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1 INTRODUCTION 

Hyder Consulting (UK) Ltd. has been instructed by A2Dominon South (A2D) to provide strategic 

advice to support the master planning and outline planning application of the proposed NW 

Bicester eco development, Oxfordshire. 

The proposed NW Bicester eco development will comprise around 5,607 homes, a secondary 

school, primary schools, retail and commercial space along with health care and other 

community facilities. Approximately 40% of the site will be green open space, including sports 

playing fields, semi private and public open space.  

This Strategic Energy Options Appraisal has been undertaken to identify the strategic low and 

zero carbon technology options to enable the site to achieve the PPS1 Ecotown ET 7 planning 

requirement; as presented below.  

“ET 7 Zero carbon in eco-towns 

ET 7.1 The definition of zero carbon in eco-towns is that over a year the net carbon dioxide 

emissions from all energy use within the buildings on the eco-town development as a whole are 

zero or below6. The initial planning application and all subsequent planning applications for the 

development of the eco-town should demonstrate how this will be achieved. 

ET 7.2 The health and social care needs of residents, and the resulting energy demand, should 

be taken into account when demonstrating how this standard will be met. 

ET 7.3 This standard will take effect in accordance with a phased programme to be submitted 

with the planning application. It excludes embodied carbon7 and emissions from transport but 

includes all buildings – not just houses but also commercial and public sector buildings which 

are built as part of the eco-town development. The calculation of net emissions will take account 

of: 

(a) emissions associated with the use of locally produced energy 

(b) emissions associated with production of energy imported from centralised energy networks, 

taking account of the carbon intensity of those imports as set out in the Government’s Standard 

Assessment Procedure, and 

(c) emissions displaced by exports of locally produced energy to centralised energy networks 

where that energy is produced from a plant (1) whose primary purpose is to support the needs 

of the eco town and (2) has a production capacity reasonably related to the overall energy 

requirement of the eco town. 

ET 7.4 This standard attempts to ensure that energy emissions related to the built environment 

in eco-towns are zero or below. Standards applicable to individual homes are set out in policy 

ET 9.” 

This appraisal considered the environmental, social, technical and economic issues linked to the 

available Low and Zero Carbon technologies that may be applicable to the NW Bicester eco 

development; and will provide guidance to the design team to enable an appropriate energy 

option to be adopted for the Masterplan.  
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2 Baseline Energy Demand 

To determine the baseline energy demand for the proposed NW Bicester eco development a 

series of building performance energy models were undertaken (see Technical Note ref 5020-

UA005241-ESD-R-1, presented in Appendix A).  

In recognition that the PPS1 requires all dwellings to meet CSH level 5/6 as a minimum; the 

residential building fabric energy efficiency (FEE) standards have effectively sets the baseline 

regulated energy demands as compliance standards for the NW Bicester site. 

The baseline energy demand based for both residential and commercial units are presented in 

Table 2.1 below. The number of residential units and types of commercial development are 

based upon the Masterplan 13016(sk) 110 REV F (V2-11-07-13).  

 Table 2-1 Energy Demand Summary 

Development Type 
Electricity Demands 
(kWh) PA 

Fossil Fuel 
Demands  
(kWh) PA 

Residential 5607 Units Energy Demands 
Regulated/Unregulated  
(Electrical Cooking, Electrical Appliances) 

20,759,351 27,398,887 

Commercial Units Energy Demands 10,379,975 16,931,235 

Total  31,139,326 44,330,122 

Note: The above table is based upon electrical cooking within residential properties. If a gas cooking option were 

chosen then the total electrical demand would reduce (from 31,139,326kWh) to 28,802,859kWh but the total fossil fuel 

demand would increase (from 44,330,121.58 kWh) to 48,418,258 kWh. 

The following charts show the energy demands of both residential and commercial development 

and also provide the percentage distribution of total electricity and fossil fuel demands. 

Figure 2-1 5607 dwellings total energy demands 

 

 

 

Electricity 

Demands (kWh) 

PA

43%

Thermal 

Demands (kWh) 
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57%

Residential Units Energy Demands
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Figure 2-2 Commercial Units total energy demands 

 

 

The residential demand is further divided into regulated and unregulated energy demands, the 

term ‘regulated’ energy demand refers to lighting, pumps & fans, space heating and hot water 

demands whilst the term ‘unregulated’ energy demand refers the appliances and cooking 

energy demands.  

The following table provides a breakdown or regulated and unregulated energy demands, taken 

from the SAP worksheets which is in compliance with part L 1A, relative to the 5607 residential 

units.  

 Table 2-2 Regulated and Unregulated Energy Demands of Dwellings 

Development 

Type 

Regulated 

Electricity 

Demands 

(kWh) PA 

Regulated 

Fossil Fuel 

Demands 

(kWh) PA 

Un regulated 

Electricity 

Demands 

(kWh) PA 

Un regulated 

Fossil Fuel 

Demands 

(kWh) PA 

Residential 

(Part L1A 

Compliance) 

(5607 units of 1 

to 5 bedrooms) 

 

1,668,383.04 

 

27,398,886.58 

 

15,227,275.11 

 

4,088,136.60 

The above unregulated fossil fuel demand is based upon gas oven and gas hob scenario 
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3 APPROACH 

This report considers the strategic low and zero carbon energy technologies that may be 

adopted to meet policy and regulatory requirements as well as client aspiration. The strategies 

considered follow the energy hierarchy principles; which are: 

1. Be Lean: Use less energy.  Minimise energy demand through efficient design and the 

incorporation of passive measures;   

2. Be Clean: Supply energy efficiently.  Reduce energy consumption through use of low-

carbon technology; and 

3. Be Green: Use low and zero (renewable) energy systems. 

 

The first principle stresses the primacy of seeking to reduce energy consumption. Within the 

built environment this comprises adopting energy efficiency measures in both the design and 

construction of new buildings.  The second principle addresses the ‘clean’ supply of energy 

issue. This will require ‘decarbonising’ and improving efficiency in the generation and 

distribution of energy.  The third principle comprises the use of ‘green’ energy systems. These 

are renewable sources of energy with low or zero carbon emissions and include, amongst 

others, solar generated heat and power, wind energy and biomass. 

3.1.1 Lean Energy  

Part L of the 2010 Building Regulations for domestic dwellings highlights the need to ensure 

energy efficiency in design. The introduction of the Code for Sustainable Homes in 2007 has  

moved this agenda further forward and has focused on ensuring buildings are well insulated 

and airtight (as far as practically possible), to retain warmth and reduce the need for heating.  

The NW Bicester development will adopt appropriate Code for Sustainable Homes and 

BREEAM building standards that will help to ensure that appropriate energy efficiency 

standards are adopted as the first priority in achieving zero carbon energy. 

A range of measures to reduce carbon emissions and increase resilience to climate change can 

be incorporated into building design; some of these are outlined below. 

Be Lean 

(use less)

Be Clean 

(efficient supply 
of energy)

Be Green 

(use renewable 
energy) 
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Design Feature Adaptation Measure Technology 

Insulation Green roofs “A” rated appliances 

Air tightness Grey water recycling Automatic controls and monitoring 

Reduce thermal bridging Rainwater harvesting Energy management systems 

Passive solar orientation Water conservation Energy efficient lighting 

Solar shading Passive cooling High performance glazing 

Use of natural daylight Colour and material choice Mechanical ventilation (with heat 

recovery) 

Natural ventilation   

Table 3.1 – Building Energy Efficiency Measures  

3.1.2 Clean and Green Energy  

Utilising energy generated locally reduces energy lost through transmission and distribution, and 

can often take advantage of more advanced generating technologies that combine to provide 

energy more efficiently. Local generation, or decentralised generation, is produced on a smaller 

scale nearer to the point of consumption and can offer a number of benefits, including: 

• Using generated energy more efficiently by reducing distribution losses  

• Contributing to security of energy supply by increasing local energy production  

• Increasing reliability of supply providing the opportunity to operate ‘on or off grid’ 

• Reducing carbon emissions through more efficient use of fossil fuels and greater use of 

locally generated renewable energy 

• Provides the opportunity to create stronger links between energy production and 

consumption. 

• Can be linked to fund complementary programmes of work, such as retrofitting 

microgeneration equipment in existing housing stock. 

• Provides a visible message of commitment to sustainable energy 

Zero Carbon or renewable energy comes from harnessing natural energy flows from the sun, 

wind, or water.  Many such as solar wind and hydro, directly produce energy and do no emit any 

carbon dioxide in the process.  Others such as biomass, use solar energy to grow renewable 

plant material that can subsequently be used for energy.  Examples here are wood, straw, etc.  

However, biomass use still generates carbon dioxide when it is burnt; the difference being that 

this carbon is only that taken from the atmosphere when the plant grew.  This is unlike carbon 

emissions from fossil fuels that are essentially new to the atmosphere, causing increases in 

atmospheric carbon dioxide levels and climate change.  Therefore, when used to replace fossil 

fuels, biomass leads to a net reduction in carbon emissions; particularly where local supply 

chains can provide a sustainable supply of biomass. 

Energy from waste is considered to be low carbon. While municipal waste combustion contains 

small elements of things like plastics, the bulk of the material is still organic in nature.  Some 

energy from waste processes can be completely zero carbon, for instance the anaerobic 

digestion of organic wastes to biogas. 
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Of the available renewable energy technologies, some are ‘intermittent’ in nature, such as solar 

and wind.  Others such as biomass, ground source heat pumps and energy from waste can 

service baseload duties. 

The table below identifies the low and zero carbon technology options and approaches. These 

are further discussed in Section 4 and appraised relative to NW Bicester in Section 5. 

Macro Solutions  

(typically district scale or larger) 

Micro Solutions  

(typically building related) 

Energy from Waste CHP  Solar Photovoltaic (building mounted) 

Anaerobic Digestion CHP Solar Thermal (building mounted) 

Gas CHP  Wind energy (building mounted) 

Biomass heat, biomass power (CHP) Ground source heat pumps 

Large scale PV array Air source heat pumps 

Large scale wind energy  

Table 3.2 – Low and Zero Carbon Technologies 

 

This work is designed to advise on the identifying suitable headline technology options and 

approaches as part of strategic masterplan and outline application work. Further work to 

appraise these in detail and develop a detailed energy strategy will be required prior to reserved 

matter / detail applications. 

It is recognised, however, that irrespective of whichever strategic approach and technology 

options are recommended, the implementation strategy must be flexible and enable adaptation 

to the development, shifting economic incentives and models, and evolving technologies. 

3.2 Underlying Assumptions 

The following underlying assumptions have been considered during the analysis: 

• Energy prices continue to rise in line with current predictions driven by world oil 

markets, increasingly stringent environmental controls on the combustion of coal in 

power stations, the increasing need to import gas, etc.  These prices will remain volatile. 

• Building Regulations continue to tighten as government drives the ‘zero carbon’ 

agenda, through the Code of Sustainable Homes. 

• Climate Change Agreements (CCA) persists, with government continuing to press for 

compliance. 

• The Carbon Reduction Commitment (CRC) will create significant downward pressure 

on carbon emissions and that a majority of commercial tenants on the site will be 

impacted by the scheme. 

• The Renewables Obligation continues to be a driving force to achieve uptake of 

electricity generating renewable technologies.  The rate of construction of new 

renewable energy projects continues to lag behind projections, whilst the obligation on 

electricity distributors continues to rise, keeping the market value of ROCs high. 
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• Feed in Tariffs continue to make the economic attractiveness of smaller scale 

renewable electricity generation options more attractive by providing a payment for all 

the ‘green’ electricity produced and bonus for exports to the grid. 

• A ‘Heat Obligation’ similar to the Renewables obligation on electricity suppliers is due to 

be implemented next year.  Renewable heat becomes more cost competitive against 

fossil fuels as gas, oil and LPG prices rise. 

• The current pressures on businesses to have lower carbon footprints continue, creating 

the prospect of commercial tenants paying a premium for premises with low carbon 

emissions. 

