scale wind is not generally favourable.  In the UK from 1 April 2010 a 
new Feed in Tariff (FIT) regime came into force. The aim of the FIT is to encourage individuals 
and communities to invest in microgeneration by providing a guaranteed payment for the 
electricity they generate and a separate payment for the electricity they export.  There is no 
corresponding incentive on the Isle of Man. 

 Certification costs.  In order for a turbine model to become BWEA or Microgeneration Certification 
Scheme certified it must be assessed by a UKAS accredited certification body, meet a set of strict 
criteria and undergo 2500 hours of operational testing. Relative to the size of the market at 
present, the certification procedure costs in the region of £40,000 - £100,000 per turbine model, 
and is therefore often too costly for small companies.  

 Lack of information available.  Micro and small Wind Turbines are a discretionary purchase so in 
order for uptake to progress from early adopters to mass-market penetration, consumers must 
have an understanding of the real costs and benefits to them.  

9.1.3 UK case study examples 

The following case study examples are taken from the Renewable UK website. 

Case Study 1: Corrour Station - 2.5 kW battery charging wind turbine   

Corrour Station at Fort William, Inverness-shire is an unmanned railway station and one of the most remote in 
the UK. The complete lack of an electricity supply and the resulting absence of lights caused problems for 
passengers boarding and disembarking from trains on dark mornings and evenings. 

 

In early 1993 First Scotrail invested in a Proven 2.5 kW battery charging wind turbine that incorporated a sensor 
to measure light levels and a timer programmed with train schedules. At dusk the sensor detects light is 
required and the timer ensures that the lights switch on half an hour before a train arrives and switch off half an 
hour after it departs. The planning application for the scheme received approval without difficulty. 

 

The wind turbine itself is still running after 13 years (at the time of going to press) of continuous service. 

 

Case Study 2: Rushcliffe Country Park - Two 5 kW wind turbines   

Two 5 kW turbines power an Environmental Education Centre in Rushcliffe Country Park, Ruddington, near 
Nottingham. The park was built on the sight of an old Ministry of Defence depot and ammunition dump. 

 

Case Study 3: Tebbutt's Farm - 5 kW wind turbine   

Iskra Wind Turbine Manufacturers Ltd installed a 5 kW wind turbine at Tebbutt's Farm, near Loughborough. The 
turbine is on a standard 12 meter tower and is one of the examples of small wind energy systems used at 
farms. 
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  Small Wind Systems, UK Market Report. Renewable UK, April 2010 
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9.1.4 Levels of deployment  

The latest study to determine the deployment level of Small and Micro Wind Turbines in the UK was 
published in April 2010 by Renewable UK. They have considered turbines rated 0 – 100 kW, however 
here the review concentrates on the results of generators between 0 – 50 kW. Total installed capacity in 
the UK at the end of 2009 for generators of the category 0-50 kW is estimated as 28.36 MW. Total 
number of installations in the UK at the end of 2009 for generators of the category 0 – 50 kW is estimated 
as 13,910. 

Generation capacity 

Small wind systems can be installed in a wide range of situations so the size of the plant varies widely 
depending on the specific power requirements. They can range from less than 100W micro turbines, 
typically 12 Volt or 24 Volt battery charging units, to 50kW rated generators. Systems rated 0.6kW to 
50kW are usually installed to provide power to individual households or businesses. Larger units are 
typically free standing whilst 0.5kW to 2.5kW turbines are often mounted on top of buildings. Definitions 
and typical applications by size are provided in Tables 9-1 and 9-2. Generally, a turbine rated from 2 kW 
to 10 kW could provide enough electricity to meet all the energy needs of a typical UK household. The 
exact turbine sizing will depend on a home‘s energy use, average wind speeds, and the turbine‘s height 
above ground which affects productivity.  

Generally small wind systems are single units.  They can form part of combined installations with other 
energy generating technologies, most commonly photovoltaic systems.  

9.2 Technology resource and cost 

9.2.1 Resource parameters 

Figure 9-2 maps the annual wind speed distribution in the UK. As can be seen, Scotland has the highest 
wind speeds of around 7 – >10 m/s. Most of England and Wales has wind speeds between 5 and 9 m/s. 
The Isle of Man has wind speeds ranging from 5 – >10 m/s and therefore some areas offer good potential 
for wind energy generation.  

When compared to the rest of Europe, the UK and the Isle of Man can boast the highest wind resource. 
Figure 5 provides comparative wind resource across Europe.  

Wind speed is a critical factor affecting the electrical output of any wind turbine system, and it can vary 
widely by location. The areas with greatest wind resource are generally coastal locations and those high 
above sea level with unimpeded wind flow e.g. on mountain tops. Coastal winds have greater speeds as 
they are less exposed to the drag and turbulence effects encountered over land. Mountain and highland 
areas experience higher wind speeds as a result of the air being forced to travel over or around 
mountains. The speed of the wind is also affected by the friction against the surface of the earth and 
therefore wind speed increases with height above ground or sea level where frictional effects are less.  

Seasonality is also a contributing factor. The summer months and daytime usually present lower wind 
speeds compared to the winter and night time. 
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Figure 9-2: UK Annual Mean Wind Speed 
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Figure 9-3: European Wind Speed Map
67

 

 

Siting considerations for small scale systems include local wind speeds, the height of the turbine above 
ground, and physical site characteristics which may affect wind shear and turbulence. Generally open, 
exposed  areas clear of obstacles with naturally high wind speeds as high above ground level as possible 
are best suited to small scale wind energy generation.  

9.2.2 Small scale wind on the Isle of Man 

To determine the relative wind resource on the Isle of Man, four locations have been selected as example 
sites and their wind speed has been determined using the Department of Energy and Climate Change 
(DECC) Wind Speed Database

68
.  
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  Extracted from www.windatlas.dk/Europe/About.html  
68

  DECC Wind Speed Database, http://www.decc.gov.uk/en/windspeed/default.aspx  

http://www.windatlas.dk/Europe/About.html
http://www.decc.gov.uk/en/windspeed/default.aspx
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The areas selected are highland or coastal sites with greater potential for productive wind energy 
generation; however it should be noted that they are intended as example locations and detailed analysis 
of their viability for development has not been carried out. It should also be noted that the Wind Speed 
Database uses a 1 kilometre square resolution and takes no account of topography on a small scale or 
local surface roughness (such as tall crops, stone walls, or trees), both of which may have a considerable 
effect on the wind speed. The data can only be used as a guide. 

Table 9-3: Estimated wind speeds at four example locations on the Isle of Man 

Location Description Grid Reference  
Wind speed at 

45m agl (in 
m/s) 

Wind speed at 
25m agl (in 

m/s) 

Wind speed at 
10m agl (in 

m/s) 

Millennium Way 
Easterly 
highland 
location 

SC4191 7.8 7 6 

Stroin Vuigh 
South West 

coastal location  
SC2174 6.6 5.5 4.3 

Claugh Ouyr 
Easterly 
highland 
location  

SC4188 10.8 10.4 9.8 

Carnagie 
Westerly 
highland 
location 

SC2679 8.5 7.9 7 

As can be seen from Table 9-3, wind speeds at the 4 locations vary from between 5.5 m/s and 10.4 m/s 
at 25m above ground level (agl). Renewable UK advise that a site with an average wind speed of 4-5 m/s 
is generally sufficient for a small scale wind generator

69
. Therefore, all of the example sites offer suitable 

wind speeds and sites with wind speeds similar to those found at Claugh Ouyr present significant 
potential for productive small scale wind generation. 

9.2.3 Total electricity generated each year 

The electricity generated from a small scale system depends on a number of factors including the 
machines capacity factor. This may vary between models however as a guide, the Renewable UK 
publication, ‗Generate Your Own Power, Your guide to Installing a Small Wind System‘

70
 has provided 

information on the likely electricity generated from varying sizes of small turbines presented in Table 9-4. 

Table 9-4: Electricity generated from small scale wind turbines 

Power (kW) Annual energy production (kWh) 

0 – 1.5 Up to 1,000 

1.5 – 15 Up to 50,000 

15 – 50 Up to 100,000 

If assumed the average UK domestic household consumes approximately 4,400 kWh per year, the 
electricity generated from a single small wind system could easily meet the requirements for an average 
home. Given the projected output for turbines rated between 0 and 15 kW, even the smallest wind 
turbines could produce several hundred kilowatt-hours per year, equivalent to between 5-20% of an 
average UK homes annual energy demand. A 50 kW turbine could provide enough power for several 
homes, or equal to the needs of a small business. 
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  Renewable UK FAQ‘s, http://www.bwea.com/small/faq.html#how  
70

  http://www.bwea.com/pdf/publications/RenewableUK_SWS_Consumer_Guide.pdf  

http://www.bwea.com/small/faq.html#how
http://www.bwea.com/pdf/publications/RenewableUK_SWS_Consumer_Guide.pdf
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9.2.4 Capital costs (CAPEX) for small scale wind turbines   

Table 9-5 below shows the total installed cost for different sized turbines as estimated by Renewable UK.  

Table 9-5: Total installed cost for small scale wind turbines 

Power (kW) Total installed cost (k) 

0 – 1.5 0.5 – 5  

1.5 – 15 2 - 50 

15 – 50 50 - 125 

There is a great range of small scale wind turbine models on the market and the price will depend on the 
size and type bought. The UK Government's Clear Skies grants programme estimates that typical small 
system costs are £2,500 - £5,000 per kW capacity installed. The rooftop turbine market is still in the early 
stages of development, but manufacturers estimate that once mass production starts, an average 1-1.5 
kW model will cost around £1,000 per kW capacity installed.  

In terms of how long a small wind turbine takes to build, some micro sized turbines can be bought off the 
shelf and assembled unassisted. For most small scale generators a specialist company will supply and 
install the turbine. Where planning permission is a requirement, typically it could take between 6 –12 
months before the generator is commissioned. Often planning is the slowest part of the process. Whether 
planning permission is a requirement depends on the size of the generator and site specific 
characteristics.  

9.2.5 Operating costs (OPEX) for small scale wind turbines 

The operational costs of a small scale turbine vary depending on the reliability of the model. Generally, 
the bulk of the cost of the turbine is attributed to purchase and installation, and relatively little is spent on 
operation and maintenance once installed. Some turbine suppliers may include operation and 
maintenance services as part of the contract. 

9.2.6 Resource on the Isle of Man 

The wind resource on the Isle of Man indicates that isolated micro wind systems could be distributed 
across the Island.  Micro 5kW would be suitable for farms especially in open exposed locations.  It has 
been assumed that these turbines would be mounted on guyed masts away from buildings and obstacles 
such as trees and that a maximum of 200 could be deployed.  A smaller number of 25 kW turbines would 
be used by commercial companies.  Again it is assumed that these would only be deployed in areas with 
opened exposed ground away from obstructions.  The resource model assumes a maximum of 50 could 
be deployed.  The resource estimate is summarised in Table 9-6. 

Table 9-6: Estimated small and micro wind resource on the Isle of Man 

Turbine size Quantity 
deployed 

Capacity 
Factor 

CAPEX 

(£5,000/kW) 

OPEX 

2% of Capex 

Annual energy 
output (MWh/year) 

5 kW 200 20% 25,000 500 8.76 

25 kW 50 24% 125,000 2,500 52.56 
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Appendix 10 Solar photovoltaics 

10.1 Technology description and status 

10.1.1 The technology and how it works 

Solar photovoltaic (PV) materials and devices convert light energy into electrical energy. Commonly 
known as solar cells, individual PV cells are electricity-producing devices made of semiconductor 
materials (silicon, polycrystalline thin film or single-crystalline thin film) and are the basic building block of 
a PV (or solar electric) system. A solar cell typically produces only a small amount of power (1 or 2 watts), 
but when they are interconnected to form modules, which can in turn be connected into arrays, they 
produce significantly more power.  Due to this modularity, PV systems can be designed to meet any 
electrical requirement, no matter how large or small (USDOE 2008

71
).  

Figure 10-1: PV cells, modules and arrays 

 

Source: USDOE, 2008 

10.1.2 Technology readiness level 

Solar PV technology is at TRL 9 with commercial arrays and schemes in place across the world. The 
largest operational commercial array is the 60MW Parque Fotovoltaico Olmedilla de Alarcón installation, 
located in Olmedilla in Spain.  

Research into PV cells began in the 1950s, but efficiency levels were only at 4-5%. It has taken some 50 
years of research to achieve efficiencies of the order of 20–24% from silicon cells currently in mass 
production (Wilson 2009

72
).  

Thin–film (TF) PVs are gaining ground in the expanding PV landscape. Currently at 23% of the worldwide 
production, these TF technologies are predicted as set to represent close to 48% of the market by 2015, 
with crystalline silicon (c–Si) making up the rest (Wilson 2009). Of all the TF PV technologies, amorphous 
silicon (and other silicon–based TF materials) represents the majority of the market at present, followed 
by cadmium telluride (CdTe) with copper indium gallium diselenide (CIGS) (Wilson 2009). Thin film 
modules are constructed by depositing extremely thin layers of photosensitive materials onto a low-cost 
backing such as glass, stainless steel or plastic. This results in lower production costs compared to the 
more material-intensive crystalline technology and as such offers a price advantage (Wilson, 2009). 

                                                      
71

 USDOE (2008) Solar Energy Technologies Program: Photovoltaics. Available at: http://www1.eere.energy.gov/ 
solar/photovoltaics.html  

72
  Wilson, Alastair (2009) – ‗Global PV market and the UK PV Supply Chain‘. Solar Flair 2009 National Photovoltaics Conference, 

Hardwick Hall, County Durham, 18
th
–19

th
 November 2009. Available at: http://www.uknetpark.net/nmsruntime/ 

saveasdialog.aspx?lID=9951&sID=702  

http://www1.eere.energy.gov/solar/photovoltaics.html
http://www1.eere.energy.gov/solar/photovoltaics.html
http://www.uknetpark.net/nmsruntime/saveasdialog.aspx?lID=9951&sID=702
http://www.uknetpark.net/nmsruntime/saveasdialog.aspx?lID=9951&sID=702
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Three types of thin film modules are currently commercially available. These are manufactured using the 
semiconductors, amorphous silicon, cadmium telluride or copper indium diselenide. All of these have 
active layers in the thickness range of less than a few microns. These are the current well established 
production PV systems (Wilson, 2009). 

Other materials are only starting to penetrate the market. A range of other PV technologies are also 
emerging, including concentrator solar cells, dye sensitised solar cells, organic photovoltaics (efficiencies 
of 5–8%) and novel active layer cells based on quantum dot solar cell technology (Wilson 2009). 

10.1.3 Levels of deployment  

The annual installed PV capacity in the UK demonstrates the extent of the market maturity.  In 2008 was 
4420kWp

73
 (DECC 2009

74
). The cumulative installed PV generation capacity increased by 24% during 

2008 reaching a total of 27MW in 2009 (DECC 2009). UK government support through the Low Carbon 
Buildings Programme (LCBP) and other grants supported approximately 72% of total new capacity 
(DECC 2009).  

Solar thermal planning approvals for the period 1988 to present amount to 157 for ―solar devices‖, the 
vast majority of which are assumed to be solar hot water.  From the installations they have seen, they are 
generally small and largely used as battery top up on remote buildings (~200W panels). They tend to 
have an array size of 200-400W, with perhaps a couple of exceptions. 

In the UK the majority of solar PV installations are grid-connected distributed systems; installed on the 
roofs of domestic and non-domestic buildings (DECC 2009). Ground mounted arrays are rare. Building 
integrated PV (BIPV) is becoming increasingly popular with the use of solar tiles which take the place of 
traditional roof tiles and also the use of PV in facades, louvres and canopies. Systems are typically small; 
1-3kWp for domestic installations or 5-30kWp for non-domestic installations on average (DECC 2009). 
The largest system in the UK to date is the 391kWp PV façade on the CIS tower in Manchester. 

The off-grid market is small; just over 100kWp was installed off-grid in 2008 (DECC 2009). Typical 
applications include PV systems at remote non-grid connected locations to meet both domestic and non-
domestic electricity demand (DECC 2009). PV is also used for stand-alone applications such as remote 
lighting, speed cameras, lighthouses and remote battery charging although these applications are often 
smaller than 40W (DECC 2009). 

While in the UK planning permission is not required for PV systems (unless panels protrude more then 
200mm when installed for roof mounted systems), on the Isle of Man they do not currently fall under 
permitted development, and planning permission is required. Depending on the size of the system, once 
planning has been granted, the development timescale for domestic solar PV systems is usually relatively 
short. Planning, configuring, and doing any custom ordering for the system can take up to a few weeks, 
although the installation process itself can typically be completed in only a few days, in many cases even 
less.  

                                                      
73

  Refers to energy of the incident light, not generation.  
74

  DECC (2009) – ‗National Survey Report of PV Power Applications in the United Kingdom, 2008‘. Prepared by Samantha Cook, 
IT Power. S/P2/00492/00/00. Available at: http://www.iea–pvps.org/  

http://www.iea-pvps.org/
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10.2 Technology resource and cost 

10.2.1 Cost of solar PV technology 

Technology cost is an important consideration when installing solar PV systems, as despite technology 
cost reductions in recent years they are still one of the most expensive renewable energy systems to 
install. An Isle of Man based solar PV and thermal installer; Solar Tech IOM

75
 has quoted the following for 

solar PV systems on the Island: 

 5 Watt £32.46 (inc VAT) 

 20 Watt £86.98 (inc VAT) 

 55 Watt £226.79 (inc VAT) 

 110 Watt £436.79 (inc VAT) 

The UK has two main support mechanisms for renewable energy, namely the feed-in tariff which supports 
small scale renewable energy technologies that produce electricity via clean energy, and the Renewables 
Obligation Certificate (ROC) scheme (introduced in April 2004) whereby ROCs are awarded to renewable 
generators energy by Ofgem for every MWh of renewable electricity produced. In both instances the 
electricity consumers as a whole pay for the cost of the additional support.  Currently, these two support 
mechanisms do not apply on the Isle of Man.  

10.2.2 Resource maps76 

Figure 10-2 to Figure 10-4 represent the yearly sum of global irradiation on horizontal and optimally 
inclined surfaces for a 10-years average of the period 1981-1990 [kWh/m

2
]. The same colour legend 

represents also potential solar electricity [kWh/kWp] generated by a 1 kWp system per year. 

The first two maps, Figure 10-2and Figure 10-3, which are PV specific, do not give an indication of the 
yearly sum of global irradiation for the Isle of Man (only for the UK and Ireland). However the third map 
indicates that the Isle of Man has a yearly total horizontal irradiation level of c950kWh/m

2
.  

 

 

                                                      
75

  http://www.solartechiom.com/pricelist.htm  
76

  Šúri M., Huld T.A., Dunlop E.D. Ossenbrink H.A., (2007). Potential of solar electricity generation in the European Union member 
states and candidate countries. Solar Energy, 81, 1295–1305, http://re.jrc.ec.europa.eu/pvgis/. 

http://www.solartechiom.com/pricelist.htm
http://dx.doi.org/10.1016/j.solener.2006.12.007
http://dx.doi.org/10.1016/j.solener.2006.12.007
http://dx.doi.org/10.1016/j.solener.2006.12.007
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Figure 10-2: Global irradiation and solar electricity potential from horizontally mounted 
photovoltaic modules 
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Figure 10-3: Global irradiation and solar electricity potential from optimally inclined photovoltaic 
modules 
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Figure 10-4: Yearly total of global horizontal irradiation (kWh/m2) in the UK and Ireland 

 
 

Further to the above, according to Climate Info (http://www.climatetemp.info), Douglas has average 
sunlight hours ranging between 1.5 hours per day in December and 7.4 hours per day in June

77
. This is 

equivalent to an average of 1,584 hours of sunlight per year with an average of 4.3 hours of sunlight per 
day.  This is consistent with data that the Isle of Man publishes regarding it sclimate, Figure 10-5 below. 

