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Executive Summary 
The purpose of this Energy Strategy report is to demonstrate that the proposed redevelopment of the Taplow 
Mill site (‘the Site’) is considered sustainable, as measured against relevant local and national planning 
policies.  

Berkeley Homes (Three Valleys) Ltd (‘the Applicant’) is seeking to obtain planning permission for the 
development of land in Taplow, within the administrative boundary of South Buckinghamshire District 
Council. 

The Proposed Development is for the comprehensive residential-led mixed use development of the Site for 69 
new houses, 124 new apartments, the conversion of existing buildings into 18 new houses and apartments, 
and development of office space and a restaurant. 

The Energy Strategy for the Taplow Mill development has been formulated using the Energy Hierarchy: 

> Reduce energy demand through energy efficiency measures 

> Supply energy efficiently 

> Apply low or zero carbon technologies 

The overriding objective in the formulation of the strategy is to maximise the reductions in CO2 emissions 
through the application of this Hierarchy with a cost-effective and technically appropriate approach and to 
minimise the emission of other pollutants. 

A range of advanced energy efficiency measures are proposed to reduce energy demands and supply energy 
efficiently. They enable the proposed development to exceed Part L1A 2010 Target Emission Rate (TER) 
standards by 10%. This represents a very high level of sustainable design and construction. 

The full spectrum of low and zero carbon energy generating technologies has been considered, with solar 
photovoltaics and a limited use of air source heating being deemed the most appropriate strategy for this site.  
Sufficient roof area for 57kWp solar photovoltaics has been identified on the senior living building and Jubilee 
apartment blocks.  Combined with the use of air source heat pumps for the commercial buildings and 
penthouse apartments, this achieves an additional 3% reduction in regulated CO2 emissions and site wide 7% 
renewable energy contribution.   

Although this falls short of the 10% target set by Core Policy 12, the significant additional reductions in CO2 
emissions provided through energy efficiency measures are intended to compensate for this, in line with the 
direction of travel established by the Climate Change Act, 2008, which sets carbon dioxide emissions 
reduction as the overall government priority. 
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The site wide regulated CO2 emissions have been calculated for the site based on detailed calculations of 
representative dwelling types.  A 13% saving over Part L minimum standards has been calculated when the 
energy efficiency strategy is combined with the renewable technologies across the site. 

 

  CO2 Emissions  
(tCO2.a) 

% Saving 

Part L 2010 Baseline 525 - 
After Energy Efficiency Measures 470 10% 
After renewable technologies 458 3% 
Cumulative saving 67 13% 

Table 1: Site Wide CO2 Emissions Summary 

Following the application of energy efficiency measures across the site, it has been calculated that 7% 

of site wide regulated energy demands could be met through the inclusion of on‐site renewable 

technologies.   

 Energy 
Demand 
(MWh/yr) 

% Saving 

After Energy Efficiency Measures 2,039 - 
After Renewable Technologies 1,898 7% 
Total Saving 141 7% 

Table 2: Site Wide Renewable Energy Contribution 
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1. INTRODUCTION 
1.1 This Energy Strategy has been prepared by Hodkinson Consultancy, a specialist energy and 

environmental consultancy, in support of the planning application for the residential led 
development of the Taplow Mill site, in South Buckinghamshire, by Berkeley Homes (Three Valleys). 

1.2 The formulation of the energy strategy for the Proposed Development takes into account several 
important concerns and priorities. These include: 

> To achieve the maximum viable reduction in carbon dioxide (CO2) emissions through the 
application of the Energy Hierarchy with an affordable, deliverable and technically appropriate 
strategy; 

> Provision of high quality low energy homes that are adapted to future changes in climate; 

> To achieve the highest viable levels of the Code for Sustainable Homes (Level 3 in this case); 

> To minimise, to the lowest possible extent, emissions of pollutants such as oxides of nitrogen (NOx) 
and particulate matter, thereby minimising the effects on local air quality.  

1.3 This statement first establishes a baseline assessment of the energy demands and associated CO2 

emissions for the Proposed Development. The report will then follow Energy Hierarchy to enable the 
maximum viable reductions in Regulated CO2 emissions over the baseline. 

 
 



 

 

  

 7 

 

 

 

2. DEVELOPMENT OVERVIEW  
2.1 The application site is located at Mill Lane, Taplow and extends to approximately 20 hectares in size.  

It is located between the towns of Maidenhead and Taplow, with the River Thames to the west, the 
Jubilee Relief River to the east, and the A4 immediately to the south. 

 

Figure 1: Site Location © OpenStreetMap Contributors. Go to www.openstreetmap.org/copyright 

2.2 The development proposals are for 211 new homes, comprising 1-bed, 2-bed, 3-bed+ apartments, 
and 1 – 6 bed houses. In addition, office space and a restaurant will be provided on the site. 
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3. PLANNING POLICIES AND PROPOSED 
DEVELOPMENT REQUIREMENTS 

3.1 This section details the requirements and aspirations of national and local planning policy. In 
addition to quoting excerpts from the relevant documents, explanations are provided where 
necessary.  

3.2 The general direction of planning policy under the Coalition Government is towards the dominance 
of local policy and decision making over national and regional policy. This is elucidated in the 
‘Localism Act’ and ‘National Planning Policy Framework’. 

Climate Change Act (2008) 

3.3 The Climate Change Act (2008) requires the UK Government to “ensure that the net UK carbon 
account for the year 2050 is at least 80% lower than the 1990 baseline.” 

3.4 This legal commitment sets the overriding objective for sustainability: the reduction of CO2 
emissions. It is therefore the minimisation of CO2 emissions that must be given primacy over the 
maximisation of low carbon / renewable energy generation: a focus on the latter restricts the 
strategies available to most effectively meet the former. 

National Planning Policy 

3.5 The National Planning Policy Framework (NPPF) was published on 27 March 2012. This document 
sets the overarching policies for development in England and states that:  

“At the heart of the NPPF is a presumption in favour of sustainable development, which should be seen 
as a golden thread running through both plan-making and decision-taking. 

For decision-taking this means: 

 Approving development proposals that accord with the development plan without delay; and 

 Where the development plan is absent, silent or relevant policies are out-of-date, granting 
permission unless: 

 Any adverse impacts of doing so would significantly and demonstrably outweigh the 
benefits, when assessed against the policies in this Framework taken as a whole; or 

 Specific policies in this Framework indicate development should be restricted.  
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3.6 Paragraph 95 of the NPPF states that: 

“To support the move to a low carbon future, local planning authorities should: 

Plan for new development in locations and ways which reduce greenhouse gas emissions; 

 Actively support energy efficiency improvements to existing buildings; and 

 When setting any local requirement for a building’s sustainability, do so in a way consistent with 
the Government’s zero carbon buildings policy and adopt nationally described standards.”  

3.7 The document also makes it clear that the delivery of a wide choice of well-designed high quality 
homes is central to delivering sustainable development. 

Local Policy: South Bucks District Council 

Core Strategy (2011) 

3.8 The Core Strategy is the key document in the South Bucks Local Plan and was adopted in February 
2011.  The following policies from the Core Strategy are considered to be relevant to this Statement: 

3.9 Core Policy 12: Sustainable Energy – The Council will promote and encourage energy efficiency and 
renewable / low carbon energy in all new development through a range of measures in order to 
contribute towards meeting national targets for reducing CO2 emissions.  These will include the 
following: 

> Requiring that all developments of 10 or more dwellings and 1,000sqm or more non-residential 
floor space secure at least 10% of their energy from decentralised and renewable or low-carbon 
sources, unless demonstrated that it is not viable or feasible. 

> In addition, requiring developers of the Opportunity Sites and other significant sites to incorporate 
decentralised and renewable or low carbon technologies into their schemes, unless demonstrated 
that it is not viable or feasible. 

3.10 Core Policy 15: Mill Lane (Opportunity Site) – Any redevelopment proposals should: 

> Incorporate decentralised and renewable or low carbon technologies (for example, combined 
heat and power), unless it is clearly demonstrated that this is not viable or feasible.  This should 
ensure that at least 10% of the energy needs for the development are secured from these sources, 
in accordance with Core Policy 12. 
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Residential Development Design Guide SPD 

3.11 The South Bucks District Council Residential Design Guide SPD was adopted in October 2008 and sets 
out guidance to secure high quality residential development.  The following guidance within the SPD 
is considered particularly relevant to this Statement: 

3.12 Sustainability should be designed into any proposals at the earliest opportunity.  Sustainable design 
is concerned with ensuring that: 

> The construction of buildings minimised the amount of resources and energy used, and waste, 
pollution and carbon dioxide produced. 

> The materials generated and used for construction are environmentally friendly. 

> Any existing building fabric is re-used as far as possible. 

> Buildings are energy efficient, reducing CO2 emissions. 

> Buildings use renewable energy sources. 

> Lifetime homes standards are included in design increasing the life space of a building. 

3.13 Developers should use the following energy hierarchy in ascending order when considering design: 

> Reduce the need for energy. 

> Ensure the efficient use of required energy. 

> Include local energy generation e.g. small scale renewables. 

> Finally, any continuing use of fossil fuel based energy must be clean and efficient. 

Mill Lane Taplow SPD 

3.14 The Mill Lane Taplow SPD was adopted in July 2013 and establishes the principles to guide 
development on the site.  The following guidance from the SPD relates to sustainability and 
particularly relevant to this Statement: 

3.15 The following sustainability objectives should be adhered to: 

> Development should incorporate decentralised and renewable or low carbon technologies (for 
example, combined heat and power, or potentially water power), unless it is clearly demonstrated 
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that this is not viable or feasible.  This should ensure that at least 10% of the energy needs for the 
development are secured from these sources. 

