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[bookmark: _Toc491109167]Executive Summary
Element Energy have been commissioned by Reading Borough Council (RBC) to undertake a heat mapping and energy masterplanning study for Reading town centre. In addition to the high existing density of domestic and non-domestic energy use, the town centre includes a large number of redevelopment sites. The number and extent of these redevelopment plans are seen as an excellent opportunity to kick start heat network schemes, and the redevelopment sites have therefore been considered as a focus of this study.
[bookmark: _Toc491109093][bookmark: _Toc491109168]Data collection
RBC shared elements of context as well as documents submitted through planning applications, providing the best available data on recent and expected redevelopments. The location of all the redevelopment sites that have been reviewed for the purpose of this study are presented in Figure 1 below. This shows a mix of planned redevelopments (i.e. planning applications have been permitted by RBC), expected redevelopments (i.e. RBC expects planning applications to be submitted in a near future for these sites) and redevelopments that have already been completed.
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[bookmark: _Ref491094421]Figure 1: Main redevelopment sites within Central Reading

The table below presents a summary of the redevelopment plans that were reviewed. Items that indicate highest suitability for connection to a heat network (based on the expected redevelopment timetable and the proposed/existing heating system) are highlighted in green; recently completed redevelopments (less suitable for connection in the near term given the recent installation of the existing heating system) are indicated in blue; and electrically heated buildings (less suitable for connection given the large additional cost of installing a wet heating system) are shown in red.
[image: ]
	#
	Site
	Status
	Main heating fuel
	Main use types[footnoteRef:1] [1:  R = Residential block ; O = Office block ; r.u = residential unit] 


	1
	Former Royal Mail 
	Application permitted
	3 gas CHPs (1 per building)
	2 R + 1 O + hotel

	2
	Former SSE 
	Expected redevelopment plan
	· (no data)
	1 R (250 r.u)

	3
	Former Coopers BMW 
	Application being assessed
	Gas CHP
	1 R (315 r.u)

	4
	Station Hill
	Application permitted
	Gas CHP for residential units
	4 O + 2 R

	5
	Thames Tower
	Completed
	Gas boilers
	1 office block

	6
	Garrard House
	Application being assessed
	Communal gas boilers
	1 R (107 r.u)

	7
	Sainsbury’s
	Application being assessed
	Gas CHP
	3 R (135 r.u)

	8
	Site at Weldale Street
	Application being assessed
	Gas CHP
	427 r.u

	9
	Site at Chatham Place 
	Completed
	Gas CHP
	184 r.u

	10
	Former Yell building 
	Completed
	Gas boilers
	287 r.u

	11
	Old Civic building area
	Expected redevelopment plan
	· (no data)
	560 r.u + retail

	12
	R+ building
	Completed
	Electricity
	1 office block

	13
	Forbury hotel apartments
	Completed
	Electricity
	Hotel

	14
	Reading prison
	Expected redevelopment plan
	· (no data)
	70 r.u + leisure

	15
	Forbury Place
	Completed
	Electricity (2/3 buildings: ASHP)
	3 office blocks

	16
	Toys R Us & Homebase 
	Application being assessed
	Gas CHP
	3 R (700 to 800 r.u)

	17
	Kodak and Ventello 
	Expected redevelopment plan
	· (no data)
	500 r.u

	18
	42 Kenavon Drive
	Completed
	Gas CHP & individual boilers
	190 r.u

	19
	Kings point
	Completed
	Gas CHP + ASHPs
	R (103 r.u) + retail


Figure 2: Summary of heating systems in redevelopment plans



[bookmark: _Toc491109094][bookmark: _Toc491109169]Energy demand mapping
In theory, all homes, businesses and public sector organisations can be considered as potential customers of a heat network. As such, the energy demand of all these consumers is included in the analysis. However, the core of a heat network is likely to be focused on a small number of larger customers – sometimes known as ‘anchor customers’. For these potential customers in particular, it is important to have the most accurate and up-to-date information.
For all the redevelopment sites presented in the previous section, a building-by-building analysis was undertaken, accounting for estimated energy demands from the planning application Energy Strategy documents where available, and applying energy consumption benchmarks (kWh/m2 for various uses, e.g. heating, lighting, etc.) to floor areas estimated from detailed proposed plans in other cases.
For most of the existing buildings, the energy consumption was estimated based on floor areas and use types, applying use type-specific energy consumption benchmarks. Building areas were estimated based on floorplate areas from OS Mastermap data, building use types (BLPU codes) from LLPG data, and applying building use type based assumptions for the number of storeys (e.g. assuming two storeys for all detached houses).
Following this initial analysis, the approach for existing buildings was refined for the largest energy users, i.e. buildings that have the potential of being ‘anchor customers’ for a district heating scheme. The largest energy users were contacted by RBC with a request for information including questions on their real metered energy consumption data and heating systems. It should be noted, however, that only a small number of building owners / occupiers responded to this request. Where metered data was not made available, and where possible, Energy Performance Certificates (EPC) or Display Energy Certificates (DEC) were consulted in order to base the energy consumption estimates on more accurate energy consumption data where available (floor space data otherwise[footnoteRef:2]) as well as to identify the main heating systems currently in place in these buildings. [2:  Although in theory DECs contain metered energy consumption data, they were not available in the public DEC dataset. Consequently, EPCs as well as DECs were consulted to access floor area data, to which energy consumption benchmarks were applied.] 

The energy demand for heat, power and cooling arising from the redevelopment sites as well as existing buildings was analysed and mapped in QGIS. This is shown on the heat map on Figure 3, where for each building, the size of the bubble is proportional to the heating demand (in MWh/year).
This map highlights the large heating demands that are expected to arise from redevelopment sites incorporating tall buildings, including the three buildings on the Royal Mail site, the large residential redevelopment sites around the Station Hill area (Station Hill plots E and F and the sites at Garrard House, Sainsbury and Weldale street), the development expected around the Old Civic building area, as well as the development expected further east on the ‘Toys R Us and Homebase’ and ‘Kodak and Ventello’ sites. 

[image: ]
[bookmark: _Ref491099890]Figure 3: Full Reading town centre heat map, including future redevelopments

[bookmark: _Toc491109095][bookmark: _Toc491109170]Cluster and scenario definition
In parallel with the heat and power mapping analysis, the analysis accounted for potential network constraints (e.g. highways, railways, waterways, land designations, etc.) as well as land ownership considerations. The main potential constraints applying to the area under consideration are shown in Figure 4.
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[bookmark: _Ref491103834]Figure 4: Constraints to be accounted for in the design on district heating schemes

All the large planned redevelopment sites are located in the part of Reading located between the Thames and Kennet rivers. Consequently, neither river would have to be crossed in a heat network incorporating the sites under consideration. In contrast, the three most northerly redevelopment sites (Royal Mail, SSE and Coopers sites) are separated by the railway from the other redevelopment sites considered. The railway is considered very challenging for heat network infrastructure to cross and, as a result, the three redevelopment sites located to the north of the railway are deemed unlikely to be linked to the other redevelopment sites. Several major roads would have to be crossed in order to connect some of the redevelopment sites; this requirement has been minimised during network route design, but several key crossings remain, and would need to be considered further at detailed feasibility stage. Finally, the area contains a number of key character and listed buildings, and some conservation areas. These areas have been accounted for in the design of the heat network scheme options studied.
Based on the heat mapping and constraints analysis, four main clusters were identified as potentially suitable for heating network schemes, centred on the largest redevelopment areas and potentially extending to key existing buildings. The list of attributes that were taken into account in the design of heat networks as having significant impacts on their cost effectiveness and overall feasibility is presented in section 4.1.
The first cluster, the ‘North of the station’ cluster, is centred on the large Royal Mail redevelopment site and could include the two other sites expected to be redeveloped, the current SSE building and the Coopers sites. It could also include existing buildings such as the retail space in Vastern Court Retail park and large office buildings north of Vastern Rd and on both sides of Napier Rd. As discussed previously, this area is considered in isolation from the rest of the town centre located south of the railway.
On the other side of the railways, two clusters were defined within the main town area. One of these, the second cluster overall and named ‘Station Hill and around’ for the purpose of this study, is centred on the seven plots of the large Station Hill redevelopment site and includes three other planned redevelopments located nearby, at the Sainsbury’s, Garrard House and Weldale street sites. The other, the third cluster overall named the ‘Old Civic building area’, comprises the available land where the RBC office was located before being demolished, and could include various large existing buildings in the nearby area, e.g. the Broad Street Mall and Oracle shopping centres, the Hexagon theatre, the police station or the Magistrate’s Court.
Finally, the fourth cluster is located east of the town centre and is named ‘Forbury Road and Kenavon Drive after the main road passing through it, Forbury Rd, continued by Kenavon Drive on its eastern side. This area contains two major redevelopment sites, the Toys R Us and Homebase site, and the Kodak and Ventello site. It also presents two large sites that were recently completed, at Forbury Place and 42 Kenavon Drive, some retail space, at Forbury Retail park, and the Reading prison site, which is also expected to be redeveloped at some point in the future.
Figure 5 presents an overview of the four clusters that were identified for potential district heating schemes along with the various scenarios that were defined, centred on the largest redevelopment areas and potentially extending to key existing buildings, from ‘core’ scenarios to the most extended scenarios.
[bookmark: _Toc491109096][bookmark: _Toc491109171]Low carbon heat supply options
A range of heat supply technologies have been assessed in the heat network options appraisal. A summary of the pros and cons of the heat supply options studied is provided in Table 1.
[bookmark: _Ref491099942]Table 1: Summary of pros and cons of heat supply options
	Option
	Pros
	Cons

	Water-source heat pumps (WSHP)
	· Potential to be very low carbon
· Can be relatively cost-effective where supported by RHI
· Where cooling is also required, economics improved significantly
	· High capital cost
· Requires substantial electrical grid capacity (although similar to gas CHP)
· Some risk of RHI support being reduced/withdrawn

	Gas combined heat and power (CHP)
	· Mature and proven technology
· Relatively cost-effective without subsidy
· Opportunity to deliver on-site electricity
	· Fossil fuel-based, so carbon savings may not be large (and may be negative in future)

	Biomass boiler / Biomass CHP
	· Potential to be very low carbon
· Biomass boiler – Cost-effective option where supported by renewable heat incentive (RHI)
	· Regular deliveries and/or large storage required for biomass
· Air Quality and environmental issues
· Some risk of RHI support being reduced/withdrawn
· Biomass CHP – High capital cost

	Waste heat from industry, power and Energy-from-Waste plants
	· Potential to be very low cost heat
· Very low carbon (exact carbon intensity depending on source)
	· Unless heat source close to demand centres, heat transmission cost can be high
· Likely to have some downtime so additional backup plant required


No industrial or power station waste heat source was identified for the area under consideration, but there is considerable water-source heat potential associated with the Thames and Kennet rivers, estimated to be in the region of 55 MW and 14MW respectively. The following technologies were taken forward in the analysis: WSHP (based either on the nearby Thames and Kennet rivers or on sub-surface groundwater as heat source), gas CHP, biomass boiler and biomass CHP.
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[bookmark: _Ref491099904]Figure 5: Overview of the four clusters identified in Central Reading


[bookmark: _Toc491109097][bookmark: _Toc491109172]Scheme option appraisal
In the technical assessment, the energy demand data gathered and derived for each customer was used to undertake an outline design of the heat network, including the appropriate primary and auxiliary plant sizing, the network route and length, the pipe sizing, the peak and annual fuel consumption and so on.
An economic assessment was then undertaken for each scheme option. On the basis of the scheme design and sizing, the cost of all required generation plant and heat network infrastructure was derived, including upfront costs, replacement costs and ongoing operational and fuel costs. The potential value of revenue streams was calculated, including the value of heat sales based on an estimate of the counterfactual price of heat that could be expected for the customers connected; potential revenue from electricity sales for the case of gas CHP, based on either on-site/private wire sale of electricity and/or grid export; and potential revenue from the Renewable Heat Incentive (RHI), for the case of biomass and heat pumps.
For each case, a set of common outputs were derived to allow a comparison of the scheme options considered against each other, and against typical performance benchmarks for the viability of a heat network. These include the project capital cost, the internal rate of return (IRR), the net present value (NPV), the lifetime cost of heat supply, lifetime CO2 emissions savings and the ‘funding gap’ to project viability.
A discussion of the potential delivery models for a heat network in Reading is provided in section 7. Some of the potential delivery models include a key role for RBC in funding all or part of the upfront cost of the heat network. In a public sector-led scheme scenario, it is assumed that a minimum IRR of approximately 6% would be required, although this would be determined on a case by case basis. Therefore the funding gap (if any) for viability of a given cluster/scenario is defined as the NPV of the project, using a 6% discount rate under the assumption of a public led scheme, or a 12% discount rate under the assumption of a private led scheme.
The results from the economic analysis are presented in section 6 of this report and include: the IRR (at 25 years), the net present value (at 25% and based on a 6% discount rate) and a breakdown of the NPV into various cost and revenue components and an overall summary of the economic assessment. These outputs are shown in the figures below for the example case of the North of the station cluster – the equivalent results for the other clusters are not reproduced here for brevity.
[image: ]
Figure 6: IRR summary for Cluster 1 – North of the station

[image: ]
Figure 7: Net present value summary for Cluster 1 – North of the station