                                                      
77

  http://www.climatetemp.info/united-kingdom/douglas.html  

http://www.climatetemp.info/
http://www.climatetemp.info/united-kingdom/douglas.html
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Figure 10-5: Average Number of Hours of Sunshine Each Month in the Isle of Man
78

 

 

By way of comparison, Germany, which has the largest solar PV market in Europe, has average sunlight 
hours ranging between 1.1 hours per day (33 hours per month) in December and 8.1 hours per day (243 
hours per month) in June

79
. As such, there is considered to be ample insolation to allow for the use of PV 

technology across the Isle of Man.  We have assumed take-up of PV at 50 residential properties and 20 
public sector buildings. 

 

 

                                                      
78

  http://www.iomguide.com/right-photos.php?1052  
79

  http://www.climatetemp.info/germany/  

http://www.iomguide.com/right-photos.php?1052
http://www.climatetemp.info/germany/
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Appendix 11 Solar thermal 

11.1 Technology description and status 

11.1.1 The technology and how it works 

A solar (thermal) water heating system uses solar collectors (panels), normally mounted on a roof, to 
capture the energy released by the sun to heat water (STA 2010

80
). These collectors contain liquid, which 

once heated travels to a coil in the hot water cylinder and transfers heat to the water store. So over a 
period of time a full tank of hot water is created; the time period depending on the intensity of the sun, the 
size and efficiency of the collectors and the size of the hot water tank (Regenesys UK 2010

81
).  

Figure 11-1: Solar hot water system layout 

 

Source: AES Systems Ltd in Energy Saving Trust, 2001 

There are many variations in design of the system, but they all make use of the same principles. The two 
main systems found in the UK are either drainback systems or fully filled systems. Both these systems 
can be direct or indirect, with a direct system being one where the water used at the taps is circulated 
through the system, and an indirect system is one where a heat transfer fluid is used instead (STA 2010). 

A properly sized solar thermal installation will provide 60% to 70% of annual domestic hot water needs 
which generally equates to 100% of the demand in summer months and around 20% of demand in winter 
(Regenesys UK 2010). This is because the daylight hours are shorter in winter and the weather is poorer 
i.e. not as much sunlight. A typical 4 person family home would require 3–5m

2
 of collectors at a cost of 

                                                      
80

  STA (2010) – ‗Solar Heating‘. Available at: http://www.solar–trade.org.uk/solarHeating/solarHeating.cfm 
81

  REGENESYSUK (2010) – ‗A Guide to Solar Thermal Technology‘.  

http://www.solar-trade.org.uk/solarHeating/solarHeating.cfm
http://www.regenesysuk.com/guidesolartt.pdf
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£3,000–£4,500 for a new system, with retrofit usually more expensive due to possible difficulties of 
access, the potential need to remove and replace existing coverings and fittings, replace existing hot 
water provision with a twin coil tank and integrate with existing systems (Regenesys UK 2010).   

11.1.2 Technology readiness level  

Solar thermal technology is at TRL 9 with both domestic and commercial systems in place across the 
world.  

The world saw a rapid growth of the use of solar water heating after 1960, and since then innovation has 
improved performance, life expectancy and ease of use of these systems. Installation of solar water 
heating has now become the norm in countries with an abundance of solar radiation, like the 
Mediterranean, and is being deployed in countries such as the UK, Japan and Austria, where there is 
less. 

11.1.3 Levels of deployment  

The domestic sector is a major consumer of energy and Space heating tends to be the greatest energy 
demand; which is generally provided by hot water, therefore solar water heating systems offer a good 
way to reduce domestic energy bills as well as CO2 emissions (Croxford & Scott 2006

82
). Solar water 

heating is also used for domestic under–floor heating, heating of indoor and outdoor swimming pools and 
commercial water heating.  

At the end of 2008, the European Solar Thermal Industry Foundation (ESTIF) estimated that the UK had 
an installed domestic solar thermal capacity of 270MWth, with 132MWth of that capacity added in 2006–
2008, representing a growth rate of 50% 2007-2008 (ESTIF 2009

83
). According to the UK Solar Thermal 

Association (STA), installations of domestic hot water systems and swimming pool heating systems have 
shown 5% growth per year from 1996–2000 and 30% growth per year since 2000. 

Solar thermal planning approvals for the period 1988 to present amount to 157 for ―solar devices‖, the 
vast majority of which are assumed to be solar hot water. 

While in the UK planning permission is not required for solar water heating systems (unless panels 
protrude more then 200mm when installed for roof mounted systems), on the Isle of Man they do not 
currently fall under permitted development, and planning permission is required. Depending on the size of 
the system, once planning has been granted, the development timescale for domestic solar water heating 
systems is usually relatively short. Planning, configuring, and doing any custom ordering for the system 
can take up to a few weeks, although the installation process itself can typically be completed in only a 
few days, in many cases even less.  

11.2 Technology resource and cost 

11.2.1 Cost of solar thermal technology 

Technology cost is an important consideration when installing solar thermal systems, as despite 
technology cost reductions in recent years they are still one of the most expensive renewable energy 
systems to install. The biggest single consideration is the large initial financial outlay of solar water 
heating systems. Offsetting this expense can take many years and the payback period is longer in 
temperate environments where the insolation is less intense.  

An Isle of Man based solar PV and thermal installer; Solar Tech IOM
84

 has quoted the following to install 
solar thermal evacuated tube panel systems on the Island: 

                                                      
82

  Croxford & Scott (2006) – ―Can PV or Solar Thermal Systems Be Cost Effective Ways of Reducing Co2 Emissions For 
Residential Buildings?‖ ,University College London. 

83
  European Solar Thermal Industry Foundation (ESTIF) (2009) – ‗Solar Thermal Markets in Europe: Trends and Market Statistics 

2008‘.  
84

  http://www.solartechiom.com/pricelist.htm  

http://eprints.ucl.ac.uk/2642/1/2642.pdf
http://eprints.ucl.ac.uk/2642/1/2642.pdf
http://www.estif.org/fileadmin/estif/content/market_data/downloads/2008%20Solar_Thermal_Markets_in_Europe_2008.pdf
http://www.estif.org/fileadmin/estif/content/market_data/downloads/2008%20Solar_Thermal_Markets_in_Europe_2008.pdf
http://www.solartechiom.com/pricelist.htm
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20 Tube Full System Kit 

 20 tube water heating collector set with manifold, roof mounting kit, pressurised system kit (with 
fittings and pressure gauge), circulation pump (with isolation valves), differential temperature pump 
controller (with frost protection). Non return valve. 

 Cost - £839.58 (inc VAT) 

30 Tube Full System Kit 

 30 tube water heating collector set with manifold, roof mounting kit, pressurised system kit (with 
fittings and pressure gauge), circulation pump (with isolation valves), differential temperature pump 
controller (with frost protection). Non return valve  

 Cost - £1,028.00 (inc VAT) 

Additional Collectors  

 20 Tube collector set with manifold and mounting kit £591.00 (inc VAT) 

 30 Tube collector set with manifold and mounting kit £774.75 (inc VAT) 

Water Storage Cylinders  

 Twin coil 450x1500 copper tank £471.54 (inc VAT) 

The UK has a support mechanism for renewable heat, namely the Low Carbon Buildings Programme 
which provides grants to micro-generators who install renewable heat technologies (to be replaced by the 
Renewable Heat Incentive in April 2011 which will support small scale renewable energy technologies 
that produce heat via clean energy).  These two support mechanisms do not apply on the Isle of Man.  

11.2.2 Resource maps for the UK 

Figure 11-2 represents the yearly total of global irradiation (kWh/m
2
) in the UK and Ireland.  
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Figure 11-2: Yearly total of global horizontal irradiation (kWh/m2) in the UK and Ireland 

 
Further to the above, according to Climate Info (http://www.climatetemp.info), Douglas has average 
sunlight hours ranging between 1.5 hours per day in December and 7.4 hours per day in June

85
. This is 

equivalent to an average of 1,584 hours of sunlight per year with an average of 4.3 hours of sunlight per 
day.  This is consistent with data that the Isle of Man publishes regarding it sclimate, Figure 11-3 below. 
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  http://www.climatetemp.info/united-kingdom/douglas.html  

http://www.climatetemp.info/
http://www.climatetemp.info/united-kingdom/douglas.html
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Figure 11-3: Average Number of Hours of Sunshine Each Month in the Isle of Man
86

 

 

By way of comparison, Germany, which has the largest solar thermal market in Europe, has average 
sunlight hours ranging between 1.1 hours per day in December and 8.1 hours per day in June

87
. As such, 

there is considered to be ample insolation to allow for the use of solar thermal technology across the Isle 
of Man.  We have assumed take-up of solar thermal at 200 residential properties and 20 public sector 
buildings. 
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  http://www.iomguide.com/right-photos.php?1052  
87

  http://www.climatetemp.info/germany/  

http://www.iomguide.com/right-photos.php?1052
http://www.climatetemp.info/germany/
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Appendix 12 Heat pumps 

12.1 Technology description and status  

12.1.1 Ground source heat pumps 

Ground Source Heat Pumps (GSHPs) are increasingly deployed in the UK as a means of space and 
water heating and could have application on the Isle of Man.  

GSHPs take low-grade heat from the ground and concentrate it by means of a heat pump into higher 
grade heat for use in buildings. Closed systems generally consist of a collector loop (which may be 
horizontal or vertical), a compressor, a distribution loop and an evaporator.  A fluid is circulated through 
the system. As the fluid in the collector loop is at a lower temperature than the surrounding ground, heat 
is transferred from the ground to the fluid.  

The heat pump compresses the fluid, increasing both pressure and temperature.  The fluid is then 
circulated indoors through the distribution system, where it delivers heat to the required areas.  

The liquid, now at lower return temperature, is passed through an evaporator where it is returned to a 
lower pressure, at which point the temperature then falls below that of the ground, so it can then collect 
heat again.  This is the same principal as used in a domestic refrigerator and is known as the vapour 
compression cycle. 

The ground around the collector loop recharges by means of conduction and convection from the 
surrounding ground. The ground itself is recharged principally by solar energy incident on the adjacent 
land. Where a vertical collection loop is used, geothermal energy may also contribute to the recharging of 
the ground.  The ground temperature is relatively stable as it resolves to the average ambient air 
temperature. 

Ground source heat pumps are not of themselves a pure source of renewable energy. It takes electrical 
energy to run the pump and concentrate the heat to a usable form. The ratio of heat output to the amount 
of electricity input is known as the Coefficient of Performance (CoP). For example, if it takes 1 unit of 
electricity input to produce 3 units of heat output, then the system has a CoP of 3. Ground temperature is 
relatively constant so the coefficient of performance does not vary greatly over the seasons. 

As solar energy is being collected and distributed by the heat pump, this input may be considered 
renewable but electricity has substantially higher CO2 emissions than other fuels such as gas. A system 
would need to have a CoP of about 2.3 to provide a saving in emissions when in use. Ground source heat 
pumps can also be run in reverse, to provide a source of cooling in summer months. While this may be 
useful, in some cases the ability to provide cooling may lead to an increase in energy use.  

12.1.2 Air source heat pumps  

Air Source Heat Pumps (ASHPs) take low-grade heat from the air and concentrate it by means of a heat 
pump into higher grade heat for use in buildings.  Distribution can be by a water-based system as in 
normal heating configurations in the UK and the Isle of Man, or by means of air distribution which is much 
more common in the USA. The temperature difference between source and target will significantly affect 
how much effort is needed by the compressor, so conditions where this temperature gradient is at a 
minimum will see best performance. In other words, air source heat pumps work well when they are not 
needed and perform poorly when heating demand is at its highest. The coefficient of performance can be 
as high as 5 or 6 when the temperature is warm but in midwinter the CoP will fall towards 1, equivalent to 
resistance heating. 

Heat recovery from exhausted air does help to reduce the temperature gradient but this may not be 
technically feasible in all situations. Usually ASHPs are not normally economic against gas heating and 
will have a lower carbon offset – indeed when efficiency of the ASHP is low, it could result in greater net 



 Renewable energy sustainability study – impacts and opportunities for the Isle of Man 

 

AEA in Confidence Ref: AEA/ED46657/Issue Number 1  93 

emissions.  The Renewable Heat Incentive proposal for the UK will change the economics of their 
installation in the UK, but there remains the risk of greater net emissions. 

However, where gas is not available and electric resistance heating is currently in use, an air source heat 
pump presents an excellent opportunity to reduce carbon emissions. By making use of low-grade heat, 
ASHPs deliver more heat per unit of electricity than would be achieved if the electricity were used for 
simple resistance heating. The saving will persist even as the coefficient of performance drops towards 
unity. 

12.2 Technology resource and cost 

12.2.1 Resource estimate based on available buildings 

The DECC ‗Low carbon and renewable energy methodology for the English regions‘ sets out constraints 
that could be generically applied across an area where the available number of dwellings are known. The 
IoM Private Sector House Condition Survey 2007/08 sets out numbers of dwellings in IoM by various 
standard categories. This is used to assess possible contribution from this technology. 

“Total housing stock on the Isle of Man at time of survey was estimated at 39567 dwellings.  
Excluding dwellings rented by the Department of Local Government and the Environment 
(now DEFA), Douglas Corporation and the Local Commissioners, total private sector housing 
stock was estimated at 34348 dwellings.” 

Data on new developments is also used to estimate the number of new developments that are likely to be 
suitable for the installation of heat pumps.  From the information on dwellings off-gas, comprising 55% of 
stock

88
, as well as a number of other constraints to potential developments, an estimate of the number of 

dwellings suitable is made. The generic assumptions on constraints in the DECC methodology are not 
applied, but instead the principles of the constraints are adjusted for the specific IoM situation. For 
example, generically across the UK about 10% of properties are flats, which are unsuitable, but on the 
IoM 18% of dwellings are flats. 

Table 12-1: Calculation of dwelling number suitable for installation of heat pumps 

 

Highest level 
dwellings 
numbers 

39,567 

stock total from IoM stock 
survey report 07/08 

1,200 

new developments 

Practical 
consideration 

IoM focus 
Reduction 
proportion 

Remaining 
numbers 
suitable 

Reduction 
proportion 

Remaining 
numbers 
suitable 

Assumed that they 
would not be installed 

with another heat 
producing technology 
e.g. biomass heating 

(discount 66%) 

Discount 66% 0.66 13,453 0.66 408 

Assumed 75% of 
rural properties 

suitable 

In absence of 
major 

settlements akin 
to towns on IoM, 

this is applied 
across all stock 

0.25 10,090 0.25 306 
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  Page 49 of the Private Sector House Condition Survey 2007/08 state that mains gas is present in 45.7% of dwellings.  These 
figures do not factor in the planned extension of the Isle of Man gas network. 



 Renewable energy sustainability study – impacts and opportunities for the Isle of Man 

 

AEA in Confidence Ref: AEA/ED46657/Issue Number 1  94 

 

Highest level 
dwellings 
numbers 

39,567 

stock total from IoM stock 
survey report 07/08 

1,200 

new developments 

Practical 
consideration 

IoM focus 
Reduction 
proportion 

Remaining 
numbers 
suitable 

Reduction 
proportion 

Remaining 
numbers 
suitable 

Assumed off-gas 
properties suitable 

55% off-gas 0.45 5,549 0.45 168 

Assumed that 
majority of flats are 

not suitable (discount 
18%) 

18% are flats 0.18 4,550 0.18 138 

From Table 12-1 it can be seen that approximately 4,688 dwellings are suitable for installation of heat 
pumps from a technical perspective – the economics are considered further below. 

From the available buildings figure, an estimate is made of the potential contribution to renewable heat 
from heat pumps. The systems would, in situ, meet the heat load of the dwelling. A figure for average gas 
use for dwellings in the UK can be taken from MLSOA data provided by DECC

89
. This shows that 

average gas use by meter point in the UK domestic sector is 15,459 kWh per year. As this is not the heat 
demand figure, an adjustment for estimated average boiler efficiency is made. This is assumed to be 
80%

90
 .  

This means that average heat demand in dwellings in the UK domestic sector is 12,375 kWh per year. 
The IoM Private Sector Stock Condition Survey 07/08 report indicates that the average SAP rating 
amongst IoM dwellings is slightly better than UK average. An estimate is thus made that average heat 
demand in IoM dwellings is 12,000 kWh per year. 

Should the full potential of 4,688 dwellings suitable for heat pumps be realised, this would mean 56,260 
could be renewable heat provided by heat pumps. 

12.2.2 Costs of heat pumps 

Table 12-2 and Table 12-3 contain input assumptions for estimates of costs and economic analysis. 

Table 12-2: Costs of ground source heat pumps 

GSHP  Source 

Size of installation in terms of 
capacity 

8 kW DECC, July 2009 

The UK Supply Curve 
for Renewable Heat

91
 

Annual energy output (stating 
assumptions) 

Meets the load of the dwelling 

Average UK gas use in dwellings approx 
15000 kWh per dwelling per year, assume 

comparable for IoM 

This is equivalent to 12000 kWh heat 
assuming an average boiler efficiency of 80% 

DECC stats MLSOA 

                                                      
89

  http://www.decc.gov.uk/en/content/cms/statistics/regional/mlsoa_llsoa/mlsoa_2008/mlsoa_2008.aspx  
90

  Without precise knowledge of all the various boilers and conversion efficiencies, the adjustment for fuel conversion efficiency 
that is made to obtain a figure for heat demand is estimated.  CIBSE Guide F, ―Energy Efficiency in Buildings‖, provides 
seasonal efficiency curves for various use scenarios under a mixed boiler system (figure 10.5). The efficiency figure for a mix of 
conventional and condensing boilers is approximately 80%. 

91
  Domestic size - capacity in electrical terms is given as 6-11kW and efficiency (CoP)of 315-385% 

http://www.decc.gov.uk/en/content/cms/statistics/regional/mlsoa_llsoa/mlsoa_2008/mlsoa_2008.aspx
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Capex including installation costs £1200 /kW The UK Supply Curve 
for Renewable Heat 

Opex £7 /kW/yr 

And fuel input cost 

The UK Supply Curve 
for Renewable Heat 

Table 12-3: Costs of air source heat pumps 

ASHP  Source 

Size of installation in terms of 
capacity 

8 kW The UK Supply Curve 
for Renewable Heat

92
 

Annual energy output (stating 
assumptions) 

Meets the load of the dwelling 

Average UK gas use in dwellings approx 
15000 kWh per dwelling per year, assume 

comparable for IoM 

This is equivalent to 12000 kWh heat 
assuming an average boiler efficiency of 80%. 

Future dwellings average will be lower – 
nearer 10000kWh per yr 

DECC stats MLSOA 

Capex including installation costs £1000 /kW The UK Supply Curve 
for Renewable Heat 

Opex £7 /kW/yr 

And fuel input 

The UK Supply Curve 
for Renewable Heat 

                                                      
92

  Domestic size - capacity in electrical terms is given as 6-14kW and efficiency (CoP)of 225-275% 
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Appendix 13 Micro CHP 

13.1 Technology description and status 

13.1.1 The technology and how it works 

Combined Heat and Power (CHP) – cogeneration – technology uses a prime mover (an engine, turbine or 
fuel cell) to convert the chemical energy in a fuel to mechanical or electrical energy and recovers residual 
thermal energy (heat) from the same process for use where there is a demand for heat thus reducing the 
fuel consumption in separate boilers.  Overall the amount of fuel used by a CHP is usually less than the 
total used to generate the same amount of heat and power separately, for example from conventional 
boilers and power stations, and therefore CHP usually saves energy and carbon.  It is important to note 
that for a system to be CHP, heat must be recovered from the working fluid after it has produced some 
mechanical or electrical energy. 