• The current trend towards investors expecting higher levels of Corporate and Social 

Responsibility from major companies continues. 
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4 METHODOLOGY 

This document discusses the strategic energy options for the masterplan site to provide 

guidance to the design team to select the best option for the NW Bicester Eco development. 

Various technical, environmental, social and economic constraints have been considered 

associated with each technology to explore the options available for the masterplan site.  

This section provides a description of each of the constraints / issues that the energy options  

4.1 ENVIRONMENT APPRAISAL 

Carbon reduction potential: This considers with the carbon reduction potential of each 

technology; based upon the amount of energy a particular technology can generate and 

the calculated carbon savings that can be attain from it. The main purpose of this is to 

identify those technologies that have the potential to generate maximum energy to meet 

the predicted energy demand but at the same time capable of minimising the carbon 

emissions 

Landscape: This considered the implications of a proposed technology to the 

landscape character, i.e. whether this technology will impose a negative impact towards 

the overall landscape character or it will enhance the landscape features of the 

development. This also includes the visual impact of a particular technology to the 

surrounded landscape. 

Biodiversity: This section considers the impacts of a proposed technology on the local 

biodiversity; i.e. disruption to local wild life from a particular technology etc. 

Environmental Quality:  This considers the impacts of a proposed technology on the 

local environmental quality; i.e. noise disturbance, air quality issues etc. Due to the 

sensitivity of each of these issues, environmental quality can play a vital role towards to 

adoption or refusal of any technology. 

4.2 SOCIAL APPRAISAL 

Governance: This considers how the likely governance of any proposed technology; 

i.e. whether local / community governance is possible.  

Equity: This considers how a proposed technology can be implemented to deliver a 

fair and equitable outcome to all; and whether a particular technology can generate 

enough energy, at low cost, to reduce energy bills.  

Health / Wellbeing: This considers how a proposed technology can be implemented 

to enhance the health and wellbeing of the future residents and existing local 

community. Issues that may be considered range from shadow flickers from wind 

turbine to the air pollutions from waste plants. Hence, this section considers any health 

and wellbeing issues linked with a proposed solution.  
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4.3 ECOMONIC APPRAISAL 

Typical Cost: This considers the impacts of capital expenditure (Capex) and operating 

expenditure (Opex) of the proposed technology. The typical Capex has been 

determined for each technology on the basis of cost of energy generation including 

any fuel cost etc. The Opex also includes the maintenance cost has been appraised 

for each technology to identify the high/low impact (recognising the fact that for some 

technologies the impact of this is quite minimal and for some it has quite significant).  

Typical Payback: This considers the typical payback of each technology; however as 

the paybacks various significantly from the amount of technology support available i.e. 

technology advancement and also depends upon the technology cost at the time of 

purchase.  

Incentives/ Grants: This identifies the incentives / grants available such as Feed In 

Tariff (FIT), Renewable Heat Incentive (RHI) and Renewables Obligation Certificate 

(ROC). Due to the impact of available incentives the overall generation costs and the 

paybacks can be reduced and therefore these can have a significant impact on overall 

costs.  

Phasing (cash flow): Due to large development it is important to identify the phasing 

options of each technology, this is also important for the cash flow requirement to 

install a technology. The inclusion of this within the appraisal is important as the Eco 

Town development will be in phases and therefore the phasing possibilities of each 

technology has been appraised in this section of the appraisal. 

Connecting Infrastructure: This is linked to the above phasing issue and import to 

identify whether the connection infrastructure is capable to deal with the proposed 

technology. This considers the grid intermittency issues as most of the technologies 

are produce intermittent energy at the time of production and no storage capacity is 

available. Hence, these issues have been considered within this connecting 

infrastructure sector.  

Land Values: The land value impact is varying from technology to technology 

however the significance of this could be higher for some technologies. We have 

evaluated this issue within this appraisal as the visual impacts on the land values and 

also the local land restrictions due to the planning etc.  

4.4 TECHNICAL APPRAISAL 

Physical Factors: This considers factors which can cause constraints to the 

particular technology; such as wind speed; land use and area (in case of wind 

turbines), the connection restrictions due to the existing infrastructure such as 

telecommunication masts or aviation radars etc.   

Connecting Infrastructure: This relates to whether enabling or connecting 

infrastructure is present and /or capable of managing the proposed technology; such 

as the intermittent energy generation technology impacting grid supply and capacity.  

Integration with other technologies: Considers whether and how the technology 

integrates with other potential energy solutions / different technologies. 
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5 ENERGY GENERATION AND CARBON 
REDUCTION OPTIONS 

The following provides a brief overview of the low and zero carbon technologies that have been 

appraised. 

5.1 Energy from Waste 

All developments and activities produce waste. Utilising this waste to produce energy is part of 

the sustainable hierarchy of waste use and diverts waste from landfill.  Energy from Waste 

plants are now commonplace and can provide an acceptable and commercially viable solution 

to both waste disposal and low carbon energy generation. Even adopting waste reduction 

targets there will still be substantial amounts of waste generated on site. The collection of this 

waste and utilisation in a sustainable manner will have environmental and economic benefits. 

Energy from Waste is most commonly attained through incineration. The waste generally refers 

to that portion of waste that is left over following reuse and recycling; i.e. the residual waste.  

Energy from Waste is a more sustainable approach than landfill, providing the residual waste 

being used has the right organic / combustible content and is matched with a plant that is 

efficient enough at turning the waste to energy. Most of the energy from waste is currently 

produce in the form of electricity. However, the technology can also be applied utilising CHP 

plants and thus also produce heat. More innovative technologies also have the potential to 

transform the waste into other energy products such as transport fuels or substitute natural gas. 

 

The Ardley Energy from Waste plant is currently being constructed and is due to begin 

commissioning in April 2014 and be fully operational in September 2014. During recent 

discussions with Viridor (the Ardley EfW plant operator) the proposed installation was confirmed 

to have a generation capacity of 26MWe. This is equates to approximately 17MWth of heat 

which comfortably enables 150,000 MWh of waste heat to be generated. This waste heat would 

be sufficient to meet the space heating and hot water demands of eco town development. This 

option could meet the developments residential and commercial heating and hot water 

demands of 31,487MWh, which will equates to the total carbon savings of 6,234 tonnes  

However, to enable this option to be taken forward, a connecting pipe is required to distribute 

the waste heat from the Ardley site to the eco town, which typically incur a cost of between 

£1000 to £1500 per meter based upon soft and hard areas of trenching respectively and have to 

pass through third party land. This cost and potential ransoms to enable this connecting pipe 

are significant, however, this options would meet the thermal demands in a carbon neutral way. 

The distribution pipe network connection, its ownership and the financial implications of this 

connection are the critical decisions to be made prior to this technology connection. The further 

cost assessment would determine the cost implications for this option and would require early 

planning for correct infrastructure    
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5.2 Anaerobic Digestion (AD) CHP 

Anaerobic Digestion is a biological process where a biodegradable waste stream is combined 

with certain types of bacteria to generate biogas. It is a natural treatment process and as in 

composting bacteria breaks down organic matter and reduces its bulk or mass. AD utilise series 

of process in which micro-organisms break down biodegradable material in the absence of 

oxygen, used for industrial or domestic purposes to manage waste and/or to release energy. AD 

can play an important role as a means of dealing with organic waste and avoiding, by more 

efficient capture and treatment, the greenhouse gas (GHG) emissions that are associated with 

its disposal to landfill.  

AD also offers other benefits, such as recovering energy and producing Biogas, which can be 

used to generate heat and electricity or also can be converted into biofuels or cleaned and 

injected into the gas grid.  

 

AD system requires large plant and storage space for successfully running the digestion 

process. Due to the odour, waste storage and fuel combustion emissions issues associated with 

this technology, the AD plants are normally located away from residential properties. 

Operationally there would be a requirement to capture additional organic waste from outside the 

development to generate sufficient biogas to power a CHP.  

Also, currently all organic waste is collected co-mingled with garden waste and diverted to 

composting centre. Therefore the AD plant would needs to import the fuel which will minimise 

the feasibility of this option.  
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5.3 Gas fired CHP 

Traditional coal and gas fired power stations simply waste vast amounts of heat which is 

produced during the generation process. Combined Heat and Power (CHP) integrates the 

production of usable heat and power (electricity), in one single, highly efficient process. CHP 

generates electricity and produce usable heat at the same time. It is an energy generation 

technology that is fuel neutral, which means that a CHP process can be applied to both 

renewables (biogas / EfW) and fossil fuels (gas). The specific technologies employed, and the 

efficiency they achieve will vary but in every situation the CHP system offers the capability to 

make more efficient and effective use of valuable primary fuel resources. The CHP system 

helps to avoid significant energy losses and reduces CO2 emissions; hence CHP units can be 

up to 95% efficient. There are many types of CHP systems currently available however in this 

discussion we only refer to gas turbine based CHP systems. 

Gas turbines generate power by means of the Brayton cycle and a working gas (typically 

ambient air) is compressed in the compressor, then fed with fuel and ignited. The high 

temperature high pressure combustion products are then expanded through turbines to 

generate shaft power for the compressor and the electrical generator. The action generates 

power and at the same time waste heat also leaves the gas turbine in the form of hot exhaust 

gases (≈ 500 °C). There are generally two types of gas turbines are available, those who 

derived from aeronautical engines and those originally design for industrial and power 

generation plant. The conventional gas turbines are available from 500kWe to over 100 MWe. 

 

 

 

Gas fired CHP systems could be sized to provide sufficient heat to meet the space heating and 

hot water demands of the development. This solution would also contribute to meeting the 

electrical needs of the development at the same time and therefore benefit the development in 

both ways.  

However, as the gas fired systems utilises natural gas to generate power and heat, this 

technology has a relatively high carbon emissions factor when compared to other LZC 

strategies. 
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5.4 Biomass CHP 

Biomass is any organic matter, typically plant-based matters that is available on a renewable or 

recurring basis. Biomass resources include forest and mill residues, agricultural crops and 

wastes, wood and wood wastes, animal wastes, livestock operation residues, aquatic plants, 

fast growing trees and plants, and municipal and industrial waste. Biomass can be used in solid 

form or gasified for heating applications or electricity generation, or it can be converted into 

liquid or gaseous fuels. The use of biomass to produce heat and power can be environmentally 

beneficial because biomass is a renewable resource and its combustion does not contribute 

additional greenhouse gases to the atmosphere. 

There are two established processes for delivering biomass CHP in small - medium size 

applications in the 200KWe – 2.5MWe range: the Organic Rankine Cycle (ORC) and 

Gasification technology.   

 

Biomass CHP plant is a viable option for the development and could be sized to provide 

sufficient heat to meet the space heating and hot water demands of the development. However, 

this technology requires biomass fuel such as wood chips/ pellets which should to be sourced, 

in sufficient quantities, as locally as possible to maintain its sustainability credentials and 

improve feasibility. 

As with other CHP based solutions, this would also contribute to meeting the electrical needs of 

the development at the same time and therefore benefit the development in both ways. 

However, due to the renewable nature of the fuel source it would have an improved carbon 

factor over alternative gas fuelled CHP solutions. 
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5.5 District Heat Network 

A District Heat Network (DHN) is a network of insulated pipes used to deliver heat, in the form of 

hot water or steam, from the point of generation to the end user. They provide the means to 

transport heat efficiently provided distances do not become too far. A DHN enables valuable 

energy, which currently is all too often wasted in power generation or industrial processes, to be 

harnessed and delivered to point of use and remove the need for additional generation of heat 

energy. The heat network can transport the heat from a diverse range of sources, including 

Energy from Waste (EfW), Industrial processes, Biomass CHP plant, Gas fired CHP plants, heat 

pumps and other geothermal sources.   

DHN has been deployed in the UK since 1950’s, however, it has only been in the recent past 

that they have started to become more popular; particularly in cities. Currently DHN provides 

less than 2% of UK heat demand.  