> Renewable energy techniques and sustainable construction and design should be incorporated 
into development. 

Sustainability Targets: Code for Sustainable Homes 

3.16 The Code for Sustainable Homes is a national standard for assessment on the sustainability and 
energy efficiency of new developments.  The Code assesses the sustainability of a dwelling under nine 
categories and there are a total of 34 issues organised under these categories. 

3.17 South Bucks planning policy does not require new residential development to be assessed under, or 
reach a certain level of, the Code for Sustainable Homes.  However, the Berkeley Group ‘Our Vision’ 
(discussed in the section below) requires all new dwellings to reach a minimum of Code for 
Sustainable Homes Level 3. 

3.18 The proposed dwellings will therefore aim to achieve a minimum of Code for Sustainable Homes 
Level 3 in accordance with Berkeley Group ‘Our Vision’, which represents a high level of sustainability.   
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4. BUILDING REGULATIONS BASELINE 

Methodology 

4.1 This statement first establishes a baseline assessment of the energy demands and associated CO2 
emissions for the Proposed Development.  

4.2 The development site will be built under Part L 2010 of the Building Regulations.  

4.3 The estimated annual energy demand for the residential element of the Proposed Development has 
been calculated using Standard Assessment Procedure (SAP 2009) methodology. SAP calculates the 
Regulated energy demands associated with hot water, space heating and fixed electrical items.  

4.4 Annual CO2 emissions are calculated from their association with a particular fuel source. Fuel 
factors have been taken from SAP 2009 Table 12. Those used for the purpose of this report are 
summarised in Table 3 below.  

 Fuel Source SAP 2009 CO2 
Conversion Factor  

(kg/kWh) 

Electricity (Grid) 0.517 
Electricity (Displaced from Grid) 0.529 

Gas 0.198 
Table 3: Calculated Required % CO2 Reduction over Part L Building Regulations Baseline 

4.5 Calculations have been performed on representative dwelling types, as detailed in Appendix B. 
These represent a fair aggregation of the unit mix of the Proposed Development. 

4.6 The estimated annual energy demand for the proposed commercial element of the Proposed 
Development has been calculated using Simplified Building Energy Model (SBEM) methodology. 
SBEM calculates the Regulated energy demands associated with hot water, space heating and fixed 
electrical items.  
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Part L Building Regulations Baseline 

4.7 Residential (Part L1A): A Part L1A 2010 Building Regulations compliant baseline is used for the 
residential aspect of the development. It requires that all homes meet or exceed the Target 
Emission Rate (TER).  

4.8 Commercial (Part L2A): A Part L2A 2010 Building Regulations compliant baseline is used for the 
non-residential aspect of the development. It requires that all buildings meet or exceed the Target 
Emission Rate (TER).  

4.9 Table 4 shows the whole development baseline Regulated & Total CO2 emissions.  

 
Table 4: BASELINE Carbon Dioxide Emissions 
  Regulated carbon dioxide 

emissions  
(tCO2.a) 

RESIDENTIAL 469 

NON-RESIDENTIAL 56 

TOTAL 525 

 

4.10 Full energy and CO2 calculations can be found in Appendix C.   
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5. ENERGY EFFICIENCY MEASURES  
5.1 In line with the Energy Hierarchy, the following energy efficiency measures are proposed to be 

applied to the Proposed Development in order to both reduce demand and supply energy 
efficiently. These measures will ensure that the Building Regulations (2010) baseline is met and 
significantly exceeded through energy efficiency measures alone. 

Insulation Standards 

5.2 The development will incorporate enhanced insulation in the building envelope (walls, roofs, floors 
and glazing) to achieve average U-values better than those required by Part L (2010) Building 
Regulations. These are likely to include: 

 Glazing with a U-value of 1.4 W/m2.K [g-value of 0.5 for residential apartments to mitigate against 
overheating]; 

 External wall U-values will be improved to between 0.2 and 0.26W/m2K; 

 Party walls will be fully insulated and sealed (achieving an effective U-Value of 0.0 W/m2.K); 

 Ground and exposed floor U-values will be improved to 0.15 W/m2.K or better; 

 Main Roof U-values will be improved to 0.10 W/m2.K; 

Air Tightness and Ventilation 

5.3 Air tightness standards will conform to, and exceed, Approved Document Part L requirements. By 
reducing air leakage loss and convective bypass of insulation, an improvement of design air 
permeability rate from 10m3/hm2 to less than 4m3/hm2 will further reduce space heating 
requirements. 

5.4 It is proposed to use natural ventilation with intermittent extract fans to wet rooms wherever 
possible.  Where required, high efficiency centralised continuous mechanical extract ventilation 
(CMEV) will be used. These systems will remove stale air and odours from kitchens and bathrooms, 
whilst retaining the heat within the home.  

5.5 Additionally, all homes will have openable windows and therefore the ability to naturally ventilate 
should the occupant desire. Convective ventilation and night purging of heat will therefore be 
facilitated. 
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Thermal Bridging 

5.6 In well insulated buildings, as much as 30% of heat loss can occur through thermal bridges, which 
occur when highly conductive elements (e.g. metal studs) in the wall construction enable a low 
resistance escape route for heat. Detailed design will focus on eliminating cold bridging.  The use of 
lightweight blockwork wherever possible will facilitate this. 

5.7 Figure 2 illustrates the benefits of reducing thermal bridges.  

 

 

Figure 2: Thermal Bridging 

Space Heating & Hot Water 

5.8 The space heating requirement of the Proposed Development will be reduced by the fabric, air 
tightness and ventilation measures detailed above.  

5.9 It is intended to take advantage of winter solar gain to reduce the space heating demands of the 
homes. The benefits of this will be carefully balanced with the need to reduce the risk of excessive 
summer solar gains (discussed below).  

5.10 The combination of the above measures will create highly energy efficient homes. 

5.11 Space heating and hot water will be provided through high efficiency gas boilers.  Advanced heating 
controls, including zone controls, weather compensation and delayed start thermostats will be 
employed to ensure residents only heat their homes when it is required. 
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Limiting the Risk of Summer Overheating 

5.12 Minimising the risk of summer overheating is important so as to ensure that homes are adapted to 
climate change and remain comfortable to occupy in the future. An illustrative strategy is presented 
here that enables all of the representative dwellings to pass the Part L1A compliant SAP overheating 
test. 

5.13 It is proposed to reduce the need for active cooling as far as possible and eliminate the need for 
mechanical cooling.  All homes will therefore be subject to measures to minimise the risk of summer 
overheating to an acceptable level. 

5.14 This will be done through the specification of non-mechanical measures such as good thermal 
insulation and air tightness.  

5.15 Additionally, solar control glazing (low g-value) will be installed where required to reduce solar heat 
gains. Initial overheating risk assessment carried out SAP software has been performed on 
representative sample homes. This assessment has concluded that glazing with a g-value of 0.5 or 
below is sufficient to meet acceptable levels in apartments.  A standard g-value of 0.63 is acceptable 
for houses. 

5.16 Open-able windows will be used across the Proposed Development and will enable convective-
ventilation and night purging.  

5.17 These concepts are illustrated in Figure 3 and will reduce the build-up of heat within homes.  

 

Figure 3: Natural Ventilation 
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Cooling 

Residential Apartments 
5.18 It is not currently proposed to provide mechanical cooling to the residential units except the 

penthouses.  Although acceptable comfort levels can be achieved in these units through passive 
measures alone, for commercial reasons high efficiency air cooled chillers will be provided.  These 
have been included as part of the baseline emissions calculations. 

Commercial Spaces 
5.19 Cooling demands for non-residential spaces are output as part of Part L SBEM calculations and 

reflected in the calculation of target emissions. Minimising of annual cooling demand will be 
necessary in order to meet the requirements of Part L2A 2010. Passive cooling design will reduce 
heat gains through the selection of low u-value, low-g value glazing. As a worst case assumption, 
small high-efficiency split system air cooled chillers have been included in the sample SBEM 
calculations for the scheme. 

Lighting and Appliances 

5.20 Energy efficient lighting will be installed in 100% of internal fittings in the homes. External lighting 
will also be low energy lighting and controlled through PIR sensors, or daylight cut-off devices. 
Kitchen and other pre-installed appliances will be A or A+ rated for energy efficiency. 

5.21 It is very difficult to design and construct homes to reduce the unregulated electricity demands, 
because this is almost entirely dependent on the occupant of a home and can vary substantially. 
However, the Applicant is committed to ensuring that all efforts are made to enable the residents to 
minimise their unregulated electricity consumption. Advice will be provided to all occupants in the 
form of a Home User Guide on how to minimise electricity consumption. This includes advice on 
purchasing low-energy devices as well as ensuring that they are used efficiently. It has been shown 
that the provision of such information can significantly reduce energy use. 

Non-Residential Units: Lighting 

5.22 The major energy demand within modern non-residential spaces is generally lighting. Specified 
lighting in these units will therefore be low-Wattage (likely to require <3W/m2/100lux) and designed 
to CIBSE Illuminance levels.  Appropriate demand reducing lighting controls, such as PIRs and 
daylight dimmers will also be specified, allowing light output to be automatically adjusted to suit 
prevailing conditions.  Zoning of lighting circuits also allows greater benefit to be made of natural 
daylight in the areas where it is available, without compromising light levels further away from 
windows. 
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5.23 Additionally, high frequency ballasts and control gear will be utilised where appropriate to further 
reduce energy demand. 