Micro CHP is simply CHP on a small scale with the prime mover generating less than 50 kilowatts of 
electricity (kWe), as defined by the European Union (EU) Cogeneration Directive

93
. (Small scale CHP 

refers to units with an installed capacity below 1 MWe, some examples of which have been included in 
the following sections). 

In the commercial and industrial sectors micro CHP is designed to meet some or all of the demand for 
electricity and heat.  Variations in heat and power demands over time are rarely in phase, and the CHP 
may either be sized and controlled on the basis of heat demand (heat led) or the power demand (power 
led).  The issue with timing (phase) can be addressed by energy storage, most commonly by using a 
thermal store (usually a hot water tank) to store heat or less commonly by batteries to store electricity, but 
this is not generally practical or cost effective in micro-CHP applications.  Power led operation means 
surplus heat will be generated when the ratio of heat to power of the CHP exceeds the ratio of heat 
demand to power demand and that heat is dumped whereas in heat led generation the output would 
modulate and the shortfall in power demand would come from the grid which is usually more efficient 
electrically than the CHP so heat led operation is usually more energy efficient.  Where power output in 
heat led operation exceeds the power demand, the excess power will often be exported and sold back to 
the local electricity provider or if this is not possible or economically worthwhile, the CHP will then have to 
modulate further, operating in power led mode but reverting to heat led operation once the power demand 
allows.   

With very small micro-CHP such as at domestic scale, CHP is designed to completely replace a 
conventional boiler and is therefore always heat led and the ability to export excess power is necessary to 
allow full heating at times of low power demand such as early morning.  In slightly larger micro CHP 
applications, the CHP acts as the lead boiler in the heating system with fired boilers supplementing the 
heat supplied by the CHP unit at times of peak demand, or to act as back-up in case the CHP unit is 
down for maintenance or repair. 

                                                      
93

  EU (2004) Directive 2004/8/EC of the European Parliament and of the council of 11 February 2004 on the promotion of 
cogeneration based on a useful heat demand in the internal energy market and amending Directive 92/42/EEC. See: http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:052:0050:0060:EN:PDF  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:052:0050:0060:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:052:0050:0060:EN:PDF
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Figure 13-1: Schematic of commercial Micro-CHP plant installation
94

 

 

Domestic micro CHP is of much smaller scale – generating between 1 to 2 kWe – and is designed to 
replace the domestic boiler. 

The term micro CHP covers a range of different generation technologies, defined by the EU Cogeneration 
Directive to include the following:  

(a) Internal combustion engines 

(b) Stirling engines  

(c) Micro gas-turbines 

(d) Fuel cells 

(e) Organic Rankine cycles. 

The amount of electricity and heat generated by micro CHP varies by technology category and this 
affects their suitability for different applications – domestic micro-CHP and commercial / industrial micro 
CHP.  

Internal Combustion (IC) / reciprocating engine (RE) micro CHP 

Internal combustion technology is well established, commercially available technology for CHP and is 
suitable for larger heat demands where long run times are expected.  Fuel and air mix in one or more 
cylinders are compressed and then ignited in sequence causing explosive forces which drive the engine 
which in turn drives a mechanical load such as a vehicle or an electric generator (alternator).  In CHP, 
heat is recovered by low and/or high temperature heat exchangers from the engine jacket cooling water, 
cooling oil and engine exhaust. 

There are two main types of engine: compression-ignition engines which compress diesel, bio-diesel or 
other oils to very high pressures until they spontaneously ignite) and spark-ignition engines (with lower 
compression pressures used for more volatile fuels such as gasoline, natural gas and other gaseous 
fuels). Overall efficiencies are slightly higher for compression ignition engines. 

                                                      
94

 Carbon Trust (2007) Micro-CHP Accelerator. Interim report. Publication: CTC726. November 2007. See: 
http://www.carbontrust.co.uk/emerging-technologies/current-focus-areas/pages/micro-combined-heat-power.aspx  

http://www.carbontrust.co.uk/emerging-technologies/current-focus-areas/pages/micro-combined-heat-power.aspx
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Figure 13-2: Example diagram for a packaged Reciprocating Engine CHP providing hot water heat 
output with no heat rejection facility

95
 

 

Key features: 

 Compact, modular systems – multiple engines per site, fully packaged units 

 Modulating operation – some engines may modulate to match heat demand 

 Product life: 17.6 years
96

  

 Range of fuel sources possible: e.g. natural gas, LPG (e.g. Dachs mini CHP) diesel oil, bio-diesel, 
biogas (from anaerobic digestion, including landfill and sewage treatment works) and producer gas 
(from gasification of biomass) 

 Heat recovery as hot water from engine jacket cooling water and oil circuits and as hot water or as 
steam in a heat recovery boiler from exhaust 

 Relatively low heat to power ratio: 1.5 up to 2.5:1 

 Relatively high electrical efficiency: 25 to 30% (Gross power output incl parasitic load / Gross 
Calorific Value Fuel Input) 

 Noise attenuation normally required – e.g. integral to engine canopy 

 May be maintained and operated under contract with suppliers such as CoGenco (e.g. contracted 
to run 6,000 hours per annum/17 hours per day). 

                                                      
95

 Source: CHPQA Generic Scheme Energy Flow Diagrams. See: https://www.chpqa.com/guidance_notes/ 
GENERIC_SCHEME_ENERGY_FLOW_DIAGRAMS.pdf  

96 
 Carbon Trust /Salix Finance Persistence Factor for gas, diesel, or gas-oil engine CHP. However, this figure is high. Engine 

service contract life is normally about 10 years or 60,000 hrs beyond which new service contract and possibly a new engine may 
be required. 

https://www.chpqa.com/guidance_notes/GENERIC_SCHEME_ENERGY_FLOW_DIAGRAMS.pdf
https://www.chpqa.com/guidance_notes/GENERIC_SCHEME_ENERGY_FLOW_DIAGRAMS.pdf
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Table 13-1: Examples of reciprocating engine micro CHP and performance data 

Manufacturer/ 

Model/ Engine 

Total 
Power 

Capacity 

kWe 

Total Heat 
Capacity 

kWth 

Max 
Heat to 
Power 
ratio 

Power 
Efficiency 

(Gross 
power and 
GCV fuel 

Basis) 

Max Heat 
Efficiency 

(GCV fuel 
Basis) 

Max Overall 
Efficiency(Gross 

power and GCV fuel 
Basis) 

Senertec/ 

Dachs/ G 5.5
97

 
5.3 12.5 2.27 23.4% 54.8% 78.2% 

EnerG/ 

CP10WETNB/ 

3GPF88-C 

10 17.3 1.73 27.7% 48% 76% 

Frichs/ Valmet / 
Mini 420 G 

22 

 

55 

 

2.50 

 

26.0% 

 

65% 

 

91% 

 

EnerG/ 

CP25WE-TN 

/4GPF98-C1 

25 

 

38.4 

 

1.54 

 

30.2% 

 

46% 

 

77% 

 

Frichs/Valmet / 
Mini 420 G 

30 

 

70 

 

2.33 

 

25.0% 

 

58% 

 

83% 

 

EnerG/ CPL 4Fg/ 
Ford BSD444 

38 

 

70 

 

1.84 

 

25.0% 

 

46.0% 

 

71.0% 

 

EnerG 50/Man 
E0834 E302 

49 

 

76 

 

1.55 

 

30.0% 

 

46.5% 

 

76.5% 

 

Source: CHPQA Unit List. See: https://www.chpqa.com/guidance_notes/CHPQA_UNIT_LIST.pdf; Dachs mini-CHP engine. See: 
http://www.baxitech.co.uk/Baxi_Tech/BaxiTechWeb.nsf/Brochure%20Request).  

There is a large range of internal combustion engines above the 50 kWe micro CHP threshold and in 
general the specific capital cost in £/kWe installed decreases with increasing engine size due to 
economies of scale.   Larger engines are typically more electrically efficient and have lower heat to power 
ratios. 

Typical applications include: 

 Care homes/sheltered/university accommodation 

 Community centres 

 Hotels 

 Leisure centres 

 Police stations  

 Sewage treatment works 

 Other industrial sites with a suitable heat demand. 

Gas Turbine (GT) micro CHP 

Gas turbines sets compress air and fuel separately, mix and burn the high pressure fuel-air mixture in a 
combustion chamber and expand the high pressure combustion products in a turbine.  The process is a 
steady stream rather than a series of explosions as in an IC engine.  Gas turbines are less 

                                                      
97

 See: http://www.baxitech.co.uk/Baxi_Tech/BaxiTechWeb.nsf/dachs_features  

https://www.chpqa.com/guidance_notes/CHPQA_UNIT_LIST.pdf
http://www.baxitech.co.uk/Baxi_Tech/BaxiTechWeb.nsf/Brochure%20Request
http://www.baxitech.co.uk/Baxi_Tech/BaxiTechWeb.nsf/dachs_features
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thermodynamically efficient and have higher capital costs than internal combustion engines of equivalent 
output thus requiring more fuel for a given mechanical or electrical output.  However, they are smaller and 
lighter, require less maintenance, vibrate less and are less noisy.  These benefits tend to outweigh the 
efficiency penalty for units above around 5MW (mech or elec), particularly in aircraft where the reduction 
in weight and space requirements and therefore in mechanical demand outweighs the loss of 
thermodynamic efficiency. 

All the waste heat comes from the exhaust gas and can be used to generate steam in CHP applications.  
After use the hot water condensed from the spent steam can be returned to the heat recovery boiler at 
about 95C to recycle the heat for energy efficiency.  In contrast the oil and engine cooling fluids in IC 
engines cannot be run at temperatures which would contribute to this process whilst effectively cooling 
the engine and could therefore only contribute to schemes where condensate is not returned but replaced 
with cold water, which is inefficient, so gas turbines can be better suited to applications where the majority 
of the heat requirement is for steam. 

IC engines are usually preferred in micro CHP applications due to higher efficiency and lower capital cost 
but some of the above advantages can apply in certain micro-CHP applications therefore a few Micro-
CHP suppliers exist.   

Gas Turbine micro CHP systems have a power generation system that is based on a combination of a 
small gas turbine and a directly driven high-speed Direct Current generator. Power is converted from DC 
to AC via electronic power inverters.  

Micro gas-turbines have an electrical efficiency of only around 15% (based on Gross CV fuel input and 
gross power output).  However, this can be improved by including an exhaust gas recuperator, which pre-
heats combustion air improving the efficiency of the system.  Furthermore they have higher parasitic 
loads than IC engines due to the requirement to compress the fuel before mixing with compressed air in 
the burner which further reduces their net useful power output. 

In the UK gas turbines registered under the CHPQA scheme range from 100 kWe
98

 upwards. There are 
commercially available gas turbines below the 50 kWe threshold e.g. the C30

99
; however, these are not 

specified for CHP applications and are understood to be for standalone power generation. The smallest 
gas turbine identified as being used in a CHP application is the C65

100
.  

The Turbec T100 can modulate down to 50 % (50 kWe) of rated output. AEA understands that Turbec is 
carrying out R&D into producing smaller micro CHP gas turbines, using a scaled down version of the 
T100. Therefore, as an indication the following table gives details for both the Turbec T100 and the C65 
manufactured by the Capstone Corporation. 

Table 13-2: Examples of gas turbine small scale CHP and performance data at full output > 50 kWe 

Manufacturer/ 

Model/Engine 

Total Power 
Capacity 

kWe 

Total Heat 
Capacity 

kWth 

Max Heat to 
Power ratio 

Power 
Efficiency 

(Gross 
power and 
GCV fuel 

Basis) 

Max Heat 
Efficiency 

(GCV fuel 
Basis) 

Max Overall 
Efficiency 

(Gross 
power and 
GCV fuel 

Basis) 

C65 65 120 1.84 26% 48% 74% 

Turbec T100 100 167 1.67 27% 43% 70% 

Note: electrical efficiency is considerably lower and thermal efficiency higher at 50kWe 

                                                      
98

 For example, the Turbec T100 (100 kWe). See: http://www.turbec.com  
99

 The C30 (30 kWe) is manufactured by the Capstone Corporation for standalone power The C65. See: 
http://www.capstoneturbine.com/prodsol/products  

100
 The C65 – is manufactured by the Capstone Corporation for applications including CHP. The difference in heat capacity in the 

table is based on copper or stainless steel core. See: http://www.capstoneturbine.com/_docs/datasheets/C65%20&%20C65-
ICHP%20NatGas_331035D_lowres.pdf  

http://www.turbec.com/
http://www.capstoneturbine.com/prodsol/products
http://www.capstoneturbine.com/_docs/datasheets/C65%20&%20C65-ICHP%20NatGas_331035D_lowres.pdf
http://www.capstoneturbine.com/_docs/datasheets/C65%20&%20C65-ICHP%20NatGas_331035D_lowres.pdf
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Features: 

 Compact, modular systems 

 Low maintenance – annual inspection every 6,000 hours 

 Product life: 13.2 years
101

. (Turbec T100 claim 60,000 hours, equivalent to 10 years). 

 Modulating operation is possible, down to 50 kWe as and when it is required 

 Range of fuel sources possible: e.g. natural gas, biogas (from anaerobic digestion, including landfill 
and sewage treatment works), kerosene. 

 Heat recovery solely from engine exhaust 

 Relatively low heat to power ratio: up to 1.8:1 

 Electrical efficiency: 15% up to 30% with a recuperator 

 Inspection annually / every 6,000 hours 

Applications: 

 Commercial/industrial sectors e.g. horticulture, water treatment etc. 

Stirling Engine (SE) micro CHP 

Stirling engines are external combustion engines utilising two pistons (displacer piston and working 
piston) in the power generation process. Combustion of CHP fuel takes place in a separate combustion 
chamber outside the engine to maintain one end of the engine cylinder at a high temperature while the 
opposite end is cooled, usually by water. 

A fixed volume of working gas (such as helium), which is sealed within the engine, is alternately heated 
and cooled as it is forced back and forth between the two temperature zones via the regenerator. Power 
is derived from the pressure fluctuations acting on the working piston. The thermal efficiency of the 
engine is enhanced by the regenerator, a heavy matrix of fine wires that acts as a repository for heat 
extracted from the working gas during the cooling pass to be returned on the heating pass. 

There are two principal types of Stirling Engine, kinematic and free-piston:  

 Kinematic - two pistons are connected via a crank mechanism to convert the reciprocal piston 
motion to a rotational output to drive a generator. 

 Free piston - no rotating parts. In the majority of cases, output power is taken from a linear (usually 
permanent magnet) alternator attached to the piston, while the displacer is actuated by the 
pressure variation in the space beneath the piston. 

Stirling engines may also be characterised by the three different configurations of the displacer and 
working pistons, known as alpha, beta and gamma.  

                                                      
101

 Carbon Trust /Salix Finance Persistence Factor for gas turbine CHP 
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Table 13-3: Examples of micro CHP Stirling engines and average annual performance data 

Manufacturer/ 

Model/ Engine 

Total Power 
Capacity 

kWe 

Total Heat 
Capacity 

kWth 

Max Heat to 
Power ratio 

Power 
Efficiency 

(Gross 
power and 
GCV fuel 

Basis) 

Max Heat 
Efficiency 

(GCV Fuel 
Basis) 

Max Overall 
Efficiency 

(Gross 
power and 
GCV fuel 

Basis) 

WhisperGen Mark 
V 

1 
7 (+ suppl. 

burner) 
7:1 6.4% 72.5% 79% 

Baxi EcoGen 1 
3 to 6 (+ 18 

suppl. 
burner) 

6:1 6.4%
102

 72.5% 79% 

Stirling DK
103

 SD3 
SE/ 300 kW 

biomass boiler 
35 215 6.1:1 12% 74% 86% 

Stirling DK SD3 
SE/ 200 kW 

updraft gasifier 
35 145 4.1:1 17.5% 70% 87.5% 

A number of other manufacturers are developing micro CHP stirling engines for the domestic market, for 
example, Worcester‘s Greenstar CDi DualGen.

104
  

Other manufacturers produce renewable energy SE micro CHP plant that use the combustion of biomass 
as an external energy source. For example, Stirling DK (above) manufactures Stirling engines that are 
either: i) mounted on a standard wood chip biomass boiler, or ii) use heat from combusting ‗syngas‘ – an 
intermediate gaseous energy carrier produced by biomass gasification. The latter can achieve higher 
efficiencies overall to boiler plant, due to improved conversion. (Syngas may also be used as a fuel for 
Internal Combustion engines but has to undergo thorough cleaning to remove particulates, moisture and 
tars). 

Key Features: 

 High combustion efficiency and lower exhaust emissions 

 Modulating operation is possible, as and when it is required 

 Product life:  

 Domestic Stirling engines: no data. Parts only 2 year warranty offered by Baxi. 

 Commercial/Industrial biomass Stirling engines: 8.8 years
105

 to 15 years
106

 

 Low vibration and noise levels – fewer moving parts than an IC engine 

 Long service intervals and low running costs: 6,000 to 8,000 hours per annum before annual 
service for larger sized engines.  

 Small domestic engines are claimed to be maintenance free. 

                                                      
102

  Note: Efficiency data is based on CT (2007) Micro CHP Accelerator Interim Report, p.56, data averaged over 1 year for both unit 
types; supplementary burners increase heat output for both units. Other data from Baxi. See: 
http://www.baxigroupspecification.co.uk/campaigns/baxi-ecogen.htm).  

103
 Stirling DK manufacture both biomass boiler and biomass gasification Stirling engine micro CHP plant. See: 

http://www.stirling.dk. See also: i) SunMachine: http://sunmachine.com; ii) Innovation Technologies. See: http://www.innovation-
tech.co.uk/  

104
 The field trial for this unit is due to end in 2011. From 2012, an optimised second generation micro CHP product will be 

commercially available. See: http://www.worcester-bosch.co.uk/homeowner/products/micro-chp  
105

 Carbon Trust /Salix Finance Persistence Factor for biomass CHP 
106

 As claimed by Stirling DK for their 35 kWe SE biomass gasification plant. 

http://www.baxigroupspecification.co.uk/campaigns/baxi-ecogen.htm
http://www.stirling.dk/
http://sunmachine.com/
http://www.innovation-tech.co.uk/
http://www.innovation-tech.co.uk/
http://www.worcester-bosch.co.uk/homeowner/products/micro-chp
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Applications include: 

 Replacement for the domestic boiler  

 Small commercial (e.g. schools and leisure centres) and industrial 

Fuel Cell (FC) micro CHP 

Fuel cells are electrochemical energy converters similar to primary batteries and have a theoretical 
electrical efficiency of 50%, which is the highest of the micro CHP technologies (however, fuel cells can 
have high parasitic loads). Hence, they are sized to match the electric load for a particular site, rather 
than the heat load. 

The main fuel cell micro CHP technologies comprise: i) Phosphoric Acid fuel cells (PAFCs), which use 
phosphoric acid as the electrolyte. These are large-sized units typically over 50 kWe and are most suited 
for stationary applications (an example of a PAFC scheme is given below for comparison purposes); ii) 
Proton Exchange Membrane Fuel Cells (PEMFC), which operate at low temperature of about 80 °C; or iii) 
Solid Oxide Fuel Cells (SOFC) which work at around 800 to 1000 °C.  The associated heat from the fuel 
cell is recovered and provides part of the overall on-site heat requirement. On larger sites heat may be 
supplemented with fired boilers or further CHP units.  