[image: ]
Figure 8: Cost and revenue components for Cluster 1 – North of the station
The technical and economic assessment has identified several potentially deliverable heat network scheme options centred on four clusters in Reading. These schemes provide the opportunity to deliver multiple benefits across the region, including reduced energy costs to consumers, substantial carbon emissions reduction, improved local air quality and increased inward investment and local economic growth.
It should be noted that for all clusters and at this early stage, the appetite for customers to connect to the heat network is not well-established, carrying a substantial risk relating to the demand for heat. In the later feasibility stages, greater certainty over the demand for connection to the network will need to be gained. It is imperative that RBC and partners following this study, and throughout the subsequent feasibility stages, engage with the potential customers for each scheme, in order to address this risk.
The four clusters, their associated scheme options, their potential benefits and the associated risks are considered in turn below.
[bookmark: _Toc491109098][bookmark: _Toc491109173]North of the station cluster
At the very centre of this cluster is the ‘Royal Mail’ site, which is expected to see erection of three large buildings with a mix of residential units, offices, hotel and retail. This site, along with at least two other ones located nearby, trigger the opportunity to kick start a DH scheme with new developments in an area potentially highly suitable for a heat network. Furthermore, it is close to the Thames and, as a result, a WSHP connecting to the river could be envisaged. The economic assessment for this cluster shows relatively high IRRs for the core scenario S1.1 (limited to the Royal Mail site itself), in line with the recommended heating option (Gas CHP) presented by this site developers in the Energy Strategy document. The second scenario S1.2, extending the scheme to the two other redevelopment sites and some other large existing buildings, also shows positive IRRs for the gas CHP and WSHP options. A public sector led scheme could be considered for this scenario and technologies with an additional funding circa £1m. It is estimated that a private sector led scheme, assuming a required IRR in the region of 12%, would require £2.0m additional funding in case of a WSHP, bringing a carbon savings value for money of 12 ktCO2 per £1,000 grant. Similarly, for the third – further extended – scenario, it is estimated that in the case of a WSHP, the DH deployment could be public sector led with an additional funding of £1.5m, and private sector led with approximately £3.5m additional grant, again bringing a high carbon savings value for money of 23 ktCO2 per £1,000 grant. 
There is a rather high level of uncertainty regarding the redevelopment sites for this cluster: at the time of writing, the permitted planning application for the central Royal Mail site is about to expire and RBC have been waiting for a plan update from the site developers; the redevelopment plans of the current SSE site has still to be precisely defined; and there has been some discussions about redeveloping the Vastern Court Retail park, which would mean that estimated energy demands (based on current retail spaces) would have to be modified accordingly. Also, an additional risk relates to the requirement to cross two major roads (Caversham Road and Vastern Road). It is recommended that the implications of these risks are examined further in any further feasibility work.
Station Hill and around
This cluster is composed of several large redevelopment sites: the six plots at the Station Hill site (four office buildings and two residential areas), the Sainsbury’s and Garrard House sites (also included in the core scenario S2.1) and the site at Weldale Street (included in the second scenario S2.2). As already mentioned, this type of large and dense new development provides advantages with respect to the viability of a DH scheme. However, there are also several caveats related to uncertainty over the delivery of expected plans and phasing. The economic analysis for this cluster shows that the gas CHP and WSHP options have positive IRRs between 0.1% and 4.3% for all three scenarios defined, corresponding to funding gap (at 6% discount rate) -£0.3m and -£0.9m, suggesting that a public sector led scheme could be envisaged by requiring relatively low levels of additional funding. The most extended scenario considered within this study (S2.3) have IRR at 2.8 % with the WSHP option and could be developed by the public sector with £0.8m additional grant while bringing good carbon savings value for money of 22 ktCO2 per £1,000 grant.
Several risks should be underlined for this particular cluster. As already mentioned, it is mainly composed of redevelopment sites and as a result the scheme feasibility will be particularly dependent on the redevelopments’ delivery and phasing. Further, it should be kept in mind that this cluster is located in the most central and busy part of Reading, meaning that civil works are likely to be more disruptive and expensive to plan and execute. It is recommended that the implications of these risks are examined further in any detailed feasibility work. Finally, it should be noted that connecting the site at Weldale Street (as in scenarios S2.2 and S2.3) would require the network to cross Caversham Road, which would also be expected to entail significant cost.
Old Civic building area
This cluster is centred on the available land where the old RBC office building was located before it was demolished. The Old Civic building area is expected to be redeveloped with the erection of a large number of residential units and some retail – although some uncertainty remains about exact redevelopment plans. This site is seen as an opportunity to kick start a DH scheme in the area, centred on this site and potentially extending to the large existing buildings close by. In the economic analysis, IRRs for were found to be between -2.5% and 2.3% for gas CHP options and between -2.6% and 3.4% for WSHP options for the scenarios that were retained for this cluster (i.e. the versions of the three scenarios that do not include the two shopping centres, which connection to the scheme was found to be cost prohibitive due to costs to convert from electrically heated units to wet heating systems). Consequently a public sector led scheme for scenario 1 could be considered providing relatively limited additional funding, from £0.2m for the gas CHP option to £0.3m for the WSHP option. The most extended scenario (S3.3) with WSHP could be public sector led provided with £2.1m additional funding, bringing a carbon savings value for money of 11 tCO2 per £1,000 grant. In case of a private sector led scheme, it is estimated that the three scenarios with WSHP would require a minimum grant of £0.6m, £1.7m and £2.7m for S3.1, S3.2 and S3.3 respectively, and would lead to carbon savings value for money of 14 tCO2, 11 tCO2 and 9 tCO2 per £1,000 grant respectively – suggesting for this cluster too that an HNIP application for funding may be competitive.
The key risk for the Old Civic building area cluster relates to the uncertainty regarding redevelopment plans for the Old Civic building area. It should also be noted that some other redevelopments are being discussed and inclusion to the scheme options could be considered – e.g. new residential units on top of the Broad Street Mall. A further risk in this area is that the sites under consideration are partially within area of archaeological potential close to the St Mary’s Butts / Castel Street conservation area, and to a number of listed buildings, including Grade I listed St Mary’s Church. The proposed DH scheme designs take account of these constraints, but any further feasibility studies should assess the potential impact of these.
Forbury Road / Kenavon Drive
The definition of this cluster is centred on two expected redevelopment sites, the ‘Toys R Us and Homebase’ site and the ‘Kodak and Ventello’ site, named after the current or previous site occupants (rather than the occupants after redevelopment) for the purpose of this study. Based on development plans, the erection of between 1,200 and 1,300 residential units is expected in total, providing a significant opportunity to kick-start a heat network in the area. In addition to these two sites forming the core scenario (S4.1) within this study, the second scenario (S4.2) looked at the impact of also including Reading Prison in the scheme, as it is expected to be converted into ~70 residential units and some leisure space. The third scenario (S4.3) sees inclusion of buildings from the nearby Forbury Retail park. Finally, the last scenario (S4.4) also includes some of the recently built residential units at the 42 Kenavon Drive site. According to the planning application Energy Statement, 104 flats in this site are served by a gas CHP and the energy centre ‘incorporates provision to connect to off‐site heat networks, allowing to connect to larger plant on adjacent sites should the opportunity arise’. As a result, these 104 flats could relatively easily be connected to a larger DH scheme at the end of the current CHP lifetime. From the economic analysis, IRRs are relatively high for this cluster for the gas CHP and WSHP options, above 4.5% for S4.1 and S4.3. As a consequence, these two scenarios could be envisaged as public sector led schemes without requiring very high additional funding. S4.2 and S4.4 have lower IRRs, but these remain above 2% for the WSHP options and they provide the opportunity for a public sector led scheme with £0.6m and £1.1m additional funding, respectively. S4.4, including the two central redevelopment sites, Reading Prison, the buildings at Forbury Retail Park and residential units from 42 Kenavon Drive, has a funding gap of £2.0m at 12% discount rate. This level of funding required for a private sector led scheme would bring carbon savings of 9 tCO2 per £1,000 grant.
Although this cluster is seen as having high potential for a heat network, it should be highlighted that the main risk for the cluster relates to uncertainty over the three expected redevelopment sites and their phasing. At the time of writing, the ‘Toys R Us and Homebase’ planning application is being assessed; the redevelopment of the ‘Kodak and Ventello’ site, although expected, has not yet been submitted to RBC; and there is no firm and validated redevelopment plan for the Reading Prison (which, according to the draft local plan[footnoteRef:3], would be ‘used for residential, commercial offices or a hotel’). It should also be noted that, based on discussions with RBC, redevelopment of the Forbury Retail Park might also be considered in the future, which might increase the site heating demand and therefore provide further heat demand connection opportunities. Finally, if the recommended WSHP option was retained and if a connection to the river was considered, it should be kept in mind that number of listed buildings along the River Kennet which would need to be preserved, and that the sites are located in areas of archaeological potential. [3:  Draft RBC Local Plan (Accessed August 2017)
http://www.reading.gov.uk/media/7154/DraftReadingBoroughLocalPlan0517/pdf/Draft_Reading_Borough_Local_Plan_0517.pdf] 

Cluster comparison 
As shown in the figure below, almost all scheme options within all of the four clusters are found to achieve positive IRRs, suggesting that they could potentially be delivered by RBC with relatively limited additional financial support (assuming a typical public sector hurdle rate of 6%). Furthermore, the scheme options achieving the higher IRRs could potentially be delivered by the private sector with some additional financial support (assuming a typical private sector hurdle rate of 12%).
Table 30: Summary of IRR (25 years)
[image: ]
The estimated lifetime CO2 emissions reductions for each scheme are presented in the following graph, focusing on the gas CHP and WSHP options. Alternative heat supply options using biomass were studied in detail, as described in the sections above, but these are omitted here as they are not considered viable due to concerns over their impact on air quality in the town centre.
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Figure 9: Summary of CO2 savings over 20 years plant lifetime (ktCO2), by clusters/scenarios
A comparison of the four clusters was undertaken on the basis of a set of common assessment criteria, or ‘critical success factors’[footnoteRef:4], using a process of ‘swing weighting’[footnoteRef:5]. The results from this analysis are summarised in Figure 78, based on the following critical success factors (each one being assigned equal weighting): [4:  These factors can be reviewed with RBC and updated for the final report.]  [5:  In this approach, the scheme option(s) performing best against each individual critical success factor was awarded a score of 100% and the scheme option(s) performing worst was awarded a score of zero. All other scheme options were awarded a score between zero and 100% according to the performance of the scheme option versus the worst and best performing scheme options (using a linear scale). The individual scores against each critical success factor are then multiplied by the weighting for each factor and summed to obtain an overall score.] 

1. Economic performances – A higher score was awarded to the scenarios achieving a better economic performance as indicated by a higher IRR.
2. Meeting climate targets – A higher score was awarded to the scenarios having the largest lifetime CO2 emissions reduction.
3. Level of confidence over expected redevelopments and existing buildings – This third criterion relates firstly to the uncertainty around the redevelopment plans. Large redevelopment sites are at the centre of all defined scheme options and, although they bring many advantages in terms of kick starting heat network schemes, potentially providing ready-to-connect customers and locations for an energy centre, they also come with a number of risks. There is, in some cases, uncertainty regarding whether redevelopment plans will be taken forward and if so whether they will be modified with respect to the current plans, resulting in a different energy demand from that modelled here. The redevelopment sites whose planning application have already been permitted by RBC are considered most likely to be taken forward and are awarded the highest score, while those that are still under discussion with no planning application were assigned the lowest score, reflecting the highest level of uncertainty. Secondly this criteria accounts for the risk relative to a small number of existing buildings corresponding to a large share of the total demand (the higher the share of heating demand met by the largest two existing buildings the lower the level of confidence).
4. Ease to implement – The ease of implementing a given scheme is defined here as the number of connections required to achieve 70% of the expected heating demand – the lower the number of buildings required, the easier the scheme implementation is expected to be.
5. Public sector planning control – Accounting for the fact that for a public sector led scheme, public sector buildings are expected to be more reliable in terms of their decision to connect, the maximum value for this criterion is reached where the share of heating demand met by public sector buildings is maximum. 
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Figure 10: Weighted score of key scheme options against critical success factors
The first two criteria – IRR and CO2 savings – lead to higher scores for the WSHP options compared to the gas CHP options, as the first ones have higher IRRs for most scenarios and the second ones have negative  CO2 savings (as explained in an earlier section, for gas CHP, the lifetime CO2 savings are found to be negative i.e. leading to an increase in CO2 emissions versus the counterfactual of gas boilers). As most schemes using WSHPs have IRRs above 0%, once the RHI is included, WSHP schemes achieve the highest score in all four clusters, combining the advantages of economic viability and CO2 savings. However, the risk for WSHPs relating to the RHI should be noted, as the economic case shown relies on the receipt of substantial RHI support. Therefore the continued availability and level of the RHI should be reviewed in the subsequent stages of feasibility study.
The risk relative to the third criterion – level of confidence over redevelopment sites and share of heating demand met by a small number of existing buildings – is most severe where there is no firm application for the redevelopment sites, as is the case for the Old Civic building area cluster, and less severe for the Royal Mail site and the Station Hill sites, for which planning permission has been granted and an Energy Statement is available – stating in both cases the opportunity to consider district heating. The fourth criterion is the risk that the expected level of heat demand connected to the schemes is not achieved, particularly as a result of the complexity of securing the connection of a large number of customers. This risk is particularly high for the most extended scenario of the North of the station cluster, as it is assumed in this scenario that a large number of buildings are connected to the scheme rather than a smaller number of ‘anchor’ customers. A further risk regarding connection to the scheme (related to the third and fourth criteria) is that the phasing of the sites may be too gradual, reducing the heat sales over the lifetime of the network and impacting negatively on the economic case. We have studied the potential impact of more gradual phasing for the example case of S4.1, and found a substantial reduction in the IRR of several percentage points – although in that particular case the IRR remains above 4%. Any detailed feasibility work on these scheme options should consider the potential impact of phasing. Finally the last criterion – favouring scenarios where a high share of the total heating demand is met by buildings from the public sector – is mainly favourable to the third cluster – the Old Civic building are cluster – which counts a number of public sector buildings (the Magistrate’s Court, Reading Borough Council offices, etc.).
The critical success factor analysis highlights the fact that the extended versions of the North of the station cluster (first cluster) in particular come with the risk of complexity due to a high number of connections (i.e. score poorly on ease of implementation), while the third cluster is disadvantaged by the level of uncertainty related to the redevelopment plans in the Old Civic building area – although this cluster would benefit from a significant share of heating demand met by public sector buildings. The level of uncertainty for the last cluster (Forbury Road / Kenavon Drive) is a trade-off between the advantage of being mainly composed of new development sites and the uncertainty relative to them as that the two main sites have no permitted planning application at the time of writing.
Conclusion
In summary, each of the four clusters described above presents a potentially economically attractive opportunity to deliver a heat network in Central Reading. With positive IRRs, the majority of schemes studied could potentially be delivered by a public body with limited additional financial support. Alternatively, the provision of some amount of HNIP support to bridge the funding gap to an IRR in the region of 12% could, in some cases, allow the schemes to be delivered by a private sector entity. 
At this stage of the analysis it is deemed that WSHPs could be an attractive heat supply option for schemes in all four clusters, allowing for a combination of favourable IRRs, significant carbon emission savings, and opportunity to connect to the two rivers surrounding Central Reading. In each WSHP option, the HNIP support required to bridge the funding gap to a 6% IRR, as may be required for a public sector-led delivery model, would bring carbon savings in the range 11 to 40 ktCO2 per £1,000.
For all clusters and scenarios, it should be noted that the economic analysis might be on the conservative side, for example accounting for high levels of ‘contingency’ costs that might be reduced based on a detailed feasibility study. As illustrated in the first sensitivity analysis presented in this report, reduced contingency costs have the potential to significantly improve the business case.
It is recommended that all four clusters – 1. North of the station, 2. Station Hill and around, 3. Old Civic building area, and 4. Forbury Road and Kenavon Drive – could be taken forward to detailed feasibility stage. The clusters 1, 2 and 4 should be prioritised, while further analysis for cluster 3 may be most appropriate at such time as there is greater certainty over the Old Civic building area redevelopment plans.
For cluster 1 (North of the station), the first scenario S1.1 including buildings at the Royal Mail site is found to achieve a particularly favourable economic outcome. It is recommended that the analysis for the second scenario S1.2 (including the SSE and Coopers redevelopment sites and four existing buildings in addition to the Royal Mail site buildings) is taken forward to investigate whether this extended could be delivered to achieve greater carbon emissions savings.
For the second cluster (Station Hill and around) it is recommended that the analysis for the most extended scenario S2.3 (including the four office plots and two residential plots from the large Station Hill redevelopment sites, the Weldale Street, Sainsbury’s and Garrard House redevelopment sites and the existing Apex Plaza office building) is taken forward to detailed feasibility stage. The less extended versions of this scheme S2.1 and S2.2 are found to achieve high IRRs in the region of 4% with the WSHP option, and hence provide deliverable alternatives should S2.3 not prove viable, de-risking the development of a heat network at this cluster.
The recommendation for cluster 3 (Old Civic building area) is that, while the potential for a deliverable heat network on this site is identified, the detailed feasibility stage analysis would be best undertaken once the development plans for the site are more certain.
For the fourth cluster (Forbury Road and Kenavon Drive), it is recommended that the analysis is taken forward at least for the core scenario S1.4 (including the ‘Toys R Us and Homebase’ and ‘Kodak and Ventello’ sites) and potentially for its first two extensions S1.2 (including buildings in Forbury Retail Park) and S1.3 (including the Prison redevelopment site), as each of these options presents an opportunity for heat network schemes with positive IRRs and substantial lifetime carbon savings.