CO2 Emissions Following Energy Efficiency Measures 

5.24 The above measures result in the on-site CO2 emissions as detailed in Table 5, reducing site-wide 
Regulated CO2 emissions beyond baseline emissions. The reductions proposed represent a very 
high level of sustainable design and construction. 

Table 5: Carbon Dioxide Emissions following Energy Efficiency Measures 

  Regulated Carbon dioxide 
emissions  

(tCO2.a) 
RESIDENTIAL 420 

NON-RESIDENTIAL 50 

TOTAL 470 

CO2 Reduction from Baseline (tCO2.a) 55 

% Reduction 10.4% 

 

6. DECENTRALISED ENERGY 
6.1 In line with best practice, the feasibility of decentralised heating networks has been evaluated. This 

is the next step in the Energy Hierarchy.  

6.2 The inclusion of decentralised heating has been investigated in terms of appropriateness to the 
Proposed Development and, to be in line with the priorities for this energy strategy, whether 
decentralised heating is the best technology to provide the greatest reductions in CO2 emissions. 

6.3 Heat networks are generally feasible where there is a high concentration of demand from medium-
high density development.  This concentration minimises distribution heat losses from long pipe 
runs, allows greater efficiency due to the larger, more efficient plant installed, and provides 
economies of scale for the customers (fixed capital and management costs are spread across a 
larger number of dwellings). 

6.4 Subterranean pre-insulated pipework for communal heating networks can cost more than £650 per 
metre installed.  It is therefore not recommended to connect low-density properties to communal 
heating networks due to the high upfront costs.  In addition, the low, intermittent heat demands 
from this type of development can result in excessive heat loss (often over 30%) from the 
distribution system. 
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6.5 Due to the high potential heat losses and lack of scale through which to deliver the operation and 
maintenance of a potential network, it is highly likely that a community heating scheme would 
result in significantly higher fuel bills for residents.  For this reason, a decentralised energy scheme 
is not proposed for the Site. 

 

7. RENEWABLE ENERGY TECHNOLOGIES 
7.1 The technical feasibility and viability of incorporating renewable technologies within the scheme 

has been considered as the final step of the energy hierarchy in line with Core Policy 12 which seeks 
for renewable energy technologies to be specified to provide, where feasible, 10% of site-wide 
energy demands.  

Air, Water and Ground Source Heat Pumps (ASHPs, WSHPs and 
GSHPs) 

7.2 Whilst reducing energy significantly, heat pumps replace gas as the heating fuel with electricity, 
which is more carbon intensive. The result of this is that CO2 emissions reductions are challenging to 
achieve when compared to a gas baseline.  Electricity is also substantially more expensive than gas, 
so incorporation of heat pump technologies in place of gas can often lead to increased fuel bills.  For 
this reason, unless they are being used to provide comfort cooling, heat pumps are not generally 
recommended where gas heating is available. 

7.3 GSHPs are able to provide substantial reductions in energy.  However, GSHPs require costly ground 
excavation works to bury the coils – boreholes would be required across much of the site due to the 
high space requirements of ground coils.  

7.4 Air source heat pumps are often employed where comfort cooling is a requirement.  For this reason 
it is anticipated that the penthouse apartments and non-residential buildings will employ ASHP for 
space and water heating. 

7.5 Initial calculations have been carried out on sample building types which demonstrate that the use 
of air source heat pumps on the penthouses and non-residential buildings to provide space and 
water heating would equate to 99MWh of site wide energy being provided from a renewable source, 
or 4.9% of site wide energy demands.  This is summarised in Table 6. 
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 Heat Demand 
(kWh/yr) 

Fuel used by 
heat pump 

(kWh/yr) 

Average COP Renewable 
Energy 

(kWh/yr) 

CO2 emissions 
from heating 

(kgCO2/yr) 
5 Penthouses 50,224 17,919 2.80 32,305 9,264 
Office Space 8,226 2,827 2.91 5,399 1,462 
Restaurant 96,068 34,421 2.79 61,647 17,796 
TOTAL 154,518 55,168  99,350 28,522 

Table 6: Air source heating calculations 

Wind Turbines 

7.6 As the site is located in a conservation area, large scale wind turbines are not a preferred technology 
due to their visual impact.  On a smaller scale, wind turbines are not a proven technology and could 
not be guaranteed to provide significant energy or CO2 savings due to turbulent  

7.7 In addition, urban and suburban conditions are often highly turbulent and of insufficient speed for 
turbines to be effective. As such they will not be installed. 

Biomass Boiler 

7.8 Biomass boilers with modern pollution abatement devices such as ceramic filter systems can 
almost eliminate particulate matter emissions and are also very low on emissions of NOx. 

7.9 However biomass boilers are best designed at a community scale and, as outlined in Section 5, the 
scale and density of this development make a heat network unviable for the Site. 

7.10 Furthermore, the cost of biomass currently exceeds that of gas, meaning that biomass technologies 
would lead to high running costs for residents. 

Hydro Power 

7.11 Flowing water can be used to generate electrical energy using propellers or Archimedean Screw 
technologies.  Suitable flow rates and heads are required to make such technologies feasible. 

7.12 Although detailed feasibility assessment of the site for hydropower generation has not been carried 
out at this stage, the location of high flood risk zones south a short distance downstream of the site, 
combined with the extensive civil engineering works that would be required for such a scheme 
mean that it is not a preferred option for the Applicant at this stage. 

7.13 Furthermore, any electricity generated by a hydropower scheme is unlikely to provide any direct 
benefits to building users on the site.  Rules preventing ‘private wire’ arrangements to directly sell 
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electricity to building users would require the scheme export electricity to the Grid, meaning in 
contrast with building-integrated measures, residents would not see fuel bills reduce as a result of 
such an installation. 

Roof-mounted Solar Technologies 

7.14 The use of solar photovoltaic panels (PV) and solar thermal collectors has been considered for the 
site. 

7.15 The location of much of the development in a conservation area means that the visual impact of 
panels and collectors is a concern.  For this reason, only flat roof areas have been considered for 
solar technologies, where the visual impact will be limited. 

7.16 If solar technologies are installed, the preferred solution would be solar PV.  Heat losses through 
multiple pipe runs for individual systems applied to apartment blocks mean that efficiencies and 
associated CO2 savings from solar thermal are likely to be lower than those achieved through solar 
PV. 

7.17 An initial roof analysis has confirmed that space for approximately 57kWp of thin-film solar PV is 
available.  This should be confirmed as part of the detailed design. The impact of this is outlined in 
Table 7. 

 

Roof area 
(m2) 

Peak 
power 
(kWp) 

Energy 
Generated 
(kWh/yr) 

% Site 
Wide 

Regulated 
Energy 

CO2 Offset by 
renewables 
(kgCO2/yr) 

Site Wide Solar PV 686 57 41,483 2% 21,944 
Table 7: Solar Photovoltaics 
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8. SUMMARY 
8.1 In line with national environmental and planning policy, the overriding objective in the formulation 

of the strategy is to maximise the reductions in CO2 emissions through the application of the energy 
hierarchy with a cost-effective and technically appropriate approach and to minimise the emission 
of other pollutants. 

8.2 A range of advanced energy efficiency measures are proposed. Following detailed modelling of 11 
dwelling types, it has been demonstrated that an average 10% reduction in regulated CO2 emissions 
can be achieved over a Part L baseline through the adoption of these measures.  

8.3 In addition, scope to reduce CO2 emissions by a further 3% through the inclusion of solar 
photovoltaics on flat roof areas, and air source heat pumps in non-residential buildings and 
penthouse apartments has been identified.  Total regulated CO2 emissions savings are summarised 
in Table 8 and represent a very high standard of energy performance. 

  CO2 Emissions  
(tCO2.a) 

% Saving 

Part L 2010 Baseline 525 - 
After Energy Efficiency Measures 470 10% 
After renewable technologies 458 3% 
Cumulative saving 67 13% 

Table 8: Site Wide CO2 Emissions Summary 

8.4 The feasibility of decentralised energy production has been carefully examined. However, due to the 
scale of the development and its low density, concerns over distribution heat losses wasting energy, 
as well as excessive operation and maintenance costs for residents, mean that this option has been 
discounted in favour of individual heating systems to each dwelling. 

8.5 A wide range of renewable energy generating technologies has been also been considered. The only 
technologies considered technically feasible or viable for majority of the scheme is solar PV located 
on the flat roof areas and air source heat pumps in non-residential buildings and penthouse 
apartments.  A total of 7% site wide regulated energy demands could be met through the inclusion 
of these technologies, as demonstrated in Table 9. 

 Energy 
Demand 
(MWh/yr) 

% Saving 

After Energy Efficiency Measures 2,039 - 
After Renewable Technologies 1,898 7% 
Total Saving 141 7% 

Table 9: Site Wide Renewable Energy Contribution 
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APPENDIX A: LOW CARBON AND RENEWABLE 
ENERGY TECHNOLOGIES 
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INTRODUCTION 
> This Appendix is intended to provide the background information for the low carbon and 

renewable energy technologies that have been considered in the formulation of this Energy 
Statement. 

> The information provided here forms the basis for the project specific technical selection of low 
carbon/renewable energy technologies contained in the main section of this Energy Statement. 
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COMBINED HEAT AND POWER (CHP) 
> CHP is a form of 

decentralised energy 
generation that 
generally uses gas to 
generate electricity 
for local 
consumption, 
reducing the need for 
grid electricity and its 
associated high CO2 
emissions. As the CHP 
system is close to the 
point of energy 
demand, it is possible 
to use the heat that is 
generated during the 
electricity generation 
process. As both the 
electricity and heat 
from the generator is 
used, the efficiency of 
the system is increased above that of a conventional power plant where the heat is not utilised. 