DHN consists of two pre-insulated pipes or a duel/twin pipe (where both flow and return are 

contained in a single insulating casing. One pipe is the supply pipe with water around 85 to 

95°C and the other is the return pipe with water around at circa 50 to 60°C. The maintenance of 

flow and return temperatures during transmissions through the pipe network is one of the most 

important aspects of the distribution network and can, if not managed correctly, have a direct 

impact on the overall operational cost. The DHN works more efficiently if the return temperature 

is as low as possible. 

 

The DHN is a fundamental part of several strategic options already discussed, including 

Biomass CHP, gas fired CHP and for Energy from Waste, and is therefore an additional cost to 

these options. The DHN pipework costs vary significantly from approximately £500 - 

£1100/meter (according to Energy & Climate Change department) and depends upon a range 

of factors such as ground conditions, other buried services, number of bends and the methods 

used for joining the pipework (clamped or welded). Hence the capital cost of a DHN could be 

significant and incur additional cost to the overall connection of any proposed district heating 

system.  

DHN tend to be installed in areas of medium to high density living and work better where there 

is a constant thermal demand; which is often achieved in mixed use developments where there 

is both day time and night time heat demand. This demand can be regulated through the use of 

thermal stores, which enable the hot water generated to be stored and released into the 

distribution network as needed. 
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5.6 Building Mounted Solar PV 

Solar- Photovoltaic (PV) systems convert energy from the photons within sunlight into electricity 

through the aid of photocells; made of semi-conductor material, usually Germanium or Silicon. 

PV systems are suitable for any type of building but they require significant unshaded south 

facing space as even a small shadow may significantly reduce output. PV systems can be 

incorporated on buildings in various ways: on sloped roofs and flat roofs, or in facades, atria and 

shading devices. 

Currently, there are four types of solar cells available: mono-crystalline, poly-crystalline, thin film 

and hybrid. Mono-crystalline and hybrid cells are the most expensive to produce but are the 

most efficient (12-20%), poly-crystalline cells are cheaper but their efficiency is lower (9-15%) 

and thin film cells are only 5-8% efficient but can be produced as thin flexible sheets. As the 

electrical output is DC, they are used in conjunction with inverters to convert this to a useable 

AC output. 

 

The maximum total annual solar radiation is usually at an orientation due south and at a tilt from 

the horizontal equal to the latitude of the site minus approximately 20 degrees. The latitude of 

Bicester is 51.9 degrees. Therefore 32 degrees is the optimal tilt in Bicester, south facing. 

However, PV’s can operate at significant efficiency within a range of deviation from this 

optimum; e.g. a south east roof, at optimum inclination can achieve 96% efficiency; or a south 

west roof at +10 degree inclination can provide between 95% and 92% efficiency. 

Roof mounted solar PV would be beneficial for development; helping to meet the electricity 

demands of individual dwellings. If half the available roof area of all dwellings were fitted with 

PV then a significant portion of dwelling’s electricity demands could be fulfilled from this 

technology.  

Based upon 1.41kWp Solar PV production; a total of 13,858.46MWh of electricity could be 

generated using half of the roof space of each dwelling  
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5.7 Large Scale Solar Farms 

Solar farms, solar parks or land base PV array are large scale Solar Photovoltaic (PV) 

installation used to generate electricity. They often cover large areas of land, generally between 

5 to 60 hectares and are usually developed in rural locations. Solar farms generally go through 

a rigorous planning procedure to get the planning approval. This takes in to account the 

suitability of the site, any potential impact on the locality and relevant renewable energy targets. 

 

As with any type of large scale development, the potential impacts of solar parks must be 

assessed. Large scale arrays have the potential to affect the landscape, natural habitats, soils 

and geological and archaeological features. Damage may be caused during operation or when 

panels are being erected or decommissioned. Cumulative impacts might also occur when parks 

are sited close to one another.  

The key barriers of solar farms projects in the UK are grid generation capacity constraints, 

planning requirements, landscape issues and general public perception of the technology. The 

grid connection is an increasing constraint of this technology, the usual DNO’s connection 

delivery quotation for medium to large scale projects connecting at 33kV is 12 to 24 months 

connection timeline. The potential visual impact of fields of PV can sometimes be difficult to 

mitigate and are best suited to areas that are not significantly overlooked.  

Rapidly changing fiscal incentives can also influence the viability of large scale PV installations, 

such as the Renewables Obligations (ROCs) banding changes for Solar PV projects (annually) 

versus the typical development timeline of 12 to 24 months. Given the recent (April 2013) rates 

of 1.4ROCs/MWh, it is likely that only sunniest locations in the UK will be able to take full 

advantage of ROC.  

A solar farm could contribute to or meet the electricity demands of Bicester eco town; provided 

sufficient land space and appropriate grid capacity (to manage the intermittence) were available. 

This option would require significant investment (as it would not be developed in a piecemeal 

fashion) and therefore the approaches to fund this option may constrain how it may be ‘part’ of 

the eco town.  

However, if a suitable approach to funding was found then the electricity generated (and carbon 

saved) may be able to be ‘linked’ to the eco town 
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5.8 Solar Thermal 

Solar thermal technology converts the solar energy into heat which can be used to mitigate hot 

water demands. Solar water heating systems use solar panels, called collectors, fitted to the 

roof. To gain better savings and most benefits from this technology, the system is integrated 

with a thermal store system which has the capability to store the heat for longer period of time, 

i.e. during the day to be utilised at peak time, and also act as a heater (e.g. immersion heater) to 

further reach the hot water temperatures that may be required. 

. 

 

Solar thermal collectors need to be positioned to receive maximum sunlight; and therefore 

should face south at approximately 32 degrees (for Bicester) to attain maximum proportion of 

sunlight hours. Easterly facing collectors capture more energy at the start of the day, whilst 

westerly facing collectors capture more energy in the later afternoon / early evening.  

Whilst large solar thermal collector systems can also provide some contribution to space 

heating, this would be limited and require further heating to via a boiler, and is often not 

considered worthwhile. Similarly, during winter months the system typically requires a heating 

boost from a boiler/immersion heater to achieve desired hot water temperatures. 

  



NW Bicester – Strategic Energy Options Appraisal  

Hyder Consulting (UK) Limited-2212959 Page 19
 

 

5.9 Small Scale Wind 

This technology utilises wind (a form of kinetic energy) and transforms this to useable electricity. 

The annual energy produced by a wind turbine installation is typically dependent on wind speed 

around the turbine and varies through different weather conditions. Wind turbines can be 

deployed individually or in a form of multiple turbines. They can be of horizontal or vertical 

construction.   

 

The key constraint associated with this technology is the wind speed; typically small scale wind 

turbines required a minimum of 6 meters per second (m/s) to operate effectively. The 

Department of Climate Change (DECC) wind database identifies that the average wind speed at 

10 meters above ground level (agl) is approximately 4.8m/s which will not capable to generate 

usable electricity. Similarly, the average wind speeds at 25m agl are 5.73 m/s. Therefore based 

upon the likely wind speed this technology would not be suitable; however, further investigations 

could be carried out to confirm this if this option was considered favourable. 

Other constraint factors include land take and potential restriction of land use around the 

turbine, proximity to other structures which may cause turbulence and reduce efficiency, 

potential noise issues and visual impact.   

Small scale wind turbines generate modest amounts of electricity and therefore numerous 

turbines would be required to reach anywhere near the predicted electricity demand of the 

development. 
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5.10 Medium to Large Scale Wind Turbine 

Medium (40 to 80m hub height) average 500kW to 1MW to large (90 to 150m hub height (and 

taller)) average 1.5MW to 3MW scale turbines are free standing wind turbines that may be 

installed singly or in groups.  

 

These wind turbines commonly require a buffer zone or separation zone where other land uses 

may be affected; for example in Wales there is a Technical Advice Note (TAN 8) that states: 

“500m is currently considered a typical separation distance between a wind turbine and 

residential property to avoid unacceptable noise impacts…” In addition, landscape visual issues 

are likely to require any turbines to be located suitable distances away from the residential 

dwellings. These constraints would likely mean that any medium to large scale wind turbine 

would not be able to be sited within the masterplan area without significant redesign to 

accommodate.  

Wind speed is critical to the success of wind turbines; and medium to large scale turbines 

require a minimum of 6 meters per second (m/s) to operate; and commonly require wind speeds 

over 9m/s to generate electricity efficiency. The DECC wind database only provides wind speed 

data up to 45m height, which in this location is estimated as 6.23m/s. Information on wind 

speeds at various locations have been included within the Appendix C for reference purposes. 

A nearby wind energy planning application indicates that wind speeds of approximately 6.8 m/s 

may be reached at 60m height and therefore may be suitable to support medium scale wind 

turbines. If this option were to be progressed then further investigations would need to be 

carried out relative to actual wind speed. 

Medium to large scale wind turbines can generate significant quantities of electricity which 

would have a major contribution to the electricity demands of the eco town.  
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5.11 Ground & Air Source Heat Pumps 

Heat pump technology is designed to provide heating and cooling demands. There are two 

principle type: Ground Source and Air Source. 

Ground Source Heat Pump (GSHP) technology can meet heating /cooling demands all year 

around, as the earth temperature is virtually constant at depth.  This technology offers energy 

savings on meeting heating/cooling demands relatively efficiently. A kW of energy intake will 

produce up to 4 kW of output which makes this technology more efficient in comparison with 

traditional Gas boilers. This technology can be used for heating and cooling applications.  

The Air Source Heat Pump (ASHP) extracts heat from the outside air in the same way that a 

fridge extracts heat from its inside. It can get heat from the air even when the temperature is as 

low as -15° C. This heat can then be used to heat radiators, underfloor heating systems, or 

warm air convectors and hot water.  

ASHP are typically less effective than GSHP but do not have any land requirements as GSHP 

do.  All heat pumps need electricity to run, but the heat they extract from the ground or air is 

constantly being renewed naturally. 

 

 

 

The significant barriers of GSHP technology is the land requirement for ground loop or borehole 

construction; which also have ground trench or borehole installation costs. ASHP can have 

external noise constraints (although generally minimal) and the positioning of the external unit 

needs careful consideration. 
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5.12 Enhanced Fabric Energy Efficiency (FEE) 

Enhanced Fabric Energy Efficiency (FEE) Standard have been developed specifically in 

response to developing a strategy for the 2016 zero carbon homes requirement by the Zero 

Carbon Hub in 2009. The FEE methodology was then adopted within the Code for Sustainable 

Homes (November 2010 version) under Energy section Ene2, with up to 9 credits available for 

achievement of a range of specific fabric performance levels. 

The FEE methodology considers minimising the space heating and cooling (if any) demands of 

a dwelling through the improvement in building fabric efficiency. This includes enhanced 

improvements in the following construction procedures to achieve the required FEE levels:  

• Building fabric U-values 

• Thermal bridging 

• Air permeability 

• Thermal mass 

• Features which affect lighting and solar 

gains 

 

The FEE is measured in kWh/m²/yr, and is not 

influenced by building services, for example 

heating system, fixed lighting or ventilation 

strategy. It is a performance standard, meaning 

that different combinations of fabric specification 

can be used to reach a particular level. This 

allows flexibility when developing a fabric specification. There are different FEE standards 

proposed in building regulations for different types of dwelling, i.e. detached, semi-detached, 

end terrace and mid terrace dwellings.  

The PPS1 Ecotown supplement requires that all homes achieve CSH level 4 including its 

associated FEE standards. However, with the progressive improvements in Building 

Regulations planned by 2016, it would be more appropriate to target a higher FEE standard; as 

planned to be adopted equivalent to the CSH level 5/6 FEE standards.  

Designing to Passihaus standards is another, alternative, approach. The Passivehaus FEE 

standards reduces the space heating energy demand to below 15kWh/m2/yr. On face value this 

is significantly lower than the shared CSH 5/6 and 2016 Building Regulation standards; which 

range from 39 to 46 kWh/m2/yr (as the figure above shows);  however, there is also a 

15kWh/m2/yr standard relative to cooling; which may be required during the summer months. 