[bookmark: _Toc491109179]Introduction
Element Energy have been commissioned by Reading Borough Council (RBC) to undertake a heat mapping and energy masterplanning study for Reading town centre. This area, as described in the RBC Local Plan (May 2017, draft version[footnoteRef:6]), is the main hub of retail and employment for the Borough and for much of the surrounding area. It is one of the most accessible locations in the South East, boosted by recent major investment in an upgraded station, new transport interchanges and by the forthcoming arrival of Crossrail. At the same time, there are considerable areas of underused land around the edge of the centre, offering an opportunity to accommodate a considerable amount of new development at a high density. As a result, the study area includes a number of redevelopment sites that are currently at various stages, with some having recently been redeveloped, others having received permission for redevelopment, and others the subject of on-going discussion for future redevelopment. The large extent of the redevelopment plans in Reading town centre is seen as an opportunity for district heating schemes, and the redevelopment sites – highlighted in Figure 12 below – have therefore been considered as a focus of this study. [6:  http://www.reading.gov.uk/media/7154/DraftReadingBoroughLocalPlan0517/pdf/Draft_Reading_Borough_Local_Plan_0517.pdf ] 

[image: ]
[bookmark: _Ref488755115]Figure 12: Main redevelopment sites within the Reading town centre

The purpose of this work has been to identify areas that would be suitable for the development of cost-effective, low carbon district heating schemes. Indeed, a shift towards low-carbon fuels and greater energy efficiency is viewed by RBC as a key factor in enabling greater energy resilience, improved business competitiveness and more affordable warmth. The scope of this study aligns, in particular, with one of the main objectives stated in the Local Plan, which is to ensure new development and existing areas are accessible and sustainable, in accordance with the sustainability appraisal objectives, including reducing its effects on climate change. In particular, RBC policy on decentralised energy states that any development of more than 20 dwellings and / or non-residential development of over 1,000 m2 shall consider the inclusion of a CHP plant or other form of decentralised energy provision within the site. Where there is existing decentralised energy provision, including a CHP plant or a district energy network present within the vicinity of an application site, further developments are expected to link into the existing decentralised energy network (or demonstrate why this is not feasible).
The approach undertaken within this study can be summarised in four main points:
· Data collection – RBC have shared all relevant information on redevelopment sites. All documents submitted as part of the planning applications have been reviewed, including Design and Access statements, location plans, and Energy Strategies / Sustainability Statements.
RBC also sent a letter and information request to owners and/or occupiers of large existing buildings located in the area of the main developments sites, in order to gather information on the energy demand that could potentially be served by one or more heat networks.

· Heat mapping – Energy demand maps (mainly for heating and power demands but also for cooling demands) have been produced, based on RBC mapping data (Mastermap and LLPG data) and building level energy demand. For the energy demand, data from the planning application Energy Statement documents were used for redevelopment sites where available, while the energy demand for existing buildings was mainly estimated based on building areas and applying energy consumption benchmarks. In terms of existing heat supply opportunities, RBC advised there was no available waste heat supply sources in the area; however, a significant environmental heat source was identified in the Thames and Kennet rivers.

· Cluster definition / Scenario definition – In parallel with the heat and power mapping analysis, other detailed maps were produced in order to account for any potential network constraints (e.g. highways, railways, waterways, land designations, etc.) as well as land ownership considerations. The analysis also identified suitable energy centre locations, based on criteria such as network route from the energy centre to the heat load and land ownership. This information was subsequently combined and accounted for to inform the heat network design propositions. The definition of four clusters, with a number of distinct scenarios for each, were discussed and validated through discussions with RBC, and taken forward to the technical and economic assessment.

· Technology and economic assessment – For each network option a variety of heat supply technologies were studied, including gas CHP, biomass CHP, and water-source heat pumps. The analysis includes an assessment of the appropriate sizing of all plant, the potential for establishing a private wire electricity supply, budget capital cost estimates for each heat network opportunity (network infrastructure including pipes and dig cost, heat interface units and heat meters, energy centre costs including land costs, building costs, primary heating plant, peaking plant and thermal storage, etc.) and scheme operational costs. The economic viability was assessed based on the project IRR and NPV derived for each option.


[bookmark: _Toc491109180]Plans for redevelopments
As stated in the introduction, the large number and extent of the redevelopment plans in Reading town centre is seen as an opportunity for district heating schemes. The redevelopment sites have therefore been considered as the focus of this study.
This section gives an overview of the large redevelopment sites relevant to this study. RBC shared elements of context as well as documents submitted through planning applications, providing the best available set of data on recent and expected redevelopments. 
[bookmark: _Toc491109181]Overview of expected and recent redevelopments
The location of all the redevelopment sites that have been reviewed for the purpose of this study are presented in Figure 13 below. This shows a mix of planned redevelopments (i.e. planning applications have been permitted by RBC), expected redevelopments (i.e. RBC expects planning applications to be submitted in a near future for these sites) and redevelopments that have already been completed.
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[bookmark: _Ref488760855]Figure 13: Main redevelopment sites within Central Reading

Note: Not all of the sites have recognised names; therefore some were named for the purpose of this study based on the names of the current and / or historic buildings / land occupiers. Names used in the following sections of this report are highlighted in bold in Figure 13.
[bookmark: _Toc491109182]Redevelopment plans and associated energy strategy
This section gives an overview of the scale of each redevelopment plan, centred on its approach in terms of energy strategy. All information is based either on discussions with RBC or on planning application documents, accessible from the RBC online planning portal[footnoteRef:7]. [7:  http://planning.reading.gov.uk/] 


Royal Mail site
The Royal Mail Group submitted in 2010 a planning application to redevelop the site that was formerly a Royal Mail sorting office, located immediately to the north of Reading station at the northern edge of Reading town centre. The application is for the demolition of existing buildings and erection of three new tall buildings, with a mix of uses including offices, residential units, hotel, retail floor space, restaurants, leisure, car parking, etc. Three versions of this redevelopment are presented in the Energy Statement: a ‘residential led’ scheme, an ‘office led’ scheme, and an ‘illustrative’ scheme that is defined as an intermediate between the first two. Based on discussions with RBC, the residential scheme is thought to be the most likely to be taken forward in the future and, consequently, the assumptions relative to this version of the development are the ones that are used for the purpose of this study.

[image: ]
Figure 14: Royal Mail site redevelopment

In terms of the energy strategy, it is stated in the Energy Statement for the redevelopment that ‘heating will be generated by energy centres located in each plot comprising gas-fired CHP and boiler plant. Heating water will be distributed from the energy centres throughout the building to meet heating and hot water requirements. Provision will be made to interconnect the energy centres to provide a site wide community heating scheme to benefit from the system diversity between the mixed uses of the development. Allowance for future connection to a town wide district heating scheme will also be provided.’ As a consequence, this planned redevelopment would be particularly well positioned to be part of a district heating scheme and would also be a sensible candidate to host its energy centre. One important caveat applying to this site is that the planning application was permitted in March 2012 and it therefore about to expire, while RBC have not received any update on whether the development will be taken forward.

Former SSE building
This site is scheduled to become vacant, since SSE have moved to one of the new office buildings at Forbury Place. While at the time of writing discussions are still on-going about its future use, there is a consensus that this site will be strategic as it is close both to the town centre and to the Thames river. Based on discussions with RBC about the most likely redevelopment scenario for this site, the assumption for this study is that it will see the erection of ~250 residential units and ~1,600 m2 of leisure space.
Former Coopers BMW site
The planning application for this site is currently being assessed by RBC. The application documents propose the demolition of the existing multi-storey car park and erection of a part 12 storey, part 23 storey building comprising 315 apartments and a number of residents’ facility spaces (dining room, cinema room, storage, cycle parking, car parking, etc.).
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Figure 15: Former Coopers BMW site redevelopment

The Energy Statement document for this site states that ‘the development will have a significant heating and domestic hot water demand as a result of the residential component. Currently a predicted 70kWe gas fired combined heat and power (CHP) plant, in conjunction with a thermal store of 11m3 located in a central plant room will act as lead boiler and supply LTHW to the whole development, meeting a significant proportion of the domestic hot water demand (DHW) and space heating requirements.’ Due to the significant heating demand, this redevelopment is a potentially suitable candidate for a district heating scheme.

Station Hill
The Station Hill planning application was permitted in 2015 for the redevelopment of land between Reading mainline station and Reading town centre, bound by Station Hill and Reading mainline station to the north, Station Road to the east, Friar Street to the south, and Greyfriars Road to the west. The development proposes between 6,000m2 and 13,500m2 retail units (GEA) retail uses, 69,000-122,000m2 of office space, 26,000-41,500m2 of residential units (equivalent to approx. 300-475 units), associated parking (550-1,000 spaces) and new pedestrian routes through the site.
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[bookmark: _Ref491098593]Figure 16: Station Hill site redevelopment (permitted in 2015)

The larger development plots (plots A to D shown in Figure 16 above) have been given over largely to office development with residential use allocated to plots E and F, while car parking would be mainly provided within the refurbished existing Plot G.

A refined application was permitted in 2016, for plot E and incorporating the neighbouring Telecom House Site to the initial plans, enabling an additional 12,000 m2 of residential floorspace in order to deliver up to 175 more homes than the 2015 outline planning permission.

[image: ]
Figure 17: Station Hill site redevelopment (permitted in 2016) – including Telecom House

In the Energy Statement document submitted with this latest application, a community heating system with gas-fired CHP was considered for residential units (i.e. plots E and F), with either one plant room by building or a single energy centre located in plot E and serving both plots E and F. Based on the Design and Access Statement document (2013) as well as discussions with RBC, the development is most likely to be phased in the following sequence of plots, broadly following an anticlockwise order: plot B, plot A, plots D & G, plots E & F (i.e. residential plots), plot C. Because of this expected phasing of the scheme, whereby the commercial elements will be built in the first phases and the residential in the later phases, it was proposed that commercial buildings be provided with building-by-building plant rooms hosting heating and cooling plant in order to be able to operate from day one. This site would therefore be a relatively good candidate for a district heating scheme, that would benefit from the opportunity of this large extent redevelopment plans, with the caveat related to phasing highlighted above.

Thames Tower
A planning application was permitted in 2014 for the re-engineering of the existing 17,888m2 of this building and addition of some 6,237m2 of office space. This redevelopment is now completed.
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An EPC published in March 2017 gives the building an EPC B rating and states that its main heating fuel is natural gas. This means it could in theory be a good candidate for a district heating scheme, particularly as it would bring to a large energy demand. However, the fact that it was very recently entirely refurbished means that it may not be viable to convert to a new heating system in the near future.Figure 18: Thames Tower redevelopment

Garrard House
At the time of writing, a planning application is being assessed for demolition of the existing building at 29 Station Road and erection of a mixed use residential-led building providing retail on ground and first floors, with 107 residential apartments above in a 23 storey building.
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Figure 19: Garrard House redevelopment

For this redevelopment, the Energy Statement document proposes the introduction of ASHP for heating and cooling of the retail units. For the flats (i.e. for most of the energy demand within this building), heating and hot water is proposed to be provided via communal gas boilers which will be installed in the basement plant room. The CHP option was considered by project developers and not found suitable: ‘the year round base heat demand required to make CHP feasible is not met by the summer hot water load from the residential units alone, with the commercial space being provided separately by an ASHP for heating and cooling. Given this lack of a consistent heat demand, site-specific CHP is not considered feasible.’ In the context of a wider plan for a district heating scheme in the area, ensuring a mix of different use types and hence loads within the day and year, the residential units within this building are potentially a good candidate for connection.

Sainsbury’s
The planning application for the redevelopment of the Sainsbury’s site at the corner of Friar Street and Greyfriars street is currently being assessed by RBC. It proposes demolition of the existing building and erection of three new buildings to provide 135 residential units, and some flexible spaces at ground floor level (Class A1-5, B1, D2 (gym only), parking, servicing and others).
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Figure 20: Sainsbury's site redevelopment

In the Energy Statement document, it is stated that ‘the development will have a significant heating and domestic hot water demand as a result of the residential component. Currently a predicted 25kWe gas fired combined heat and power (CHP) plant, in conjunction with a thermal store of 6m3 located in a central plant room will act as lead boiler and supply LTHW to the whole development, meeting a significant proportion of the domestic hot water demand (DHW) and space heating requirements.’ The site could is a potential candidate for connection to a district heating scheme.

Site at Weldale Street
[image: ]The planning application for the land between Weldale Street and Chatham Street is currently being assessed by RBC.

It proposes demolition of all existing buildings (including parking space and three retail units) and erection of new buildings ranging between lower ground and 4 storeys to lower ground and 11 storeys in height, providing 427 residential units and flexible ground floor (retail shop or restaurant and cafe units).Figure 21: Site at Weldale Street redevelopment


The Energy and Sustainability document for this application recommends ‘a combination of combined heat and power (CHP) and domestic MVHR (mechanical ventilation with heat recovery) to meet local planning and sustainability requirements.’ This redevelopment site is also considered as a potential addition to a district heating scheme in the area.