> However, the overall efficiency of ~80% is still lower than the ~90% efficiency of a heat only gas 
boiler. 

> Where there are high thermal loads, CHP can be used within district heating networks to supply 
the required heat. 

> Performance and Calculation Methodology: - 

> Most commonly sized on the heat load of a development, not the electrical load. This 
prevents an over-generation of heat. 

> Require a high and relatively constant heat demand to be viable. 

> CHP engines are best suited to providing the base heating load of a development (~year 
round hot water demand) with conventional gas boilers responding to the peak heating 
demand (~winter space heating). CHP engines are not able to effectively respond to peaks 
in demand. 

 

Diagram 1 – CHP Diagram 
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> In general, CHP engines have an electrical efficiency of ~30% and a thermal efficiency of 
~45%. Larger engines have a better heat to power ratio and are therefore able to reduce 
CO2 emissions by greater amount. 

> Electricity produced by the CHP engine displaces grid electricity which is given a carbon 
intensity of 0.519 kg per kWh. 

> Capital Cost: - 

> Around £1,000 per kW of electrical output. 

> Relative cost reduces as the size of engine increases. 

> Generally best suited to larger sites, where there is a suitable economy of scale. 

> Running Costs/Savings: - 

> CHP engines often struggle to provide cost-effective energy to dwellings on smaller 
residential schemes compared to conventional individual gas boilers. 

> Onsite use of CHP generated electricity; power Purchase Agreement with electricity Supply 
Company or Private Wire arrangement to local large non-domestic demand enhances 
economic case. 

> Land Use Issues and Space Required: - 

> CHP engines require a plant room, and possibly an energy centre for large residential 
developments. 

> CHP engines require a flue to effectively disperse pollutants. This is best to rise to a 
minimum of 2m above the roofline of the tallest building. 

> Route for district heating pipe around the site must be safeguarded. 

> Operational Impacts/Issues: - 

> Often run by Energy Services Company (ESCo) who maybe unenthusiastic about getting 
involved in small – medium scale schemes. 

> Can also be run in-house with specialist maintenance and customer services activities 
contracted out. 

> Issues with rights to dig up roads for district heating networks. 

> Emissions of oxides of nitrogen – ~500mg/kWh – 10 times higher than for a gas boiler. 
Specialist technologies exist (e.g. selective catalytic reduction) to reduce this to ~20mg/kWh 
if air quality issues require. 

> Embodied Energy: - Comparable to that of a conventional gas boiler. 

> Funding Opportunities: -  

> Tax relief for businesses under the Enhanced Capital Allowances scheme.. 
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> Reductions in Energy Achievable: - Can provide some reductions in effective primary energy, but 
when distribution losses and other local losses are included more fuel is required. 

> Reductions in CO2 Achievable: - Can provide greater reductions in CO2 than energy, aided by the 
emissions factor of grid displaced electricity of 0.519 kg CO2/kWh. CO2 reduction increase as size of 
engine increases. 

> Advantages: - 

> Good reductions in overall primary energy and CO2 emissions. 

> Most cost effective and appropriate strategy to achieve substantial CO2 reductions on large 
schemes. 

> Disadvantages: - 

> On smaller schemes often do not supply energy cost-effectively in comparison to 
conventional individual gas boilers. 

> Requires sale of generated electricity to maximise cost effectiveness. 

Application: - Best suited to larger developments. 

 

COMBINED COOLING HEAT AND POWER (CCHP) 
> CCHP is a CHP system which additionally has the facility to transform heat into energy for cooling. 

This is done with an absorption chiller which utilises a heat source to provide the energy needed 
to drive a cooling system. As absorption chillers are far less efficient than conventional coolers 
(CoP of 0.7 compared to >4) they are generally only used where there is a current excess 
generation of heat. New CHP systems are generally sized to provide the year round base heating 
load only. 

> For this reason it is generally not suitable for new CHP systems to include cooling. 

> Where there are high thermal loads, CCHP can be used within district heating and cooling 
networks to supply the required heat and coolth. 

> Performance and Calculation Methodology: - 

> Most commonly sized on the heat load of a development, not the electrical load. This 
prevents an over-generation of heat. 

> Require a high and relatively constant heat and cooling demand to be viable. 

> CCHP systems are best suited to providing the base loads of a development with 
conventional gas boilers and chillers responding to the peak demands. CCHP systems are 
not able to effectively respond to peaks in demand. 
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> In general, CHP engines have an electrical efficiency of ~30% and a thermal efficiency of 
~45%. 

> Absorption chillers have a CoP of ~0.7. 

> Electricity produced by the CHP engine displaces grid electricity which is given a carbon 
intensity of 0.519 kg per kWh. 

> Capital Cost: - 

> High in comparison to biomass boilers and increased further by inclusion of absorption 
chiller. 

> Running Costs/Savings: - 

> Coolth from absorption chillers is more expensive than from conventional systems unless 
heat used id genuine waste heat. 

> Land Use Issues and Space Required: - 

> CCHP systems require a plant room, and possibly an energy centre for large residential 
developments. 

> CHP engines require a flue to effectively disperse pollutants. This is best to rise to a 
minimum of 2m above the roofline of the tallest building. Additionally the absorption 
chiller requires either a cooling tower or dry cooler bed for heat rejection purposes. 

> Heating and cooling distribution pipework required around the site. 

> Operational Impacts/Issues: - 

> Often run by an ESCo who are unenthusiastic about getting involved in small – medium 
scale schemes. 

> Can also be run in-house with specialist maintenance and customer services activities 
contracted out. 

> Issues with rights to dig up roads for heat networks. 

> Emissions of oxides of nitrogen– ~500mg/kWh – 10 times higher than for gas boilers. 
Specialist technologies exist (e.g. selective catalytic reduction) to reduce this ~20mg/kWh if 
air quality issues require. 

> Rejection of heat is higher than for conventional cooling, thus enforcing the urban heat 
island effect. 

> Embodied Energy: - Comparable to conventional gas boilers. 

> Funding Opportunities: -  

> Tax relief for businesses under Enhanced Capital Allowance scheme. 
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> Reductions in Energy Achievable: - Absorption cooling generally requires more energy than 
conventional chillers. 

> Reductions in CO2 Achievable: - Can provide greater reductions in CO2 than energy, aided by 
the emissions factor of grid displaced electricity of 0.519 kg CO2/kWh. 

> Advantages: -  

> Reasonable reductions in overall primary energy and CO2 emissions. 

> Disadvantages: - More expensive to install than conventional chillers. 

> Operational costs higher than for conventional chillers. 

> Application: - Best suited where there is genuine waste heat available. 

 

BIOMASS BOILERS 
> Biomass boilers generate heat on a renewable basis as they are run on biomass fuel which is 

almost carbon neutral. Fuel is generally wood chip or wood pellets. Wood pellets are slightly more 
expensive than wood chips but have a significantly higher calorific value and enable greater 
automation of the system. 

> Various other suitable fuels are available including organic materials including straw, dedicated 
energy crops, sewage sludge and animal litter. Each fuel tends to have its own advantages 
dependant on site requirements. 

> Can be used with district heating networks or as individual boilers on a house-by-house basis. 

> Performance and Calculation Methodology: -  

> Biomass boilers are best suited to providing the base heating load of a development (~year 
round hot water demand) with conventional gas boilers responding to the peak heating 
demand (~winter space heating). 

> Operate with an efficiency of around 90%. 

> Small models available. 

> Conflicts with CHP they are both best suited to providing the base heating load of a 
development. As such they should not be installed in tandem unless surplus hot water 
capacity is available. Special control measures would be required in this case. 

> Capital Cost: - 

> Low in comparison to CHP. 

> More suitable to smaller developments than CHP as installed cost is lower. 
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> Running Costs/Savings: - 

> Biomass fuel is more expensive than gas and as such heat being provided to dwellings is 
generally more expensive than alternatives. 

> Land Use Issues and Space Required: - 

> Biomass boilers require a plant room and possibly separate energy centre for large 
residential developments. 

> Require a flue to effectively disperse pollutants. This is best to rise to a minimum of 2m 
above the roofline of the tallest building. Additionally the absorption chiller requires either 
a cooling tower or dry cooler bed for heat rejection purposes. 

> Fuel store will be required. This should be maximised to reduce fuel delivery frequency. 

> Space must be available for delivery vehicle to park close to plant room. 

> Route for district heating pipe around the site must be safeguarded. 

> Operational Impacts/Issues: - 

> Normally run on biomass, but can also work with biogas. 

> Require some operational support and maintenance. 

> Fuel deliveries required. 

> Boiler and fuel store must be sited in proximity to space for delivery vehicle to park. 

> Issues with rights to dig up roads, etc (for heat networks). 

> Emissions of oxides of nitrogen – ~80-100mg/kWh. 

> Emissions of particulate matter. To minimise this ceramic filter systems are required.  

> Embodied Energy: - Comparable to conventional gas boiler. 

> Funding Opportunities: -  

> Renewable Heat Incentive (RHI) provides incentive funds to developers of small or medium 
installations with a reasonable heat load that meet a minimum energy efficiency standard 
& meet the RHI eligibility criteria. 

> Reductions in Energy Achievable: - No reduction in energy demand, but energy generated 
from a renewable fuel. Significant long term running costs (fuel). 