It is clear that progressive savings 

in regulated energy demand can be 

obtained from adopting higher FEE 

standards over CSH FEE level 4. 

Savings may be in the order of 7% 

relative to CSH FEE level 5/6 and 

38% relative to Passivhaus FEE 

standards; as shown: 

Build costs will increase to achieve improved FEE standards and as indicated above, additional 

energy may be required to mechanically ventilate buildings that achieve such standards.  
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6 APPRAISAL OF OPTIONS 

Considering the environmental, social, economic and technical constraints associated with each 

energy generation and carbon reduction option; the following presents an appraisal of the 

following available Low or Zero Carbon (LZC) technologies and options: 

•••• Energy from Waste (EfW) 

•••• Anaerobic Digestion (AD) 

•••• Biomass CHP 

•••• Gas fired CHP  

•••• Solar Photovoltaic (PV) (Roof Mounted) 

•••• Solar Photovoltaic (PV) (Land Base Array) 

•••• Solar Thermal  

•••• Wind Turbines 

•••• Land Base Wind Turbine 

•••• Heat Pumps 

•••• Enhance Fabric Energy Efficiency (FEE) 

 

The below appraisal section considers the impact of each technology to this project relative to 

the following appraisal criteria as discussed in Section 4.  

Environmental 

• Carbon Reduction Potential & Energy 

Generation 

• Landscape 

• Biodiversity 

• Environmental Quality 

Economic 

• Costs 

• Payback 

• Incentives 

• Phasing  

• Land Value 

Social  

• Governance  

• Equity 

• Health & Wellbeing 

Technical 

• Connecting Infrastructure 

• Physical factors  

• Integration with other technology 
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6.1 Appraisal of Energy from Waste  

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

The Ardley Energy from Waste plant is proposed to generate: 

• Electricity = 26 MWe 

• Waste Heat = 17MWth ≈ 150,000 MWh 

Viridor, the operator, will utilise and sell excess electricity generated to the grid. The waste 

heat produced, however, is sufficient to meet the eco town’s residential and commercial 

heating and hot water demands of 44,330,122 kWh, which will equate to the total carbon 

savings of 9,575 tonnes. The below summaries the percentage of energy generated and 

carbon savings achieved relative to regulated and unregulated energy: 

 Regulated & Unregulated Regulated only 

% energy demand met 59% 84% 

% carbon savings  37% 69% 
 

Spatial and Landscape The EfW plant is located near Ardley; has already received planning permission and is in an 

advanced stage of construction. There are no landscape issues associated with this option 

relative to the eco town site. 

However; there would be a requirement to have back-up / resilience heat generation boilers 

and thermal stores located in energy centres within the masterplan site. It is likely that at least 

2 energy centres would be required; sized approximately 25m x15m with additional service 

yards. It is not considered that these would represent a negative spatial or landscape impact 

as they would be fully integrated into the masterplan layout and design. 

Biodiversity There are no biodiversity concerns associated with this technology associated with the site. 

Environmental Quality Emissions to air from EfW plants can have negative connotations and potential impact; 

however the plant has existing planning and environmental permissions to operate which will 

undoubtedly be safeguarding environmental quality  

In addition, the EfW plant is not located on the development site and will therefore not have 

any air, noise, land and water quality issues relative to the site.  

SOCIAL   

Governance As this technology is currently run by a commercial provider there is unlike to be any 

opportunity for the local community to become involved with the heat generation side of this 

option.   

Governance concerns may be raised regarding security of supply, connecting network 

ownership and how future financial arrangements affect pricing tariffs to residents. 

There is also a requirement to provide a heat distribution network to serve the development 

and set appropriate pricing structure. How this heat network could be develop and whether 

some form of governance model could be used needs further investigation but is possible. 

Equity 

 

This technology has the potential to help reduce the heating bills, depending on the pricing 

strategy adopted; as low cost waste heat could be used to meet the sites thermal demand. 

Health / Wellbeing Emissions to air from EfW plants can have negative connotations and potential impact; 

however the plant has existing planning and environmental permissions to operate which will 

undoubtedly be safeguarding air quality.  In addition, the EfW plant is not located on the 

development site and will therefore it is not considered that there will be any negative health 

and wellbeing issues associated with this technology. 
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ECOMONIC   

Typical Cost The main cost associated with this option is relative to the heat pipe connection cost from the 

Ardley EfW plant to the proposed development. Flow and return insulated hot water pipes will 

need to be installed. Typically these costs are in the order of: £1000/meter for soft land & 

£1500/meter for hard land. The route to the development would have to cross the M40 

motorway and possibly the railway line. These will be significant obstacles to cross; and a 

average route of 3.5km would be required which would equate to a capital cost in the region of 

£4.3M; possibly more. 

Strictly speaking there are no fuel costs associated with this option as the waste collected and 

used at the plant is part of an alternative waste management contract.  However, a negotiated 

heat tariff would form part of the agreement to obtain the waste heat from the Ardley plant.  

As a comparable cost, this technology equates to £0.045 / kWh (based on 25 year life time 

cost). This is based upon meeting the thermal demand of the site; and includes the pipe 

connection at an average cost of £1,250 per meter from the Ardley EfW plant to the site 

boundary, the heat tariff cost at the rate of £12/MWh, and a provisional sum relative to 

provision of district heat network across the development site. The cost per kWh includes 4% 

RPI average per year for maintenance and fuel cost and 5% interest rate on the capital cost. 

Typical Payback Likely to be at least 10 to 15 years to enable a sufficient customer base to be established.  

Incentives/Grants Waste Infrastructure Grant (WIG) can be explored through local authorities seeking to develop 

the infrastructure require to meet landfill diversion targets.  

Phasing 

 

The major costs are associated with installing the connecting pipe infrastructure which needs 

to be undertaken at the beginning of the development.  

There is no opportunity to roll this option out on a phased basis (other than the on-site heat 

network). 

Land Values Land values will not be materially altered as a result of application of this technology. 

TECHNICAL   

Connecting  

Infrastructure 

The heat connection infrastructure is a significant issue as, to connect the Ardley EfW plant to 

the development site, the route will need to cross the M40 motorway and possibly the railway 

line. These will be significant obstacles to cross, over a distance of at least 2.8km; and would 

require various easements to be negotiated. 

In addition, this option requires a site wide heat network to distribute the hot water across the 

site to each building.  

Physical factors The connecting infrastructure has to cross significant physical barriers; namely the M40 and 

possibly the railway. These will be significant obstacles to cross, over a distance of at least 

2.8km; and would require various easements to be negotiated. 

Integration with other 

technologies 

It would not make sense to utilise this technology alongside other thermal generating 

technologies (such as solar thermal and heat pumps); however, it will be necessary to create 

resilience and back-up to the heat network through the integration with other boiler and or 

CHP units and thermal stores located at the site.  

Electrical generating technologies will be complementary.  

SUMMARY 

This technology can meet the thermal energy demands of the eco town. To achieve this it requires connection of a hot 

water pipework from the EfW plant to the site, crossing the M40 motorway and possibly the railway line; the complexity 

of which should not be underestimated. In addition, reliance on this technology would require the connecting hot water 

pipe to be in place at an early stage; necessitating significant up-front funding and infrastructure works. Hence, further 

consideration of this option requires detail investigation of potential connection pipe route and determination of any 

additional financial requirements to facilitate. 
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6.2 Appraisal of Anaerobic Digestion   

Key Themes Comments 

ENVIRONMENT  

Carbon reduction and 

Energy Generation 

potential 

An AD CHP plant would generate heat and electricity; which would contribute the energy 

generation and carbon reduction. The relatively limited organic waste generated by the 

development may limit the heat and power generating ability of this technology. However, 

alternative organic wastes streams may be identified in the local area, although these are not 

necessarily guaranteed (as existing contracts are likely to be in place). Therefore, the likely 

generation capacity of an AD plant utilising kerbside food waste and catering waste from the 

masterplan development would be: 

• Electricity Generation = 1,589,844 kWh 

• Heat Generation = 2,649,740 kWh 

The below summaries the percentage of energy generated and carbon savings achieved 

relative to regulated and unregulated energy:  

 Regulated & Unregulated Regulated only 

% energy demand met 6% 8% 

% carbon savings  5% 10% 

As this technology is not predicted to generate sufficient energy to meet the developments 

demand; it may be possible integrate this technology alongside other energy generation plants 

that collectively contribute to a DHN 

Spatial and Landscape AD plants have a slightly larger overall building footprint than some other CHP fed systems; as 

the AD digestion vessel needs to be accommodated. However, they are not particularly 

unsightly and are in keeping with the agricultural nature of the existing land use.  

As this technology would be unlike to meet the sites total thermal demand; there would likely be 

a requirement to have additional complementary heat generation boilers and thermal stores 

located in energy centres within the masterplan site.  

It is likely that at least 2 energy centres would be required; sized approximately; the one housing 

the AD plant and would be in the region of 50m x 25m, and the other around 25m x 15m, both 

with additional service yards. It is not considered that these would represent a negative spatial 

or landscape impact as they would be fully integrated into the masterplan layout and design. 

Each will have exhaust flues extending some 15m from the CHP plant; which would have limited 

local landscape impact. 

Biodiversity There are no biodiversity concerns regarding this technology at the site. 

Environmental Quality Odour issues are generally the cause of concern with AD plants; and they are generally located 

in rural areas often associated with farms and waste water treatment works where sludge is 

used as the AD feed. Special precautions would need to be taken to reduce any potential odour 

related issue; such as negative air pressure unloading halls. Preventing odour issues would be 

possible but would add to building footprint and overall cost of construction and operation.   

Noise will be generated by the CHP engines; however, this would be mitigated by acoustic 

enclosures to acceptable levels. 

SOCIAL  

Governance This type of technology could be linked to local governance structure, if deemed appropriate, 

and facilitate the community buy-in. In addition, this technology would require a heat distribution 

network which again could be linked to local governance.   
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Equity This technology has the potential to help reduce the heating bills, depending on the pricing 

strategy adopted; as low cost waste heat could be used to meet the sites thermal demand. 

However, due to the relatively small amount of thermal energy generated, this would not be a 

significant proportion of the heating bills and so limited impact. 

Health / Wellbeing There are no significant health and wellbeing concerns regarding this technology. As mentioned 

above, there is the potential that odour issues may be present which may negatively impact the 

immediately local environment. 

ECOMONIC  

Typical Cost Capital costs can be large, however, incentives available for this technology mean that payback 

are generally lower.  

As a comparable cost, this technology equates to £0.196 / kWh (based on 25 year life time 

cost). However, this cost only relates to meeting 8% of energy (thermal and electrical) demands 

on site from food and catering waste.   

The fuel tariff cost of waste collection to an AD plant is unknown, however the above cost 

includes provision of district heat network across the development site, maintenance and 

capital. The above cost includes the 4% RPI average per year for maintenance and 5% interest 

rate for the capital cost. 

Typical Payback Typical Payback – 10 years 

Incentives/Grants Grants & Funding  – Current available grants/ funding are as follows:  RHI= 6.5pence/kWh; FIT= 

9.9pence/kWh; ROC = 2/MWH and Export Tariff = 3.2 pence/kWh  

Phasing  This technology would need to be implemented early on; if it were to be a main contribution to 

the thermal demand; necessitating connection to the DHN. Therefore this technology is not 

usually associated with small phases but can be implemented in development batches; 

incorporating at least a few hundred homes.  

As mentioned above; because this technology is not predicted to generate sufficient energy to 

meet the developments demand; it may be possible integrate this technology alongside other 

energy generation plants that collectively contribute to a DHN at a later phase. 

Land Values Residential land value immediately adjacent to an AD plant may be reduced due to the potential 

odour issues as discussed above. 

TECHNICAL  

Connecting 

Infrastructure 

This option requires a site wide heat network to distribute the hot water across the site to each 

building. In addition; it would require grid connection relative to electricity generated. 

Physical factors The availability of feedstock is one of the major issues and if the sufficient organic waste is not 

available then this technology will not be work optimally. Existing waste contracts are likely to 

mean that sufficient organic waste to generate significant energy is unlikely.  