Site at Chatham Place[footnoteRef:8] [8:  https://www.musedevelopments.com/case-study/chatham-place-reading ] 

The first phase was completed in 2009 and delivered two residential blocks with 96 homes and 211 apartments, a 590 space multi-storey car park, and 10,000 sq ft (~930 m2) of retail/ leisure space. The second phase, Chatham Square, was completed in 2016, delivering a further 178,200 sq ft (~16,500 m2) of development, comprising 184 apartments in two residential buildings of 9 and 19 storeys with ground floor retail space and a public urban garden.
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Figure 22: Site at Chatham Place

The Sustainability and Energy Assessment document for phase 2 proposes a centralised heating scheme that consists of a CHP system, sized to provide the majority of the DHW and part of the electricity to the development while high efficiency gas fired modular condensing boilers would provide space heating. It states that the energy centre would be located in a central position on the site, at the ground floor of the Southern Block. This site could therefore be connected to a wider district heating scheme relatively easily. However, since it has been completed very recently this may not be viable in the near future.

Former Yell building
This existing office building known as ‘Yell House’ was recently redeveloped following application permitted in 2015 that proposed a change of use from office to 287 student units, incorporating erection of two-storey extension.
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Figure 23: Former 'Yell House' redevelopment

The application documents state that ‘heating at the proposed development will be provided by high efficiency gas fired condensing boilers. The boilers will target an efficiency of 93% and will utilise insulated pipework and variable speed pumps to circulate heat around the building. Infrastructure will also be provided to allow for connection to a wider Decentralised Energy Network (DEN) in future.’ This site could therefore be connected to a wider district heating scheme relatively easily. For the site to be connected in the near future, the issue of stranded assets (i.e. the relatively new gas boilers) would need to be addressed, although if the cost of heat from a district heating system is sufficiently attractive this may worth considering (potentially the gas boilers could remain as back-up).

Old Civic building area
In the Hosier Street area, the Old Civic offices have now been demolished. At the time of writing, there is no firm redevelopment plan for this site and discussions about its future usage are ongoing. However, based on discussions with RBC about the most likely redevelopment scenario for the site, the assumption taken for this study corresponds to ~560 residential units and ~5,200 m2 of retail space. This is site is a large and very central one, on lands owned by RBC, and could as a consequence present a good potential location for a district heating scheme energy centre. 

R+ building, former Aldwych House
The redevelopment of this site was completed in 2016 and consisted in demolition of existing office building and construction of new 6-storey office building.
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Figure 24: R+ building (former 'Aldwych House') redevelopment

According to the Energy Performance Certificate (EPC) issued in 2016, the main heating fuel for the building is grid supplied electricity, and it is particularly energy efficient (EPC A). For these reasons along with the fact that is was completed only recently, this building is not seen as a very likely candidate to connect to a district heating scheme in the near future.

Forbury hotel apartments
For the Reading Forbury Hotel, a planning application was permitted in 2016 to convert 17 2-bed apartments to comprise 34 additional hotel bedrooms associated with main hotel. In the precedent application that was permitted in 2015 (for change of use from 17 residential units to 17 serviced accommodation units), the Sustainability Statement indicates that ‘in terms of energy use, all systems within the building are electric’.

Reading Prison
[image: ]Formerly Reading Gaol, Reading Prison was built in 1844 and served until its closure in 2013. A building of historical significance, in particular known for its characteristic cruciform shape, it is listed and it will therefore be retained in the future. According to Reading Local Plan, it could be used for residential apartments, commercial offices or a hotel, and could include some cultural or heritage element that draws on its historical significance.Figure 25: Reading Gaol


Based on discussions with RBC about the most likely redevelopment scenario for the site, the assumption taken for this study corresponds to ~70 residential units and ~825 m2 of leisure space.


Forbury Place
The large Forbury Place site at the western end of Forbury Road has recently been redeveloped, with three large office buildings. It is located between Forbury Road and the railways. No. 1 Forbury Place, at the eastern end of the site, was completed in 2016[footnoteRef:9] and is now fully let to SSE. The redevelopment of No. 2 Forbury Place is expected to be completed in summer 2017, and No. 3 Forbury Place has been refurbished. [9:  http://forburyplace.com/news ] 
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Figure 26: Forbury Place redevelopment

The EPC published in November 2015 for the 3 Forbury Place building (which was known as 1 Forbury Place at the time the EPC was published) states that its main heating fuel is grid supplied electricity. This does not make it a very likely candidate for a district heating scheme, as this would require conversion to a wet heating system, likely to be cost prohibitive.
For the 1 and 2 Forbury Place buildings, the Energy Statement document that was published as part of the planning application states that ‘the proposal for the development, at this stage, is to use an Air Source Heat Pump (ASHP) system to supply the complete office space conditioning demands, micro CHP units to supply minor portion of space heating (landlord heating only) and domestic hot water demands and Photovoltaic (PV) panels to provide on-site renewable electricity to the site.’ This is confirmed by the site sustainability documentation[footnoteRef:10] and therefore, similarly as for 3 Forbury Place, these two new office buildings are not ideally suited to take part in a district heating scheme. However, the three buildings could be considered for connection in the longer term. [10:  http://forburyplace.com/perch/resources/fp2sustainability.pdf ] 

Homebase and Toys R Us
The planning application to redevelop the ‘Toys R Us and Homebase’ site was received by RBC in early 2017 and is being assessed at the time of writing. It proposes the demolition of existing retail buildings and erection of 700 to 800 residential units, to a maximum of 19 storeys, along with 1,300m2 of commercial, community and retail space.
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Figure 27: Homebase and Toys R Us redevelopment

In the planning application Energy Statement, the developers assessed the option of a CHP to provide approximately 60% of the heating and hot water demand for this site, and concluded this was a feasible option. A priori, this site could therefore be a well suited candidate to take part in a larger district heating scheme.

Kodak and Ventello
Pre-application discussions about this site are on-going at the time of writing and the current proposition is for the demolition of the existing buildings and the construction of circa 500 new residential apartments units. As a new redevelopment site, it could in theory be a good candidate to connect to a larger district heating scheme in the area.
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Figure 28: Kodak and Ventello site proposition

42 Kenavon Drive
The redevelopment at 42 Kenavon Drive has recently been completed. It consists of 190 new dwellings, comprising 133 apartments and 57 houses.
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Figure 29: 42 Kenavon Drive development

According to the planning application Energy Statement, the developers planned to include a communal heating network to serve two blocks of flats (a total of 104 flats) on the west side of the site, while other flats and houses would be served by individual gas boilers. This plant room incorporates a CHP engine that is expected to supply approximately 60% of the total heat (space heating and domestic hot water) demand of the 104 flats. The energy centre is located in the north west of the site and incorporates provision to connect to off‐site heat networks, allowing to connect to larger plant on adjacent sites should the opportunity arise. Although it was recently redeveloped this site is therefore a potentially good candidate to join a larger district heating scheme, particularly for the flats already connected to communal heating.

Kings Point
The planning application for the Kings Point site was permitted in 2017 and proposed the demolition of existing building and erection of 103 residential units and 351.5 m2 of commercial floorspace. The Energy Strategy recommends a CHP serving the residential base heating and hot water requirements and 20% of the commercial heating requirement and ASHPs serving the commercial units.


[bookmark: _Toc491109183]Summary of heating systems in redevelopment plans
The table below presents a summary of the redevelopment plans reviewed in the previous section. Items that indicate highest suitability for a district heating scheme (based on the expected redevelopment timetable and the proposed heating system) are highlighted in green; recently completed redevelopments (less suitable in the near term) are indicated in blue; and electrically heated buildings (less suitable) are shown in red.
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	#
	Site
	Status
	Main heating fuel
	Main use types[footnoteRef:11] [11:  R = Residential block ; O = Office block ; r.u = residential unit] 


	1
	Former Royal Mail 
	Application permitted
	3 gas CHPs (1 per building)
	2 R + 1 O + hotel

	2
	Former SSE 
	Expected redevelopment plan
	· (no data)
	1 R (250 r.u)

	3
	Former Coopers BMW 
	Application being assessed
	Gas CHP
	1 R (315 r.u)

	4
	Station Hill
	Application permitted
	Gas CHP for residential units
	4 O + 2 R

	5
	Thames Tower
	Completed
	Gas boilers
	1 office block

	6
	Garrard House
	Application being assessed
	Communal gas boilers
	1 R (107 r.u)

	7
	Sainsbury’s
	Application being assessed
	Gas CHP
	3 R (135 r.u)

	8
	Site at Weldale Street
	Application being assessed
	Gas CHP
	427 r.u

	9
	Site at Chatham Place 
	Completed
	Gas CHP
	184 r.u

	10
	Former Yell building 
	Completed
	Gas boilers
	287 r.u

	11
	Old Civic building area
	Expected redevelopment plan
	· (no data)
	560 r.u + retail

	12
	R+ building
	Completed
	Electricity
	1 office block

	13
	Forbury hotel apartments
	Completed
	Electricity
	Hotel

	14
	Reading prison
	Expected redevelopment plan
	· (no data)
	70 r.u + leisure

	15
	Forbury Place
	Completed
	Electricity (2/3 buildings: ASHP)
	3 office blocks

	16
	Toys R Us & Homebase 
	Application being assessed
	Gas CHP
	3 R (700 to 800 r.u)

	17
	Kodak and Ventello 
	Expected redevelopment plan
	· (no data)
	500 r.u

	18
	42 Kenavon Drive
	Completed
	Gas CHP & individual boilers
	190 r.u

	19
	Kings point
	Completed
	Gas CHP + ASHPs
	R (103 r.u) + retail


Figure 30: Summary of heating systems in redevelopment plans


[bookmark: _Toc491109184]Energy demand mapping and constraints mapping
This section presents the data collection process that enabled estimating energy demands at a building level within Reading town centre. The heat maps derived based on these energy consumption data are presented, along with other relevant maps for district network schemes, e.g. constraints maps.
[bookmark: _Toc491109185]Energy consumption estimations
In theory, all homes, businesses and public sector organisations can be considered as potential customers of a heat network. As such, the energy demand of all these consumers is included in the analysis.
However, the core of a heat network is likely to be focused on a small number of larger customers – sometimes known as ‘anchor customers’. For these potential customers in particular, it is important to have the most accurate and up-to-date information. These include accurate energy demand data, details of the incumbent heating/cooling supply and distribution system, planned upgrades, refurbishments or heating/cooling system replacements, likelihood of continuation of the energy demand over the long-term, and barriers to connection to a heat network.
For all the redevelopment sites presented in the previous section, a building by building analysis was undertaken, accounting for estimated energy demands from the planning application Energy Strategy documents where available, and applying energy consumption benchmarks (kWh/m2 for various uses, e.g. heating, lighting, etc.) to floor areas from detailed proposed plans otherwise. This approach along with data sources used for energy consumption benchmarks are summarised in the table below.
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Figure 31: Data collection / energy demand estimation for redevelopments

For most of the existing buildings, the energy consumption was estimated based on floor areas and use types, applying use type specific energy consumption benchmarks. Building areas were estimated based on floorplate areas from Mastermap data, building use types (BLPU codes) from LLPG data[footnoteRef:12], and applying building use type based assumptions for the number of storeys (e.g. assuming two storeys for all detached houses). This approach, along with data sources used for energy consumption benchmarks, is summarised in the figure below. [12:  BLPU = Basic Land and Property Unit ; LLPG = National Land and Property Gazetteer] 

Following this initial analysis, the approach for existing buildings was refined for the largest energy users, i.e. buildings that have the potential of being ‘anchor customers’ for a district heating scheme. The largest energy users were contacted by RBC with a request for information including questions on their real metered energy consumption data and heating systems. It should be noted, however, that only a small number of building owners / occupiers responded to this request. Where metered data was not made available, and where possible, Energy Performance Certificates (EPC) or Display Energy Certificates (DEC) were consulted in order to base the energy consumption estimates on more accurate energy consumption data where available (or otherwise, floor space data[footnoteRef:13]) as well as to identify the main heating systems currently in place in these buildings. [13:  Although DECs typically contain metered energy consumption data, energy demand data were not available in the public DEC dataset available to us. Consequently, EPCs as well as DECs were consulted to access floor area data, to which energy consumption benchmarks were applied.] 
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Figure 32: Data collection / energy demand estimation for existing buildings

The process of refining the assumptions for a number of large and potentially key customers was iterative through the subsequent steps of this study as inclusion of certain buildings was discussed as part of the cluster definition and scenario definition for each cluster.

[bookmark: _Toc491109186]Energy demand mapping
Based on the methodology described previously, the energy demand for heat arising from the redevelopment sites was analysed and mapped in QGIS. This is shown on the heat map on Figure 33, where for each building, the size of the bubble is proportional to the heating demand (in MWh/year). Similarly, the estimated energy demands for power from recently completed and expected redevelopment sites are shown in Figure 34.
These maps highlight the large heating demands that are expected to arise from redevelopment sites with tall buildings, in particular the three buildings on the Royal Mail site, the large residential redevelopment sites around the Station Hill area (Station Hill plots E and F and the sites at Garrard House, Sainsbury and Weldale street), around the Old Civic building area, as well as further East on the ‘Toys R Us and Homebase’ and ‘Kodak and Ventello’ sites. Large power demands are particularly seen in tall office buildings, such as Station Hill plots A to D and the three Forbury Place buildings.
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[bookmark: _Ref491099855]Figure 33: Forecasted heating demands from recently completed / expected redevelopments

[image: ]
[bookmark: _Ref491099873]Figure 34: Forecasted power demands from recently completed / expected redevelopments
As described in the previous section, the building level energy demands expected from redevelopment sites were combined with estimated energy demands for existing buildings. The two datasets combined give the heating demand map presented below. Similarly, the estimated power demand map is show in Figure 36.
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Figure 35: Full Reading town centre heat map, including future redevelopments
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[bookmark: _Ref491098726]Figure 36: Full Reading town centre power demand map, including future redevelopments

[image: ]
Figure 37: Full Reading town centre cooling demand map, including future redevelopments

The centre of Reading is a highly dense area in terms of population and economic activity and, as a result, its heat density is already high. The heat maps presented here foresee a further increase in the heat and power demand density, driven by the erection of new tall buildings for domestic and non-domestic uses. At this stage of the study, it is already clear that the combination of existing high heat density and intensive redevelopment plans could generate viable opportunities for deployment of district heating schemes. It should be noted that at this stage no area was identified as having sufficient cooling demands to be considered for a cooling network in addition to a heat network. This aspect could be looked into in more detail at feasibility stage.