Fuel Cell micro CHP products are not yet available commercially but are expected to enter the market in 
the next couple of years (FuelCellsUK

107
). A number of companies are known to be developing micro 

CHP fuel cell products for the residential/domestic market including Baxi Innotech, Ceres Power, Ceramic 
Fuel Cells Limited (CFCL) and Hexis in Europe. There are also numerous companies developing small-
scale fuel cells in Japan, including Ebara-Ballard and Matsushita (Carbon Trust, 2007). There have been 
a number of field trials of micro CHP fuel cell technology in Europe and a much larger number in Japan to 
date.  

Table: Examples of fuel cell micro CHP and performance data 

Manufacturer/ 

Model/ 

Engine 

Total 
Power 

Capacity 
kWe 

Total Heat 
Capacity 

kWth 

Max Heat to 
Power ratio 

Power 
Efficiency 

Max Heat 
Efficiency 

Max Overall 
Efficiency 

Hexis (SOFC) 1 3 3:1 50% - - 

Baxi Innotech 
BETA 1.5 PLUS 

(PEMFC)
108

 

1.5 

 

3 (+15 suppl. 
burner) 

2:1 50% - - 

Currently the only commercially available fuel cells are for larger applications above 50 kWe. An example 
of a small scale CHP scheme in the UK is the 200 kWe PAFC micro CHP, located at the ‗Pool in the Park‘ 
Leisure Centre, in Woking. The plant is manufactured by UTC. 

This demonstration project started in 2002 and its performance has been monitored over a number of 
years

109
. The Fuel Cell has an integrated steam reformer to produce hydrogen from natural gas, with the 

oxygen extracted from the outside air.  

                                                      
107

  See Fuel Cells UK and its UK Capabilities Guide: http://www.fuelcellsuk.org/wp-content/uploads/2009/09/Fuel-Cells-UK-
Capabilities-Guide-2009.pdf  

108
  See: http://www.baxi.co.uk/products/fuelcells.htm  

109
  See: http://www.bis.gov.uk/files/file15343.pdf  

http://www.fuelcellsuk.org/wp-content/uploads/2009/09/Fuel-Cells-UK-Capabilities-Guide-2009.pdf
http://www.fuelcellsuk.org/wp-content/uploads/2009/09/Fuel-Cells-UK-Capabilities-Guide-2009.pdf
http://www.baxi.co.uk/products/fuelcells.htm
http://www.bis.gov.uk/files/file15343.pdf
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Table 13-4: Commercially available Small Scale PAFC CHP units 

Manufacturer/ 

Model/ 

Engine 

 

Total Power 
Capacity 

kWe 

Total Heat 
Capacity 

kWth 

 

Max Heat to 
Power ratio 

 

Power 
Efficiency 

 

Max Heat 
Efficiency 

 

Max Overall 
Efficiency 

 

UTC PC25C (no 
longer 

manufactured) 

200 264 1.3:1 37-38% 48% 85% 

UTC PureCell 
Mod el 400

110
 

400  450 1.13:1 40% 45% 85% 

The fuel cell was not operational and had been mothballed when AEA visited the ‗Pool in the Park‘ in 
2009. 

Figure 13-3: Schematic of the Woking Small Scale PAFC CHP system 

 

Features: 

 High theoretical electrical efficiency: up to 50% (performance degrades over time) 

 Modulating operation is possible, as and when it is required 

 Product life: 20 years (for UTC PAFC power plant. This requires overhaul/replacement of major 
components after 10 years of operation - 10-year design life for the cell stacks) 

                                                      
110

  For Product Guides see: http://www.utcpower.com/fs/com/bin/fs_com_Page/0,11491,0159,00.html  

http://www.utcpower.com/fs/com/bin/fs_com_Page/0,11491,0159,00.html
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 Heat recovered in both low (60° to 77°C) and high-grade (121°C) form 

 High-grade heat is 45% of the total and is generated in the cell stack coolant loop 

 Low-grade heat is primarily generated in the condenser 

Applications: 

 Residential/Domestic (may need auxiliary burner and heat store) 

 Small commercial / industrial including: Telecoms/Data Centres, Colleges/Universities, Industrial 
Process Sites, Hospitals/Medical Centres, Supermarkets, Prisons, Hotels 

Organic Rankine Cycle (ORC) micro CHP 

The Organic Rankine Cycle (ORC), like the Stirling cycle is an external combustion cycle. The ORC 
operates on the same cycle as a conventional steam turbine but fluid that drives the turbine is a high 
molecular mass organic fluid rather than water.  This fluid boils at either lower or higher temperatures 
than water so is more convenient for niche applications. 

Refrigerants boiling at low temperatures can be expanded in a turbine in order to facilitate power 
generation using very low grade heat.  Any heat recovered from such a system after generating power is 
unlikely to be at a sufficiently high temperature to be useful.  It is possible to divert some of the fluid or it‘s 
heat before it is used to generate any power but it must be noted that this would not count as CHP unless 
the heat itself originated from a CHP such as from an engine in which case, the engine, ORC and 
intermediate heat recovery together can be considered a CHP scheme. 

In a conventional steam turbine the mechanical efficiency is maximised by fully condensing the steam at 
sub atmospheric pressure in order to extract as much of the potential (pressure) as possible.  Under 
these very low pressures water condenses at around 30C, which is not usually very useful.  Therefore it is 
more usual to extract steam prior to full condensation which reduces the mechanical efficiency as this 
steam is at higher pressure and therefore contains mechanical energy which is not required by the heat 
demand but is no longer available to the turbine.   

Oils that boil (and therefore condense) at high temperatures can be boiled (for example by biomass 
boilers) and expanded in fully condensing turbines to generate power efficiently and then supply heat at a 
useful temperature thus avoiding the loss of power from diverting working fluid containing useful potential 
energy. Small scale biomass CHP systems based on ORC technology are commercially available from a 
number of manufacturers

111
. Micro CHP models are still under development. 

Table 13-5: Example of Small Scale (>50 kWe) ORC CHP and performance data 

Manufacturer/ 

Model/ 

Engine 

 

Total 
Power 

Capacity 

kWe 

Total Heat 
Capacity 

kWth 

 

Max Heat to 
Power ratio 

 

Power 
Efficiency 

 

Max Heat 
Efficiency 

 

Max Overall 
Efficiency 

 

Turboden 400 1,844 4.6:1 15.4%* 70.6% 86% 

 

Features: 

 Electrical outputs are typically in the range 400 kWe to 1.5 MWe 

 Product life: 20 years (claimed by Turboden) 

 Power Efficiency of 15-18% 

                                                      
111

  Example is Turboden Ltd, located in Brescia (Italy): T400-CHP (400 kWe) and the T500-CHP (500 kWe). 
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 Heat to power ratio of 4.5-5:1 

Applications: 

 Micro (under development): residential / domestic 

 Small scale: commercial/industrial including sawmills. 

13.1.2 Technology readiness level  

Table 13-6 lists the TRL level by micro CHP technology. Within each technology there are some 
differences between domestic and commercial/industrial deployment. 

Table 13-6: TRL status and timescales to reach TRL 9 

Micro CHP 
technology 

Current position 
Technology Readiness Level (TRL) by 

application 

Internal 
Combustion 

Commercial/Industrial: 

Established technology 

 

Residential/Domestic 

Established technology 

Example manufacturer: Senertec/Dachs 

Power capacity: unit size 5.3 kWe 

Commercial/Industrial TRL level: 9 

No. of schemes / Installed capacity (2009) 

Total schemes < 100 kWe: 462 schemes / 28.7 
MWe

112
 in UK 

 

Residential/Domestic TRL level: 9 

No. of schemes / Installed capacity (2009) 

EU: 17,000 Dachs units  with total installed capacity 
of 90.1 MWe 

UK: no data 

Stirling 
Engines 

Commercial/Industrial: 

Established technology for biomass CHP 

Example manufacturer: Stirling DK 35 kWe 
biomass boiler and biomass gasifier 

models. 

 

Residential/Domestic: 

Under development/ commercially 
available: 

Example manufacturers: Whispergen; Baxi 

Commercial/Industrial TRL level: 9 

No. of schemes / Installed capacity (2010) 

No data for UK 

 

Residential/Domestic TRL level: 8-9 

Some manufacturers are still developing their 
products 

Gas Turbines 

Commercial/Industrial: 

Established technology for Small Scale 
CHP i.e. GTs at 100 kWe + 

Example manufacturer: Turbec (T100) – 
modulates down to 50 kWe 

 

Residential/Domestic: 

<50 kWe under development 

 

Commercial/Industrial TRL level: 9 

No. of schemes / Installed capacity (2010) 

No data on number of schemes – estimated to be 
over 100 + small scale GTs schemes in operation 

 

Residential/Domestic TRL level: 7-8 

Time to reach level 9: 2-3 years 

Manufacturers are still developing their products 

                                                      
112

  DECC (2009). Digest of UK energy statistics‘ (DUKES). Energy statistics: combined heat and power. Table 6.1 CHP 
installations by capacity and size range. See: http://www.decc.gov.uk/en/content/cms/statistics/source/chp & 
http://www.decc.gov.uk/media/viewfile.ashx?filepath=statistics/source/chp/dukes6_1-6_2.xls&filetype=4 

http://www.decc.gov.uk/en/content/cms/statistics/source/chp
http://www.decc.gov.uk/media/viewfile.ashx?filepath=statistics/source/chp/dukes6_1-6_2.xls&filetype=4
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Micro CHP 
technology 

Current position 
Technology Readiness Level (TRL) by 

application 

Fuel Cells 

Commercial/Industrial: 

Established technology for Small Scale 
CHP 

New products been developed 

 

Residential/Domestic: 

Micro CHP technology is still under 
development 

 

Commercial/Industrial TRL level: 9 

No. of schemes / Installed capacity (2010) 

1 small scale PAFC CHP in the UK (Woking Leisure 
Centre) rated at 200 kWe 

260 UTC sites worldwide 

 

Residential/Domestic TRL level: 7-8 

Time to reach level 9: 2-3 years 

Manufacturers are still developing their products 

Organic 
Rankine Cycle 

Commercial/Industrial: 

Established technology for Small Scale 
CHP 

Example manufacturer: Turboden – Pratt & 
Whitney Power Systems. 

Capacity: 400 kWe plus (smaller units are 
available e.g. T200/200 kWe). 

 

Residential/Domestic: 

Under development: 

Example manufacturer: Baxi 

Power capacity: unit size < 5kWe 

Commercial/Industrial TRL level: 9 

No. of schemes / Installed capacity (2010) 

Deployment: 116 Turboden plants in operation in 
EU (3 cited in the UK)

113
 

 

Residential/Domestic TRL level: 7-8 

Time to reach level 9: 1-2 years 

Manufacturers are still developing their products 

 

Under the CHPQA programme in the UK there are a number of schemes that have installed micro CHP, 
either individual engines or in combination. Examples of publicly available consenting CHPQA schemes 
may be downloaded from CHP Focus

114
. 

 

                                                      
113

 These are not micro CHP schemes.  Total Plants in Operation = 116 (Biomass = 109; Heat Recovery = 4; Geothermal = 3); 
Under Construction = 39 (Turboden (March 2010). In the UK there are 3 plants being commissioned – two 1 MWe units for heat 
recovery (to Blue-NG joint venture between National Grid, the UK‘s gas and power-distribution company, and 20C Ltd., a 
company well known in natural-gas pressure-reduction station projects) and one 2.3 MWe biomass fired unit for LandEnergy Ltd 
in Girvan, Scotland. See: http://www.land-energy.com/news.html & http://www.all-energy.co.uk/userfiles/file/ilaria-peretti-
200510.pdf  

114
  See: http://chp.decc.gov.uk/app/reporting/index/viewtable/token/2  

http://www.land-energy.com/news.html
http://www.all-energy.co.uk/userfiles/file/ilaria-peretti-200510.pdf
http://www.all-energy.co.uk/userfiles/file/ilaria-peretti-200510.pdf
http://chp.decc.gov.uk/app/reporting/index/viewtable/token/2
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13.2 Technology Cost & Resource 

Table 13-7: Technical information 

IOM Building 
Stock 

Size of installation 
(capacity) 

Annual energy 
output* 

Capex (SCC) including installation costs* 
Opex 

 

Commercial 

Offices
115

 

 

 

 

5-50 kWe 

 

 

 

Up to 300 MWh 
electric per 

annum 

 

Up to 480 MWh 
heat per annum 

Internal Combustion technology: 

From £1,200/kWe at 30 kWe to £1,000/kWe at 50 kWe (£700/kWe at 500 

kWe)
116

 

Other technologies 

Stirling engine (biomass): £8,250/kWe
117

 

GT: £1,000/kWe
118

 

FC/ORC: no data 

O&M: 10% 
capital per 

annum, plus fuel 
costs 

Industrial 
(manufacturing

119
) 

5-50 kWe 

Up to 300 MWh 
electric per 

annum 

Up to 480 MWh 
heat per annum 

Internal Combustion technology: 

From £1,200/kWe at 30 kWe to £1,000/kWe at 50 kWe (£700/kWe at 500 kWe 

Other technologies 

Stirling engine (biomass): £8,250/kWe
120

 

Gas Turbine: £1,000/kWe 

FC/ORC: no data
121

 

O&M: 10% 
capital per 

annum, plus fuel 
costs 

* Capex, expressed as Specific Capital Cost or £/kWe installed 

                                                      
115

  Includes Financial Services, Government Estate, Data Centres etc. 
116

  CHPA Good Practice Case Studies and Good Practice Guide  
117

  Based on biomass CHP costs for Stirling DK 35 kWe engine installed in school in EU: 340,000 €, comprising: technology costs: 205,000 €; 90,000 €: pipework and electricals; 
other technical costs: 45,000 €. Overall = £289,000, equivalent to: £8,250/kWe. See: http://www.stirling.dk/index.php?download= 
Castel%20d%27Aiano%20plant%20pubblication.pdf  

118
  Based on installed cost for a Turbec T100 of £88,000 in 2003, rising to £1,000/kWe in 2008. See: http://acolnet.lewisham.gov.uk/ACOLLATEDOCS/34300_2.pdf  

119
  The manufacturing sector in the IoM is split into three different sub-sectors: i) Engineering – IOM Aerospace Cluster (IOMAC); ii) Food and drink – Dairy (cheese & ice cream), 

seafood processing, red meat, and brewing; iii) General Manufacturing – broad grouping ranging from laser optics to industrial diamonds to watch makers. Source: IoM (2010). 
Quarterly Report on the Economy to the Council of Ministers, February 2010. GD 012/10. 

120
  Personal communication from Whispergen to AEA in 2006, Energy Saving Trust trial. This is comparable with other estimates of £6,000 to £8,000 per kWe installed cost, 

depending on Feed in Tariff (FIT). See: http://www.microchap.info.  
121

  The Turboden 500 kWe small scale CHP T500 unit has an installed capital cost of £2,380,000 (2,800,000 euro), equivalent to: £5,000/kWe. Source: Turboden, 2010. 

http://www.stirling.dk/index.php?download=Castel%20d%27Aiano%20plant%20pubblication.pdf
http://www.stirling.dk/index.php?download=Castel%20d%27Aiano%20plant%20pubblication.pdf
http://acolnet.lewisham.gov.uk/ACOLLATEDOCS/34300_2.pdf
http://www.microchap.info/
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13.2.1 Resource on IoM 

Table 13-8 estimates the micro CHP demand level on the Isle of Man 

Table 13-8: Scope for micro CHP across the Isle of Man
122

 

Sector 
Micro CHP technology / 

fuel type 
Number of buildings / installations in sector 

Number assumed in 
assessment* 

Leisure 

Technologies applicable: 

IC/GT/FC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

Facilities (no. of): 

Public sports facilities: 4
123

 

Private sports facilities: 0 

Total: 4 

(Less 1 swimming pool built with CHP
124

) 

3 

Hotels / 
guesthouses

/ other 

Technologies applicable: 

IC/SE/FC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

Guest establishments (no. of): 

Hotels: 15 

Large guesthouses: 108 

Other (self-catering/ hostels): 260 

Total: 383
125

 

10 

Healthcare 

Technologies applicable: 

IC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

IoM Healthcare (no. of): 

Hospitals (acute services): 1
126

 

Primary Healthcare Centres: 4
127

 

Total: 5
128

 

4 

                                                      
122

  The manufacturing sector in the IoM is split into three different sub-sectors: i) Engineering – IOM Aerospace Cluster 
(IOMAC); ii) Food and drink – Dairy (cheese & ice cream), seafood processing, red meat, and brewing; iii) General 
Manufacturing – broad grouping ranging from laser optics to industrial diamonds to watch makers. Source: IoM (2010). 
Quarterly Report on the Economy to the Council of Ministers, February 2010. GD 012/10. 

123
  Includes: Northern Swimming Pool, Ramsey; Western Swimming Pool, Peel; Southern Swimming Pool, Castletown; and 

Isle of Man National Sports Centre in Douglas – competition and leisure pool and other sports buildings. See: 
http://www.gov.im/sport/nsc/welcome.xml. (Excludes IoM Venture Centre) 

124
  Northern Swimming Pool, Ramsey has a CHP – see: http://www.iomtoday.co.im/north-news/New-Ramsey-pool-all-

set.4813940.jp  
125

 Based on IoM statistics there are circa 1,800 bed spaces (2008) in range 1 to 4 star. See: 
http://www.gov.im/lib/docs/treasury/economic/digestreport09.pdf. Accommodation types identified from: 
http://www.gov.im/tourism/accommodation/results.aspx?type=13&frommenu=true 

126
  Noble‘s Hospital, Braddan, has a CHP. See: http://www.gov.im/dhss/health/nobles/. 

127
 ‗HealthCare Centres‘ includes Ramsay and District Cottage Hospital, Ramsey See: 

http://www.gov.im/dhss/health/primaryhealthcare/Ramsey; Central Community Health Centre, Westmoreland Road; Thie 
Rosein (old Southlands); EMI Unit, Farmhill. (Includes 3 Ambulance stations.) 

128
  Excludes: 26 Clinics and GP surgeries. See: http://www.gov.im/lib/docs/dhss/propertyportfolio0609.pdf  

http://www.gov.im/sport/nsc/welcome.xml
http://www.iomtoday.co.im/north-news/New-Ramsey-pool-all-set.4813940.jp
http://www.iomtoday.co.im/north-news/New-Ramsey-pool-all-set.4813940.jp
http://www.gov.im/lib/docs/treasury/economic/digestreport09.pdf
http://www.gov.im/tourism/accommodation/results.aspx?type=13&frommenu=true
http://www.gov.im/dhss/health/primaryhealthcare/Ramsey
http://www.gov.im/lib/docs/dhss/propertyportfolio0609.pdf


 Renewable energy sustainability study – impacts and opportunities for the Isle of Man 

 

AEA in Confidence Ref: AEA/ED46657/Issue Number 1  110 

Sector 
Micro CHP technology / 

fuel type 
Number of buildings / installations in sector 

Number assumed in 
assessment* 

Residential 
Group/ 

Community 
Heating 

 

Technologies applicable: 

IC/SE/FC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

Housing schemes (no. of): 

Tower blocks: not known – see ‗households‘ for 
flats 

Nursing staff accommodation: 2
129

 

Govt. Elderly Persons Homes: 4
130

 

Govt. Adult Residential Care: 26
131

 

Govt. Other Residential Care: 9
132

 

Other non-Government Care Homes
133

: 22+ 

Total: 63+ 

30 

Further/ 
Higher 

Education 

Technologies applicable: 

IC/SE/FC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

Further/Higher Education establishments (no. 
of) 

Total: 3
134

 

3 

Offices 

Technologies applicable: 

IC/SE/FC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

Office accommodation: 

Financial Services (key sector): over 200 banking 

licenses and 160 insurance companies
135

 

registered in IoM 

Other: (no data on commercial office leases 
found.) 