Integration with other 

technologies 

This technology can integrate with other CHP technologies as part of site wide network; if all 

units are designed to facilitate this. It will also integrate with other power generating technologies 

such as wind and solar PV. It would not integrate well with micro heat technologies such as solar 

thermal; unless specific areas of the site were not to be connected to the DHN. 

SUMMARY 

Anaerobic Digestion (AD) CHP is unlike to be able to generate significant heat or power, relative to the sites predicted 

demands, due to likely limitations on organic waste feedstock; although additional feedstocks may be identified (but not 

necessarily guaranteed). This would require this technology to be integrated with other technologies to meet demand 

and may result in this technology not being economically viable (due to scale). There is potential odour issues 

associated with technology which would point to it being located away from residential development.   
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6.3 Appraisal of Biomass CHP Technology  

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

Biomass CHP utilises renewable wood chips/pellets as a fuel source (or potentially biofuel) to 

generate heat and power; and therefore reduces carbon emissions further when against 

traditional gas boiler and gas CHP technologies. However, this technology is only feasible 

when sufficient sustainable wood chip/pellet fuel is available.  

Provided that sufficient biomass fuel is available then this technology can be sized to meet the 

energy requirements of the development; as follows (based on 2.82MWe system): 

• Electricity Generation = 21,109,582 kWh 

• Heat Production = 44,330,122 kWh 

The net savings after grid displacement of electricity would be 19,922 tonnes. The below 

summaries the percentage of energy generated and carbon savings achieved relative to 

regulated and unregulated energy:  

 Regulated & Unregulated Regulated only 

% energy demand met 87% 124% 

% carbon savings  77% 143% 
 

Spatial and Landscape No significant landscape issues associated with this option as the biomass plants are 

enclosed within a building structure; with the exception of the biomass fuel storage which may 

be a silo type structure; which is in keeping with the existing rural nature of the site and is not 

considered to represent a landscape impact.   

It is likely that at least 2 energy centres would be required; sized approximately 25m x15m 

with additional service yards. It is not considered that these would represent a negative spatial 

or landscape impact as they would be fully integrated into the masterplan layout and design. 

However, each would have exhaust flues extending some 15m from the CHP plant; which 

would have limited local landscape impact. 

Biodiversity There are no significant biodiversity concerns with this technology at the site. 

Environmental Quality Potential air quality can occurs due to the burning of wood fuel, which have a higher nitrogen 

oxide content than traditional gas boilers; however this would be controlled as part of the plant 

and flue arrangements and so unlike to cause any actual impact. 

Noise will be generated by the CHP engines; however, this would be mitigated by acoustic 

enclosures to acceptable levels. 

SOCIAL  

Governance This is district scale technology that requires a site wide DHN to facilitate the transfer of hot 

water to each building. This type of technology could be linked to local governance structure, if 

deemed appropriate, and facilitate the community buy-in. 

Equity This technology has the potential to help reduce the heating bills, depending on the pricing 

strategy adopted and biomass fuel supply; as low cost waste heat could be used to meet the 

sites thermal demand.  

In addition; it is likely that the Biomass fuel would be purchased locally which would benefit 

local economy. 

Health / Wellbeing No significant health and wellbeing issues. 

ECOMONIC  
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Typical Cost As a comparable cost, this technology equates to £0.095 / kWh (based on 25 year life time 

cost). This is based upon meeting complete thermal demands and approximately 68% of 

electricity demands. This cost includes, the fuel tariff cost at the rate of £125/tonne of 

biomass, a provisional sum relative to provision of district heat network across the 

development site, maintenance and capital cost. The above cost includes 4% RPI average per 

year for maintenance and fuel cost and 5% interest rate for the capital cost.  

Typical Payback Typical Payback – 10 – 15 Years 

Incentives/Grants Grants & Funding –  Current available grants/ funding are as follows:  

                               RHI= 2.6pence/kWh,  

                               ROC =0.5/MWH 

Phasing  This technology would need to be implemented at the start of build out; if it were to be a main 

contribution to the thermal demand; necessitating installation and connection to a site wide 

DHN. Therefore this technology is not usually associated with small phases but can be 

implemented in development batches; incorporating at least a few hundred homes. 

Land Values It is considered that this technology would not have any significant impact on land values.  

TECHNICAL   

Connecting  

Infrastructure 

This option requires a site wide heat network to distribute the hot water across the site to each 

building. In addition; it would require grid connection relative to electricity generated. 

Physical factors The major technical constraint is the availability of biomass fuel and fuel security for long term 

generation. According to “Nation al Biofuel Supply database” there are few biomass logs, chip 

and palettes suppliers are available within the close proximity of the site (more information is 

presented in Appendix D). To generate the energy as mentioned under “Carbon and Energy” 

section approximately 20,693 tonnes of biomass fuel would be required. 

Integration with other 

technologies 

This technology can integrate with other CHP technologies as part of site wide network; if all 

units are designed to facilitate this. It will also integrate with other power generating 

technologies such as wind and solar PV. It would not integrate well with micro heat 

technologies such as solar thermal; unless specific areas of the site were not to be connected 

to the DHN.  

SUMMARY 

Biomass CHP could meet the overall heating demands and a considerable proportion of the electrical demand of the 

development; however, consistent and availability biomass fuel would be required to facilitate this. This option would 

also create significant carbon savings.  
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6.4 Appraisal of Gas CHP   

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

Gas CHP design would be optimised to meet the space heating and hot water demands of 

development. A 2.79MWe gas CHP unit would be able to meet the space heating/ hot water 

requirements for the whole site (or smaller units equalling this total); generating:   

• Total Electricity Generation = 20,428,627 kWh 

• Total Heat Production = 44,330,122 kWh 

The net carbon savings after grid displacement of electricity would be 12,045 tonnes. The 

below summaries the percentage of energy generated and carbon savings achieved relative 

to regulated and unregulated energy:  

 Regulated & Unregulated Regulated only 

% energy demand met 86% 123% 

% carbon savings  47% 86% 
 

Spatial and Landscape No significant landscape issues associated with this option as the gas CHP plants are 

enclosed within a building structure.  

It is likely that at least 2 energy centres would be required; sized approximately 25m x15m 

with additional service yards. It is not considered that these would represent a negative spatial 

or landscape impact as they would be fully integrated into the masterplan layout and design. 

However, each would have exhaust flues extending some 15m from the roof of the CHP plant; 

which would have limited local landscape. 

Biodiversity There are no biodiversity issues linked to this technology. 

Environmental quality Noise will be generated by the CHP engines; however, this would be mitigated by acoustic 

enclosures to acceptable levels. 

SOCIAL  

Governance This is district scale technology that requires a site wide DHN to facilitate the transfer of hot 

water to each building. This type of technology could be linked to local governance structure, if 

deemed appropriate, and facilitate community buy-in. 

Equity This technology has the potential to help reduce the heating bills, depending on the pricing 

strategy adopted and biomass fuel supply; as low cost waste heat could be used to meet the 

sites thermal demand.  

Health / Wellbeing There are no negative health and wellbeing concerns of this technology. 

ECOMONIC  

Typical Cost As a comparable cost, this technology equates to £0.046 / kWh (based on 25 year life time 

cost). This is based upon meeting complete thermal demands and approximately 66% of 

electricity demands. This cost includes the capital, maintenance and fuel cost to generate the 

energy from this option and also the distribution network cost from the energy centre across 

the development site. The above cost includes the 4% RPI average per year for maintenance 

and fuel cost and 5% interest rate for the capital cost 

Typical Payback Typical Payback – 10 – 15 Years 

Incentive/Grants There are no FIT’s and RHI available for this option, however some export tariff and Climate 

Change Levy tax relaxations are available for this option  
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Phasing  This technology would need to be implemented at the start of build out; if it were to be a main 

contribution to the thermal demand; necessitating installation and connection to a site wide 

DHN. Therefore this technology is not usually associated with small phases but can be 

implemented in development batches; incorporating at least a few hundred homes. 

Land Values It is considered that this technology would not have any significant impact on land values. 

TECHNICAL   

Connecting 

Infrastructure 

This option requires a site wide heat network to distribute the hot water across the site to each 

building. In addition; it would require grid connection relative to electricity generated. 

Physical factors There are no specific physical limitations to this option. However, this technology will be 

dominated by the global supply of natural gas and fossil fuel prices.  

Integration with other 

technologies 

This technology can integrate with other CHP technologies as part of site wide network; if all 

units are designed to facilitate this. It will also integrate with other power generating 

technologies such as wind and solar PV. It would not integrate well with micro heat 

technologies such as solar thermal; unless specific areas of the site were not to be connected 

to the DHN. 

SUMMARY 

Gas CHP, if correctly sized, is capable of producing enough heat to meet the thermal demands of site; and a significant 

portion of the electrical demand. However, as with the other district heating technology, this will incur extensive site 

wide DHN to ensure each building is connected. However; this technology is completely dependent upon natural gas as 

a generation fuel and therefore does not provide the same level of carbon savings as some renewable alternatives.  

 

  



NW Bicester – Strategic Energy Options Appraisal  

Hyder Consulting (UK) Limited-2212959 Page 32
 

 

6.5 Appraisal of Solar PV (Roof mounted)   

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

Roof mounted solar PV would be limited to south facing roofs. For this appraisal; it has been 

assumed that 50% of roofs will be orientated southwards; and available for PV generation. 

The following demonstrate the generation capacity: 

• Total Electricity Generation from available Residential roof space = 14,856,351 kWh 

The above meets the full regulated electricity demands of the residential development and 

some of the unregulated demands. In total approximately 72% of the overall residential 

electricity demand can be met through this option; with a total carbon savings of 7,710 tonnes 

• Total Electricity Generation from available Commercial roof space = 3,618,122 kWh 

The above meets approximately 35% of the commercial electricity demand of the site; with a 

carbon saving of 1,877 tonnes 

The below summaries the percentage of energy generated and carbon savings achieved 

relative to regulated and unregulated energy: 

 Regulated & Unregulated Regulated only 

% energy demand met 25% 35% 

% carbon savings  37% 69% 
 

Spatial and Landscape This technology is unlikely to have any impact to landscape character or view. It may however 

create a distinctive streetscape and design concept relative to the development.  

Biodiversity There are no biodiversity impacts associated with solar PV option. 

Environmental quality There are no negative issues with regards to air quality, land quality, noise and water quality 

as this option.  

SOCIAL  

Governance As this technology is installed on each building; it can largely be owned by the home owners / 

occupiers of the development. 

Equity Solar PV creates an immediate and direct benefit to the home owners and occupiers of 

buildings; reducing electricity bills. 

Health / Wellbeing There are no negative health and wellbeing concerns of this technology 

ECOMONIC  

Typical Cost Solar PV is one of the more expensive renewable technologies, but one which has been 

subject to significant downward price shifting due to relatively rapid take up and technology 

improvements. For this appraisal the guided solar PV installation cost has been assumed to 

be £2500/kWp (incl. installation). As downward pricing continues the economics of this option 

will improve. 

As a comparable cost, this technology equates to £0.221 / kWh (based on 25 year life time 

cost). The above cost contributes towards meeting approximately 59% of total regulated and 

unregulated electricity demands of the site. This cost includes the capital and maintenance of 

this option. The above cost includes the 4% RPI average per year for maintenance and fuel 

cost and 5% interest rate for the capital cost.  

The above costs do not include any reinforcement works required to the national grid to 

enable grid connection. 
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Typical Payback The typical Payback is approximately 10 Years but reducing 

Incentives/Grants Grants & Funding –  Current available grants/ funding are as follows:  

                                 FIT= 6.85pence/kWh  

                                 ROC = 2/MWH  

                                 Export Tariff = 4.64 pence/kWh 

Phasing  Phasing is easily achievable with roof mounted solar PV; as panels are fitted as each building 

(or group of buildings) near completion. Therefore operation and cash flow can be phased 

alongside build out. 