[bookmark: _Toc491109187]Constraints mapping
Heat network routes may be constrained by major roads, waterways, railway lines, utility infrastructure, or due to environmental or heritage designations and other landscape features. Also, some areas will be more expensive to dig than others, for example town centres compared to greenfield areas. The main potential constraints applying to the area under consideration are shown in Figure 38.
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[bookmark: _Ref491102769]Figure 38: Constraints to be accounted for in the design on district heating schemes[footnoteRef:14] [14:  The reference for the background of this map, showing listed buildings and conservation areas, is the site redevelopment planning documents for Kenavon drive (Design & Access Statement).] 


The large planned redevelopment sites are considered as a focus of the heat network opportunities investigated within this study. All these sites are located in the part of Reading located between the Thames and Kennet rivers. Consequently, neither river would have to be crossed.
In contrast, the three most northerly redevelopment sites (Royal Mail, SSE and Coopers sites) are separated by the railway from the other redevelopment sites considered. The railway is considered very challenging for heat network infrastructure to cross and, as a result, the three redevelopment sites located to the north of the railway are deemed unlikely to be linked to the other redevelopment sites.
Several major roads would have to be crossed in order to connect some of the redevelopment sites. This could include Caversham Rd, which separates the Station Hill and Weldale Street sites, Vastern Rd, which separates the Royal Mail and SSE sites, and Forbury Rd, which links Forbury Place with the Toys R Us and Homebase site. The impact of crossing these major roads, in terms of cost and timescales, should be considered in any further feasibility work.
It should also be noted that, according to the (draft) RBC local plan, ‘much of the centre, including some of the more obvious redevelopment opportunities, lies within the flood plain.’[footnoteRef:15] This would need to be taken into account should further feasibility analysis be undertaken for some (or all) of the clusters defined in following sections. [15:  Draft RBC Local Plan (Accessed August 2017)
http://www.reading.gov.uk/media/7154/DraftReadingBoroughLocalPlan0517/pdf/Draft_Reading_Borough_Local_Plan_0517.pdf] 

Finally, the area contains a number of key character and listed buildings, and some conservation areas (as shown on the map above). These areas have been accounted for in the design of the heat network scheme options studied.


[bookmark: _Toc491109188]Definition of clusters and scheme options
This section gives a description of favourable parameters for implementing cost effective district heating schemes. Based on the heat mapping and constraints analysis presented previously, clusters are defined as areas most likely to be suitable for heating networks. For each cluster various scenarios are considered, with different assumptions regarding buildings that would be connected to the schemes.
[bookmark: _Toc491109189]Parameters impacting on heat network feasibility
The table below presents a list of attributes that should be taken into account in the design of heat networks as having significant impacts on their cost effectiveness and overall feasibility.
	Attributes
	Impact on heat network feasibility

	High heat density
	Sufficient heating (or cooling) demand density is of critical importance, so that the network infrastructure costs are kept low enough to be offset over time by the revenues from heat sales.

	Presence of new development
	New developments are attractive for heat network developers since all customers can potentially be connected as soon as the development is occupied, and without the need to sign up users individually (through a contract with the building developer). Furthermore, heat network developers can charge a connection cost to building developers since district heating can help building developers meet Part L energy and carbon requirements.

	Presence of individual large ‘anchor’ heat customers
	Individual users of high demand can provide the initial demand certainty for the developer as the network is built out. Public authority buildings often act as anchor loads due to level of Council influence and policy; large commercial or industrial users could also act as anchor loads.

	Mix of users/sectors
	A mix of user/sector types provides a diverse heat demand profile, helping to ‘smooth’ peaks and provide a steady load for the network to serve. Public sector buildings may be most likely to connect to the scheme as the Council may have influence. However, it is likely to be most difficult to base a scheme around existing domestic sector buildings given the large number of consumers involved.

	Absence of constraints 
	Heat network pipes may be constrained by major roads, waterways, railway lines, utility infrastructure, or due to environmental or heritage designations and other landscape features. Some areas (e.g. town centres) will be more expensive to dig than others (e.g. greenfield areas).

	Proximity to heat sources
	The availability of low cost and/or low carbon sources of heat within a short distance of the heat demand is a significant advantage. Sources may include waste heat from industry or power stations, water sources such as rivers or the sea, or geothermal sites. The distance to the heat source(s) will impact the network infrastructure cost.

	Availability of site for energy centre
	An energy centre will be required to house the energy supply plant (including backup boilers, storage, pumps and other plant). The proximity of a suitable plot of land for the energy centre, and the land price, will impact the upfront network cost.



[bookmark: _Toc491109190]Cluster assessment and selection
Based on the heat mapping and constraints analysis presented previously, four main clusters were identified as potentially suitable for heating network schemes, centred on the largest redevelopment areas and potentially extending to key existing buildings. These four clusters are presented on the map below.
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Figure 39: Proposed heat networks cluster areas for Reading town centre
The first cluster, the ‘North of the station’ cluster, is centred on the large Royal Mail redevelopment site and could include the two other sites expected to be redeveloped, the current SSE building and the Coopers sites. It could also include existing buildings such as the retail space in Vastern Court Retail park and large office buildings north of Vastern Rd and on both sides of Napier Rd. As discussed previously, this area is considered in isolation of the rest of the town centre located south of the railway.
On the other side of the railways, two clusters were defined within the main town area. One of these, the second cluster overall and named ‘Station Hill and around’ for the purpose of this study, is centred on the seven plots of the large Station Hill redevelopment site and includes three other planned redevelopments located nearby, at the Sainsbury’s, Garrard House and Weldale street sites. The other, the third cluster overall and named the ‘Old Civic building area’, comprises the available land where the old RBC office was located before being demolished, and could include various large existing buildings in the nearby area, e.g. the Broad Street Mall and Oracle shopping centres, the Hexagon theatre, the police station or the Magistrate’s Court.
Finally, the fourth cluster is located east of the town centre and is named after the main road passing through it, Forbury Rd, continued by Kenavon Drive on its eastern side. This area contains two major redevelopment sites, the Toys R Us and Homebase site, and the Kodak and Ventello site. It also presents two large sites that were recently completed, at Forbury Place and 42 Kenavon Drive, some retail space, at Forbury Retail park, and the Reading prison site, which is also expected to be redeveloped at some point in the future.
The main buildings relevant to each cluster are presented below, along with an initial qualitative jsuitability assessment for DH schemes, based on the attributes defined in the previous section.
[bookmark: _Toc491109191]North of the station cluster
The main existing and planned buildings in the north of the station area are presented in Figure 40. The DH scheme relevant attributes are assessed for this area in Table 2, using RAG colour coding.
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[bookmark: _Ref491098727]Figure 40: Main buildings in the north of the station cluster area

[bookmark: _Ref491099956]Table 2: Parameters impacting on heat network feasibility
	Attributes
	Cluster assessment

	High heat density
	Heat density in this area is already relatively high and is expected to be further increased with three large redevelopment sites.

	Redevelopments
	Three large redevelopment sites.

	‘Anchor’ heat customers, including public sector
	Large office buildings and retail areas on top of the redevelopment sites. Public sector: fire station, Environment Agency.

	Mix of users/sectors
	Existing buildings: large office buildings and retail areas, most domestic properties are houses rather that blocks of flats. Future redevelopments: large blocks of flats.

	Absence of constraints 
	Major roads: Vastern road, Caversham road.
No listed buildings, railway crossing, river crossing.

	Proximity to heat sources
	No identified potential waste heat source in this area, so a bespoke heat supply will be required. Close to the Thames River.

	Availability of site for energy centre
	The large Royal Mail redevelopment site at the centre of this cluster is an opportunity to allocate space to an energy centre. Furthermore, a centralised CHP scenario has been favourably considered in its redevelopment plans.




[bookmark: _Toc491109192]Station Hill and around cluster
The main existing and planned buildings in the Station Hill area are presented on Figure 41. The overall assessment for this cluster is shown in Table 3, using a RAG colour code.
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[bookmark: _Ref491098736]Figure 41: Main buildings in the Station Hill and around cluster area

[bookmark: _Ref491099963]Table 3: Parameters impacting on heat network feasibility
	Attributes
	Cluster assessment

	High heat density
	High density area (town centre), further increased by expected developments.

	Redevelopments
	Several large redevelopment sites.

	‘Anchor’ heat customers
	Several large redevelopment sites. Few public sector buildings.

	Mix of users/sectors
	Expected redevelopments: large office blocks and blocks of flats.

	Absence of constraints 
	Major road: Caversham road. 
No listed buildings, railway crossing, river crossing.

	Proximity to heat sources
	No identified potential heat source in this area, so a bespoke heat supply will be required.

	Availability of site for energy centre
	Gas CHP at Chatham Place. Also, the Station Hill redevelopment site at the centre of this cluster is an opportunity to allocate space to an energy centre. A centralised CHP scenario has been favourably considered in its redevelopment plans for the residential plots E and F.


[bookmark: _Toc491109193]Old Civic building area cluster
The main existing and planned buildings in the Old Civic building area are presented on Figure 42. The overall assessment for this cluster is shown in Table 4, using a RAG colour code.
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[bookmark: _Ref491098746]Figure 42: Main buildings in the Old Civic building cluster area

[bookmark: _Ref491099969]Table 4: Parameters impacting on heat network feasibility
	Attributes
	Cluster assessment

	High heat density
	High density area, expected to be further increased by the redevelopment of the Old Civic building area.

	Redevelopments
	The only site that is currently expected to be redeveloped in the future is the Old Civic building area.

	‘Anchor’ heat customers
	Large anchor customers: two large shopping centres, hotels, the police station, the Magistrate’s Court, etc. Public sector buildings: police station, Magistrate’s Court, RBC new office building.

	Mix of users/sectors
	Existing buildings: mainly non-domestic.
Expected redevelopments: residential units.

	Absence of constraints 
	Major road: Caversham road / A329 (W). Some listed buildings.
No railway crossing, river crossing.

	Proximity to heat sources
	No identified potential waste heat source in this area, so a bespoke heat supply will be required. Close to the Kennet river.

	Availability of site for energy centre
	The redevelopment of the Old Civic building area at the centre of this cluster is an opportunity to allocate space to an energy centre.


[bookmark: _Toc491109194]
Forbury Road / Kenavon Drive cluster
The main existing and planned buildings in the Forbury Road / Kenavon Drive area are presented on Figure 43. The overall assessment for this cluster is shown in Table 5, using a RAG colour code.
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[bookmark: _Ref491098758]Figure 43: Main buildings in the Forbury Road / Kenavon Drive cluster area

[bookmark: _Ref491099977]Table 5: Parameters impacting on heat network feasibility
	Attributes
	Cluster assessment

	High heat density
	This area is slightly less dense than the others. However, its high heat density has been increased by recent redevelopments and will be further increased by new planned developments.

	Redevelopments
	In this cluster, four major redevelopment sites have been planned and among these four, two have not started yet: the Toys R Us and Homebase site, and the Kodak and Ventello site.

	‘Anchor’ heat customers
	New redevelopments create several large potential anchor customers.
No public sector buildings.

	Mix of users/sectors
	Mix of domestic buildings (existing houses, new flat blocks and houses) and non-domestic buildings (offices, retail, restaurants).

	Absence of constraints 
	Major road: Kenavon Drive / Forbury Road (central to this cluster).
Some listed buildings.
No railway crossing, river crossing.

	Proximity to heat sources
	No identified potential waste heat source in this area, so a bespoke heat supply will be required. Close to the Kennet river.

	Availability of site for energy centre
	Gas CHP at the 42 Kenavon Drive site. Also, the redevelopment of the Toys R Us and Homebase site is an opportunity to allocate space to an energy centre. Furthermore, a centralised CHP scenario has been favourably considered in this site redevelopment plans.



Based on this first overall feasibility assessment, the following conclusions were derived:
1. All clusters are located in relatively high heat density areas, and planned redevelopments will trigger increases in their overall heating demand.
2. All clusters will benefit from a least one large planned redevelopment, which would ease the implementation of a heat network since:
· The new buildings could be connected without the need to retrofit,
· Some space within the redevelopment could potentially be dedicated to an energy centre.
3. Potential anchor customers can be found in all clusters. However, only the ‘Old Civic building’ cluster includes large public sector anchor customers – the other clusters would need private sector anchor customers, for which there would be a somewhat higher risk of non-connection.
4. As the centre of Reading is a very dense area, all clusters are crossed by at least one major road that could represent a constraint (or at least carry a cost penalty) for the implementation of a DH scheme. These major roads influence the choice of the ‘core’ scenarios for each cluster, which will generally attempt to avoid these constraints.
5. All clusters see a mix of customer types (typically domestic and non-domestic customers), assuming expected redevelopments are built as planned, which suggests relatively diverse heat demand profiles.
Given the positive outcome of the initial assessment of the viability of a heat network scheme in each of the four clusters, the four clusters were taken forward to the scenario definition and subsequently to the technical and economic analysis.