> Reductions in CO2 Achievable: - Can provide significant reductions in CO2, but generally 
limited by the hot water load (base heating load). 

> Advantages: - Reductions in CO2 at low installed cost. 
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> Disadvantages: - 

> High long-term running costs, unless receiving RHI. 

> Often do not supply energy cost-effectively in comparison to gas boilers. 

 

SOLAR THERMAL PANELS 
> Solar Thermal Heating 

Systems contribute to 
the hot water demand 
of a dwelling or 
building. Water or glycol 
(heat transfer fluid) is 
circulated to roof level 
where it is heated using 
solar energy before 
being returned to a 
thermal store in the 
plant room where heat 
is exchanged with water 
from the conventional 
system. Due to the 
seasonal availability of 
heat, solar thermal 
panels should be scaled 
to provide no more than 
1/2 of the hot water 
load.  

> Can also be used to provide energy for space heating in highly insulated dwellings. 

> There are two types of solar thermal panel: evacuated tube collectors and flat plate collectors. 

> Performance and Calculation Methodology: -  

> Evacuated Tube Collectors: ~60% efficiency. 

> Flat Plate Collectors: ~50% efficiency. 

> SAP Table H2 used for solar irradiation at different angles. 

 

Diagram 2 – Solar Thermal System 
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> Operate best on south facing roofs angled at 30-450 and free of shading, or on flat roofs on 
frames. East/West facing panels suffer a loss in performance of 15-20% depending on the 
angle of installation. 

> Flat plate collectors cannot be installed horizontally as this would prevent operation of the 
water pump. Must therefore be angled and separated to avoid overshadowing each other. 

> Capital Cost: - Typically £2,500 per 4m2 plus installation. Costs higher for evacuated tubes than 
flat plate collectors. 

> Running Costs/Savings: - 

> Reduce reliance on gas and therefore reduce costs. 

> Payback period of ~20 years per dwelling. 

> Land Use Issues and Space Required: - 

> Installed on roof so no impact on land use. 

> Requires hot water cylinders in dwellings. 

> Due to amount of roof space required and distance from tank to panels, less suitable for 
dense developments of relatively high rise flats. 

> Within permitted development rights unless in a conservation area where they must not be 
visible from the public highways. 

> Dormer and Velux windows may conflict if energy/CO2 reduction required is large. 

> Operational Impacts/Issues: - Biggest reductions achieved by people who operate their hot 
water system with consideration of the panels. 

> Embodied Energy: - Carbon payback is ~2 years. 

> Funding Opportunities: - none 

> Reductions in Energy Achievable: - Reduce primary energy demand by more per standard panel 
area than solar PV panels. 

> Reductions in CO2 Achievable: - Comparable to solar PV per m2. 

> Advantages: - Virtually free fuel, low maintenance and reductions in energy/CO2. 

> Disadvantages: - Benefits limited to maximum ~50% of hot water load. 

> Higher Costs in comparison to PV 

> Application: - Best suited for small to medium housing developments ~1-100 
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SOLAR PHOTOVOLTAIC (PV) PANELS 
> Solar PV panels generate electricity by harnessing the power of the sun. They convert solar 

radiation into electricity which can be used on site or exported to the grid in times of excess 
generation. 

> Performance and Calculation Methodology: -  

> The best PV panels operate with an efficiency approaching 20%. ~7m2 of these high 
performance panels will produce 1kWp of electricity. 

> Operate best on south facing roofs angled at 30-450 or on flat roofs on frames. Panels 
orientated east/west suffer from a loss in performance of 15-20% depending on the angle of 
installation. 

> Must be free of any potential shading. 

> Cannot be installed horizontally as would prevent self-cleaning. Must therefore be angled 
and separated to avoid overshadowing each other. 

> Electricity produced displaces grid electricity which has a carbon intensity of 0.519 kg CO2 
per kWh. 

> Capital Cost: - ~£2,000 per kWp. 

> Running Costs/Savings: - 

> Reduce reliance on grid electricity and therefore reduce running costs. 

> At current electricity prices, payback period of ~60-70 years per dwelling. 

> Feed-in tariff and Renewables Obligation Certificates (ROCs) payments required for 
maximum financial benefit. 

> Land Use Issues and Space Required: - 

> Installed on roof so no impact on land use. 

> Due to amount of roof space required are less suitable for dense developments of relatively 
high rise flats. 

> Within permitted development rights unless in a conservation area where they must not be 
visible from the public highways. 

> Dormer and Velux windows may conflict if energy/CO2 reduction required is large. 

> Operational Impacts/Issues: - 

> Proportionately large arrays may need electrical infrastructure upgrade. 

> Virtually maintenance free and panels are self-cleaning at angles in excess of 10 degrees. 
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> Provision for access to solar panels installed on flat roofs needs to be incorporated into the 
design of PV arrays layout as well as inclusion of spaces for inverters within the 
development. 

> Quality of PV panels varies dramatically.  

> Embodied Energy: - Carbon payback of 2-5 years. 

> Funding Opportunities: - Financier utilising Feed-in-Tariffs. 

> Reductions in Energy Achievable: - Reduce energy demand by less per m2 than solar thermal 
panels. 

> Reductions in CO2 Achievable: - Provide greater percentage reductions in CO2 than energy. 
Comparable to solar thermal per square metre. 

> Advantages: - Virtually free fuel, very low maintenance and good reductions in CO2. 

> Cheaper in comparison to solar thermal panels. 

> Disadvantages: - 

> Slightly greater loss in performance than solar thermal panels when orientated away from 
south. 

> Application: Best suited for a variety of developments from single houses to multi apartment 
blocks and even whole estates. 

 

GROUND SOURCE HEAT PUMPS (GSHPS) 
> Ground Source Heat 

Pumps work in much 
the same way as a 
refrigerator, converting 
low grade heat from a 
large ‘reservoir’ into 
higher temperature 
heat for input in a 
smaller space. 
Electricity drives the 
pump which circulates 
a fluid 
(water/antifreeze mix 
or refrigerant) through 
a closed loop of 

 

Diagram 3 – Ground Source Heat Pump 
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underground pipe. This fluid absorbs the solar energy that is stored in the earth (which in the UK 
remains at a near constant temperature of 12oC throughout the year) and carries it to a pump. A 
compressor in the heat pump upgrades the temperature of the fluid which can then be used for 
space heating and hot water.  

 

> Performance and Calculation Methodology: - 

> System requires electricity to drive the pump. Therefore displaces gas heating with electric, 
which has higher carbon intensity (gas: 0.216; electricity: 0.519). 

> As they are upgrading heat energy from the earth, GSHPs operate at ‘efficiencies’ in excess 
of 350%. This is limited in SAP unless Appendix Q rated model used. 

> Due to the lower temperature of the output of GSHPs compared to traditional gas boilers, 
GSHPs work best in well insulated buildings and with underfloor heating. They can, 
however, also be installed with oversized radiators, albeit with a consequent reduction in 
performance. 

> Capital Cost: - ~£7,500 per house. Additional costs if underfloor heating is to be installed. 

> Running Costs/Savings: - 

> Electricity more expensive than gas, thus fuel costs not reduced as much as energy is 
reduced. 

> Payback period of ~20 years per dwelling. 

> Land Use Issues and Space Required: - 

> Require extensive ground works to bury the coils that extract the low grade heat from the 
earth. They therefore require a large area for horizontal burial (40-100m long trench) or a 
vertical bore (50-100m) which is considerably more expensive but can be used where space 
is limited. 

> Best suited to new developments that have provision for large ground works already in 
place, to minimise ground work costs. 

> Must be sized correctly to prevent freezing of the ground during winter and consequent 
shutdown of the system. 

> May require planning permission for engineering works. Once buried, there is no external 
evidence of the GSHPs. 

> Operational Impacts/Issues: - 

> Work best in well insulated houses. 

> Need immersion backup for hot water. 

> Highly reliable and require virtually no maintenance. 
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> Problems if ground bore fails. 

> Embodied Energy: - Low, but as gas is being replaced with the more carbon intensive electricity, 
carbon payback is slowed. Carbon payback depends on CoP. 

> Funding Opportunities: - Renewable Heat Incentive (RHI) provides incentive funds to developers 
of small or medium installations with a reasonable heat load that meet a minimum energy 
efficiency standard & meet the RHI eligibility criteria. 

> Reductions in Energy Achievable: - Reduce energy demand by less per m2 than solar thermal 
panels. 

> Reductions in CO2 Achievable: - Provide greater %age reductions in CO2 than energy. 
Comparable to solar thermal (esp. in SAP). 

> Advantages: - Large reductions in Energy. Currently receives benefit from SAP of an electrical 
baseline rather than gas. 

> Disadvantages: - 

>  Small reduction in CO2. CoP limited in SAP. Only small cost savings. 

> GSHPs are not entirely a ‘renewable’ technology as they require electricity to drive their 
pumps or compressors.  

> Application: - Best suited for small to medium developments ~1-100 

AIR SOURCE HEAT PUMPS (ASHPS) 
> Air Source Heat Pumps work in much the same way as a refrigerator, converting low grade heat 

from a large ‘reservoir’ into higher temperature heat for input into a smaller space. Electricity 
drives the pump which extracts heat from the air as it flows over the coils in the heat pump unit. A 
compressor in the heat pump upgrades the temperature of the extracted energy which can then 

 

Diagram 4 – Air Source Heat Pump 
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be used for space heating and hot water.  

> Generally ASHPs are air-to-water devices but can also be air-to-air. 