5 

Education 

Technologies applicable: 

IC/SE/FC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

Schools (no. of): 

Primary schools: 36 

Secondary schools: 5 

Other: 1
136

 

Total: 42
137

 

5 

                                                      
129

  Nurses homes: Westmoreland Road Complex - Nurses Home, Crookall House; The Nurses Homes, Old Nobles, Douglas, 
Staff Residential Accom. 

130
  There are 4 Elderly Persons Care homes on the Island: includes Glenside in Douglas; Reayrt-ny- Baie in Douglas; Cummal 

Mooar in Ramsey; Southlands in Port St Mary. See: http://www.gov.im/dhss/services/elderly/residential_care.xml  
131

  Adult Residential Care homes. See: http://www.gov.im/lib/docs/dhss//propertyportfolio0609.pdf 
132

 Other Residential Care in the Community includes children (n=6); mental health (n=3). See: 
http://www.gov.im/lib/docs/dhss//propertyportfolio0609.pdf 

133
 There are 16 Private Care Homes with between 12 to 64 bed spaces and 6 Voluntary Care Homes. See: 

http://www.gov.im/lib/docs/oft/reportoninvestigationintonursing.pdf. Sheltered Housing is provided by 8 sheltered housing 
authorities. See: http://www.gov.im/dlge/housing/public/sheltered.xml  

134
  IoM College. See: http://info.iomcollege.ac.im/?node=578; IoM International Business School. See: http://www.ibs.ac.im; 

IoM Professional development Centre. See: http://www.gov.im/education/support/external/external_inservice.xml  
135

  IoM Government (2009). Quarterly Report on the Economy. 
136

  Independent Schools: King Williams College. See: http://www.kwc.im & http://www.buchan.im  
137

  IoM Department of Education. See: http://www.gov.im/education/provision  

http://www.gov.im/dhss/services/elderly/residential_care.xml
http://www.gov.im/lib/docs/dhss/propertyportfolio0609.pdf
http://www.gov.im/lib/docs/dhss/propertyportfolio0609.pdf
http://www.gov.im/lib/docs/oft/reportoninvestigationintonursing.pdf
http://www.gov.im/dlge/housing/public/sheltered.xml
http://info.iomcollege.ac.im/?node=578
http://www.ibs.ac.im/
http://www.gov.im/education/support/external/external_inservice.xml
http://www.kwc.im/
http://www.buchan.im/
http://www.gov.im/education/provision
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Sector 
Micro CHP technology / 

fuel type 
Number of buildings / installations in sector 

Number assumed in 
assessment* 

IoM 
Government 

Estate 

 

Technologies applicable: 

IC/SE/GT/FC/ORC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil, bio gas etc. 

Solid biomass fuels such 
as woodchip 

Buildings (no. of):
138

 

Circa 600 buildings of different types, including 
schools, hospitals etc listed above 

Includes the St. John‘s Sawmill
139

 

Includes Sewage Treatment works: large central 

treatment works at Meary Veg
140

 

0 

Retail 

Technologies applicable: 

IC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

Retail (square feet): 666,219 sq. ft
141

 

Supermarkets: 161,975 sq. ft (n=24) 

Other retail (convenience and comparison): 
504,244 sq. ft 

1 

Transport 
Infrastructure 

Technologies applicable: 

IC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

 

Infrastructure sites (no. of): 

Airports: 1
142

 

Ports: 8 port facilities
143

 

Total: 9 

(3 Ports offer commercial facilities – Douglas 
being the principal port and IoM Sea Terminal) 

0 

                                                      
138

  Based on data supplied by IoM. Excludes:  
139

  Note: the St.Johns sawmill has installed wood-chipping equipment, a chip store and a containerised District Heating boiler 
plant to supply heat only to buildings on the St. John‘s site are. The woodchip could alternatively been used  for either a 
down-draft or updraft biomass gasification / CHP plant < 500 kWe ; or an ORC CHP engine. 

140
  Meary Veg centralised Sewage Treatment Works (STW) in Santon was commissioned in 2004 as part of the Integrated 

Recycling of the Island's Sewage (IRIS) scheme and treats 67% of IoM sewage. The IoM Government is also proceeding 
with regional STWs elsewhere on the Island. See: http://www.gov.im/transport/drainage/sewerage/iris.xml. Treated sludge 
goes for land application or incineration at the EfW plant. See: http://www.sita.co.im.  

141
  Douglas accounts for 65% of total floorspace and 57% of total supermarket floorspace. Source: DTI (2009) IoM Island 

Retailing Study. Update 2009. Major supermarkets/retailers located in Douglas include: B&Q, Tesco, Marks and Spencer 
and Mothercare. 

142
  Airport already has a generator (but not CHP). Location: Isle of Man Airport, Ballasalla, Isle of Man, IM9 2AS. See: 

http://gov.im/transport/airport  
143

  Of 8 IoM ports – Douglas, Ramsey, Laxey, Peel, Port St. Mary, Castletown, Port Erin, Derbyhaven, Peel –  Douglas, 
Ramsay, and Peel are the most active commercially and may be suitable: See: http://www.gov.im/transport/harbours  

http://www.gov.im/transport/drainage/sewerage/iris.xml
http://www.sita.co.im/
http://gov.im/transport/airport
http://www.gov.im/transport/harbours
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Sector 
Micro CHP technology / 

fuel type 
Number of buildings / installations in sector 

Number assumed in 
assessment* 

Manufacturin
g 

Technologies applicable: 

IC/GT/ORC 

Fuel types: 

Natural gas, LPG/towns 
gas, gas oil etc. 

Solid biomass fuels such 
as woodchip 

Principal IoM Industries:
144

 

Food and Drink (no. of) 

Breweries: 2145 

Distilleries: 1146 

Dairy: 3147 

Bakeries: 2148 

Fish processing: 4149 

Other: 2 

Other: 

Red Meat: 1150 

Textiles: 3 

Quarries/Building supplies: 18 

Aquaculture: 1 

Computing/ICT: 20 

Printing: 10 

Engineering/Electronics: 30 

Plastics: 4 

Optics: 2 

Other misc: 16 

Total: 119 

Suitability not 
known 

* A conservative figure for take-up rate has been applied 

13.2.2 UK deployment trials 

Carbon Trust 

A micro-CHP accelerator programme
151

 has been operated in the UK by the Carbon Trust since 2005 
to test several candidate technologies in a domestic and small commercial environment over a 
prolonged period. The project involved a major field trial of 87 (Micro-CHP) units in both domestic and 
small commercial applications measured against over 30 condensing boiler installations. 

Interim observations from the trial, made available in November 2007,
152

 indicate that GHG and cost 
savings arising from micro-CHP tended to be better when the CHP unit was required to operate in 
response to prolonged and consistent heat demands. Domestic micro-CHP systems monitored during 
the trial were shown to have the potential to provide carbon savings of 5%to 10%for older or larger 
houses which tend to have high, consistent heat demands. The trial also indicated that carbon 
savings may not be significantly better than existing technologies for smaller or newer properties due 
to their tendency to have low, intermittent heat demand.  

                                                      
144

 IoM (2007) Principal Industries in the Isle of Man, 2006 - 2007 See: 
http://www.gov.im/lib/docs/ded/commercialDev/principalindustriesbrochurefina.pdf  

145
  Main breweries: Bushy's Brewery, Okells‘s part of Heron & Brearley Ltd, and– both in Douglas. See: 

http://www.bushys.com, http://www.okells.co.uk, and http://www.heronandbrearley.com  
146

  Kella Distilleries Ltd. See: http://www.manx-spirit.com  
147

  Includes: Isle of Man Creamery – co-operative of family owned dairy farmers. See: http://www.iomcreamery.com; Davisons 
Ice Cream: http://www.davisons.co.im; Jimbo‘s Ice Cream See: http://www.manxicecream.com  

148
  Bakeries: Ramsey Bakery Ltd (http://www.ramseybakery.com), Home Bakery, 

149
  Fish processing: C.B. Horne. See: http://www.cbhorne.com; Island Seafare Ltd. See: http://www.islandseafare.co.uk; Manx 

Seafoods Ltd; Geo. Devereau & Son Ltd. See: http://www.isleofmankippers.com  
150

  Multi-species abattoir and cutting plant: primal and retails cuts. See: http://www.iomfatstock.co.im  
151

 Carbon Trust - Micro Combined Heat and Power Accelerator. See http://www.carbontrust.co.uk/emerging-
technologies/current-focus-areas/pages/micro-combined-heat-power.aspx  

152
 Carbon Trust (2007) Micro-CHP Accelerator - Interim Report (CTC726). See: 

http://www.carbontrust.co.uk/publications/pages/publicationdetail.aspx?id=CTC726  

http://www.gov.im/lib/docs/ded/commercialDev/principalindustriesbrochurefina.pdf
http://www.bushys.com/
http://www.okells.co.uk/
http://www.heronandbrearley.com/
http://www.manx-spirit.com/
http://www.iomcreamery.com/
http://www.davisons.co.im/
http://www.manxicecream.com/
http://www.ramseybakery.com/
http://www.cbhorne.com/
http://www.islandseafare.co.uk/
http://www.isleofmankippers.com/
http://www.iomfatstock.co.im/
http://www.carbontrust.co.uk/emerging-technologies/current-focus-areas/pages/micro-combined-heat-power.aspx
http://www.carbontrust.co.uk/emerging-technologies/current-focus-areas/pages/micro-combined-heat-power.aspx
http://www.carbontrust.co.uk/publications/pages/publicationdetail.aspx?id=CTC726
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Appendix 14 Small scale hydropower 

14.1 Technology description and status 

Hydropower is the exploitation of kinetic energy from a flow of water either from a natural water 
course, an artificial water storage facility such as a reservoir or where a barrier such as a weir has 
impounded water.  The amount of energy depends on the rate of flow, usually measured in cubic 
metres (denoted by the letter Q) and the vertical height (H) between the point of abstraction and the 
turbine.  The design of hydropower turbines and the related civil works, depends on these two 
variables.  The amount of flow available for power generation during the course of a year (mean flow) 
determines the scale of the turbine.  Hydropower schemes range in scale from ~1kW micro generator 
up to very large scale schemes of 100s of MW.  The world‘s largest hydropower scheme is the Three 
Gorges Dam on the Yangtze river in China.  In has an installed capacity of 18 GW and can generate 
approximately six times as much electricity as a large (2 GW) thermal power station. 

The definition of small scale hydropower varies throughout the world.  Across Europe hydropower 
schemes with an installed capacity of 10 MW are defined as small scale.  In the UK 5 MW is taken as 
the upper limit for small scale hydropower.  Micro-hydropower (<50 KW) is also commonplace and 
portable 1 kW generator sets are now available.  For the purposes of this study small scale 
hydropower is defined as < 5 MW and micro-hydropower is defined as < 50 kW. 

Hydropower relies on regions which provide reliable flow rates and a gradient.  Other factors, such as 
the permeability of the underlying geology and the demand for water resources, also influence the 
amount of available hydropower resource.  The best suited areas for small scale hydropower have a 
combination of high rainfall, comparatively impermeable geology and good elevation.  High head 
schemes extract water often several hundreds of meters upstream of the power generation point.  
Water is transferred via a pipe to the turbine house before being released back into the river.  This 
type of scheme will deplete a proportion of flow between the abstraction point and the power house 
which has important environmental implications.  Hydropower has also been developed on low land 
rivers such as the Trent and the Manchester Ship Canal.  Both these water courses have large weirs 
to control the flow of water and ensure an adequate depth of water for commercial navigation.  Water 
is diverted upstream of the weir via a channel into a small power plant containing a turbine before 
being discharged downstream of the structure.  Although the head may be only 3m the comparatively 
higher volume of flow provides sufficient power to generate ~ 3MW in some locations.  Small scale 
hydropower (150 kW – 4 MW) has also been installed at the base of water storage reservoirs.  These 
structures provide both high head and volume. 

Small scale hydropower turbines can be broadly separated into two categories: impulse turbines and 
reaction turbines.  Impulse turbines, such as Pelton and Turgo designs transfer kinetic energy from a 
high pressure jet directed on to cup shaped vanes, as depicted in Figure 14-1.  The turbine responds 
to the jet and rotates, generating shaft power to a conventional generator.  These turbines have 
operational efficiencies that are best suited to comparatively high head (>50m) – low volume locations 
common in upland areas.  In contrast reaction turbines work by responding to a continuous flow of 
water across the turbine blades within a confined housing.  Turbine designs such as Francis and 
Kaplans are suited to low head - high volume situations usually found adjacent to weirs or at the toe 
of dams.  Kaplan turbines have variable pitch blades which can respond to fluctuations in flow rates.  
This design enables the turbine to sustain higher levels of efficiency compared with fixed pitch 
turbines.  The density of water and the mass transfer of energy that it can convey within a controlled 
environment means that the water to wire conversion efficiency of between 70% and 90%.  Load 
factors are generally higher than for most renewable forms of energy at around 50%. 
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Figure 14-1 A Pelton turbine commonly used in high head hydropower schemes 

 

 

Micro-hydropower technology relies on simpler, less efficient designs, such as the Archimedes screw.  
This design is a large spiral housed within an inclined symmetrical open channel.  The flow of water 
induces the turbine to rotate.  Although less efficient the design can deliver 5-10 kW of power to 
dwellings often situated adjacent or near old mills. 

14.1.1 Technology readiness level 

Hydropower at all scales is a mature technology and can be classified as TRL 9.  The technology has 
been used to generate electricity for over 100 years.  During the twentieth century new designs were 
developed to optimise energy conversion efficiency.  Improvements to turbine designs can only 
achieve very limited improvements in efficiency.  Some manufacturers strive to reduce the cost of 
their equipment.  There have also been innovations in the development of modular small scale 
turbine-generator units that can be transported in a container and installed relatively rapidly.  Although 
less efficient they offer a lower cost solution. 

14.1.2 Levels of deployment 

The quantity of hydropower resource is summarised in Table 14-1.  Within the UK small scale 
schemes with installed capacities of less than 5 MW is represented by ~87% of the total number of 
schemes but they only contribute just over 16% of the total installed capacity.

153
 

Table 14-1: Summary of hydropower capacity developed in the UK up to 2008 

UK Country (2008) Number of schemes 

(<5MW) 

Total 
Installed 
capacity 

(<5M) 

Number of 
schemes 

(>5MW) 

Total 
Installed 
capacity 

(>5MW) 

England 87 21.4 1 6 

Wales 45 17 5 120 

Scotland 148 219 43 1,225 

Northern Ireland 45 11.5 0 0 

Total 325 268.9 49 1,351 

% of total in UK 86.9% 16.6% 13.1% 83.4% 

                                                      
153

 Digest of United Kingdom energy statistics (DUKES) 2009 http://www.decc.gov.uk/en/ 
content/cms/statistics/publications/dukes/dukes.aspx  

http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx
http://www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx
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Table 14-1 clearly shows that the bulk of the hydropower resource is located in Scotland where the 
terrain and high rainfall are suited to the development of the technology. 

There is only one hydropower station on the Isle of Man which generates power from two reservoirs 
Sulby and Block Eary.  The station has two turbines with a combined installed capacity of 1 MW

154
.  

This type of small scale toe of dam scheme has been developed in the UK, particularly by utility 
companies during the 1990s.  A good example of this type of development were two small scale 
hydropower schemes at the foot of the Elan Valley and Llyn Brianne reservoirs in mid-Wales.  
Originally these facilities were built to supply the city of Birmingham with water.  Hyder (now United 
Utilities) recognised an opportunity to develop hydropower following the introduction of the non-fossil 
fuel obligation. 

14.2 Technology resource and cost 

The majority of new hydro built within England, Wales and Northern Ireland since the 1990s are less 
than 1.5 MW because the scale of sites are constrained by topography and the amount of flow 
available in rivers.  The catchment areas on the Isle of Man, and the topography, mean that although 
there is some technical potential for small scale hydropower it is limited for the same reasons.   

Hydropower on the Isle of Man could be developed in two different settings – either high head run-of-
river type developments or within the existing water supply infrastructure.  The latter has been 
previously investigated

155
 for the Ballure and Cringle reservoirs neither of which is now used for water 

supply
156

.  To estimate the power output it has been assumed that water could still be abstracted and 
piped to the locations of the hydropower generation plant identified in the previous study for the Isle of 
Man Water and Sewerage Authority.  This study identified three locations near the Ballure Reservoir.  
The first abstracts water from the Corrony River to a potential site near a fish hatchery.  This is a 
vertical distance of 68.6m.  The second site is located at Ballure and would be fed by a supply pipe 
from Ballure reservoir which in turn is fed from the Corrony River.  In this case the power output can 
only be calculated from the vertical head between Ballure reservoir and the power plant, a height of 
55m (see Table 14-3).  The Cringle reservoir supplied water to the Ballagawne Water Treatment 
Works, now decommissioned.  The height difference here could provide a vertical head of 43m.  It is 
assumed that the existing infrastructure, particularly the water supply pipes, is in a suitable condition 
for transferring water under pressure.  The estimated capacity and annual energy outputs are 
presented in Table 14-3. 

Four high head sites have also been included in this study (see Figure 14-2).  In each case the 
abstraction point is designated A1, B1, C1 or D1.  Mean flow data was supplied by Phil Styles from 
DEFA.  These data, and the vertical height (Head) in meters for each of these sites, are also 
presented in Table 14-3.  Water would need to be piped from each abstraction point to the power 
house.  In reality pipe installation may not be feasible because of access restrictions.  However, each 
of the locations shown in Figure 14-2 (i.e. A2, B2, C2 and D2) is within 3km of a 33kV substation. 

                                                      
154

  Review of renewable energy resources and their potential contribution to the energy supply of the Isle of Man.  Report to 
Isle of Man Government, Department of Trade and Industry, Aquatera Limited, October 2006. 

155
  Manx Wind Energy Services, short report on Potential for electricity generation for IOM Water Authority Installations, 

February 1994 
156

  E-mail communication (10/08/10) from Richard Young Isle of Man Water and Sewerage Authority 
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Figure 14-2: Hypothetical locations of small scale high-head hydropower schemes on the Isle 
of Man 

 

14.2.1 Estimating small scale hydropower output 

Small scale hydropower potential can be estimated from two key parameters: the annual mean flow 
from a river (Q) and the head or vertical height (H) from the point of abstraction to the generation 
plant.  The power available in hydropower systems is proportional to the product of head and flow rate 
and can be estimated from the general formula shown in Box 14-1. 

Box 14-1: Estimating power available from a hydropower station 

P = h r g Q H 

Where: 

 P is the mechanical power produced at the turbine shaft (Watts), 

 h is the hydraulic efficiency of the turbine, 

 r is the density of water (1000 kg/m3),  

 g is the acceleration due to gravity (9.81 m/s2), 

 Q is the volume flow rate passing through the turbine (m3/s), 

 H is the effective pressure head of water across the turbine (m). 

The best turbines can have hydraulic efficiencies in the range 80 to over 90% although this 
declines with size.  Micro-hydro systems (<100kW) tend to be 60 to 80% efficient. 

If a typical water-to-wire efficiency of 70% is assumed for the whole system, then the above 
equation simplifies to: 

P (kW) = 7 x Q (m
3
/s) x H (m) 
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14.2.2 Estimating the SHP size 

The next stage is to estimate the size of the small scale hydro plant based on the flow available for 
generation.  A proportion of the flow is always retained in the river to sustain its ecology.  The amount 
that is abstracted depends on the river‘s flow regime and the environmental restrictions that are 
imposed.  The size can be estimated from the design flow and the load factor.  It is assumed that 
each of the hypothetical schemes for the Isle of Man would be designed on the basis of mean flow 
Qmean.  The hydropower plant within the water supply infrastructure is also assumed to have a 50% 
load factor.  An initial estimate of how load factor varies with design flow is summarised in Table 14-2. 