Land Values There are not considered to be any land value issues associated with this technology. 

TECHNICAL   

Connecting  

Infrastructure 

Due to the intermittency of electricity generation and balancing generation with demand; there 

is often a significant grid reinforcement issue associated with solar PV that requires additional 

infrastructure to be put in place or the incorporation of some balancing / storage technology. 

Physical factors The primary physical constraint is the necessity to have roof orientations facing south to attain 

the maximum solar harvest for the benefit of the technology. Also the overshadowing needs to 

be considered for each dwelling/ buildings. 

Integration with other 

technologies 

Solar PV is a standalone technology that can integrate with other most other technologies; 

other than those that may compete for roof space (such as solar thermal). It can contribute to 

meeting the electricity demands without interfering with heat generating technologies and sit 

comfortably with other electrical generating options.  

SUMMARY 

Roof mounted solar PV is able to generate significant electricity on site. However there are several challenges to this 

technology such as roof availability, roof orientation, shading/ shadowing and the need for grid reinforcement. Due to 

the restricted available roof space this option would not be able to meet the total electricity demands of Eco Town but 

could contribute significantly. This option is able to sit comfortably alongside many other technologies and therefore 

could be considered as part of a suite of technologies utilised to achieve energy demand and carbon savings.  
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6.6 Appraisal of Solar PV (Land Base)   

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

A large scale land based PV array has the potential to generate significant amounts of 

electricity resulting in substantial carbon savings. For this appraisal; a 20 ha field has been 

utilised to demonstrate the generation capacity: 

• PV array Size = 28,200 kWp  

• Total Electricity Generation = 23,970 MWh  

• Net Carbon Savings = 12,440 tonnes 

To meet the complete electricity demands of the site approximately 92 hectares would need to 

be required for PV array. The below summaries the percentage of energy generated and 

carbon savings achieved relative to regulated and unregulated energy (based on the 20 ha 

option): 

 Regulated & Unregulated Regulated only 

% energy demand met 32% 45% 

% carbon savings  48% 89% 
 

Spatial and Landscape Land based PV array would occupy a significant area of land and depending where it is 

located may be overlooked. However, the site and immediate surrounding area is relatively 

flat, with numerous hedgerows that define the existing field patterns; which would likely afford 

significant screening. 

Biodiversity Installation of land based PV arrays can sit comfortably alongside planting fields with certain 

species of meadow grass. The need to secure the area around the PV array would likely 

benefit biodiversity. 

Environmental quality There are no negative issues with regards to air quality, noise and water quality as this option. 

SOCIAL  

Governance Local governance is possible but unlikely due to the need to fund the complete array early. 

However, some sort of ‘share’ type arrangement may be possible as occupiers move into the 

development; linked to owning properties. 

Equity This technology has the potential to reduce energy bills; as it requires significant investment 

cost it will likely managed through private investment. 

Health / Wellbeing There are no negative health and wellbeing concerns of this technology 

ECOMONIC  

Typical Cost Solar PV is one of the more expensive renewable technologies, but one which has been 

subject to significant downward price shifting due to relatively rapid take up and technology 

improvements. For this appraisal the guided solar PV installation cost has been assumed to 

be £2500/kWp (incl. installation). As downward pricing continues the economics of this option 

will improve. 

As a comparable cost, this technology equates to £0.288 / kWh (based on 25 year life time 

cost). The above cost contributes towards meeting approximately 59% of total regulated and 

unregulated electricity demands of the site. This cost includes the capital and maintenance of 

this option. The above cost includes the 4% RPI average per year for maintenance and fuel 

cost and 5% interest rate for the capital cost.  

The above costs do not include any reinforcement works required to the national grid. 
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Typical Payback Better payback is achievable due to large energy users are available on site. This is generally 

between 8 to 10 years. 

Incentives/Grants Grants & Funding –  Current available grants/ funding are as follows:  

FIT= 6.85pence/kWh  

ROC = 2/MWH  

Export Tariff = 4.64 pence/kWh 

FITs are not applicable above 5MW and ROC would only be applicable to 31
st
 March 2017 

and then the scheme will be closed for new generations. 

Phasing  Theoretically it would be possible to phase installation; as the systems are modular and 

additional load could be added in stages; however, it is more typical to install larger trenches 

of arrays at a time; which facilitates other grid connection issues such as sub stations etc. 

Land Values Land based PV arrays take up large areas of land; and therefore directly compete with other 

land uses. Dependent on screening and security issues; adjoining land values may also be 

affected by the presence of a PV array. 

TECHNICAL   

Connecting  

Infrastructure 

Due to the intermittency of electricity generation and balancing generation with demand; there 

is often a significant grid reinforcement issue associated with solar PV that requires additional 

infrastructure to be put in place or the incorporation of some balancing / storage technology. 

Physical factors The major physical constraint is availability of land; that is not overshadowed and overlooked.  

Integration with other 

technologies 

Solar PV is a standalone technology and can integrate with most other technologies. It can 

contribute to meeting the electricity demands without interfering with heat generating 

technologies and can sit comfortably with other electrical generating options. 

SUMMARY 

A solar PV land based array would be able to generate significant electricity; provided that sufficient land was available. 

It is estimated that approximately 92ha of land would be required to meet 100% of the electricity demand of the site; 

and would require significant grid reinforcement (which will be necessary as part of the development). This option is 

able to sit comfortably alongside many other technologies and therefore could be considered as part of a suite of 

technologies utilised to achieve energy demand and carbon savings. 
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6.7 Appraisal of Solar Thermal   

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

Solar Thermal technology generally only contributes towards the hot water demands and 

therefore has small footprint with regards to energy generated and carbon savings. At the NW 

Bicester site this technology could contribute to meeting the hot water demands of the 

residential dwellings; requiring approximately 65% of the available roof space.  The following 

calculations has been made for residential properties: 

• Residential Hot Water Generation  = 12,891,619 kWh (from 65% of available Residential 

roof space); saving 2785 tonnes of carbon 

• Commercial Hot Water Generation = 747,500 kWh (from 65% of available roof space); 

saving 161 tonnes of carbon 

The below summaries the percentage of energy generated and carbon savings achieved 

relative to regulated and unregulated energy: 

 Regulated & Unregulated Regulated only 

% energy demand met 18% 26% 

% carbon savings  11% 21% 
 

Spatial and Landscape This technology is unlikely to have any impact to landscape character or view. It may however 

create a distinctive streetscape and design concept relative to the development. 

Biodiversity There are no biodiversity impacts associated with solar Thermal option. 

Environmental quality There are no negative issues with regards to air quality, land quality, noise and water quality 

regarding this option 

SOCIAL  

Governance As this technology is installed on each building; it can largely be owned by the home owners / 

occupiers of the development. 

Equity Solar Thermal would create an immediate and direct benefit to the home owners and 

occupiers of buildings; reducing electricity bills. 

Health / Wellbeing There are no significant health and safety issues linked with this technology, except the risk of 

scalding which can if not designed appropriately. Design should be undertaken to maintain the 

balance between bacteria growth, scald risk, water flow rates and scale reduction. 

ECOMONIC  

Typical Cost The solar thermal installation cost relatively low but additional plumbing is required in 

comparison with the traditional boiler which increases the overall cost. 

As a comparable cost, this technology equates to £0.423 / kWh (based on 25 year life time 

cost). The above cost is based upon contribution to the hot water demands only. This cost 

includes the capital and maintenance of this option. The above cost includes the 4% RPI 

average per year for maintenance and fuel cost and 5% interest rate for the capital cost. 

Typical Payback Typical Payback –10 years 

Incentives/Grants Grants & Funding –  Current available grants/ funding are as follows:  

                                  RHI = 8.5pence/kWh 
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Phasing  Phasing is easily achievable as this technology is building mounted and the solar thermal 

collectors can be fitted as each building (or group of buildings) near completion. Therefore 

operation and cash flow can be phased alongside build out.  

Land Values There are not considered to be any land value issues associated with this technology. 

TECHNICAL   

Connecting  

Infrastructure 

No grid connection is required and no additional infrastructure required except the additional 

plumbing and large hot water storage tank. This might be an issue for small 1 to 2 bedrooms 

unit types. 

Physical factors The technical constraints associated with this option are south roof facings, extra plumbing, 

and year round hot water demands (which requires a larger than normal hot water storage 

with immersion heater to boost heat). This technology may be difficult to install in small unit 

types and flats. 

Integration with other 

technologies 

This is a standalone hot water generation technology that can combine with electricity 

generating technologies; although may conflict with roof mounted solar PV.  

SUMMARY 

This technology can contribute to the hot water demands at the site. However there are several challenges to this 

technology such as amount of roof available for installation, roof orientation and shading/ shadowing. In addition, if 

there may be conflicting demands on roof space between Solar Thermal and Solar PV dependent upon demands and 

carbon savings achieved. 
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6.8 Appraisal of Wind (Small/Medium Scale)   

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

The carbon reduction and energy generation potential of wind turbine technology is dependent 

upon wind speed.   

Small scale wind turbines would not be feasible due to poor wind speed (approximately 

4.7m/s) at Bicester at 10m above ground level. 

Medium scale wind turbines, with a tower height of 45meters and the average wind speed of 

6.1 m/s to 6.4 m/s has the potential to generate electricity; albeit at the lower end of the power 

scale.  Total electricity Generation from a single 800kW wind turbine system at a wind speed 

of 7m/s and hub height of 60m = 387,472kWh; saving 201 tonnes of carbon per turbine.   

To meet the total residential electricity (regulated and unregulated) demands of the site would 

require around 54 of the above wind turbines and a further 27 to meet the commercial 

demands. The below summaries the percentage of energy generated and carbon savings per 

wind turbine to achieved relative to regulated and unregulated energy: 

 Regulated & Unregulated Regulated only 

% energy demand met 0.51% 1% 

% carbon savings  2% 3% 
 

Spatial and Landscape Landscape visual impacts will occur as a result of the installation of wind turbines; which 

would necessitate detailed assessment.  

Residential development is typically sited at least 500m away from wind turbines (see below). 

Biodiversity There are potential biodiversity issues associated with wind turbines i.e. small bird 

trappings/killing within the turbine wings associated with wind turbines however there are none 

major issues of concerns occurs for this site. 

Environmental quality Noise can be an issue associated with this technology; generally requiring turbines to be 

located at least 500m away from residential areas.  

SOCIAL  

Governance Local governance is possible but unlikely due to the need to fund the complete array early. 

However, some sort of ‘share’ type arrangement may be possible as occupiers move into the 

development; linked to owning properties. 

Equity This technology has the potential to reduce energy bills; as it requires significant investment 

cost it will likely managed through private investment. 

Health / Wellbeing As mentioned above, there may be noise issues associated with this technology that may be 

regarded as a nuisance. 

ECOMONIC  

Typical Cost As a comparable cost, this technology equates to £0.142 / kWh (based on 25 year life time 

cost). This is based on meeting approximately 2% of total regulated and unregulated electricity 

demands of the site; from a single medium scale (circa 60m hub height) turbine.  This cost 

includes the capital and maintenance of this option. The above cost includes the 4% RPI 

average per year for maintenance and 5% interest rate for the capital cost. 

The above costs do not include any reinforcement works required to the national grid to 

enable grid connection 

Typical Payback Typical Payback – 10 to 20 years 
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Incentives/Grants Grants & Funding –  Current available grants/ funding are as follows:  

                                  FIT = 25.40 pence/kWh (15kW to 100kW turbines) 

                                 Export Tariff = 3.20 pence/kWh 

Phasing  Theoretically it would be possible to phase installation; one turbine at a time; however, it is 

more typical to install several turbine in one go to facilitate planning, grid connection issues 

and funding. 

Land Values Adjacent and nearby land values may be negatively affected due to perceived visual impact.  

TECHNICAL   

Connecting  

Infrastructure 

Due to the intermittency of electricity generation and balancing generation with demand; there 

is often a significant grid reinforcement issue associated with wind turbines that requires 

additional infrastructure to be put in place or the incorporation of some balancing / storage 

technology. 