[bookmark: _Toc491109195]Definition of scheme options by cluster 
For each of the clusters described previously, this section presents a set of scenarios involving various numbers of buildings and corresponding to various ‘ambition levels’ for heat networks in these areas. The scenarios generally start with a ‘core’ scenario that is relatively restricted in geographical extent, however quite likely to be quite cost effective. The purpose of other scenarios is to investigate more extended and ambitious options, involving larger numbers of buildings and covering wider areas.
This section will also discuss the choice of location for energy centres. Likely locations include greenfield areas where some are available, redevelopment sites (in particular if the option of an energy centre serving the site has been investigated and deemed suitable in existing plans), and RBC owned lands that could be particularly suitable in scenarios where RBC would lead on the district heating scheme deployment. To inform this discussion, the map presented in Figure 44 shows RBC owned lands within the town centre.
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[bookmark: _Ref491098777]Figure 44: RBC owned lands within the town centre

[bookmark: _Toc491109196]North of the station cluster
For the north of the station cluster, three scenarios were defined. The first scenario, the ‘core’ scenario, is a very centred one, looking at a relatively narrow area including the three tall buildings in the Royal Mail redevelopment plans. This scenario is expected to benefit from low capital investment costs as the network would only cover a small area; a very mixed set of users (offices, residential, hotel, retail); and large energy demands favourable to heat sales covering initial installation costs. The second scenario is more extended and comprises – in addition to the Royal Mail site buildings – the other two redevelopment sites in the area (current SSE building and former Coopers site), as well as some large existing buildings: Thames Water and Reading Bridge House office buildings, the Environment Agency and the King’s Meadow swimming pool. In addition to these buildings, the third scenario also includes the three office buildings located at Napier Road, two other office buildings (Sovereign House and Norman place), some retail spaces (Vastern Court Retail park and retail spaces located west of Caversham road), the fire station (also west of Caversham road), and a restaurant (TGI Fridays, located in Vastern Court Retail park). On a building by building level basis and where available, EPCs (Energy Performance Certificates) were analysed for existing buildings included in the two extended scenarios. Among buildings considered for this cluster scenarios, all available EPCs indicate natural gas as main heating fuel. This indicates a good level of suitability to convert to district heating as converting electrically heated buildings to district heating (i.e. to a wet heating system) would come with an extra cost that can be prohibitive.
The customers connected to the heat network for the three scheme options considered for this cluster are presented in Table 6.
[bookmark: _Ref491099985]Table 6: Scheme customers in Cluster 1 – North of the station
	#
	Building
	Scenario 1
	Scenario 2
	Scenario 3

	1
	Former Royal Mail building
	
	
	

	2
	Former SSE building
	
	
	

	3
	Former Coopers BMW site
	
	
	

	A
	Retail
	
	
	

	B
	Vastern Court Retail park
	
	
	

	C
	Great Brigham Mead
	
	
	

	D
	Thames Water
	
	
	

	E
	Reading Bridge House
	
	
	

	F
	Offices (Napier Court)
	
	
	

	G
	Environment Agency
	
	
	

	H
	King's Meadow Swimming Pool
	
	
	

	I
	Fire station
	
	
	

	J
	Restaurant (TGI Fridays)
	
	
	

	K
	Sovereign House
	
	
	

	L
	Norman Place
	
	
	



In terms of suitable location for the energy centre, the most ‘natural’ option would be the Royal Mail site, situated at the centre of the three scenarios and providing the opportunity to allocate space as part of the site redevelopment. Furthermore it is stated in its Energy Statement that ‘heating will be generated by energy centres located in each plot comprising gas-fired CHP and boiler plant…Provision will be made to interconnect the energy centres to provide a site wide community heating scheme to benefit from the system diversity between the mixed uses of the development. Allowance for future connection to a town wide district heating scheme will also be provided.’ In addition to this preferred location option, at least two alternatives could be envisaged, although corresponding to less central energy centre locations for the heat network. The first alternative would be the Coopers site as its Energy Statement document states that ‘a predicted 70kWe gas fired CHP plant, in conjunction with a thermal store located in a central plant room will act as lead boiler and supply LTHW to the whole development’. As a second alternative, the greenfield area north-east of Coopers site could be available and the land is RBC owned.
The network routes for the three scheme options considered for this cluster are presented in Figure 45, along with the suggested location for the energy centre.
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[bookmark: _Ref491098796]Figure 45: Heat network routes for the north of the station cluster
It should be noted that some caveats apply to the feasibility of a heat network scheme in this cluster. In particular, this is related to whether the redevelopment of the Royal Mail site will be taken forward – and if so, when – as the permission for this site planning application is about to expire at the time of writing. Also, the feasibility of a heat network will depend on the willingness to connect of the large existing buildings involved in the second and third scenarios.
[bookmark: _Toc491109197]Station Hill and around cluster
For the Station Hill and around cluster, three scenarios were defined. The first one comprises the very large redevelopment site at Station Hill (its four tall office building plots and two residential plots) along with the two redevelopment sites for new apartment blocks at the current Sainsbury and Garrard House sites. These three redevelopment plans are for large domestic and non-domestic buildings, concentrated in a small area. The core scenario is therefore expected to benefit from large heating demands, short network connections and a favourable mix of consumer types. However it should be noted that this area is a highly built-up and very busy part of Reading and laying the heat network infrastructure is expected to be particularly expensive. This, combined with a relatively small number of potential large ‘anchor’ customers in the nearby area, means the second and third scenarios were defined by the inclusion of a single large additional site/building each. The first extension (Scenario 2) includes the large redevelopment site for residential units at Weldale St. To connect the Weldale St site, the Caversham road would need to be crossed, which could be complicated in terms of disruption to traffic. However, it is a large redevelopment site (427 residential units) and corresponds to an opportunity to significantly increase heat sales. The second extension (Scenario 3) includes both the Weldale St site and the large Apex Plaza office building, which would complement the domestic connections with a significant non-domestic heating demand.
The customers connected to the heat network for the three scheme options considered for this cluster are presented in Table 7.
[bookmark: _Ref491099991]Table 7: Scheme customers in Cluster 1 – Station Hill and around
	#
	Building
	Scenario 1
	Scenario 2
	Scenario 3

	1
	Station Hill
	
	
	

	3
	Garrard House
	
	
	

	4
	Sainsbury’s
	
	
	

	5
	Site at Weldale Street
	
	
	

	A
	Apex Plaza
	
	
	



In terms of a suitable location for the energy centre, the most ‘natural’ option would be the Station Hill site, situated at the centre of the three scenarios and providing the opportunity to allocate space as part of the site redevelopment. Furthermore an energy centre serving its residential plots (plots E and F) was considered and recommended in the energy strategy. It should be noted that the energy strategy also recommended that individual heating systems be used for each office building, mainly due to the phasing of the expected redevelopment of the six mains site plots. An alternative option would be to locate the energy centre at the Sainsbury’s redevelopment site, adjacent to Station Hill plot E once the Telecom House is integrated to this plot (as mentioned in the recent planning application). Moreover, the use of ‘a combination of CHP and domestic MVHR to meet local planning and sustainability requirements’ was recommended in the Energy and Sustainability document for this site. At this stage of the analysis, no suitable RBC owned land was identified as a potential energy centre location for this cluster.
The network routes for the three scheme options considered for this cluster are presented in Figure 46, along with the suggested location for the energy centre.
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[bookmark: _Ref491098823]Figure 46: Heat network routes for the Station Hill and around cluster

As already mentioned, one of the main caveats applying in terms of feasibility for this cluster relates to the phasing of the various redevelopment sites, and of the various plots within the Station Hill site.

[bookmark: _Toc491109198]Old Civic building area cluster
Within the Old Civic building cluster, the only site that is expected to be redeveloped in the near future is the site of the Old Civic building itself. Based on discussions with RBC, the assumption is that the site will see the erection of ~560 residential units and some retail. This large redevelopment would be an opportunity to kick start a heat network in this area, which is characterised by a number of other large potential ‘anchor’ customers for a DH scheme.
Three scenarios were defined to illustrate various options for a DH scheme in this area. In the first scenario, the assumption is that the Hexagon theatre and the Magistrate’s Court, both adjacent to the Old Civic building site, connect to the scheme, along with Broad Street Mall and the Fountain House office building located west of the shopping centre. This scenario would benefit from a favourable mix of user types including residential units (on the Old Civic building area site), retail (also on this site, and from the shopping centre), offices (Fountain House and the Magistrate’s Court) and leisure (Hexagon theatre). One caveat applying to this scenario is that it appears from the available EPCs that most retail units in Broad Street Mall are currently electrically heated, and would therefore need to be converted to a wet heating system to connect, adding a large contribution to the capital cost. The economic assessment for the core scenario will, therefore, be conducted for two cases, both with and without the connection of Broad Street Mall. The most cost effective option of these two will be taken forward to the extended scenarios.
Regarding potential extensions to the core scheme, two scenarios were defined. The first extension sees the inclusion of the Pentahotel adjacent to Fountain House – its EPC confirms its current main heating fuel is natural gas – and the police station (for which no information could be found on its current heating system). In the third scenario, the former Yell building that was refurbished as student accommodation (and that is heated with gas boilers) is connected, along with the RBC new office building and the Oracle. Similarly as for Broad Street Mall, EPCs indicate at least some of the Oracle units are electrically heated. The cost of conversion to a wet heating system will therefore be accounted for in the economic assessment, and both options with and without connecting the Oracle will be considered – these two versions are referred to as v1 and v2.
The customers connected to the heat network for the three scheme options considered for this cluster are presented in Table 8.
[bookmark: _Ref491099999]Table 8: Scheme customers in Cluster 3 – Old Civic building area 
	#
	Building
	Scenario 1
	Scenario 2
	Scenario 3

	
	
	v1
	v2
	v1
	v2
	v1
	v2

	1
	Old Civic building area
	
	
	
	
	
	

	2
	Former Yell building
	
	
	
	
	
	

	A
	Broad Street Mall
	 
	
	
	
	
	

	B
	Fountain House (offices)
	
	
	
	
	
	

	C
	Pentahotel
	
	
	
	
	
	

	D
	Police station
	
	
	
	
	
	

	E
	Magistrate’s Court
	
	
	
	
	
	

	F
	Reading Borough Council
	
	
	
	
	
	

	G
	Oracle (shopping centre)
	
	
	
	
	
	

	H
	Hexagon (theatre)
	
	
	
	
	
	



In terms of a suitable location for the energy centre, the most natural option would be the Old Civic building area site, situated at the centre of all scenarios and providing the opportunity to allocate space as part of the site redevelopment. Furthermore, the land is owned by RBC.
The network routes for the three scheme options considered for this cluster are presented in Figure 47, along with the suggested location for the energy centre.
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[bookmark: _Ref491098843]Figure 47: Heat network routes for the Old Civic building area cluster
It should be noted that two key caveats apply to this cluster. In particular, the scheme options studied are particularly reliant on the redevelopment of the Old Civic building site at the core of this cluster. However, no firm plan for its redevelopment has been agreed at the time of writing. In addition, the feasibility of a heat network in this cluster will depend on the willingness to connect of the large existing buildings involved.
[bookmark: _Toc491109199]Forbury Road / Kenavon Drive cluster
The two large redevelopment sites at the centre of this cluster – the ‘Toys R Us and Homebase’ and ‘Kodak and Ventello’ sites – are both included within the definition of the ‘core’ scheme. Two main options for extensions are also considered. The first extension (Scenario 2) includes the existing buildings at Forbury Retail park. The second extension (Scenario 3) considers the impact of connecting the prison site, which is expected to be redeveloped in the future. Finally, a widely extended scenario was defined for this cluster, to consider the impact of connecting the large recently redeveloped sites in this area at Forbury Place and 42 Kenavon Drive. This scenario would correspond to an interestingly large DH scheme scale, however it should be noted that it comes with some caveats. Firstly, as mentioned in section 2, the three buildings at Forbury Place are currently electrically heated and their heating systems would therefore require to be converted to wet heating systems in order to connect. Secondly, the site at 42 Kenavon Drive has been recently developed with integration of a gas CHP (serving most flats at this site), and hence would not be expected to connect to a DH scheme until the end of the lifetime of its current plant.
The customers connected to the heat network for the three scheme options considered for this cluster are presented in Table 9.


[bookmark: _Ref491100006]Table 9: Scheme customers in Cluster 3 – Forbury Road / Kenavon Drive 
	#
	Building
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	
	
	
	v1
	v2

	1
	Toys R Us and Homebase
	
	
	
	
	

	2
	Kodak and Ventello
	
	
	
	
	

	3
	Reading prison
	
	
	
	
	

	4
	Forbury Place
	
	
	
	
	

	5
	42 Kenavon Drive
	
	
	
	
	

	A
	Forbury Retail park
	
	
	
	
	

	B
	Restaurant (McDonald’s)
	
	
	
	
	



In terms of a suitable location for the energy centre, the most natural option would be the ‘Toys R Us and Homebase’ site. This site is the most central to this cluster, is the largest with 700-800 residential units, and is also the site that is expected to be redeveloped first. Moreover, in the planning application Energy Statement for the site, the developers assessed the option of a CHP that would provide approximately 60% of the heating and hot water demand for this site, and concluded that it was a feasible option. An alternative option could be to locate the energy centre at the ‘Kodak and Ventello’ site; however, based on discussions with RBC it is expected to be redeveloped later than the Toys R Us and Homebase site. At this stage of the analysis, no RBC owned land was deemed suitable as the location for an energy centre for this cluster.
The network routes for the three scheme options considered for this cluster are presented in Figure 48, along with the suggested location for energy centre. For this cluster, as for the other three, should the heat network feasibility assessment be taken forward following this study, other options for these locations could be considered, including those discussed above. 
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[bookmark: _Ref491098859]Figure 48: Heat network routes for the Forbury Road / Kenavon Drive cluster




The figure below presents an overview of the four clusters that were identified for potential district heating schemes, along with the various scenarios that were defined, from ‘core’ scenarios to most extended scenarios.
[image: ]
Figure 49: Overview of the four clusters identified in Central Reading
[bookmark: _Toc491109200]Low carbon heat supply options
A range of heat supply technologies have been assessed in the heat network options appraisal. These technologies, their relative pros and cons and their relevance to heat networks in Reading town centre, are described here.
[bookmark: _Toc491109201]Description of technologies
This section provides an overview of the various low carbon heat supply options that can be considered for a district heating scheme. 
[bookmark: _Toc489260278][bookmark: _Toc491109202]Gas combined heat and power (CHP)
Gas combined heat and power (CHP) systems generate both electricity and heat. As such, the business case for a Gas CHP-based system depends on the ability to sell the generated electricity as well as the generated heat. The heat-to-power ratio of the CHP system can be varied according to the relative size of the heat and electricity demand being served, and value of the sale of each fuel. Typically, CHP systems serving heat networks are heat-led, with heat-to-power ratios on the order of 2:1. In many cases, the electricity generated is exported to the grid, attracting a relatively low value. However, there is also the opportunity to meet electricity demand directly on-site, or to meet the demand of nearby electricity users through ‘private wire’. In this case, the effective value of the generated electricity is greater, since it offsets the cost of purchasing electricity from the grid, which is significantly higher than the value obtained by exporting to the grid.
CHP systems are a mature and proven technology, and are used in the majority of heat networks currently installed in the UK.
[bookmark: _Toc489260279][bookmark: _Toc491109203]Water-source heat pump (WSHP)
Heat pumps extract thermal energy from a renewable source, such as the air, ground or a body of water, transfer the heat to a refrigerant and use an electrically driven compression-expansion cycle to first increase the temperature of the heat and then deliver it to the heated space.
WSHP systems, as the name suggests, take water as the heat source, whether this be a river, sea or sub-surface groundwater. WSHP systems may be open loop, in which case water is physically abstracted from the source before some of its heat is extracted, and the water rejected back to the source, or closed loop, in which case no water is abstracted from the water source. For closed loop systems, an enclosed volume of water running through pipework submerged in the water source extracts heat from the water source by conduction, before being transported to the heat pump.
In Reading town centre, both open loop and closed loop systems could be relevant. The Thames and Kennet provide large potential sources of heat for networks close to the rivers, whereas systems based on abstraction of groundwater (e.g. from aquifer layers) could be most suitable away from the rivers. A schematic diagram of an open-loop groundwater aquifer-based WSHP system is shown in Figure 50[footnoteRef:16]. In a site with a suitable hydrogeology, a single pair of boreholes (one extraction and one rejection borehole) can deliver between 250 kW and 500 kW of thermal power, as illustrated by Figure 51[footnoteRef:17]. Multiple boreholes can be used to deliver multiples of this thermal power. [16:  Image courtesy of G-Core (2016)]  [17:  Left: a below-ground well housing; centre and right: above-ground/exposed well housings.
All images courtesy of Iftech.] 
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[bookmark: _Ref491098894]Figure 50: Schematic of an open-loop system with abstraction and rejection of aquifer water
[bookmark: _Ref491098908]Figure 51: Example images of a housing for a single borehole for a WSHP system


[bookmark: _Toc489260280]
[bookmark: _Toc491109204]Waste heat
[bookmark: _Toc489260281]An important feature of heat networks is that the economies of scale they provide mean there is the opportunity to make use of a variety of secondary and ambient sources that otherwise cannot easily be recovered. Potential sources of waste and secondary heat include heat from power stations, industrial processes, cooling water from data centres, heat from wastewater treatment facilities and others. Ideally, the waste heat source should provide an almost interrupted flow of heat, operating at all times of the day and year-round. This is often the case for power stations and industrial facilities, with only short periods of annual maintenance work interrupting the supply. Based on discussions with RBC, no potential industrial or power station waste heat sources were identified as suitable to serve a district heating scheme in the Reading town centre.
[bookmark: _Toc491109205]Biomass boiler / Biomass CHP
Biomass is an alternative heat supply option. The key advantage of biomass over gas is the significantly lower carbon intensity of the fuel. It is for this reason that biomass boilers and biomass CHPs are currently eligible for the Renewable Heat Incentive (RHI) in the UK. In addition, they are relatively cost-effective as compared with other renewable heating technologies.
The key disadvantages of biomass boilers include:

· Fuel supply logistics and storage. Assuming delivery by road, the impact of vehicle movements on local traffic needs to be considered. Furthermore, additional space in the energy centre will be required for a wood fuel store.