Table 14-2: Load factor variation with design flow 

Design Flow Qo Capacity Factor 

Qmean 40% 

0.75 Qmean 50% 

0.5 Qmean 60% 

0.33 Qmean 70% 

The rated power for each site can be estimated from the design flow Qo and head H: 

P(kW) = 7 x Qo(m3/s) x H(m) 

Once the rated power of each SHP location has been estimated the annual energy output can be 
estimated assuming a load factor of 50% for these two examples. 

Energy (kWh/year) = P (kW) x 50% x 8760 

14.2.3 Estimating the SHP cost. 

The cost of small scale hydropower depends on size and site specific conditions.  The cost range 
quoted here has been supplied by The European Small Scale Hydropower Association (ESHA) quote 
a cost range of £5,000 - £6,600 / kW installed.  The upper limit is more typical of very small scale or 
micro scale sites with installed capacities of less than 100 kW.  This range of costs is partially 

corroborated by a range of £3,000 - £7,000 / kW quoted by Derwent Hydro
157

 who develop small 

hydropower in England. 

A further refinement has been applied based on the rated power of each SHP site assuming that cost 
per unit of installed capacity increases with decreasing size.  For the examples presented in Table 
14-3 the values shown have been used. 

                                                      
157

  http://www.derwent-hydro.co.uk/faqs/index.html  

http://www.derwent-hydro.co.uk/faqs/index.html
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Table 14-3: Technical potential of the hypothetical small scale hydropower schemes on the Isle of Man 

Site Elevation (m) 
Qmean 

(m3/sec) 

Vertical height 
H (m) 

0.75 Qmean 

(m3/sec) 

Capacity based 
on Design Flow 
(kW installed) 

Annual energy 
output 

assuming a CF 
of 50% (MWh/y) 

CAPEX 
assuming 
£5,000/KW 
installed 

(>100kW), 
£7,000/kW < 

100 kW 

OPEX 2% 
Capex 

A1 120 
0.641 110 0.481 370 1,621 £1,850,888 £37,018 

A2 10 

B1 80 
0.4 40 0.300 84 368 £588,000 £11,760 

B2 40 

C1 50 
0.201 20 0.151 21 92.4 £147,735 £2,955 

C2 30 

D1 130 
0.256 100 0.192 134 587 £672,000 £13,440 

D2 30 

Corrony River in 
take

158
 

168 
0.155

159
 69 0.116 56 245 £392,000 £7,840 

Fish Hatchery 99m 

Ballure 
Reservoir 

82 
0.081 55 0.061 23 101 161,000 £3,220 

Ballure 27 

Cringle 
Reservoir 

155 

0.048 43 0.036 10.8 47.3 £75,600 £1,512 
Ballagawne 

WTW 
112 

It is assumed that each scheme would take two years to build and commission and would have a technical life of 30 years. 

                                                      
158

  Manx Wind Energy Services, short report on Potential for electricity generation for IOM Water Authority Installations, February 1994 
159

  Annual mean flow estimates based on calculated estimates from Low Flows supplied by Richard Young Isle of Man Water and Sewerage Authority 
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Appendix 15 Review of current and 
future opportunities for district heating  

15.1 Potential for District Heating 

In establishing the potential for district heating (DH) on the Isle of Man, it is necessary to identify 
current and future sources of heat demand on the Island.  Typically, potential for DH will be greatest in 
the following instances:  

 High density of heat demand.  This might be in the form of business parks, town centre 
developments or civic centres.  By having a high level of heat demand within a small area this 
serves to reduce the length of heat distribution piping required, which is a major capital cost in 
establishing a heat network.  As such, low-density housing (e.g. semi-detached or detached 
housing) will generally not present a viable DH opportunity due to high capital costs relative to 
the volume of heat demand. 

 Consistent heat demand.  A DH network with a heat demand that varies considerably (either 
on a daily or annual basis) will need to invest in plant to meet peak demand but which will only 
be seldom used, adversely affecting project economics.  Conversely, a scheme with a 
consistent heat demand will maximise usage of scheme plant.  Examples of heat users with a 
consistent demand include hospitals and swimming pools.  Equally, consistent demand can be 
achieved by combining different types of developments with complimentary heat profiles (e.g. 
commercial offices with housing).   

 High competing heat costs.  DH is generally capable of delivering a lower cost of heat than 
stand-alone alternatives either through greater plant efficiency or economies of scale.  This 
benefit will be most pronounced where current energy costs are high.  As such, users that do 
not have access to low-cost energy networks such as mains gas will have a relatively greater 
benefit to be sought from the implementation of DH. 

 Potential for long term supply.  DH network developers will normally wish to secure a certain 
level of long-term heat supply in order to secure the desired return on investment.  As such 
developers will seek to secure customers with a significant heat demand and the ability to 
commit to long-term heat supply contracts, often termed ―anchor‖ loads.  Examples of ―anchor‖ 
loads include large industrial/commercial customers and public-sector bodies.  

Based on the above, the following types of development are present opportunities for the deployment 
of DH: 

 High density housing. 

 ―Hard to treat‖ homes, which potentially have a higher than usual heat demand due to not being 
able to accommodate conventional energy efficiency measures (e.g. cavity wall or loft 
insulation).  Buildings built before 1920 will generally fall into this category due to their solid wall 
construction.  

 Social housing. 

 Groups of homes with no access to mains gas network. 

 Large industrial estates and business parks. 

 Swimming pools. 

 Public buildings (e.g. schools, hospitals, government offices, courts, libraries etc.) 

New developments present opportunities for DH in that space for plant can be provided at the 
planning stage and costs saved by installing distribution pipework in parallel with other infrastructure.  
Whilst building standards for new housing will generally act to lower energy demands for such 
developments this can provide the opportunity to establish a DH network, which can then expand to 
serve existing developments with greater energy demand.  While DH can be retro-fitted to existing 
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developments, this can be complicated by to the need to obtain space for plant and to conduct 
disruptive installation work for the necessary distribution pipework.  

15.1.1 Review of Existing Housing 

The 2006 IOM census identifies the presence of some 33,400 households on the Island.  Table 15-1 
presents the split of households between districts with district boundaries as identified in Figure 15-1.  
Table 15-1 identifies that the most densely populated district on the Island is the Douglas area, which 
accounts for 32% of all households on the Island.    

Table 15-1: 2006 IOM population and number of households by district 

District Principal Settlements 
2006 Census Data 

Population Households 

Douglas  Douglas 26,218            10,835  

Onchan Onchan 9,172              3,882  

Ramsey  Ramsey 7,309              3,253  

Peel Peel 4,280              1,807  

Port Erin Port Erin 3,575              1,577  

Braddan Strang, Union Mills 3,151              1,227  

Castletown Castletown 3,109              1,291  

Malew Ballasalla 2,304                  936  

Marown Crosby, Glen Vine 2,086                  811  

Port St. Mary Port St. Mary 1,913                  848  

Laxey Laxey 1,768                  726  

Arbory Ballabeg, Colby 1,723                  737  

Michael Kirk Michael 1,640                  670  

Rushen Ballafesson 1,591                  651  

Lonan Baldrine 1,563                  627  

Andreas  Andreas 1,381                  575  

Patrick Dalby, Foxdale, Glen Maye 1,294                  506  

Lezayre Sulby 1,237                  500  

Ballaugh Ballaugh 1,042                  439  

German St Johns 995                  406  

Maughold Maughold, Glen Mooar 950                  393  

Santon Newtown 680                  276  

Jurby Jurby 659                  241  

Bride Bride 418                  176  

Total 80,058 33,390 

Source: IOM Digest Report 2009 

A review of aerial photography of the Isle of Man indicates that outside of the Douglas urban area, 
housing tends to be predominantly in the form of detached, semi-detached or terraced housing, 
consequently indicating a low heat density.  Within Douglas, densities would appear to be higher with 
individual buildings more tightly spaced and greater evidence of high density dwellings such as 
flats/apartments.  Furthermore, housing in these areas would benefit from being adjacent to larger 
heat users such as hotels, shopping centres and offices, which can serve as ―anchor‖ loads for a DH 
network.  
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The area within Douglas with greatest apparent potential for DH would be the central area bounded by 
Lord Street in the South, Loch Promenade to the East, Buck‘s Road/Woodburn Road to the West and 
Broadway / Ballaquale Road to the North.  This would envelope an area of high density housing 
(three-storey townhouses) interspersed with guesthouses, hotels and retail areas.  This area would 
also contain IOMG offices at the Douglas Harbour Sea Terminal, on Buck‘s Road and Mount 
Havelock.  

Figure 15-1: IoM districts 

 

Source: IOM Digest Report 2009 

Hard to treat homes 

Hard to treat homes present an important sub-set of housing in that these types of dwellings will 
typically have higher energy consumption due to not being able to install the most cost effective 
energy efficiency measures such as loft insulation or cavity wall insulation.  Higher energy costs in turn 
can lead to fuel poverty.  A housing condition survey was conducted in 2007/2008 on behalf of the 
then DLGE covering privately owned housing on the Island.  The survey reviewed a sample of 1,440 
properties across the Island for a number of indicators of condition (including energy efficiency) as well 
as recording details such as property age and tenure.  Table 15-1 provides summary data of the 
energy efficiency (expressed as SAP rating and average annual energy costs per dwelling) in the 
different survey areas of the Island together with age profile in each of these areas. 

From Table 15-1 it can be seen that the survey areas with the lowest SAP ratings (indicating poor 
energy efficiency) tend to also have a correspondingly high proportion of pre-1919 housing.  Housing 
of this age will often be classed as ―hard to treat‖ due to features such as a solid wall construction 
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(thereby precluding cavity wall insulation).  Survey areas identified as having the highest proportion of 
―hard to treat‖ homes were Port St Mary, Laxey, Castletown and Peel. 

Public Sector Housing 

Public Sector Housing tends to be low density housing (e.g. semi-detached or terraced) grouped into 
clusters of 30-40 dwellings per cluster.  Public sector housing tends not to be in densely populated 
areas and so unlikely to present a viable prospect in its own right.  However, where such 
developments are in areas of existing high energy costs (e.g. off mains gas) this may present an 
opportunity to implement DH.  
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Table 15-1: Private Housing Energy Efficiency by Region (Source: Private Sector House Condition Survey 2007/08) 

Survey Area 
(Principal 

Settlements) 
Secondary Settlements 

Age Profile Energy Efficiency 

Pre-
1919 

1919-
1944 

1945-
1964 

1965-
1974 

1975-
1981 

post-
1981 

Total 
SAP 

Rating 

Average 
Dwelling 
Energy 
Costs 
[£/y] 

Port St. Mary Colby, Ballabeg 
582 308 108 631 164 314 

2,107 44 1,053 
28% 15% 5% 30% 8% 15% 

Laxey 
Newtown, Strang, Union Mills, St 

Johns, Baldrine, Foxdale, Glen Vine, 
Crosby 

1,547 204 313 460 268 1,651 
4,443 45 1,096 

35% 5% 7% 10% 6% 37% 

Castletown Ballasalla 
670 138 86 268 356 387 

1,905 48 1,027 
35% 7% 5% 14% 19% 20% 

Peel Dalby, Glen Maye 
716 152 104 129 247 849 

2,197 51 1,115 
33% 7% 5% 6% 11% 39% 

Ramsey 
Andreas, Bride, Sulby, Ballaugh, 

Maughold, Glen Mooar, Jurby 

1,351 312 485 1,055 1,114 1,615 
5,932 54 986 

23% 5% 8% 18% 19% 27% 

Onchan 
 

235 464 603 692 423 1,243 
3,660 55 945 

6% 13% 16% 19% 12% 34% 

Port Erin Ballafesson 
311 87 62 249 523 685 

1,917 56 953 
16% 5% 3% 13% 27% 36% 

Douglas 
 

4,596 1,017 447 416 857 4,082 
11,415 56 885 

40% 9% 4% 4% 8% 36% 

Kirk Michael 
 

70 - 43 92 110 454 

769 59 980 
9% 0% 6% 12% 14% 59% 
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Public Buildings 

As stated at the start of this appendix, public buildings will often make good ―anchor‖ loads for a DH 
system due to their capability to commit to long-term heat supply agreements.  Table 15-2 presents a 
summary of public facilities identified with a high potential heat load following a review of buildings on 
the Island. 

Table 15-2: IoM public amenities 

Type Site Location Notes 

Government 
Buildings

160
 

Various Douglas Town Centre Includes Sea Terminal and Bucks 
Road, Mount Havelock, Market 

Street. 

Department for 
Education 

Upper Church Street, 
Douglas 

 

IOM Police 
Headquarters 

Dukes Avenue, Douglas  

IOM Government 
Laboratory 

Ballakermeen Road, 
Douglas IM1 4BR 

 

Isle of Man Water 
Authority 

Tromode Road, Douglas, 
IM2 5PA 

 

Hospitals/Health 
Centres

161
 

Noble‘s Hospital Strang, Braddan, IM4 4RJ Opened in 2003, 20 ward areas 
and 314 beds.  Includes maternity, 

orthopaedic, coronary care and 
intensive care. Understood to 
already possess a CHP plant 

Ramsay and District 
Cottage Hospital 

Cumberland Road, Ramsey, 
Isle of Man, IM8 3RH 

Primary Health Care Unit.  Has 44 
beds split between 2 wards and 

has a number of outpatients units 
(physio, audiology) 

Prison
162

 Isle of Man Prison St Patrick‘s Close, Coast 
Road, Jurby, IM7 3JP 

138-cell capacity.  Opened in April 
2008. 

Schools – Primary 
Schools

163
 

Various Various 36 primary schools operate across 
the Island in the majority of 

settlements.  Some 6,700 pupils 
currently attend primary schools – 
averaging 170 pupils per school. 

Schools – 
Secondary 
Schools

163
 

Ballakermeen High 
School 

St Catherine‘s Drive, IM1 
4BE 

5 secondary schools operate in 
each of the principal settlements 

on the Island.  Some 5,700 
students (11 to 18 years old) in 

attendance – average 1,100 pupils 
per school 

Castle Rushen High 
School 

Arbory Road, Castletown, 
IM9 1RE 

Queen Elizabeth II 
High School 

Douglas Road, Peel, IM5 
1RD 

Ramsey Grammar 
School  

Lezayre Road, Ramsey,  
IM8 2RG 

St Ninians High 
School 

St Ninian‘s Douglas, IM2 
5RA 

Further Education 
Establishments

163
 

Isle of Man College Homefield Road, Douglas  

                                                      
160

  Source: IOM Government Website – www.gov.im  
161

  Source: IOM Department of Health Website – www.gov.im/dhss/health  
162

  Source: IOM Prison Service Website – www.gov.im/dha/prison  
163

  Source: IOM Department of Education and Children Website – www.gov.im/education  

http://www.gov.im/
http://www.gov.im/dhss/health
http://www.gov.im/dha/prison
http://www.gov.im/education
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Higher Education 
Establishments

163
 

International 
Business School 

The Nunnery, Old 
Castletown Road, Douglas, 

IM2 1QB 

 

Leisure Centres 
and Sports 
Facilities 

National Sports 
Centre

164
 

Groves Road, Douglas. Facilities include short course 
swimming pool, leisure pool, a full 

size sports hall and a 4-court 
secondary sports hall. 

Northern Swimming 
Pool

165
 

Mooragh Promenade, 
Ramsey 

Newly developed, opened in 2009.  
Understood to already operate a 

CHP plant 

Southern Swimming 
Pool

166
 

Arbory Road, Castletown, 
IM9 1HA 

Size 25m by 7.5m. 

Western Swimming 
Pool 

Derby Road, Peel, IM5 1AA  

IOM Post Office Headquarters 
Building (Douglas 

Sorting Office) 

Spring Valley Industrial 
Estate, Douglas, IM2 1AA 

(off Cooil Road) 

 

Southern Sorting 
Office 

Ronaldsway Industrial 
Estate, Ballasalla, IM9 2AA 

 

Ramsey Sorting 
Office 

Gladstone Park Industrial 
Estate, IM8 2AA 

 

Transport Ronaldsway Airport  Ballasalla, IM9 2AS Handled some 27,400 scheduled 
services in 2008
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Commercial and Industrial Developments 

All of the principal settlements on the Island possess commercial centres consisting of retail premises 
and offices.  However, outside of Douglas, it is judged that the volume of demand would not be 
sufficient to present a viable option for DH.  The recent planning policy for the Island has been to 
support, where possible, the development of retail premises within established town/village centres.  
This has been in contrast to the UK, which has seen the growth in out-of-town shopping centres in 
recent years. 

There are also a number of industrial and business parks located outside of town/village centres.  
These are for industrial, storage and distribution activities as well as for corporate headquarters.  The 
principal areas for these developments are

168
: 

In the South: 

 Freeport area adjacent to Ronaldsway Airport.  About 8 hectares in size. 

 Ballasalla Industrial Estate, adjacent to Ronaldsway Airport. 

In the East: 

 Spring Valley Trading Estate and Isle of Man Business Park, off A24 Cooil Road in Douglas. 

 Hills Meadow Industrial Estate, off A1 Peel Road in Douglas. 

 Middle River Industrial Estate, off Pulrose Road in Douglas. 

 Ballafletcher Farm Road, off A21 Ballafletcher Road, Tromode. 

 Snugborough Trading Estate, off A1 Peel Road, Union Mills 
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  Source: IOM Sport and Recreation website – www.gov.im/sport  
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  Source: Ramsey Town Commissioners website – http://ramsey.gov.im  
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  Source: Castletown Civic website – www.castletown.org.im  
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  Source: 2009 Digest of Economic & Social Statistics, Isle of Man Treasury Economic Affairs Division 
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  Information from Department of Economic Development website: www.gov.im/ded/commercialdev  

http://www.gov.im/sport
http://ramsey.gov.im/
http://www.castletown.org.im/
http://www.gov.im/ded/commercialdev
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In the North: 

 Area adjacent to Ramsey Harbour south of North Shore Road. 

 Gladstone Park Industrial Estate, off Gladstone Way, Ramsey 

 Jurby Industrial Estate, adjacent to Jurby Airfield site. 

In the West, 

 Industrial area adjacent to Peel Power Station.  West of Glenfarba Road and South of Mill 
Road. 

 Clock Tower Industrial Park, off Mines Road, Foxdale. 

Current Energy Supplies 

The current energy supply arrangements are described in greater detail in the main report.  At the time 
of writing, heat users in the greater Douglas area are the only consumers to have access to mains 
Natural Gas, which is provided by Manx Gas.  Some of the major settlements outside of the Douglas 
urban area are served by mains gas in the form of town gas (a mixture of LPG and air) or LPG.   
Beyond these settlements energy supply would be limited to heating oil, off-mains LPG or solid fuels.    

A proposal to extend the mains natural gas network was approved by Tynwald in July 2010 and will 
seek to extend supply of natural gas to consumers in Ramsey, Kirk Michael, Ballaugh, Peel, 
Castletown, Colby, Ballakillowey, Port Erin, Port St Mary and Ballasalla.  The proposal goes on to 
advise that not all settlements on the Island will be connected to the NG network, with Jurby, Laxey, 
Andreas, St Johns, Foxdale and Mount Murray continuing to receive LPG. 

Table 15-3 provides a summary of the current and future proposed coverage of the mains gas 
networks on the Island. 