Physical factors Wind speed is the predominant factor in determining the suitability of this technology. Even at 

60m hub height, the predicted wind speed is at the lower end of the power scale; only just 

making medium scale turbines viable.  

Integration with other 

technologies 

Medium scale wind turbine is a standalone technology and can integrate with most other 

technologies. It can contribute to meeting the electricity demands without interfering with heat 

generating technologies and can sit comfortably with other electrical generating options. 

SUMMARY 

Small scale wind turbines would not be viable at Bicester due to the lack of sufficient wind speed. Medium scale 

turbines may be viable; with an estimated average speed of 6.8m/s at a hub height of 60meters. Each medium scale 

turbine would only contribute a small portion of the sites electricity demand; requiring around 81 turbines to meet the 

total electrical demand. 

(Note: If higher wind speeds were recorded at the site it would significantly improve electricity generation) 
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6.9 Appraisal of Wind (Large Scale)   

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

The carbon reduction and energy generation potential of wind turbine technology is dependent 

upon wind speed. Large scale wind turbines generally require a minimum of 6 m/s to operate; 

and commonly require wind speeds over 9m/s to generate electricity efficiency. Based upon 

another proposal for large scale wind with Cherwell District Council area we have assumed a 

wind speed of 6.4m/s may be achievable.  

Total Electricity Generation from a 3MW wind turbine at a wind speed of 6.8m/s = 904,102 

kWh; saving circa 938 tonnes of carbon (per turbine). 

The above meets the portion of the electricity demands of the EcoTown, in total approximately 

4% of the overall electricity demands of the residential dwellings and 9% of the commercial 

buildings. However to meet the residual electricity demand additional 34 similar large scale 

wind turbines would be required.  

The below summaries the percentage of energy generated and carbon savings per wind 

turbine to achieved relative to regulated and unregulated energy: 

 Regulated & Unregulated Regulated only 

% energy demand met 1.2% 2% 

% carbon savings  4% 7% 
 

Spatial and Landscape Landscape visual impact is commonly regarded as one of the major issues associated with 

this technology and often means that medium to large scale turbines are located away from 

existing and new developments. 

Biodiversity There are potential biodiversity issues associated with wind turbines i.e. small bird 

trappings/killing within the turbine wings associated with wind turbines however there are none 

major issues of concerns occurs for this site. 

Environmental quality Noise can be an issue associated with this technology; generally requiring turbines to be 

located at least 500m away from residential areas.  

SOCIAL  

Governance Local governance is possible but unlikely due to the need to fund the complete array early. 

However, some sort of ‘share’ type arrangement may be possible as occupiers move into the 

development; linked to owning properties. 

Equity This technology has the potential to reduce energy bills; as it requires significant investment 

cost it will likely managed through private investment. 

Health / Wellbeing As mentioned above, there may be noise issues associated with this technology that may be 

regarded as a nuisance. 

ECOMONIC  

Typical Cost As a comparable cost, this technology equates to £0.130 / kWh (based on 25 year life time 

cost). This is based on meeting approximately 2.9% of total regulated and unregulated 

electricity demands of the site; from a single large scale turbine. This cost includes the capital 

and maintenance of this option but does not include the grid connection cost to distribute the 

electricity. The above cost includes the 4% RPI average per year for maintenance cost and 

5% interest rate for the capital cost 

Typical Payback Typical Payback – 4 – 8  years 
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Incentives/Grants Grants & Funding –  Current available grants/ funding are as follows:  

                                  FIT = 4.9  pence/kWh (greater than 1.5MW turbines) 

                                  Export Tariff = 3.20 pence/kWh 

Phasing  Theoretically it would be possible to phase installation; one turbine at a time; however, it is 

more typical to install several turbines in one go to facilitate planning, grid connection issues 

and funding. 

Land Values Adjacent and nearby land values may be negatively affected due to perceived visual impact.  

TECHNICAL   

Connecting  

Infrastructure 

Due to the intermittency of electricity generation and balancing generation with demand; there 

is often a significant grid reinforcement issue associated with wind turbines that requires 

additional infrastructure to be put in place or the incorporation of some balancing / storage 

technology. 

Physical factors Wind speed is the predominant factor in determining the suitability of this technology. 

Available information suggests that average wind speeds are relatively low to moderate; at the 

lower end of the power scale; only just making wind turbines viable.  Another physical 

constraint is spacing distance between turbines and usual separation zone to any residential 

land use (due to noise impacts). 

Integration with other 

technologies 

Wind turbine is a standalone technology and can integrate with most other technologies. It can 

contribute to meeting the electricity demands without interfering with heat generating 

technologies and can sit comfortably with other electrical generating options. 

SUMMARY 

Using a wind speed of 6.4 m/s and 100 m hub height a single large scale turbine would generate electricity to meet 4% 

of total residential demands and 9% of commercial demands. This would require around 34 large scale wind turbines to 

meet the total electricity demands of the site. Hence, the wind speed investigations should be carried out before the 

consideration of this option. The economic appraisal of this option has been discussed under section 8 of this report.  

(Note: If higher wind speeds were recorded at the site it would significantly improve electricity generation) 
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6.10 Appraisal of Heat Pump Technology   

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

This low carbon technology requires electricity to leverage the generation of high efficient 

heat, and therefore has a reduced carbon reduction potential relative to some renewable 

options. For this appraisal; we have sized this technology to meet the total thermal demand of 

the site; however, it is often associated with only providing space heating demand. The below 

details the energy generation and carbon savings associated with this option: 

• Residential thermal demand = 27,398,887 kWh (Net Carbon Savings in comparison with 

traditional (85% efficient) boiler = 1178tonnes) 

• Commercial thermal demand = 16,931,235 kWh (Net Carbon Savings in comparison with 

traditional (85% efficient) boiler = 728tonnes) 

The below summaries the percentage of energy generated and carbon savings achieved 

relative to regulated and unregulated energy: 

 Regulated & Unregulated Regulated only 

% energy demand met 59% 84% 

% carbon savings  7% 14% 

Whilst this technology can be sized to meet thermal demand; the corresponding carbon saving 

is relatively limited because of the electricity used to leverage this heat generation. 

Spatial and Landscape The heat pump does not have any visual impact within the landscape and would not influence 

streetscape. 

Biodiversity There are no biodiversity concerns of this technology at Bicester site. 

Environmental quality Noise issues can occur with air source heat pumps and therefore careful selection of low 

noise machines and siting external units in locations to avoid nuisance would be essential. 

Open loop ground source heat pumps have the potential to impact underlying groundwater 

characteristics; and would need approval from the Environment Agency. Close loop systems 

would be more typical and would not have the same potential risk. 

SOCIAL  

Governance This technology is typically installed on a building by building basis; and therefore it can 

largely be owned by the home owners / occupiers of the development. 

Equity This option would create an immediate and direct benefit to the home owners and occupiers of 

buildings; reducing electricity bills. 

Health / Wellbeing There are no significant health and wellbeing issues associated with heat pump technology. 

As mentioned above, there is the potential for air source heat pumps to cause noise issues; 

which requires careful selection of low noise machines and siting of external units in locations 

to avoid nuisance. 

ECOMONIC  

Typical Cost As a comparable cost, this technology equates to £0.082 / kWh (based on 25 year life time 

cost). This cost includes the capital, maintenance and fuel cost of this option. The above cost 

includes the 4% RPI average per year for maintenance and fuel cost and 5% interest rate for 

the capital cost. 

Typical Payback Typical Payback – 8 years 
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Incentives/Grants Grants & Funding –  Current available grants/ funding are as follows:  

                                   RHI = 3 pence/kWh 

Phasing  Installation is typically on a building by building basis and therefore operation and cash flow 

can be phased alongside build out. 

Land Values There are not considered to be any land value issues associated with this technology. 

TECHNICAL   

Connecting  

Infrastructure 

There are no additional infrastructure issues directly linked with this technology however for 

ground source heat pump the bore hole system would cause some additional infrastructure 

cost for ground works. 

Physical factors Ground source heat pumps require access to land where the borehole system can be installed 

(underneath buildings if needed). Air source heat pumps require careful siting of the external 

heat exchanger to prevent nuisance.  

This technology generally works better with under floor heating system rather than wet 

radiator heating systems. 

Integration with other 

technologies 

This is a standalone hot water/space heating generation technology that can combine with 

electricity generating technologies. It would not integrate with other heat generating 

technologies.   

SUMMARY 

Heat pump technology could meet the thermal demands of the site; however it requires electricity to operate and 

therefore does not create the same carbon savings as some other options. Ground source heat pumps require some 

ground space for borehole installation or trenches and air source heat pumps require careful siting of the external heat 

exchanger to avoid noise nuisance.  
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6.11 Appraisal of Biomass Boiler Technology   

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

Biomass boiler utilises renewable wood chips/pellets as a fuel source (or potentially biofuel) to 

generate heat; and therefore reduces carbon emissions further when against traditional gas 

boiler technology. However, this technology is only feasible when sufficient sustainable wood 

chip/pellet fuel is available.  

Provided that sufficient biomass fuel is available then this technology can be sized to meet the 

thermal energy requirements of the development; as follows (based on 2000kW Unit): 

• Heat Production = 44,330,122 kWh 

The net carbon savings would be 8,741 tonnes. The below summaries the percentage of 

energy generated and carbon savings achieved relative to regulated and unregulated energy:  

The below summaries the percentage of energy generated and carbon savings achieved 

relative to regulated and unregulated energy: 

 Regulated & Unregulated Regulated only 

% energy demand met 59% 84% 

% carbon savings  34% 63% 

This technology option can be sized to meet the thermal demands on site and also reduces 

the carbon footprint due to non-reliance on fossil fuel. . 

Spatial and Landscape No significant landscape issues associated with this option as the biomass plants are 

enclosed within a building structure; with the exception of the biomass fuel storage which may 

be a silo type structure; which is in keeping with the existing rural nature of the site and is not 

considered to represent a landscape impact.   

It is likely that at least 2 energy centres would be required; sized approximately 25m x15m 

with additional service yards. It is not considered that these would represent a negative spatial 

or landscape impact as they would be fully integrated into the masterplan layout and design. 

However, each would have exhaust flues extending some 15m from the CHP plant; which 

would have limited local landscape impact. 

Biodiversity There are no significant biodiversity concerns with this technology at the site. 

Environmental Quality Potential air quality can occurs due to the burning of wood fuel, which have a higher nitrogen 

oxide content than traditional gas boilers; however this would be controlled as part of the plant 

and flue arrangements and so unlike to cause any actual impact. 

SOCIAL  

Governance As this technology is installed on each building; it can largely be owned by the home owners / 

occupiers of the development 

Equity Biomass Boiler would create an immediate and direct benefit to the home owners and 

occupiers of buildings; reducing the heating bills. 

Health / Wellbeing No significant health and wellbeing issues. 

ECOMONIC  

Typical Cost   

Typical Payback  
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Incentives/Grants  

Phasing  Phasing is easily achievable with this option; as biomass boilers are fitted as each building (or 

group of buildings) near completion. Therefore operation and cash flow can be phased 

alongside build out. 

Land Values There are not considered to be any land value issues associated with this technology. 

TECHNICAL   

Connecting  

Infrastructure 

No grid connection is required and no additional infrastructure required except the additional 

plumbing and large biomass fuel storage space. This might be an issue for small 1 to 2 

bedrooms unit types. 

Physical factors The technical constraints associated with this option are mainly the availability, secure and 

consistent delivery of Biomass fuel and also at the cost effective manner. 

Integration with other 

technologies 

This is a standalone technology that can combine with any other electricity generating 

technologies without interruption.  

SUMMARY 

Biomass boiler could meet the overall heating demands of the development; however, consistent and availability 

biomass fuel would be required to facilitate this. This option would also create significant carbon savings.  
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6.12 Appraisal of Enhance FEE standards   

Key Themes Comments 

ENVIRONMENT   

Carbon reduction and 

Energy Generation 

potential 

Adoption of enhanced FEE standards can result in carbon savings due to reduction in heating 

demand. The savings in regulated energy demand shown in the graph below are through 

improvements in the fabric efficiency, ventilation, thermal bridging and air tightness proposed.  