> Performance and Calculation Methodology: - 

> System requires electricity to drive the pump. Therefore displaces gas heating with electric, 
which has higher carbon intensity (gas: 0.216; electricity: 0.519). 

> Performance defined by the Coefficient of Performance (CoP) which is a measure of 
electricity input to heat output. However, the concept of a CoP must be treated with 
caution as it is an instantaneous measurement and does not take account of varying 
external conditions throughout the year. 

> As they are upgrading heat energy from the air, ASHPs operate at ‘efficiencies’ in excess of 
250%. This is limited in SAP unless an Appendix Q rated model is used. 

> British winter conditions (low temperatures and high humidity) lead to freezing of external 
unit. Reverse cycling defrosts the ASHP, but can substantially reduce performance when it 
is most needed. Performance under these conditions varies considerably between models. 
Vital that ASHP that has been proven in British winter conditions is installed. 

> Due to the lower temperature of the output of ASHPs compared to traditional gas boilers, 
ASHPs work best in well insulated buildings and with underfloor heating. They can, 
however, also be installed with oversized radiators, albeit with a consequent reduction in 
performance. 

> Capital Cost: - ~£2,000 per house.  

> Running Costs/Savings: - 

> Electricity more expensive than gas, thus fuel costs not reduced as much as energy is 
reduced. 

> Payback period of ~10 years per dwelling. 

> Land Use Issues and Space Required: - 

> No need for external ground works, only a heat pump unit for the air to pass through. 

> Minimal external visual evidence. 

> Operational Impacts/Issues: - 

> Work best in well insulated houses. 

> Unit must be sized correctly for each dwelling. 

> Vital that ASHP model selected has been proven to maintain performance at the low 
temperature and high humidity conditions of the British winter. 

> May need immersion backup for hot water. 
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> Highly reliable and require virtually no maintenance. 

> Noise from ASHPs must be below 42 dB at a position one metre external to the centre point 
of any door or window in a habitable room. According to planning standards MCS020. 

> Embodied Energy: - Low. Carbon payback longer than for GSHPs as the CoP is lower. 

> Funding Opportunities: - Renewable Heat Incentive (RHI) provides incentive funds to developers 
of small or medium installations with a reasonable heat load that meet a minimum energy 
efficiency standard & meet the RHI eligibility criteria. 

> Reductions in Energy Achievable: - Large reductions in energy demand. Less so than GSHPs. 

> Reductions in CO2 Achievable: - Provide smaller percentage reductions in CO2 than energy. Less 
than GSHPs. 

> Advantages: - Large reductions in Energy. Currently receives benefit from SAP of an electrical fuel 
factor rather than a gas baseline. 

> Disadvantages: -  

> Small reduction in CO2 CoP limited in SAP. Only small cost savings. 

> ASHPs are not entirely a ‘renewable’ technology as they require electricity to drive their 
pumps or compressors.  

> Application: - Best suited for small to medium developments ~1-100 

 

WIND POWER 
> Wind energy installations can range from small domestic turbines (1kW) to large commercial 

turbines (140m tall, 2MW). There are also different designs and styles (horizontal or vertical axis; 1 
blade to multiple blades) to suit the location. They generate clean electricity that can be provided 
for use on-site, or sold directly to the local electricity network 

> Performance and Calculation Methodology: - 

> Power generated is proportional to the cube of the wind speed. Therefore, wind speed is 
critical. 

> Horizontal axis turbines require >~6m/s to operate effectively and vertical axis turbines 
require >~4.5m/s. The rated power of a turbine is often for wind speeds double these 
figures. 

> Wind speeds for area from BERR’s Wind Speed Database. 

> Electricity produced displaces grid electricity which has a carbon intensity of 0.568 kg/kWh. 
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> Capital Cost: - 

> ~£1,000 per kW. Smaller models are more expensive per kW. 

> Vertical axis turbines more expensive than horizontal. 

> Running Costs/Savings: - 

> Reduce reliance on grid electricity and therefore reduce costs. 

> Payback period of ~15-20 years per dwelling. 

> Feed-in tariff and ROC payments required for maximum financial benefit. 

> Land Use Issues and Space Required: - 

> Smaller models (<6kW) can be roof mounted. 

> Must be higher than surrounding structures/trees. 

> Planning permission required. 

> Operational Impacts/Issues: - 

> Urban environments generally have low wind speeds and high turbulence which reduce the 
effectiveness of turbines. 

> Vertical axis turbines have a lower performance than horizontal axis turbines but work 
better in urban environments. 

> Annual services required. 

> Turbines rated in excess of 5kW may require the network to be strengthened and 
arrangements to be made with the local Distribution Network Operator and electricity 
supplier. 

> Noise. 

> Embodied Energy: - Carbon payback is ~1 year for most turbines. 

> Funding Opportunities: - Financier utilising Feed-in-Tariffs. 

> Reductions in Energy Achievable: - Significant reduction in reliance on grid electricity. 

> Reductions in CO2 Achievable: - Good. Greater reduction in CO2 than PV for same investment. 

> Advantages: - Virtually free fuel; reductions in CO2. 

> Disadvantages: - 

> Expensive, although cheaper than PV for same return. 

> Lack of suitable sites. 

> Maintenance costs. 
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> Often not building integrated. 

> Application: Best suited for small to large developments in rural open areas. 

 

 

HYDRO POWER 
> Hydro power harnesses the energy of falling water, converting the potential or kinetic energy of 

water into electricity through use of a hydro turbine. Micro hydro schemes (<100kW) tend to be 
‘run-of-river’ developments, taking the flow of the river that is available at any given time and not 
relying on a reservoir of stored water. They generate clean electricity that can be provided for use 
on-site, or sold directly to the local electricity network. 

> Performance and Calculation Methodology: -  

> Flow rates at particular sites from National River Flow Archive held by Centre for Ecology 
and Hydrology. 

> Electricity produced displaces grid electricity which has a carbon intensity of 0.568 kg/kWh. 

> Capital Cost: - 

> £3,000 - £5,000 per kW. 

> Particularly cost effective on sites of old water mills where much of the infrastructure is in 
place. 

> Running Costs/Savings: - 

> Reduce reliance on grid electricity and therefore reduce costs. 

> Payback period of ~10-15 years per dwelling 

> Feed-in tariff and ROC payments required for maximum financial benefit. 

> Land Use Issues and Space Required: - 

> Require suitable water resource. 

> Visual intrusion of scheme. 

> Special requirements where river populated by migrating species of fish. 

> Planning permission will require various consents and licences including an Environmental 
Statement and Abstraction Licence. 

> Operational Impacts/Issues: - 

> Routine inspections and annual service required. 
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> Automatic cleaners should be installed to prevent intake of rubbish. 

> Embodied Energy: - Carbon payback for small schemes of ~1 year. 

> Funding Opportunities: - Financier utilising Feed-in-Tariffs. 

> Reductions in Energy Achievable: - significant reduction in reliance on grid electricity. 

> Reductions in CO2 Achievable: - High. 

> Advantages: - Virtually free fuel, reductions in CO2. 

> Disadvantages: - 

> Expensive, but good payback period. 

> Lack of suitable sites. 

> Planning obstructions. 

> Application: - Best suited to medium to larger developments in rural places ~ 100+ units  
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APPENDIX B: DWELLING SAP TYPE CALCULATION RESULTS SUMMARY 

 

  

Ty pe

Unit Floor Area 

( m 2)
Fuel for space 

heating ( kWh/ yr)
Fuel for water 

heating ( kWh/ y r)
Pum ps,  Fans & 

Cooling ( kWh/y r) Lighting ( kWh/ yr)
CO2 Em issions 

( kgCO2/ yr)
DE R 

( kgCO2/ sq.m / yr)
TE R 

( kgCO2/ sq.m / yr)

House - End Terrace 188 9790 2741 175 566 2864 15.21 16.04

House - Mid Terrace 188 8889 2749 175 566 2687 14.28 14.66

Senior Living - GF 51 1475 1639 210 257 858 16.78 19.1

Senior Living - MF (Two-bed) 67 1844 2249 218 301 1078 16.02 15.67

Senior Living - MF (One-bed) 51 951 1643 210 255 754 14.76 16.19

Senior Living - TF 67 2907 1828 175 309 1188 17.66 17.92

Apartment - GF 90 2827 2640 233 401 1410 15.62 16.46

Apartment - MF 90 1574 2676 233 401 1169 12.96 13.29

Penthouse 141 4364 2761 609 489 1978 14.04 15.27

House - Detached - N/S 234 11891 2759 175 633 3319 14.18 17.3

House - Detached - E/W 162 10330 2722 175 525 2946 18.17 22.57
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APPENDIX C: SITE WIDE ENERGY AND CO2 
EMISSIONS 



Taplow Mill
Berkeley Homes (Oxford and Chiltern)

 Type  Net Floor Area (m2) 
 Space heating 

(kWh/yr) 
 Water Heating 

(kWh/yr) 
 Pumps and fans 

(kWh/yr)  Lighting (kWh/yr) 

 Baseline 
Regulated 
Emissions 
(kgCO2/yr) 

 Energy Efficient 
Regulated 
Emissions 
(kgCO2/yr) 

Skindles Houses 193                              10,036                           2,810                             179                                 581                                 3,096                             2,936                             
Skindles Houses 193                              9,112                             2,818                             179                                 581                                 2,829                             2,755                             
Skindles Houses 193                              9,112                             2,818                             179                                 581                                 2,829                             2,755                             
Skindles Houses 193                              9,112                             2,818                             179                                 581                                 2,829                             2,755                             
Skindles Houses 193                              9,112                             2,818                             179                                 581                                 2,829                             2,755                             
Skindles Houses 193                              9,112                             2,818                             179                                 581                                 2,829                             2,755                             
Skindles Houses 193                              10,036                           2,810                             179                                 581                                 3,096                             2,936                             