Table 15-3: Current and proposed future coverage of mains gas networks (Source: Manx Gas 
Website) 

Type 
Settlements Covered 

Current Future Proposed 

Mains Natural Gas 
Douglas, Onchan, Union Mills, Glen Vine, 

Strang, Crosby 

Douglas, Onchan, Union Mills, Glen Vine, 
Strang, Crosby, Ramsey, Kirk Michael, 
Ballaugh, Peel, Castletown, Colby, Port 

Erin, Ballasalla, 

Mains Town Gas 
(LPG/Air Mix) 

Ramsey, Peel, Port Erin, Castletown, Colby - 

Mains LPG 

St Johns, Foxdale, Andreas, Kirk Michael, 
Laxey, Baldrine, Ballabeg, Newtown, 

Ballaugh, Ballasalla, Maughold, Glen Mona, 
Jurby, Sulby 

St Johns, Foxdale, Andreas, Laxey, 
Baldrine, Ballabeg, Newtown, Maughold, 

Glen Mona, Jurby, Sulby 

Future Development – IoM Strategic Plan 

A review of the IOMG spatial planning policies for the Island was carried out by AEA in order to 
identify any future potential opportunities for DH.  The IOM Government addresses future 
development of the Island over the period 2001 to 2016 in its Strategic Plan (SP) document, which 
was approved by Tynwald in 2007.  The SP divides the Island into four separate areas, each of which 
will be subject to a separate Area Plan (AP), detailing how the policies will be implemented for each 
area.  These areas are: 

 Douglas and the East, comprising Douglas, Onchan, Braddan, Marown, Santon, Laxey and 
Lonan 

 Ramsey and the North, comprising Ramsey, Andreas, Ballaugh, Bride, Jurby, Lezayre and 
Maughold 

 Peel and the West, focussing on Peel with the villages of St John‘s, Kirk Michael, Dalby, Glen 
Maye and Foxdale 
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 The South, comprising Castletown, Port Erin, Port St Mary, Ballasalla, Colby and Ballabeg   

At the time of writing only the Southern Area plan has information publicly available in the form of a 
Draft Area Plan. 

Key Features of the Strategic Plan with relevance to DH are: 

 Strategic Policy 6, which identifies that major-employment-generating development should be 
located in existing centres of land zoned for such purposes and identified as such in existing 
Local or new Area Plans.   Examples given of such areas are the Douglas Metropolitan Area as 
well as Castletown, the Airport/Freeport area, Peel, Ramsey and Jurby. 

 Strategic Policy 9, which advises that all new retail development (with some exceptions) and 
all new office development (excepting corporate headquarters suitable for a business park 
location) must be sited within the town and village centres on land zoned for these purposes in 
Area Plans. 

 Strategic Policy 11, which states that the housing needs of the Island will be met by making 
provision for sufficient development opportunities to enable 6,000 additional dwellings (net of 
demolitions), and including those created by conversion, to be built over the Plan period 2001 to 
2016. 

 Chapter 5 of the SP lays out the Island Spatial Strategy (ISS) together with a series of Spatial 
Policies.   A key element of the ISS is that the focus of new development should be within 
existing town and villages or in sustainable urban extension but avoid coalescence of 
settlements

169
.  Early consultations on the SP had considered the creation of a new settlement 

on the Island but this was rejected in favour of focussing growth on existing settlements.   

 Spatial Policy 1 states that the Douglas urban area will remain the main employment and 
services centre for the Island. 

 Spatial Policy 2 – Outside of Douglas, development will be concentrated on ―Service Centres‖ 
such as Ramsey, Peel, Port Erin, Castletown and Onchan to provide choice of location for 
housing employment and services. 

 Spatial Policy 3 identifies ―Service Villages‖ whose development will be for the purpose of 
maintaining/improving employment opportunities and to meet local housing demand.  The 
Villages identified are; Laxey, Jurby, Andreas, Kirk Michael, St Johns, Foxdale, Port St Mary, 
Ballasalla and Union Mills.  Hence, while such villages may be subject to some 
commercial/retail/industrial development, these would not be expected to be the location of 
substantial housing developments. 

With regard to Strategic Policy 11 above, the latest assessment by the IOMG (paragraph 5.19) states 
that some 4,100 dwellings have been granted planning permission since 2001 and that a further 778 
dwellings are expected through the conversion of existing properties to dwellings.  The SP goes on to 
advise that in the order of 1,100 dwellings will need to be provided over the remainder of the Plan 
Period.  Paragraph 5.22 proposes that the additional dwellings be distributed between the Areas of the 
Island as follows: 

 North – 139 dwellings 

 South – 471 dwellings 

 East -  326 dwellings 

 West – 186 dwellings 

Chapter 9 of the SP concerns Business Development.  It identifies that land allocated for Industrial 
development in the Douglas area has largely been utilised.  As a result the IOMG will seek to release 
20ha for employment development to the south of A24 Cooil Road in Douglas.  Beyond this the SP 
advises that 116ha of land is allocated for industrial development.  Table 15-4 shows the split of this 
land between the Areas.  Excluding the aforementioned Cooil Road development area, much of the 
available land is concentrated in Malew parish about Ballasalla and Ronaldsway Airport.    
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  Paragraph 5.7 
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Table 15-4: Employment land availability (Source:  IOM Strategic Plan – Appendix 9) 

Region District Available Land (Ha) 

South Port Erin 0.24     

 
Malew 49.18         

South Sub-total 49.42 

East Douglas 5.22 

 
Braddan

170
 28.07 

 
Onchan 3.65 

East Sub-total 36.94 

North Ramsey 10.4 

 
Lezayre 0.47 

 
Jurby 8.25 

North Sub-Total 19.12 

West Patrick/Peel 10.4 

West Sub-Total 10.4 

Total 115.88 
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  Inclusive of proposed 20ha Cooil Road development. 
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Future Development – Review of Draft Southern Area Plan 

At the time of writing, only details in relation to the Area Plan for the southern area have been 
published in the form of a draft plan submitted for consultation.  The draft Area Plan (AP) covers 
Castletown, Port Erin, Port St Mary, Rushen, Arbory and Malew and uses the concepts of ―service 
centres‖ and ―service villages‖ introduced in the Strategic Plan (SP).   Whilst the draft AP principally 
focuses on the same term as the SP (i.e. through to 2016) the plan also identifies ―reserve sites‖ for 
development beyond this period.  These sites may also be employed should the need for sites exceed 
the predicted rate of take-up. 

The key features of the draft AP with respected to DH were: 

 Castletown and Port Erin are identified as ―service centres‖, thereby providing the focus for 
housing and employment development.  Port St Mary and Ballasalla as identified as ―service 
villages‖, receiving development for employment but with housing development limited to 
meeting only local needs.   

 The major employment areas outside of the centres identified are to be located at the airport, 
the Ronaldsway Industrial Estate and the Freeport, which are adjacent to Ballasalla and 
Castletown. 

 A Residential Land Availability (RLA) study conducted by the IOMG established that some 350 
further homes (as of 2009) still need to be provided in the southern area to meet the housing 
target for the area identified in the SP. 

 A series of land packages were identified as being suitable for zoning as residential 
development.  These packages were identified together with a target brief with regards style of 
development and housing density. A review of these plots by AEA indicated that none of the 
sites would be sufficiently large or have sufficient housing density to constitute a viable heat 
demand that might be served by DH without support by other heat demands.   

15.1.2 Conclusions regarding demand for DH 

The trends identified by the above review for each of the various sources of heat demand on the 
Island were as follows: 

 Housing: Outside of Douglas town centre, housing densities are typically low (i.e. most housing 
detached, semi-detached and terraced).  As such heat density would be unlikely to be 
sufficiently high to make a DH system serving solely housing economically viable.  Planning 
policy documentation does not indicate that future developments will be of sufficient density to 
make DH economically viable.  Public sector housing tends also to be low-density in nature.  
Some potential for supply from DH may exist for ―hard to treat‖ homes, which generally have a 
higher than average heat demand.  Highest proportion of ―hard to treat‖ homes identified in IOM 
Housing Condition survey were in settlements including Port St. Mary, Laxey, Castletown and 
Peel.   

 Public Buildings:  A wide range of public buildings are located across the Island covering 
schools, leisure centres, a prison and public sector housing.  Key opportunities for heat supply 
from DH include large office complexes, swimming pools and hospitals/health centres, which 
would present a sufficiently large demand to act as an ―anchor‖ load for a DH network.  
However, it is understood that some public buildings (e.g. Ramsey swimming pool, Noble‘s 
Hospital) already possess combined heat and power plants. 

 Industry and Commerce:  A number of substantial industrial estates are present around the 
Island with the greatest concentration being in the Douglas and Ronaldsway airport areas.  The 
size of many of these developments would be sufficient to present a viable heat demand.  
Furthermore, the Island Strategic Plan indicates that further industrial development can be 
expected of areas around the A24 Cooil Road in Douglas and Industrial Estates near 
Ronaldsway Airport. 

With regards form of energy supply, energy supplies to settlements outside of the Douglas urban area 
are confined to higher cost forms of energy (e.g. LPG, heating oil and solid fuels).  This cost difference 
can make a stronger economic case for DH due to its high efficiency and economies of scale.  
However, plans approved by Tynwald to expand the current natural gas network will mean that many 
of these settlements will gain access to cheaper energy supplies, making a less robust case for DH.  
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However, some settlements will continue to not have access to NG and these settlements should 
continue to be considered as benefiting most from DH. 

15.2 Use of Existing Thermal Plant for District Heating 

A potential source of heat for district heating (DH) is the waste heat produced by power generation 
processes utilising thermal power cycles.  A number of such power stations are present in various 
locations across the Island.  These are: 

 80MWe combined cycle gas turbine (CCGT) power plant at Pulrose 

 48MWe diesel reciprocating engine (RE) power plant, also on Pulrose site 

 38MWe diesel RE power plant at Peel 

 3.6MWe diesel RE power plant at Ramsey 

 6.8MWe energy from waste (EfW) plant at Richmond Hill. 

The following section reviews the suitability of recovering heat from each of these plants to feed into a 
DH system.  Features indicating suitability of existing plant to serve as a heat source for a DH network 
include: 

 High availability.  Plant will need to either be currently operating or be capable of operating for 
significant periods of time (e.g. >4000 hours/year) in order to be able to supply heat demands 
throughout the year. 

 Plant capacity.  Plant capacity should ideally be of the same order of magnitude as the heat 
demands that the plant is to serve.  This is to ensure that costs of reconfiguring plant are not too 
great to be recovered by revenues from the sale of heat. 

 Plant position in relation to heat demands.  Plant should be located in close proximity to users of 
heat in order to minimise capital costs associated with the installation of distribution pipework.  
Ideally, heat users should be positioned in close to each other in order to share the same 
distribution pipework and optimise pipe lengths. 

Pulrose CCGT 

The Pulrose CCGT plant is the principal power generating station on the Island, in financial year 
2008/09 the plant generated some 464,700MWh of electricity

171
, indicating a load factor of 66%.  The 

plant is typically operated to obtain maximum thermal efficiency with any power in excess of on-Island 
demand being exported via the IOM-UK interconnector.  Based on this, the CCGT plant would present 
a good option for exporting heat due to its high level of availability. 

Extraction of heat from the CCGT plant could be achieved by extracting steam from the steam turbine 
unit in the plant.  While the use of heat would serve to increase the overall thermal efficiency of the 
plant, the power efficiency of the plant would be diminished by steam being extracted from the turbine.  
The extent of this power loss would be dependent on the amount of heat extracted and the pressure at 
which the steam was being extracted from the turbine.  Therefore the financial consequences of this 
reduced power output would need to be accounted for in any cost benefit analysis. 

Figure 15-2 notes those heat demands identified earlier in this Appendix in the vicinity of the Pulrose 
CCGT plant.  These are: 

 The IoM National Sport Centre, located approx. 300m NNW from the plant, which is already 
supplied with heat from the plant. 

 Middle River Industrial Estate, warehousing located between 50m and 600m to the SW of the 
plant. 

 Hills Meadow Industrial Estate, warehousing located between 50m and 600m ESE of the plant. 

Whilst the additional demands associated with these last 2 developments would be appreciable (up to 
20MWth) this would be small in comparison with the power capacity of the CCGT plant.  As a result 

                                                      
171

 Source: Manx Electricity Authority Annual Report 2008/2009. 
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the revenue generated by heat sales would be unlikely to meet the costs associated with re-
configuring the plant to export heat.  Furthermore, as the demands are located in several different 
directions from the plant, there would be limited ability to optimise the routing of DH pipework to 
minimise capital costs for the network. 

To summarise, the Pulrose CCGT has high availability and is located close to two potential heat users 
in addition to the National Sports centres currently supplied with heat.  However, the potential heat 
demand in the vicinity of the plant would be small in relation to the capacity of the plant.  Therefore 
revenues from the sale of heat would be insufficient to justify the costs of reconfiguring the plant to 
export heat.  Furthermore the locations of the potential heat users are such the capital costs of the 
necessary pipework would be high relative the volumes of heat supplied.  In light of the above, the 
reconfiguration of the CCGT plant to provide heat is not judged to be a high merit option for the 
implementation of DH. 
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Figure 15-2: Heat Demands in Vicinity of Pulrose CCGT and Pulrose RE Power Stations 

Source: Isle of Man Survey 



 Renewable energy sustainability study – impacts and opportunities for the Isle of Man 

 

AEA in Confidence Ref: AEA/ED46657/Issue Number 1  133 

Pulrose RE 

The diesel reciprocating engine (RE) station at Pulrose consists of 5 generating units each with a 
capacity of 8.5MWe.  The units are not normally operating but are made available to provide STOR 
(short term operating reserve) and TRIAD services to customers in the UK via the IOM-UK 
interconnector.  Consequently these units currently operate with a low number of running hours with 
an irregular pattern. 

Extraction of heat from the REs would be possible by recovering heat rejected in the engine jacket 
cooling circuit or heat in the exhaust.  As this heat would otherwise be rejected to the environment the 
recovery of heat from these sources would have no impact on the power output of the engines. 

The heat demands that could be met by the Pulrose RE plant would be the same as those for the 
CCGT plant, which are identified in Figure 15-2.  As the power output of the REs more closely 
matches the magnitude of the anticipated heat demand, this would make the REs better suited to 
supplying the identified demands than the Pulrose CCGT plant.  However, the current load low factor 
would mean that the REs would not be able to meet these heat demands without a significant change 
in operating regime, moving from peaking to base-load operation.  Such a change would prevent 
these units from providing STOR or TRIAD services, which would result in a loss in revenue from 
these sources.  As heat users have access to mains natural gas, the use of the REs would be further 
disadvantaged by their use of a higher cost fuel (diesel).  Therefore the cost benefit derived from the 
high efficiency of the plant would be diminished. 

As with the CCGT station, the demands are located in several different directions, meaning that 
network capital costs to serve all the identified demands would be high relative to the volume of heat 
supplied. 

In light of the above, the reconfiguration of one or two of the REs are Pulrose would present a more 
viable means of supplying the heat demands in the vicinity of the plant than the Pulrose CCGT plant.  
However the use of the REs for STOR and TRIAD serves and their resulting low load factor presents a 
major barrier to the units operating in a CHP mode.  Therefore, it is not recommended that the REs be 
used to operate in a CHP mode unless the units are found to be surplus to demand in providing 
STOR/TRIAD services for the GB system. 

Peel RE 

The diesel reciprocating engine (RE) station at Peel consists of 4 generating units each with a 
capacity of 8.5MWe.  As with the diesel station at Pulrose, the Peel station does not normally operate 
but is used to provide STOR and TRIAD services to customers in the UK.  Consequently these units 
currently operate with a low number of running hours. 

Extraction of heat from the REs would be possible by recovering heat rejected in the engine jacket 
cooling circuit or heat in the exhaust.  As with the Pulrose RE plant, recovery of heat would have no 
impact on the power output of the station. 

The heat demands in the vicinity of the Peel RE plant are identified in Figure 15-3.  These are: 

 The Industrial area to the south of Mill Road and west of Patrick street/Glenfarba road.  
Immediately adjacent to plant. 

 Western Swimming Pool, located approx. 900m ENW from the plant. 

 Queen Elizabeth II Secondary School, located 1km ESE from the plant. 
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Figure 15-3: Heat Demands in Vicinity of Peel RE Power Station 

Source: Isle of Man Survey 
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Of the demands identified, only those associated with the Mill Road industrial area would appear to be 
possible to supply as to the appreciable distance and difficulty in routing a heat distribution pipework 
from the station to the other loads would make costs for this prohibitive. 

As with the Pulrose RE plant, the reconfiguration of one or two of the REs at the Peel station would 
allow these units to operate in a CHP mode.  However the necessary increase in running that would 
be required to meeting heat demands would prevent the station from providing STOR and TRIAD 
services, leading to a loss in revenue.  Therefore, it would not be recommended that the REs be used 
to operate in a CHP mode unless the units were found to be surplus to demand in providing 
STOR/TRIAD services for customers in the UK. 

Ramsey RE 

The diesel reciprocating engine (RE) station at Ramsey consists of 2 generating units each with a 
capacity of 1.7MWe.  The units are currently not operated but are understood to be available to be 
brought back into service if sufficient demand were available.   

Extraction of heat from the REs would be possible by recovering heat rejected in the engine jacket 
cooling circuit or heat in the exhaust.  The recovery of heat would have no impact on power output. 

The principal heat demands in the vicinity of the Ramsey RE plant are identified in Figure 15-4.  These 
are: 

 The Gladstone Park Industrial Estate, located 600m east of the plant. 

 Ramsey Grammar School, located approx. 700m SE from the plant. 

As the Ramsey RE station does not currently form part of the generation portfolio used to provide 
STOR/TRIAD services, it would not be subject to the same operational constraints that exist for the 
Peel and Pulrose RE stations.  However, the distance of the relevant heat loads from the station are 
such that sales of heat would be insufficient to justify the capital expenditure that would be incurred in 
installing the necessary distribution pipework.  

Richmond Hill Energy from Waste (EfW) plant 

The Energy from Waste (EfW) facility at Richmond Hill consists of two separate process lines; the 
larger line has a rated capacity of 60,000 tonnes per year and is designed to handle municipal and 
commercial wastes while the smaller line has a capacity of 5,000 tonnes per year and is designed to 
handle clinical and animal wastes.  The combined power capacity of both lines is 6.8MWe.  During 
2008, the scheme handled approximately 55,000 tonnes of waste via the primary incinerator line and a 
further 2,000 tonnes by the secondary incinerator while exporting a total of 14,000MWh of electricity. 

In principal, the EfW plant would be well suited to act as a source of heat for a district heating system 
as it would be run as base load plant, presenting a consistent source of heat through the year.  Heat 
recovery would be achieved by extracting steam from the steam turbine before it is fully expanded, 
resulting in a fall in power output.  Any such loss in power output would need to be accounted for in 
any quantitative assessment of benefits for the scheme. 

Potential heat demands that could be supplied by the EfW plant are presented in Figure 15-4, these 
are: 

 Former Ballakinnish Nurseries glasshouse complex situated 200m to the north of the Richmond 
Hill plant.  While the site is understood to be unoccupied the glasshouses remain in place and 
has the potential to put back into useful service.  

 Commercial Premises on the IOM Business Park and Spring Valley Trading Estate.  These 
premises are located approximately 1.5km to the north of the Richmond Hill plant. 

 New properties on the 20ha package of land on Cooil Road, which has been ear-marked for 
commercial development within the IOM Strategic Plan.  Proposed site is located approximately 
1km to the north of the Richmond Hill plant. 
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Figure 15-4: Heat Demands in Vicinity of Ramsey RE Power Station 
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Figure 15-5: Heat Demands in Vicinity of Richmond Hill EfW Power Plant (Source: Isle of Man Survey) 
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Collectively, these demands represent in the order of 5 to 10MWth of heat demand, which would be a 
good match with the power capacity of the EfW plant.  Therefore, the revenues from heat sales would 
potentially be of a scale commensurate with the costs associated with re-configuring the plant to 
operate in a CHP mode. All loads are situated to the north of the EfW plant, meaning that lengths of 
distribution pipework required to link the loads would be kept to a minimum.  Furthermore, the land 
between the EfW plant and heat users is predominantly agricultural land, minimising the additional 
costs associated with installing in developed land.   