The chart below shows the impact of changing FEE standard with regards to the % 

improvement in overall energy demands relative to CSH level 4 FEE standards; which is the 

PPS1 baseline for the eco-development. 

 

Spatial and Landscape This option would not impact landscape character or views. 

Biodiversity There are no biodiversity concerns from enhance FEE as it does not alters the construction 

process. 

Environmental quality There are no negative issues with regards to air quality, noise and water quality regarding this 

option  

SOCIAL   

Governance There are no governance issues associated with this option. As each unit would be built to the 

FEE standards all residents would have equal benefit. 

Equity This option would minimise the overall heating demand of the building and therefore reduce 

energy bills for every occupant. 

Health / Wellbeing Potential indoor air quality issues may occur due to air tightness; which would require 

mechanical ventilation and education of occupiers. Improved insulation and build quality would 

potentially improve noise penetration. 

ECOMONIC   

Typical Cost  Adopting higher FEE standards increases the overall construction costs. However by its very 

nature reduces heating requirements.  

Incentives: No monetary incentives available for higher fabric efficiency  

Paybacks: No data available  

Phasing  There are no phasing restrictions as each unit is built to FEE standard.  

Land Values There are no land values issues.  

TECHNICAL    

Connecting  

Infrastructure 

No additional infrastructure has been required for this option 

-40%
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20%

40%

60%

BR 2010
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Physical factors There are certain limitations imposed to this option and it is difficult to achieve higher level of 

fabric efficiency due to building structure and available technology. 

Integration with other 

technologies 

If very high FEE standards are adopted; which result in very low heating demand, then the 

selection of which heating and hot water technology may be influenced.  

SUMMARY 

Adopting very high FEE levels increases build costs whilst reducing heating demands. Increasing FEE standards 

beyond a certain level may influence whether some heating and hot water technologies remain valid. Ultimately a 

decision is required whether to continue to reduce demand at higher build cost or connect to a LZC heating technology.  

This report has considered that all residential units would be built to Code level 5 FEE standards. 

 

 
  



NW Bicester – Strategic Energy Options Appraisal  

Hyder Consulting (UK) Limited-2212959 Page 48
 

 

7 TECHNOLOGY INTEGRATION 

The appraisal sections discuss the limitations of each technology and how they may 

complement (C) or pair (P) well together; and conversely where they do not typically work well 

together (X). The following table provides a summary of technology integration and combination.  
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EfW - X X X C C C X X 

AD CHP X - X
1
 X

1
 C C C X X 

Gas CHP X X
1
 - X

1
 C C C X X 

Biomass CHP X X
1
 X

1
 - C C C X X 

PV array C C C C - P P C C 

Wind C C C C P - P C C 

Roof PV C C C C P P - C
2
 C 

Solar Thermal X X X X C C C
2
 - X 

Heat pumps X X X X C C C X - 

Table 7-1 Technology Integration 

 

As always, there are never hard and fast rules; and exceptions exist where technologies that do 

not typically complement each other; such as biomass CHP and gas CHP, comes when there is 

a significant heat demand and opportunity exists to have more than one technology combining 

to service that demand. For example several energy centre with differing CHP technologies all 

linked via a site wide DHN; sized to share the heat demand – these opportunities are identified 

in the above table as X
1
. Such a situation may exist at the NW Bicester site due to the size of 

heat demand and may provide benefit relative to resilience and security of supply. 

Where one technology generates heat and another power; then these technologies would 

typically complement each other. There can, however, be certain situations where physical 

limitations can create conflict; for example roof mounted solar PV and solar thermal complement 

each other relative to their respective electrical and thermal generation but compete on roof 

space to achieve this – such aspects are identified in the above table as C
2
.  

In other circumstances; technologies may be able to be paired together to meet a specific 

demand; such as roof mounted PV and wind turbines. Each generate electricity but do not 

necessarily compete against each other.  
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8 SUMMARY OF ENERGY GENERATION, 
CARBON SAVINGS AND COSTS 

This section summarises the energy generation and carbon savings of each option in the 

following tables. These enable comparison of each technology and, together with the previous 

section, help identify which options may work well together as a collective solution. 

Table 8-1 below provides a summary of each technology options energy generation capability 

relative to regulated and regulated/unregulated energy demand.  

Table 8 – 1 – Energy Generation Potential of Various Options 

Technology Options 
Total Generation 

Capacity 

% of Total Demand met 

(Regulated and 

Unregulated) 

% of Regulated 

Demand 

Ardley (EfW) T: 44,330,122 kWh 59% 84% 

AD (only food and 

catering waste) 

E: 1,589,844 kWh 

T: 2,649,740 kWh 
6% 8% 

Biomass CHP (sized to 

meet thermal demands) 

E: 21,109,582 kWh 

T: 44,330,122 kWh 
87% 124% 

Gas CHP (sized to meet 

thermal demands) 

E: 20,428,627 kWh 

T: 44,330,122 kWh 
86% 123% 

Large Scale PV 

(20ha - land space) 
E: 23,970,000 kWh 32% 45% 

Large Scale Wind (3MW 

turbine) 
         E: 904,102 kWh 1.20% 2% 

Building Scale PV (50% 

of Roof space) 
E: 18,474,473 kWh 25% 35% 

Biomass Boiler 

(2000 kWth Unit) 
T: 44,330,122 kWh 59% 84% 

Medium Scale Wind 

(800kW turbine) 
E: 387,472 kWh 0.51% 1% 

Solar Thermal (to meet 

the hot water demands) 
T: 13,639,119 kWh 18% 26% 

Heat Pump (to meet the 

thermal demands) 
T: 44,330,122 kWh 59% 84% 

               Where E reflects to Electrical Demand and T reflects to thermal generation 

            Notes:  

            Site Total Thermal Demand = 44,330,122 kWh and Site Total Electrical Demand = 31,139,326 kWh 

 

The above options do not provide any connection hierarchy and have been appraised as individual 

options relative to their potential to meet the energy demands of the proposed development. Some of 

the district level options are optimised to meet the complete thermal demand and therefore the above 

generation capacity depends upon the size of the proposed technology option. The Biomass CHP and 

Gas CHP options have the potential to meet significant portions of the developments total energy 

demands; however individual option cannot satisfy the total regulated and unregulated energy 

demands and a suitable options mix is inevitable. 
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Table 8-2 below provides a summary of carbon savings of each option; relative to the energy 

generation identified in table 8-1 above.  

Table 8 – 2 – Total Carbon Emissions Savings 

Technology Options 
Total Carbon 

Savings 

Zero Carbon (Regulated 

and Unregulated) 

Zero Carbon 

(Regulated Energy 

Only) 

Ardley (EfW) 

(meeting thermal demand) 
9,575 tonnes CO2 37% 69% 

AD CHP  

(only food and catering waste) 
1,387 tonnes CO2 5% 10% 

Biomass CHP  

(sized to meet thermal demands) 
19,922 tonnes CO2 77% 143% 

Gas CHP  

(sized to meet thermal demands) 
12,045 tonnes CO2 47% 86% 

Large Scale PV 

(20ha - land space) 
12,440 tonnes CO2 48% 89% 

Large Scale Wind  

(single 3MW turbine) 
938 tonnes CO2 4% 7% 

Biomass Boiler 

(2000kW Unit) 
8,741 tonnes CO2 34% 63% 

Building Scale PV  

(50% of Roof space) 
9,588 tonnes CO2 37% 69% 

Medium Scale Wind  

(single 800kW turbine) 
402 tonnes CO2 2% 3% 

Solar Thermal  

(to meet the hot water demands) 
2,946 tonnes CO2 11% 21% 

Heat Pump  

(to meet the thermal demands) 
1,906 tonnes CO2 7% 14% 

The carbon factors utilised above are as follows: Natural Gas=0.216kgCO2/kWh, Electricity = 0.519kgCO2/kWh and Biomass = 0.016kgCO2/kWh 

The above table shows the carbon savings from each option and also the percentage of overall 

carbon saving relative to meeting regulated and regulated/unregulated energy carbon emissions. As 

can be seen from the above; no one single option is capable of generating the total carbon saving 

needed; however some options provide significantly more carbon saving than others; therefore a 

combination of options is inevitable. 

It should be noted that the above tables (8-1 and 8-2) quote the wind turbine options as a single 

turbine. It is obvious from the above that a significant number of turbines would be required generate 

the required electrical demand and create sizeable carbon savings.  

Table 8-3 below presents a summary of the cost analysis for each option relative to the energy each 

option generates (as presented in Table 8-1 above). The cost summary table (8-3) presents a 

comparable £ / kWh cost for each option. Costs have been calculated on the based on capital costs; 

and a 5% interest rate on capital cost; average RPI (Retail Price Index) of 4% for maintenance and 

fuel cost over the period of 25 years. 
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9 CONCLUSION 

This report reviews available Low or Zero Carbon technology options that may be utilised at NW 

Bicester and also investigates their environmental, economic, social and technical impacts of 

each of the option. This has been undertaken on the basis of energy demands of both 

residential and commercial units.  

The energy demands for the residential units are taken from the SAP 2009 calculations and for 

commercial units the CIBSE TM46 has been consulted. The details of these calculations and 

our approach can be found under “Energy Demand Technical note” (presented in Appendix A) 

and the copies of SAP worksheets can also be found within the report. 

Following are the energy demands in terms of fossil fuel and electricity for NW Bicester site. 

Table 9 – 1  Energy Demands Summary  

Development Type 
Electricity Demands 
(kWh) PA 

Fossil Fuel 
Demands  
(kWh) PA 

Residential 5607 Units Energy Demands 
Regulated/Unregulated  
(Electrical Cooking, Electrical Appliances) 

20,759,351 27,398,887 

Commercial Units Energy Demands 10,379,975 16,931,235 

Total  31,139,326 44,330,122 

Notes: The above table is based upon electrical cooking within residential properties. If an gas cooking option is chosen 

then the total electrical demand will change (from 31,139,326kWh) to 28,802,859kWh and the total thermal demand will 

increase (from 44,330,121.58 kWh) to 48,418,258 kWh. 

The above demands are based on adopting an improved building fabric efficiency level (CSH 

level 5). Therefore to meet the above demands we would require a technology/ mix of 

technology options which can fulfils the electricity demands of 28,803MWh/yr. and the thermal 

demands of 48,418MWh/yr.  

According to the recent discussions with Ardley EfW developer, we have established that the 

Ardley EfW plant will produce enough waste heat to meet the site space heating and hot water 

demands, without the need of any additional technology but will require a considerable 

connecting pipe (alongside a site wide additional district heating network). However this option 

would require further investigations with regards to the connection from Ardley plant to the 

Bicester EcoTown, the typical possible routes have been provided within Appedix C of this 

report.  

The appraisal has demonstrated that whilst certain technologies may go a considerable way to 

meeting demands and creating carbon savings; no one technology can fulfil the site’s total 

energy demand and carbon reduction target. A combined technology solution will be inevitable. 
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Appendix A 

Baseline Energy Demand – Technical Note – 5020-
UA005241-ESD-R-1  
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Appendix B 

Ardley Road Routes options 
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Appendix C 

Reference document FIT, RHI tables 
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Appendix D 

Wind Data, Technical Datasheets 
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http://tools.decc.gov.uk/cgi-bin/nre/noabl1.pl  
 
 
At Post Code OX27 7HN and Grid Reference SP56895 or SP570251 
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Grid Reference SP 535230 
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Grid Reference SP453410 
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ENERCON WIND TURBINE DATA 
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Appendix E 

Biomass Fuel Map 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



NW Bicester – Strategic Energy Options Appraisal  

Hyder Consulting (UK) Limited-2212959 Page 66
 

 

http://www.woodfueldirectory.org/  
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