APARTMENT 52.80                          1,523                             1,693                             217                                 265                                 1,008                             886                                 
APARTMENT 52.80                          1,523                             1,693                             217                                 265                                 1,008                             886                                 
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 49.90                          1,439                             1,600                             205                                 250                                 953                                 837                                 
APARTMENT 52.80                          1,523                             1,693                             217                                 265                                 1,008                             886                                 
APARTMENT 47.50                          1,370                             1,523                             195                                 238                                 907                                 797                                 
APARTMENT 52.80                          1,523                             1,693                             217                                 265                                 1,008                             886                                 
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 88.40                          2,549                             2,835                             363                                 443                                 1,688                             1,483                             
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 49.90                          1,439                             1,600                             205                                 250                                 953                                 837                                 
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 69.00                          1,990                             2,212                             283                                 346                                 1,318                             1,158                             
APARTMENT 52.80                          983                                 1,698                             217                                 264                                 855                                 779                                 
APARTMENT 52.80                          983                                 1,698                             217                                 264                                 855                                 779                                 
APARTMENT 52.80                          983                                 1,698                             217                                 264                                 855                                 779                                 
APARTMENT 69.00                          1,890                             2,305                             224                                 308                                 1,081                             1,106                             
APARTMENT 52.80                          983                                 1,698                             217                                 264                                 855                                 779                                 
APARTMENT 56.20                          1,046                             1,807                             231                                 281                                 910                                 829                                 
APARTMENT 47.50                          884                                 1,527                             195                                 237                                 769                                 701                                 
APARTMENT 56.20                          1,046                             1,807                             231                                 281                                 910                                 829                                 
APARTMENT 69.00                          1,890                             2,305                             224                                 308                                 1,081                             1,106                             
APARTMENT 70.30                          1,926                             2,349                             228                                 314                                 1,102                             1,127                             
APARTMENT 70.30                          1,926                             2,349                             228                                 314                                 1,102                             1,127                             
APARTMENT 56.20                          1,046                             1,807                             231                                 281                                 910                                 829                                 
APARTMENT 70.30                          1,926                             2,349                             228                                 314                                 1,102                             1,127                             
APARTMENT 81.00                          2,219                             2,706                             263                                 362                                 1,269                             1,298                             
APARTMENT 88.40                          2,422                             2,954                             287                                 395                                 1,385                             1,417                             
APARTMENT 77.20                          2,115                             2,579                             250                                 345                                 1,210                             1,237                             
APARTMENT 77.20                          2,115                             2,579                             250                                 345                                 1,210                             1,237                             
APARTMENT 68.70                          1,882                             2,295                             223                                 307                                 1,077                             1,101                             
APARTMENT 52.80                          983                                 1,698                             217                                 264                                 855                                 779                                 
APARTMENT 68.70                          1,882                             2,295                             223                                 307                                 1,077                             1,101                             
APARTMENT 68.70                          1,882                             2,295                             223                                 307                                 1,077                             1,101                             
APARTMENT 54.20                          2,343                             1,473                             141                                 249                                 971                                 957                                 
APARTMENT 54.20                          2,343                             1,473                             141                                 249                                 971                                 957                                 
APARTMENT 49.90                          2,157                             1,357                             130                                 229                                 894                                 881                                 
APARTMENT 70.30                          3,039                             1,911                             183                                 323                                 1,260                             1,242                             
APARTMENT 54.20                          2,343                             1,473                             141                                 249                                 971                                 957                                 
APARTMENT 56.20                          2,429                             1,528                             146                                 258                                 1,007                             993                                 
APARTMENT 49.30                          2,131                             1,340                             128                                 227                                 883                                 871                                 
APARTMENT 56.20                          2,429                             1,528                             146                                 258                                 1,007                             993                                 
APARTMENT 70.30                          3,039                             1,911                             183                                 323                                 1,260                             1,242                             
APARTMENT 70.30                          3,039                             1,911                             183                                 323                                 1,260                             1,242                             
APARTMENT 81.00                          3,501                             2,202                             211                                 372                                 1,452                             1,431                             
APARTMENT 58.90                          2,546                             1,601                             153                                 271                                 1,055                             1,040                             
APARTMENT 70.30                          3,039                             1,911                             183                                 323                                 1,260                             1,242                             
APARTMENT 70.00                          3,026                             1,903                             182                                 322                                 1,254                             1,236                             
APARTMENT 88.40                          3,821                             2,403                             230                                 406                                 1,584                             1,561                             
APARTMENT 69.00                          2,982                             1,876                             180                                 317                                 1,236                             1,219                             
APARTMENT 69.00                          2,982                             1,876                             180                                 317                                 1,236                             1,219                             
APARTMENT 56.20                          2,429                             1,528                             146                                 258                                 1,007                             993                                 
APARTMENT 69.00                          2,982                             1,876                             180                                 317                                 1,236                             1,219                             
APARTMENT 70.30                          3,039                             1,911                             183                                 323                                 1,260                             1,242                             
APARTMENT 58.90                          2,546                             1,601                             153                                 271                                 1,055                             1,040                             

Dunloe Lodge - Conversion 589                              29,924                           6,944                             440                                 1,594                             10,190                           8,352                             
 5 Mill Lane 222                              11,555                           3,235                             207                                 669                                 3,564                             3,381                             

Glen Island House 182                              5,706                             5,328                             471                                 809                                 2,999                             2,847                             
Glen Island House 215                              6,730                             6,284                             556                                 955                                 3,537                             3,358                             
Glen Island House 284                              12,262                           7,712                             738                                 1,304                             5,084                             5,011                             
Glen Island House 277                              11,955                           7,519                             720                                 1,271                             4,957                             4,885                             

Mill Cotttage 121                              7,709                             2,031                             131                                 392                                 2,731                             2,199                             
Mill Island House 186                              9,672                             2,708                             173                                 560                                 2,983                             2,830                             
Mill Island House 195                              9,207                             2,847                             181                                 587                                 2,859                             2,784                             
Mill Island House 223                              11,596                           3,246                             207                                 671                                 3,577                             3,393                             

Powerhouse 84                                4,368                             1,223                             78                                   253                                 1,347                             1,278                             
Powerhouse 84                                3,966                             1,226                             78                                   253                                 1,231                             1,199                             
Powerhouse 84                                3,966                             1,226                             78                                   253                                 1,231                             1,199                             
Powerhouse 84                                4,368                             1,223                             78                                   253                                 1,347                             1,278                             



Taplow Mill
Berkeley Homes (Oxford and Chiltern)

Stables 59                                3,068                             859                                 55                                   178                                 946                                 898                                 
Stables 72                                3,399                             1,051                             67                                   217                                 1,056                             1,028                             
Stables 104                              4,910                             1,519                             97                                   313                                 1,525                             1,485                             
Stables 111                              5,772                             1,616                             103                                 334                                 1,780                             1,689                             

JR South (A) 272                              13,819                           3,207                             203                                 736                                 4,706                             3,857                             
JR South (A) 272                              17,329                           4,566                             294                                 881                                 6,139                             4,942                             
JR South (A) 272                              17,329                           4,566                             294                                 881                                 6,139                             4,942                             
JR South (B) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             
JR South (B) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             
JR South (B) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             
JR South (B) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             
JR South (B) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             
JR South (B) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             
JR South (B) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             
JR South (B) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             
JR South (B) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             

JR South (B1) 214                              10,872                           2,523                             160                                 579                                 3,702                             3,034                             
JR South C 188                              11,977                           3,156                             203                                 609                                 4,243                             3,416                             
JR South C 188                              9,551                             2,216                             141                                 509                                 3,252                             2,666                             

JR South (C1) 192                              9,755                             2,264                             144                                 520                                 3,322                             2,722                             
JR South (C1) 192                              12,232                           3,223                             207                                 622                                 4,333                             3,489                             
JR South (C2) 188                              11,977                           3,156                             203                                 609                                 4,243                             3,416                             
JR South (C2) 188                              11,977                           3,156                             203                                 609                                 4,243                             3,416                             
JR South (D) 226                              14,398                           3,793                             244                                 732                                 5,101                             4,106                             
JR South (D) 226                              14,398                           3,793                             244                                 732                                 5,101                             4,106                             
JR South (D) 226                              14,398                           3,793                             244                                 732                                 5,101                             4,106                             
JR South (D) 226                              14,398                           3,793                             244                                 732                                 5,101                             4,106                             
JR South E 155                              9,875                             2,602                             167                                 502                                 3,498                             2,816                             
JR South E 155                              9,875                             2,602                             167                                 502                                 3,498                             2,816                             

JR South (F) 216                              13,761                           3,626                             233                                 699                                 4,875                             3,925                             
JR South (F) 216                              13,761                           3,626                             233                                 699                                 4,875                             3,925                             

JR South (F1) 189                              12,041                           3,172                             204                                 612                                 4,266                             3,434                             
JR South (G) 191                              9,704                             2,252                             143                                 517                                 3,304                             2,708                             
JR South (G) 191                              9,704                             2,252                             143                                 517                                 3,304                             2,708                             