· Impact on air quality associated with biomass combustion. In particular, biomass combustion releases NOx and fine particulates, whose concentrations should be minimised. This means that biomass is less suitable for densely populated residential, educational or employment areas such as Reading town centre.

· Security of fuel supply. Given the requirement for delivery by road, there is some risk of an interruption to supply associated with access. Furthermore, since biomass is likely to be sourced from a supplier, there is a risk that the supplier will choose to interrupt the contract (this risk  could be considered to be higher in the case of biomass than in the case of gas or electricity, for example due to potential delays with road freight and because the supply chain is less mature). 
[bookmark: _Toc489260283]

[bookmark: _Toc491109206]Carbon emissions reduction potential of heat supply options
One of the key objectives for the deployment of heat networks, both for RBC and for HNDU, is to contribute to the reduction of carbon emissions. An assessment of the likely impact of each technology option on overall emissions reduction should therefore form part of the assessment of the preferred scheme.
The relative carbon intensity (i.e. the amount of CO2 emissions per unit of heat generated) of several of the technology options is dependent on the carbon intensity of the electricity grid. This is illustrated in Figure 52[footnoteRef:18], which presents the carbon intensity of heat from Gas boilers, Heat pumps and Gas CHP as a function of the carbon intensity of grid electricity. [18:  Figure adapted from ‘A Heated Debate: Sustainable heat for a low carbon future’, Graeme Gidney and Paul Woods, Aecom, 30/10/12] 
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[bookmark: _Ref491098929]Figure 52: CO2 emissions per kWh of heat as a function of grid electricity carbon intensity

[bookmark: _Toc491109207]Gas boilers
The carbon intensity of gas boilers is not dependent on the carbon intensity of the electricity grid and is a constant value of approximately 230 gCO2/kWh, depending on the efficiency of the boiler.
[bookmark: _Toc491109208]Heat pumps
The carbon intensity of a heat pump varies linearly with the carbon intensity of the electricity used to run the heat pump. For a heat pump efficiency of 350%, for example, the carbon intensity of heat from a heat pump is 1/3.5 of the carbon intensity of the electricity used to supply it.
[bookmark: _Toc491109209]Gas CHP
The carbon intensity of heat from a Gas CHP follows the opposite dependence; since a CHP unit produces electricity, it displaces grid electricity. Where electricity from gas CHP displaces low carbon electricity such as renewable electricity from wind, biomass or solar PV, gas CHP can lead overall to an increase in carbon emissions.
[bookmark: _Toc491109210]Comparison of the three technologies
For a heat pump efficiency of 350% and a gas CHP of 37% electrical efficiency, heat from the heat pump has a lower effective carbon intensity than the gas CHP for a grid electricity carbon intensity below approximately 400 gCO2/kWh (see the intersection point in Figure 52).
For a gas boiler efficiency of 85%, heat from gas CHP effectively leads to an increase in carbon emissions relative to the gas boiler for grid electricity carbon intensity below approximately 270 gCO2/kWh. For context, Table 10 shows the projection of grid electricity carbon intensity in the HMT Treasury Green Book[footnoteRef:19]. [19:  HMT Green Book Guidance Table 1 (March 2017)] 

[bookmark: _Ref491100013]Table 10: Projection of grid electricity carbon intensity
[image: ]
This suggests that by 2020, both the grid average and the long-run marginal carbon intensity are below 270 gCO2/kWh, meaning that (for the plant efficiencies assumed above), gas CHP leads to a net increase in carbon emissions relative to gas boilers. As the grid decarbonises further beyond 2020, gas CHP results in a greater increase in carbon emissions. This analysis suggests that heat networks installed today are likely to result, over their lifetime, in a substantial increase in emissions relative to gas boilers. It should be noted that there is some debate about the appropriate emissions factors to use when evaluating the impact of gas CHP and therefore no strict consensus on the timing of the tipping point at which gas CHP no longer provides an emissions reduction.  For example, if short-run marginal emissions factors were to be considered, then period over which gas CHP delivers a carbon benefit would be extended.
[bookmark: _Toc491109211]Waste heat
Waste heat can be considered to be very low carbon, depending somewhat on the source of waste heat. If the heat is entirely secondary, and is produced in any case, use of the waste heat can be considered zero carbon. For example, waste heat from power station results in a small electricity efficiency penalty according to the Z-factor, meaning that a small amount of additional electricity must be produced elsewhere. In this case, the carbon intensity of the waste heat could be considered to be the carbon intensity of the additional electricity produced, divided by the Z-factor. Since the Z-factor is typically large (7-10), this will still represent a very low carbon heat source.
[bookmark: _Toc491109212]Biomass
The carbon intensity of biomass is a complex (and frequently controversial) topic. Biomass fuel is often considered to be zero carbon, since the fuel is ‘zero-rated’ according to the EU Renewable Energy Directive, on the basis that the emissions are accounted for in land-use emissions inventories and should not be double counted. In reality, the lifecycle emissions of biomass are non-zero, and highly dependent on the source of the biomass, the method of production and harvest and the transportation distance and method, among other factors. For the purposes of this study, the carbon intensity of biomass is taken as 16 gCO2/kWh.
[bookmark: _Ref489003986][bookmark: _Toc489260284]

[bookmark: _Toc491109213]Summary of pros and cons of heat supply options
A summary of the pros and cons of the heat supply options studied, as described above, is provided in Table 11.
[bookmark: _Ref491100023]Table 11: Summary of pros and cons of heat supply options
	Option
	Pros
	Cons

	Water-source heat pumps (WSHP)
	· Potential to be very low carbon
· Can be relatively cost-effective where supported by RHI
· Where cooling is also required, economics improved significantly
	· High capital cost
· Requires substantial electrical grid capacity (although similar to gas CHP)
· Some risk of RHI support being reduced/withdrawn

	Gas combined heat and power (CHP)
	· Mature and proven technology
· Relatively cost-effective without subsidy
· Opportunity to deliver on-site electricity
	· Fossil fuel-based, so carbon savings may not be large (and may be negative in future)

	Biomass boiler / Biomass CHP
	· Potential to be very low carbon
· Biomass boiler – Cost-effective option where supported by renewable heat incentive (RHI)
	· Regular deliveries and/or large storage required for biomass
· Air Quality and environmental issues
· Some risk of RHI support being reduced/withdrawn
· Biomass CHP – High capital cost

	Waste heat from industry, power and Energy-from-Waste plants
	· Potential to be very low cost heat
· Very low carbon (exact carbon intensity depending on source)
	· Unless heat source close to demand centres, heat transmission cost can be high
· Likely to have some downtime so additional backup plant required



As no waste heat source was identified for the area under consideration, the following technologies will be taken forward in the analysis: WSHP (both using river or sub-surface groundwater as heat source), gas CHP, biomass boiler and biomass CHP.


[bookmark: _Toc491109214]Scheme options appraisal
In the previous section, a series of scheme options have been specified for each cluster, differing in the extent of the network and the assumption of which customers connect to the scheme. In general terms, the scheme options progress from a ‘core scheme’ including a small number of anchor customers, to more extensive schemes incorporating a greater number of customers. This section presents the technical and economic assessment that has been undertaken for each cluster and scenario, and including a range of heat supply options for each cluster.
[bookmark: _Toc491109215]Technical and economic assessment approach
In the technical assessment, the energy demand data gathered and derived for each customer, as described in Section 3, was used to undertake an outline design of the heat network, including the appropriate primary and auxiliary plant sizing, the network route and length, the pipe sizing, the peak and annual fuel consumption and so on. Key assumptions used in the technical assessment are provided in Appendix C.
An economic assessment was then undertaken for each scheme option. On the basis of the scheme design and sizing, the cost of all required generation plant and heat network infrastructure was derived, including upfront costs, replacement costs and ongoing operational and fuel costs. The potential value of revenue streams was calculated, including the value of heat sales based on an estimate of the counterfactual price of heat that could be expected for the customers connected; potential revenue from electricity sales for the case of Gas CHP, based on either on-site/private wire sale of electricity and/or grid export; and potential revenue from the Renewable Heat Incentive, for the case of biomass and heat pumps. Key assumptions used in the economic assessment are provided in Appendix D.
For each case, a set of common outputs were derived to allow a comparison of the scheme options considered against each other, and against typical performance benchmarks for the viability of a heat network. These include the project capital cost, the internal rate of return (IRR), the net present value (NPV), the lifetime cost of heat supply, lifetime CO2 emissions savings and the ‘funding gap’ to project viability.
A discussion of the potential delivery models for a heat network in Reading is provided in section 7. Some of the potential delivery models include a key role for RBC in funding all or part of the upfront cost of the heat network. In a public sector-led scheme scenario, it is assumed that a minimum IRR of approximately 6% would be required, although this would be determined on a case by case basis. Therefore the funding gap (if any) for viability of a given cluster/scenario is defined as the NPV of the project, using a 6% discount rate under the assumption of a public led scheme, or a 12% discount rate under the assumption of a private led scheme. There is a funding gap if this NPV value is negative (where it is positive, there is no funding gap). Where a funding gap at 6% or 12% is identified, we consider whether and what level of grant support under HNDU’s Heat Network Investment Programme (HNIP) could be used to bridge the gap. In particular, we determine the funding gap (i.e. the required HNIP grant) in two cases: with and without the RHI.
Phasing – Due to the sequencing of redevelopments, it is likely that connections to the DH scheme options studied in this analysis would occur in phases. If the phasing of the sites is too gradual, the heat sales over the lifetime of the network are decreased, impacting negatively on the economic case. It should be noted that, unless otherwise stated, the simplifying assumption was made at this stage of the analysis that all buildings included in a scheme are connected in the same year. Consequently, the analysis presented, unless otherwise stated, corresponds to a best case scenario in terms of the scheme phasing. In order to study the impact on the economic case of more gradual, less favourable phasing, we have undertaken a sensitivity on phasing for a selected scheme option. This is described in section 6.4.

[bookmark: _Toc491109216]Technical and economic assessment results
This section presents the results from the technical and economic assessment, for each cluster and scenario within each cluster, and for the four technologies under consideration: gas CHP, biomass CHP, WSHP and biomass boiler.
[bookmark: _Toc491109217]North of the station cluster
A summary of the technical assessment for the North of the station cluster (as defined in section 4.2 and 4.3) is shown in Table 12.
[bookmark: _Ref491100030]Table 12: Summary of technical assessment for Cluster 1 – North of the station
[image: ]
In the core scenario, all of the demand comes from the three buildings at the Royal Mail site, two of which are mainly residential (plus some retail and an hotel) and one is mainly offices (and some retail). Given the very narrow size of this cluster area, the DH scheme linear density is very high, at 35 GWh/year/km. The second scenario sees the integration of some 565 residential units (250 at the current SSE building site and 315 at Coopers site) and four non-domestic buildings (offices at Thames Water, Reading Bridge House and the Environment Agency, plus the King's Meadow Swimming Pool). Finally, the third scenario further increases the non-domestic energy demand by integrating some more offices (Sovereign House, Norman Place, Great Brigham Mead, and at Napier Court), some retail spaces, a restaurant and a fire station. Both the second and third scenarios also have high linear heat density, above 6 GWh/year/km. It should be noted that lower flow/return temperature were assumed for the schemes only containing new redevelopment sites. However, the option of even lower temperatures could be investigated at feasibility stage.
The estimated main heat supply capacity for each scheme option is calculated such as it can meet at least 60% of the heat demand[footnoteRef:20]. It is below 2MW for all scenarios for this cluster, and more generally below 10MW for the final versions of all scenarios defined within this study (for the four clusters). Therefore all schemes are within the capacity of the Rivers Thames and Kennet (whose capacities are 55MW and 14MW, respectively[footnoteRef:21]) and in theory compatible with WSHP options connecting to the rivers. [20:  Further details about this approach are presented in the Appendix.]  [21:  http://nationalheatmap.cse.org.uk/ ] 