To summarise, the Richmond Hill EfW plant presents the most viable opportunity for the development 
of existing thermal plant to supply heat to a DH system on the grounds of the high availability of the  
together with the presence of significant heat loads within a manageable distance from the plant. 
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15.3 Costing of principal district heating option for the 
Isle of Man 

The principal DH network opportunity identified is the use of heat from the Richmond Hill EfW plant to 
supply the following heat demands: 

 Commercial Premises on the IOM Business Park and Spring Valley Trading Estate 

 New properties on the 20ha package of land on Cooil Road, which has been ear-marked for 
commercial development. 

 Former Ballakinnish Nurseries glasshouse complex situated opposite Richmond Hill EfW plant.   

These loads and concept layout for distribution pipework is provided in Figure 15-6. 

Figure 15-6: Concept Design for DH Network based around Richmond Hill EfW Power Plant  

Table 15-5: Estimate of heat demand 

 

IOM Business Park / 

Spring Valley Trading 
Estate 

New Cooil Road 
Business 

Development 

Ballakinnish 
Nurseries 

Development 

Approximate Land Area (ha) 30 20 - 

Development Density (m
2
/ha) 2,000 2,000 - 

Total Floorspace (m
2
) 60,000 40,000 14,000 

Total Annual kWh/m
2
 150 150 200 
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Heat 
Demand MWh 9,000 6,000 2,800 

Combined 
Annual Heat 

Demand 
MWh 17,800 

15.3.1 Costs for Scheme 

Capital cost of Scheme 

Scheme capital costs will consist of two elements: 

 Cost of heat network installation 

 Cost of connection to individual premises 

 Provision of a stand-by heat source 

Reconfiguration of EfW Plant 

If the EfW plant was not designed to export heat it will be necessary to undertake reconfiguration work 
to steam turbine and plant control systems to permit this to take place.  For the purposes of this 
analysis it is assumed that the steam turbine has to be replaced with a new unit (this is seen as by far 
the worst case, incurring the greatest capital costs). 

Assuming an installed capital cost of £320/kW ($500/kW)172, the cost of re-powering a 7.7MW steam 
turbine would be approximately £2.5m. 

If this replacement is not required then additional capital costs would nevertheless need to be incurred 
to enable the plant to operate in a CHP mode (e.g. modification of steam turbine). 

Cost of Heat Network Installation 

The capital cost of installing a 1km of DH pipework is typically estimated as being £1,000,000.  In 
order to connect all the properties identified the estimates of distance shown in Table 15-6 are used. 

Table 15-6: Estimates of distances for pipework for DH option 

Main Transmission Pipeline linking Richmond Hill EfW to IOM Business Park and 
Coil Road Developments 

0.85km 

IOM Business Park / Spring 
Valley Trading Estate 

Distribution Main 1km 

Connection pipelines linking main to individual 
properties (45 properties @ 50m/property) 

2.25km 

Cooil Road Development Distribution Main 0.8km 

Connection pipelines linking main to individual 
properties (30 properties @ 50m/property) 

1.5km 

Total Pipeline Length 6.4km 

Therefore, total capital cost of DH network infrastructure is estimated at £6.5 million. 

Cost of Connection 

Costs associated with the connection of a property to a district heating network would be largely 
associated with the replacement of the existing boiler plant with a heat exchanger unit

[173]
.  The 

connection of a single commercial property with floor space under 4,000m
2
 is estimated to cost 

£10,000 per connection. 

                                                      
172

  Installed capital costs for steam turbine-based power station (including boiler and all ancillary plant) typically in the range 
$400-$1,500/kW (Source: World Alliance for Decentralised Energy website : http://www.localpower.org/deb_tech_st.html).  
Of this value c. 50% is attributable to boiler and fuel handling system, which will be unaffected by reconfiguration works. 

173
  This statement assumes that the properties in question are equipped with a water-based heating system.  If the properties 

used another form of heating (e.g. direct-fired air or radiant heating) then additional costs would be incurred in converting 
the property. 

http://www.localpower.org/deb_tech_st.html
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A desktop assessment of the IOM Business Park / Spring Valley Trading Estate indicates some 36 
distinct properties over 25 hectares of developed land (i.e. excluding land not yet developed).  This 
indicates a property density of approximately 1.5 properties per hectare. 

Applying this density to the whole of the land package available this would indicate a total of 45 
properties on the IOM Business Park / Spring Valley Trading Estate, with associated total connection 
costs of £450,000. 

Assuming the same development density for the new Cooil Road development would lead to the 
creation of 30 properties and associated total connection costs of £300,000. 

Connection of the glasshouse development would be expected to be higher due to the larger heat 
demand – for the purposes of the assessment the cost of connection has been assumed to be 
£20,000. 

Therefore the total cost of connection of all properties is estimated to be £770,000. 

Provision of a Stand-by Heat Source 

A standby heat source (e.g. a gas-fired boiler plant) will generally be required in order to meet heat 
demand at time when the EfW plant is not operating either due to plant outages.  Assuming a 40% 
load factor, the supply of a 17,800MWh annual demand could be met by a boiler with 6MW capacity.  
The provision of this amount of boiler capacity, together with associated plant can be provided at a 
rate of £64/kW, this would lead to total costs of £390,000. 

Total Capital Costs 

Based on the above figures, the capital costs for the development of the DH scheme are shown in 
Table 15-7. 

Table 15-7: Capital costs for the development of the DH scheme 

Item Cost (£k) 

Total DH Network Infrastructure Costs 6,500 

EfW Plant Modification Costs 2,500 

Connection Costs 770 

Standby heat source 390 

Total £10,160 

Operating Costs for Scheme 

Scheme operating costs will consist of the following elements: 

 Operating and Maintenance costs for DH network.  Covers running costs for pumping of fluid 
around circuit and maintenance of distribution network. 

 Cost of Loss in Power Generation due to heat.  As recovery of heat is by means of extracting 
steam from the EfW plant steam turbine this has the effect of reducing the power output of the 
EfW plant.  This penalty should be included within the operating costs.  

Operating and maintenance costs 

Using the rule of thumb that O&M costs will typically be equivalent to 1 to 5% of the capital costs of the 
DH network.  For the purposes of this assessment it has been assumed that O&M costs are 3% of 
capital costs, or £305,000. 

Cost due to loss in power generation 

Modelling of a steam turbine-based EfW process indicate that the supply of 17,800 MWh of heat in the 
form of medium pressure hot water would lead to the annual power output of the plant falling by 
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2,200MWh.  Assuming that the value of a unit of generation is 7p/kWh
[174]

, the value of this loss in 
generation would be £154,000 per year. 

Fuel cost for standby-by heat source 

Assuming an 80% load factor for the EfW plant (this is a low estimate for most EfW plants) and 
presuming that heat consumption is constant throughout the year this would indicate that 20% of the 
DH annual heat demand (3,560MWh) would need to be supplied by the standby heat source. 

Assuming a boiler gross (LHV) efficiency of 80% indicates an annual fuel demand of 4,450MWh of 
natural gas per year. 

Assuming a cost of natural gas of 6p/kWh
[175] 

leads to an annual fuel bill of £267k. 

The represents a conservative case as the proportion of heat supplied by the standby heat source can 
be readily decreased by scheduling EfW plant shutdowns with times of low heat demand (i.e. during 
the summer). 

Total operating and maintenance costs 

Based on the above figures, the annual operating and maintenance costs for the running of the DH 
scheme are shown in Table 15-8. 

Table 15-8: Annual operating and maintenance costs for the running of the DH scheme 

Item Cost (£k)/year 

O&M Costs 305 

Costs due to Loss in Power Generation 154 

Fuel costs for standby heat source 267 

Total £726 

                                                      
174

  Average unit cost of electricity generation and importation in 2005 was 6.2p/kWh (Source: IOM Office of Fair Trading, 
Investigation into electricity prices in the Isle of Man, March 2007, Table 3.11).  Hence 7p/kWh seen as a fair estimate of 
current wholesale price for electricity generated on the Island.   

175
  Average unit cost of natural gas for domestic customers in January 2007 was 5.55p/kWh (Source: IOM Office of Fair 

Trading, Further Investigation into Gas Prices in the Isle of Man, March 2008, Table 3.3).  Hence a value of 6p/kWh has 
been selected to reflect increases in wholesale gas prices since this time but moderating for the fact that supply would be on 
a large scale.   
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Appendix 16 Barriers assessment 
tables 

Offshore Wind Barrier 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Technical available resource for offshore wind is good 
(annual mean >7.8 m/sec - 10.0 m/s); Uncertainty in future 

climate 
1 1 

Physical 
constraints 

Development opportunities are constrained by primary 
navigation routes, military practice ranges, shipwrecks, sea 
bed sediments, water depths, marine currents; current grid; 

aggregates fishing and shipping 

3 2 

Environmental 
constraints 

Presence of mussel beds (and other habitats), proximity to 
shore; birds; other marine protected species (basking 

sharks etc, may be higher  – location specific); geological 
interest (Point of Ayr); carbon sink (kelp); Marine Protection 

Area; visual impact 

4 3 

Economic 
constraints 

High capital costs because of offshore environment and 
potentially difficult foundation conditions.  Cable connection 

might require land fall on north of the Island before 
transmission to mainland. Uncertainty in regulatory 

framework – grid in IoM waters; UK ROC benefits uncertain 

4 3 

Deployment 
constraints 

Expertise and equipment would need to be brought in to 
IoM.  Harbour facilities may be limited. 

1 1 

Legislative 
constraints 

Consenting process, lack of legislative clarity 3 1 

Onshore Wind Barrier 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Resource for onshore wind is good (annual mean >6.5 
m/sec with some exposed sites over 10.0 m/s) 

2 1 

Physical 
constraints 

Development opportunities are constrained by steep 
slopes, forestry and wooded areas, proximity to roads, 
access and current grid.  Radar and communications 

2 2 

Environmental 
constraints 

Proximity to settlements may limit opportunities because of 
visual intrusion and noise; habitats; heritage 

3 3 

Economic 
constraints 

Capital costs higher than in remainder of UK because all 
equipment needs to be imported.  Connection costs may 

also increase costs; access costs. 
3 2 

Deployment 
constraints 

Expertise and equipment would need to be brought in to 
IoM.  Shipment across the Island of blades 60 metres in 

length could present difficulties; tonnage restriction of 38.5t. 
3 2 

Legislative 
constraints 

Land ownership; planning permission 2 2 
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Tidal Current Barrier 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Technical available resource very limited (annual mean 
1.53 m/s compared with 2.5 m/s for best UK sites); 

improving technology 
4 3 

Physical 
constraints 

Lack of suitable grid, best resource within Primary 
Navigation Route which may prevent development. 

3 3 

Environmental 
constraints 

Potential disturbance to sea floor sediments and adverse 
effects on mussel beds; fishing; habitats 

5 4 

Economic 
constraints 

High Capital costs and uncertainty on cost reduction.  
Technical uncertainty means investment will be regarded 

as high risk until operational experience has been 
increased; costs should come down 

5 4 

Deployment 
constraints 

Weather; less scope for capacity; R&D opportunities and 
risks; upside potential jobs 

2 2 

Legislative 
constraints 

Lack of MSP process 3 2 

Tidal Lagoon Barrier 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Grid may be unable to accept large quantities of 
intermittent generation in short term. 

4 3 

Physical 
constraints 

The seabed slopes away quite steeply around the Island, 
so there are no large areas of shallow water.  This means 
that, for any reasonable area of water to be impounded, 
quite a tall embankment will be needed, increasing the 

quantity of materials needed and so increasing the cost of 
energy 

3 3 

Environmental 
constraints 

A lagoon may be vulnerable to the accumulation of silt, 
thereby requiring regular dredging, which would increase 

the cost of energy. 
5 4 

Economic 
constraints 

Cost of energy is high because of the large quantities of 
material that would be needed for the construction of the 
lagoon.  Grid reinforcements may be necessary if large 

scale deployment were to happen. 

5 4 

Deployment 
constraints 

A large amount of materials, mainly sand and rock, would 
need to be sourced in relatively short time.  These could 

probably be obtained on the Island, but could consume all 
mineral production for a year or more 

3 3 

Legislative 
constraints 

Lack of MSP process 3 2 
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Wave Barrier 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Technical available resource.  This is limited by the 
relatively sheltered position of the IoM in the Irish Sea.  The 

highest wave energy levels are comparatively low 
compared with west coast of Scotland and western 

approaches. 

4 4 

Physical 
constraints 

Offshore arrays would exclude all other marine users.  
30MW array occupies ~3.4 km

2
.  Onshore devices are 

limited by number of suitable locations. 
4 4 

Environmental 
constraints 

Array would provide a fishing exclusion area and mooring 
lines would become colonised by sessile species such as 

mussels and seaweed.  This could provide positive 
environmental benefits. 

5 4 

Economic 
constraints 

Wave energy technology is still not fully proven.  Costs, 
technical performance and reliability are uncertain and may 

take several years before being fully proven. 
4 4 

Deployment 
constraints 

Offshore wave would require external expertise to install 
offshore wave energy devices.  Vessels would also need to 
be sourced from specialist contractors but local ports would 

be an asset. 

3 3 

Legislative 
constraints 

Lack of MSP process 3 2 

Biomass Heat 
Barrier 

Focused on IoM biomass only 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Technical available resource.  This is limited on IoM by the 
area of land available for energy crops and mature forestry.  

Imports could satisfy demand 
2 2 

Physical 
constraints 

Biomass boilers will need space for fuel storage.  Bulk 
imports would also need new storage silos. 

2 2 

Environmental 
constraints 

.Additional road transport to collect/deliver indigenous 
biofuels and distribute imports.  Land use management 

required to enhance biodiversity. 
1 2 

Economic 
constraints 

Capital cost of equipment is very high for small domestic 
systems and high for commercial applications compared 

with conventional fossil fuel boilers. 
2 2 

Deployment 
constraints 

Specialist contractors may be required to install and 
maintain biomass boilers.  Supply chain using indigenous 

forestry residues would need to be developed. 
2 2 
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Anaerobic 
Digestion 

Barrier 

 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Technical available resource.  Limited by the availability of 
slurry from dairy farms and concentrated organic wastes 

from a creamery and food. 
4 3 

Physical constraints 
The distribution of the primary source of organic waste, 

dairy farms, and other concentrated organic wastes. 
2 2 

Environmental 
constraints 

Collection of organic waste and delivery to treatment plants 2 2 

Economic 
constraints 

Viability of these two plants depends on supply and mix of 
organic waste material to ensure consistency. 

3 3 

Deployment 
constraints 

Technical and design expertise would need to be imported 
from the UK to build advanced AD plants. 

4 3 

Solar 

PV 
Barrier 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

The overall efficiency of PV cells.  This has improved but is 
still comparatively low compared with other renewable 

energy technologies 
2 2 

Physical 
constraints 

The amount of available southerly facing roof area that is 
available for module installation.  A 1 kWp unit requires 

5m
2
 of roof area. 

2 2 

Environmental 
constraints 

Minimal for installation and use but later disposal would 
need careful consideration because some PV materials are 

toxic. 
1 2 

Economic 
constraints 

High unit costs and relatively low energy conversion 
efficiencies mean that PV is uneconomic.  Pay back for a 

domestic system is ~40 years. 
5 4 

Deployment 
constraints 

May need specialist contractors to install unless there is 
widespread demand; planning permission requirements 

3 2 

Solar 

Thermal 
Barrier 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

The overall efficiency of solar thermal collectors is limited in 
the UK by the insulation levels.  Solar thermal collectors 

have limited capability during the winter months when heat 
demand is at its highest.  Combination boilers cannot 

accept pre-heated water 

2 2 

Physical 
constraints 

The amount of available southerly facing roof area that is 
available for module installation. 

2 2 

Environmental 
constraints 

Minimal for installation and use but later disposal would 
need some consideration. 

1 2 

Economic 
constraints 

High unit costs and relatively low energy conversion 
efficiencies mean that solar thermal is uneconomic 

compared with other forms of renewable energy.  Pay back 
for a domestic system is ~22 years. 

3 3 

Deployment 
constraints 

May need specialist contractors to install unless there is 
widespread demand. 

2 1 
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Micro Wind 

Barrier 

Focused on free standing not building mounted – 
agreed small building mounted not worthwhile 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Turbine performance is reduced in turbulent air flows 
caused by close proximity to buildings or other structures. 

3 3 

Physical 
constraints 

The availability of land especially open, exposed locations. 3 2 

Environmental 
constraints 

Potential planning restrictions and objections; birds; bats 3 3 

Economic 
constraints 

For domestic investors small-turbines require capital outlay 
and long payback periods ~25 years 

4 3 

Deployment 
constraints 

Limited equipment supply and installation chain on the IoM; 
although R&D opportunities. 

3 3 

Heat Pumps Barrier 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Heat pumps are not universally suitable.  Ground 
conditions may not always be suitable for GSHPs. 

3 3 

Physical 
constraints 

The availability of land to install GSHPs.  Flats are 
unsuitable 

3 3 

Environmental 
constraints 

Potential planning restrictions and objections but probably 
minor; ASHP noise 

2 (ASHP) 

1 (GSHP) 

2 (ASHP) 

1 (GSHP) 

Economic 
constraints 

Both ASHPs and GSHPs are only suitable for off-grid gas 
dwellings and have high initial capital costs compared with 

conventional fossil fuelled boilers.  Requires long term 
investment strategy to be viable. 

3 2 

Deployment 
constraints 

Limited equipment supply and installation chain on the IoM 
and specialist contractors and consultants. 

3 2 

Micro CHP 

Barrier 

Agreed domestic CHP not relevant 

Focused on commercial buildings 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

limited provided detailed data on energy consumption 
profile is available. 

3 2 

Physical constraints 
Space for equipment may be limited.  Fuel supply other 

than gas could mean higher running costs. 
2 2 

Environmental 
constraints 

Equipment may include heat dump on a roof which could 
cause visual intrusion.  Engine noise will need to be sound 

proofed. 
1 1 

Economic 
constraints 

Capital cost: initial investment and maintenance.  Fuel 
costs: fluctuations in wholesale gas prices may 

disadvantage CHP.  Alternative technologies: some of the 
alternatives to IC engines have a high specific capital cost 

(£/kWe). 

2 2 

Deployment 
constraints 

Some technologies (Fuel Cells and Organic Rankine Cycle) 
still under development.  IoM has some experience of 
operating CHP; extension of natural gas network will 

increase opportunities 

1 1 
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Small Scale 
Hydro 

Barrier 

Score 

Near Term 

(< 10 years) 

Score 

Medium Term 

(10 year+) 

 

Technically 
available resource 

Resource constrained by the amount of water that can be 
abstracted from rivers.  The Island‘s hydrological resources 

limit the amount of sites and energy that could be 
developed. 

3 3 

Physical 
constraints 

Access to sites and installation of pipework and power 
plant could limit development. 

3 3 

Environmental 
constraints 

Small-scale hydropower requires retention of residual flow 
in rivers to sustain their ecology.  The quantity retained 

depends on the river‘s natural flow regime; fish migration 
3 3 

Economic 
constraints 

Resource limited by flow restrictions, number of available 
sites and limited size of the natural resource. 

3 3 

Deployment 
constraints 

Specialist consultants and developers from the UK would 
be needed to develop the resource.  Civil works could be 

built by local contractors. 
3 3 
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