JR South (G1) 193                              9,805                             2,275                             144                                 522                                 3,339                             2,737                             
JR South (G1) 193                              12,296                           3,240                             208                                 625                                 4,356                             3,507                             
JR South (G2) 187                              11,913                           3,139                             202                                 605                                 4,221                             3,398                             
JR South (G2) 187                              11,913                           3,139                             202                                 605                                 4,221                             3,398                             
JR South (H) 178                              9,256                             2,591                             165                                 536                                 2,855                             2,708                             
JR South (H) 178                              8,404                             2,599                             165                                 536                                 2,609                             2,541                             
JR South (H) 178                              9,256                             2,591                             165                                 536                                 2,855                             2,708                             
JR South (H) 178                              9,256                             2,591                             165                                 536                                 2,855                             2,708                             
JR South (H) 178                              8,404                             2,599                             165                                 536                                 2,609                             2,541                             
JR South (H) 178                              9,256                             2,591                             165                                 536                                 2,855                             2,708                             
JR South (H) 178                              9,256                             2,591                             165                                 536                                 2,855                             2,708                             
JR South (H) 178                              9,256                             2,591                             165                                 536                                 2,855                             2,708                             

Jubilee Terrace 184                              9,568                             2,679                             171                                 554                                 2,951                             2,800                             
Jubilee Terrace 184                              8,687                             2,687                             171                                 554                                 2,697                             2,627                             
Jubilee Terrace 184                              8,687                             2,687                             171                                 554                                 2,697                             2,627                             
Jubilee Terrace 184                              9,568                             2,679                             171                                 554                                 2,951                             2,800                             
Jubilee Mews 158                              8,216                             2,300                             147                                 475                                 2,534                             2,404                             
Jubilee Mews 158                              7,460                             2,307                             147                                 475                                 2,316                             2,256                             
Jubilee Mews 158                              7,460                             2,307                             147                                 475                                 2,316                             2,256                             
Jubilee Mews 158                              8,216                             2,300                             147                                 475                                 2,534                             2,404                             
JR South (D) 226                              11,482                           2,664                             169                                 612                                 3,910                             3,205                             
JR South (D) 226                              11,482                           2,664                             169                                 612                                 3,910                             3,205                             
JR South (D) 226                              14,398                           3,793                             244                                 732                                 5,101                             4,106                             
JR South (H) 178                              9,043                             2,098                             133                                 482                                 3,079                             2,524                             
JR South (H) 178                              11,340                           2,988                             192                                 576                                 4,017                             3,234                             
JR South (H) 178                              9,043                             2,098                             133                                 482                                 3,079                             2,524                             
JR South (H) 178                              11,340                           2,988                             192                                 576                                 4,017                             3,234                             
JR South (H) 178                              9,043                             2,098                             133                                 482                                 3,079                             2,524                             
JR South (H) 178                              11,340                           2,988                             192                                 576                                 4,017                             3,234                             
JR South (H) 178                              9,043                             2,098                             133                                 482                                 3,079                             2,524                             
JR South (H) 178                              11,340                           2,988                             192                                 576                                 4,017                             3,234                             
JR South (H) 178                              9,043                             2,098                             133                                 482                                 3,079                             2,524                             

Gatehouse Apartments 98                                3,069                             2,866                             253                                 435                                 1,613                             1,531                             
Gatehouse Apartments 132                              4,134                             3,860                             341                                 586                                 2,173                             2,062                             
Gatehouse Apartments 132                              4,134                             3,860                             341                                 586                                 2,173                             2,062                             

Jubilee Mill - GF 109                              3,410                             3,185                             282                                 484                                 1,792                             1,701                             
Jubilee Mill - GF 109                              3,410                             3,185                             282                                 484                                 1,792                             1,701                             
Jubilee Mill - GF 109                              3,410                             3,185                             282                                 484                                 1,792                             1,701                             
Jubilee Mill - GF 109                              3,410                             3,185                             282                                 484                                 1,792                             1,701                             
Jubilee Mill - GF 109                              3,410                             3,185                             282                                 484                                 1,792                             1,701                             
Jubilee Mill - GF 109                              3,410                             3,185                             282                                 484                                 1,792                             1,701                             
Jubilee Mill - GF 78                                2,427                             2,266                             200                                 344                                 1,276                             1,211                             
Jubilee Mill - MF 78                                1,351                             2,298                             200                                 344                                 1,030                             1,004                             
Jubilee Mill - MF 78                                1,351                             2,298                             200                                 344                                 1,030                             1,004                             
Jubilee Mill - MF 90                                1,572                             2,674                             233                                 401                                 1,199                             1,169                             
Jubilee Mill - MF 90                                1,572                             2,674                             233                                 401                                 1,199                             1,169                             
Jubilee Mill - MF 90                                1,572                             2,674                             233                                 401                                 1,199                             1,169                             
Jubilee Mill - MF 115                              2,005                             3,410                             297                                 511                                 1,528                             1,490                             
Jubilee Mill - MF 115                              2,005                             3,410                             297                                 511                                 1,528                             1,490                             
Jubilee Mill - MF 115                              2,005                             3,410                             297                                 511                                 1,528                             1,490                             
Jubilee Mill - MF 78                                1,360                             2,313                             202                                 346                                 1,037                             1,011                             
Jubilee Mill - MF 78                                1,360                             2,313                             202                                 346                                 1,037                             1,011                             



Taplow Mill
Berkeley Homes (Oxford and Chiltern)

Jubilee Mill - MF 115                              2,005                             3,410                             297                                 511                                 1,528                             1,490                             
Jubilee Mill - MF 115                              2,005                             3,410                             297                                 511                                 1,528                             1,490                             
Jubilee Mill - MF 115                              2,005                             3,410                             297                                 511                                 1,528                             1,490                             
Jubilee Mill - MF 90                                1,569                             2,668                             233                                 400                                 1,196                             1,166                             
Jubilee Mill - MF 90                                1,569                             2,668                             233                                 400                                 1,196                             1,166                             
Jubilee Mill - MF 90                                1,569                             2,668                             233                                 400                                 1,196                             1,166                             

Jubilee Mill - Penthouse 139                              4,306                             2,725                             601                                 482                                 2,123                             1,952                             
Jubilee Mill - Penthouse 148                              4,588                             2,903                             640                                 514                                 2,261                             2,080                             
Jubilee Mill - Penthouse 266                              8,253                             5,222                             1,152                             924                                 4,068                             3,741                             

Jubilee Wharf - GF 77.50                          2,427                             2,266                             200                                 344                                 1,276                             1,211                             
Jubilee Wharf - GF 78.00                          2,443                             2,281                             202                                 346                                 1,284                             1,219                             
Jubilee Wharf - GF 90.20                          2,825                             2,638                             233                                 401                                 1,485                             1,409                             
Jubilee Wharf - GF 90.20                          2,825                             2,638                             233                                 401                                 1,485                             1,409                             
Jubilee Wharf - GF 90.20                          2,825                             2,638                             233                                 401                                 1,485                             1,409                             
Jubilee Wharf - GF 90.20                          2,825                             2,638                             233                                 401                                 1,485                             1,409                             
Jubilee Wharf - GF 108.90                        3,410                             3,185                             282                                 484                                 1,792                             1,701                             
Jubilee Wharf - GF 108.90                        3,410                             3,185                             282                                 484                                 1,792                             1,701                             
Jubilee Wharf - MF 77.50                          1,351                             2,298                             200                                 344                                 1,030                             1,004                             
Jubilee Wharf - MF 77.50                          1,351                             2,298                             200                                 344                                 1,030                             1,004                             
Jubilee Wharf - MF 77.50                          1,351                             2,298                             200                                 344                                 1,030                             1,004                             
Jubilee Wharf - MF 77.50                          1,351                             2,298                             200                                 344                                 1,030                             1,004                             
Jubilee Wharf - MF 77.50                          1,351                             2,298                             200                                 344                                 1,030                             1,004                             
Jubilee Wharf - MF 77.5                             1,351                             2,298                             200                                 344                                 1,030                             1,004                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,898                             3,229                             282                                 484                                 1,447                             1,411                             
Jubilee Wharf - MF 109                              1,895                             3,223                             281                                 483                                 1,445                             1,408                             
Jubilee Wharf - MF 109                              1,895                             3,223                             281                                 483                                 1,445                             1,408                             
Jubilee Wharf - MF 110                              1,912                             3,252                             284                                 487                                 1,458                             1,421                             
Jubilee Wharf - MF 110                              1,912                             3,252                             284                                 487                                 1,458                             1,421                             
Jubilee Wharf - MF 75                                1,307                             2,224                             194                                 333                                 997                                 972                                 
Jubilee Wharf - MF 75                                1,307                             2,224                             194                                 333                                 997                                 972                                 
Jubilee Wharf - MF 93                                1,621                             2,757                             240                                 413                                 1,236                             1,205                             
Jubilee Wharf - MF 93                                1,621                             2,757                             240                                 413                                 1,236                             1,205                             
Jubilee Wharf - MF 93                                1,621                             2,757                             240                                 413                                 1,236                             1,205                             

Jubilee Wharf - Penthouse 264                              8,169                             5,169                             1,140                             915                                 4,027                             3,704                             
Jubilee Wharf - Penthouse 264                              8,169                             5,169                             1,140                             915                                 4,027                             3,704                             

Boathouse 107                              461.17                           327.42                           1,212.31                       2,265.19                       2,086.50                       1,954                             
National Grid Commercial 941                              4,055.71                       2,879.46                       10,661.53                     19,920.97                     18,349.50                     17,184                           

Skindles Restaurant 384                              39,056.64                     47,404.80                     14,561.28                     12,176.64                     35,212.80                     30,943                           

28,811                         1,218,137                  612,117                     75,909                       133,134                     525,077                     470,466                     