The results of the economic assessment are presented in the figures below. Figure 53 presents the capital cost of each scheme option. It should be noted that based on comments from Reading Borough Council and the HNDU, the capital costs were increased by 30% compared to the first version that was considered, in order to account for a number of extra costs (e.g. project management), shown here as ‘contingency’ costs. 
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[bookmark: _Ref498610322]Figure 53: Capital cost of scheme options for Cluster 1 – North of the station
The capital cost ranges from £0.8m for the core scenario with a biomass boiler to £8.1m for the third scenario with a biomass CHP. It should be noted though that biomass technologies come with the disadvantage of negative impacts on air quality and might therefore not be the favoured option for DH schemes in a densely-populated town centre. For the non-biomass technologies under consideration, i.e. gas CHP and WSHP, the capital cost is £1.2-1.8m for the core scheme and £4.2-5.6m for the most extended scenario. As expected given the high linear heat density of the scheme, network costs only correspond to a small fraction of the total capex for the core scenario; the share of the capex associated with the network is increased for the two extended scenarios.
The project IRR is presented in Figure 54, and the NPV at 6% discount rate in Figure 55. In the figures shown, revenue from the RHI is included for the WSHP and biomass technology (CHP or boiler) cases.
It can be seen that the IRR is positive for all technologies but biomass CHP for the core scheme, and positive for the gas CHP and WSHP cases in the first extended scheme. The NPV value is close to zero for the gas CHP and WSHP options in the first scenario, and negative for the extended scenarios. It is negative for all biomass technology options.
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[bookmark: _Ref498616251]Figure 54: IRR summary for Cluster 1 – North of the station
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[bookmark: _Ref498610549]Figure 55: Net present value summary for Cluster 1 – North of the station
Figure 56 presents the breakdown of the NPV into various cost and revenue components, for the gas CHP and WSHP options, for all scenarios. We have focused on these technologies given their good economic performance, combined with concerns over biomass impacts on air quality especially in town centres. For the three scenarios, in addition to heat sales, the economic performances are improved by electricity sales in the case of gas CHP and revenues from the RHI in the case of WSHPs. The total NPV excluding RHI is also shown and highlights the dependency of the WSHP business model on subsidy.
 [image: ]
[bookmark: _Ref498610853]Figure 56: Cost and revenue components for Cluster 1 – North of the station
A summary of the economic assessment for this cluster is shown in Table 13. In addition to the results presented above, CO2 savings over the 20-year lifetime of the heating plant are shown for each scheme option. For Gas CHP, as explained in section 5, the lifetime CO2 savings are found to be negative (i.e. increase CO2 emissions versus the counterfactual of gas boilers). For the WSHP schemes, lifetime CO2 savings are substantial, at 12-28 ktCO2.
In conclusion, the WSHP options have higher IRRs than the gas CHP options for the three scenarios and would, unlike gas CHP, provide positive CO2 savings.
[bookmark: _Ref498613238]Table 13: Summary of economic assessment for Cluster 1 – North of the station
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In the case of a public sector led scheme and considering a public sector typical hurdle rate of 6%, almost all scenarios presented in the table above have a funding gap and might therefore require an HNIP grant in addition to the RHI. For S1.3 with WSHP, the minimum required HNIP grant is estimated at £2.5m, and the carbon savings value for money would be of 11 tCO2 per £1,000 grant.
In the case of a private sector led scheme and considering a typical hurdle rate of 12%, all scenarios would require some additional grant to close the funding gap. The WSHP schemes would require a minimum grant of £0.6m, £2.0m and £3.5m for S1.1, S1.2 and S1.3 respectively, and would lead to CO2 savings of 21 tCO2, 12 tCO2 and 8 tCO2 per £1,000 grant respectively.
[bookmark: _Toc491109218]Station Hill and around cluster
A summary of the technical assessment for the Station Hill and around cluster (as defined in section 4.2 and 4.3) is shown in Table 14.
In the core scenario, there is a mix of non-domestic buildings (Station Hill plots A to D) and domestic buildings (Station Hill plots E and F, Sainsbury’s site and Garrard House site). The first extended scenario sees integration of additional residential units from the Weldale street site, and the last scenario includes the large Apex Plaza office building adding to the non-domestic type energy demand.
[bookmark: _Ref491100056]Table 14: Summary of technical assessment for Cluster 2 – Station Hill and around
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The results of the economic assessment are presented in the figures below.
Figure 57 presents the capital cost of each scheme option. This ranges from £1.0m for the core scenario with a biomass boiler to £5.0m for the third scenario with a biomass CHP. For non-biomass technologies, it ranges from £1.4-2.0m for the core scheme to £2.5-3.3m for the most extended scenario. As expected network costs only correspond to a relatively small fraction of the total capex for all scenarios as the scheme is concentrated in a small area.
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[bookmark: _Ref498612635]Figure 57: Capital cost of scheme options for Cluster 2 – Station Hill and around

The project IRR is presented in Figure 58, and the NPV at 6% discount rate in Figure 59.
It can be seen that the IRR is positive for almost of the scenarios and technology options. The NPV at 6% is negative, however relatively close to zero in all gas CHP and WSHP options, and lower for all biomass CHP options.
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[bookmark: _Ref498612749]Figure 58: IRR summary for Cluster 2 – Station Hill and around
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[bookmark: _Ref498612795]Figure 59: Net present value summary for Cluster 2 – Station Hill and around
Figure 60 presents the breakdown of the NPV into various cost and revenue components, for the gas CHP and WSHP options, for all scenarios in this cluster.
For the three scenarios, in addition to heat sales, the economic performances are improved by electricity sales in the case of gas CHP and revenues from the RHI in the case of WSHPs. The total NPV excluding RHI is also shown; the low NPV for the WSHP options without the RHI highlight the dependency of the WSHP business model on that subsidy.
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[bookmark: _Ref498612990]Figure 60: Cost and revenue components for Cluster 2 – Station Hill and around
A summary of the economic assessment for this cluster is shown in Table 15. In addition to the results presented above, CO2 savings over the 20-year lifetime of the heating plant are shown for each scheme option. For Gas CHP, as explained in section 5, the lifetime CO2 savings are found to be negative (i.e. increase CO2 emissions versus the counterfactual of gas boilers). For the WSHP schemes, lifetime CO2 savings are substantial, at 11-18 ktCO2.
[bookmark: _Ref498613325]Table 15: Summary of economic assessment for Cluster 2 – Station Hill and around
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In the case of a public sector led scheme and considering a public sector typical hurdle rate of 6%, all scenarios presented in the table above have a funding gap and might therefore require an HNIP grant in addition to the RHI to be considered. 
In the case of a private sector led scheme and considering a typical hurdle rate of 12%, similarly, all scenarios would require some additional grant to close the funding gap. The WSHP schemes would require a minimum grant of £0.9m, £1.2m and £1.7m for S2.1, S2.2 and S2.3 respectively, and would lead to CO2 savings of 13 tCO2, 12 tCO2 and 11 tCO2 per £1,000 grant respectively.
In conclusion, the analysis suggests that both gas CHP and WSHP would require <£1.7m additional grant to be economically viable options for each of the three schemes in the Station Hill cluster. Of these, only the WSHP option provides positive CO2 savings.
[bookmark: _Toc491109219]Old Civic building area cluster
A summary of the technical assessment for the Old Civic building area cluster (as defined in section 4.2 and 4.3) is shown in Table 16. This is the first version of the scenarios, including the two shopping centres (the Broad Street Mall in S3.1, S3.2, S3.3 and the Oracle in S3.3).
[bookmark: _Ref491100069]Table 16: Summary of technical assessment for Cluster 3 – Old Civic building area – Version 1
[image: ]
The core scenario is composed by a mix of buildings types, from residential units on the Old Civic building area to offices at Fountain House and the Magistrate’s Court, and to leisure at the Hexagon theatre and retail from the Broad Street Mall. The case for integrating the Broad Street Mall retail spaces to this scheme has already been discussed in a previous section. While this would bring a large non-domestic heating demand to the scheme, it would require a costly retrofit to convert the mall to a wet heating system (on the basis of a range of publicly available EPCs it appears to be electrically heated at present) of the order[footnoteRef:22] £4,000 per 100m2. The same issue applies to the Oracle shopping centre, which could be included in the third scenario. The second scenario sees the inclusion of the police station and residential units (for students) at the former Yell building. Finally, the Pentahotel and RBC office are included in the last scenario, along with – if economically viable – the Oracle shopping centre. [22:  Estimated at ~£2,500 per 60m2 (i.e. ~£42/m2) based on Poyry ‘The Potential And Costs of District Heating Networks’ report for DECC (2009). It should be noted that this value is an approximation and would in reality be expected to vary on a case by case basis.] 

The results of the economic assessment are presented in the figures below for the scenarios including the Broad Street Mall and the Oracle. Figure 61 presents the capital costs for each scheme, and Figure 62 shows the resulting negative project NPVs at 6% discount rate.
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[bookmark: _Ref498614787]Figure 61: Capital cost of scheme options for Cluster 3 – Old Civic building area
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[bookmark: _Ref498614799]Figure 62: Net present value summary for Cluster 3 – Old Civic building area

It can be seen that the NPV at 6% is negative in all cases. Since the poor economic performance is expected to be due in large part to the high cost of converting the electrically heated shopping centres to wet heating systems, we have separately considered a second version of the three scenarios, excluding the two shopping centres. Based on this cluster refinement, the revised technical assessment for the Old Civic building area cluster is shown in Table 17.
[bookmark: _Ref491100079]Table 17: Summary of technical assessment for Cluster 3 – Old Civic building area – Version 2
[image: ] 
In this refined version of the technical assessment summary, linear heat densities remain high, although they are decreased by removal of the large two shopping centres heating demands from the schemes.
The estimated main heat supply capacity for each scheme option is below 1.5MW, hence it is in theory compatible with WSHPs connected to the nearby Kennet river whose heat capacity is estimated to be >14MW[footnoteRef:23]. [23:  http://nationalheatmap.cse.org.uk/ ] 

The two figures below present the results of the economic assessment in terms of capital cost and IRR, for the three scenarios. The core scenario S3.1 has positive IRR for the gas CHP and WSHP options. 
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Figure 63: Capital cost of scheme options for Cluster 3 – Old Civic building area
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Figure 64: IRR summary for Cluster 3 – Old Civic building area

The NPV at 6% discount rate is shown in Figure 65. It can be seen that the NPV is negative in all cases, while being relatively higher (i.e. less negative) for all scenarios involving gas CHP or WSHP.
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[bookmark: _Ref498615053]Figure 65: Net present value summary for Cluster 3 – Old Civic building area

Figure 66 presents the breakdown of the NPV into various cost and revenue components, for the gas CHP and WSHP options, for all scenarios. The total NPV excluding RHI is also shown, highlighting the importance of the subsidy for the WSHP business model.
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[bookmark: _Ref498615154]Figure 66: Cost and revenue components for Cluster 3 – Old Civic building area
A summary of the economic assessment for this cluster is shown in Table 18. The analysis suggests comparable IRRs for the gas CHP options and the WSHP options for the three scenarios, and suggests that WSHPs could be a more favourable option overall as they provide substantial CO2 savings.
[bookmark: _Ref498615263]Table 18: Summary of economic assessment for Cluster 3 – Old Civic building area
[image: ]
In the case of a public sector led scheme and considering a public sector typical hurdle rate of 6%, all scenarios presented in the table above have a funding gap and might therefore require a HNIP grant on top of the RHI. For S3.3 with WSHP, the minimum required HNIP grant is estimated at £2.1m, and the money carbon savings value for would be 11 tCO2 per £1,000 grant.
In the case of a private sector led scheme and considering a typical hurdle rate of 12%, similarly, all options might require a HNIP grant on top of the RHI to be economically viable. The WSHP schemes would require a minimum grant of £0.6m, £1.7m and £2.7m for S3.1, S3.2 and S3.3 respectively, and would lead to CO2 savings of 14 tCO2, 11 tCO2 and 9 tCO2 per £1,000 grant respectively.
[bookmark: _Toc491109220]Forbury Road / Kenavon Drive cluster
A summary of the technical assessment for the Forbury Road / Kenavon Drive cluster (as defined in section 4.2 and 4.3) is shown in Table 19 (including the two versions of the fourth scenario, with and without Forbury Place office buildings).
[bookmark: _Ref491100103]Table 19: Summary of technical assessment for Cluster 4 – Forbury Road / Kenavon Drive
[image: ]
The core scenario S4.1 is largely composed of residential units from the ‘Toys R Us & Homebase’ and ‘Kodak and Ventello’ sites. The second and third scenario, S4.2 and S4.3 respectively, consider the impact of also integrating several retail spaces and further residential units from the Reading Prison redevelopment. Finally, the last scenario S4.4 includes two additional sites, the residential units from 42 Kenavon Drive and the three office buildings at Forbury Place.
The estimated main heat supply capacity for each scheme option is below 4MW, and is hence compatible with the supply of heat using a WSHP connected to the nearby Thames, for which the estimated heat capacity is >55MW[footnoteRef:24]. [24:  http://nationalheatmap.cse.org.uk/ ] 

As already mentioned in a previous section, the Forbury Place buildings are electrically heated and would need to be converted to wet heating systems in order to be connected to the DH scheme. Hence, two versions of S4.4 have been assessed, with and without the Forbury Place buildings (S4.4 v1 and S4.4 v2 respectively).
The two figures below present the results of the economic assessment in terms of capital cost and IRR, for the four scenarios and including the two different versions of the last scenario.
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Figure 67: Capital cost of scheme options for Cluster 4 – Forbury Road / Kenavon Drive
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Figure 68: IRR summary for Cluster 4 – Forbury Road / Kenavon Drive

The economic analysis suggests that the inclusion of the office buildings at Forbury Place, involving the conversion to a wet heating system, is not a viable option. Therefore, only variant S4.4 v2, excluding Forbury Place, is shown in the subsequent charts. All remaining scenarios have IRRs (at 25 years) above 0% for supply by gas CHP and WSHP, with the exception of S4.4 v2 with gas CHP.
The NPV at 6% discount rate is shown in Figure 69. It can be seen that the NPV is negative for all but scenarios 1 and 3 with the WSHP option. It is significantly lower for all biomass CHP options and to some extent for the biomass boiler options.
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[bookmark: _Ref498616549]Figure 69: Net present value summary for Cluster 4 – Forbury Road / Kenavon Drive


Figure 70 presents the breakdown of the NPV into various cost and revenue components, for the gas CHP and WSHP options, for all scenarios. The total NPV excluding RHI is also shown.
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[bookmark: _Ref498618133]Figure 70: Cost and revenue components for Cluster 4 – Forbury Road / Kenavon Drive
A summary of the economic assessment for this cluster is shown in Table 20. For this cluster too, the analysis suggests CHP options have lower IRRs than WSHP options for the three scenarios, and the WSHP options could be more favourable as these provide substantial positive CO2 savings.
[bookmark: _Ref498618504]Table 20: Summary of economic assessment for Cluster 4 – Forbury Road / Kenavon Drive
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In the case of a public sector led scheme, considering a public sector typical hurdle rate of 6%, most scenarios presented in the table above have a funding gap and only the first and third scenarios with the WSHP option could be envisaged without any HNIP grant in addition to the RHI. 
In the case of a private sector led scheme and considering a typical hurdle rate of 12%, all scenarios would require some additional grant to close the funding gap. The WSHP schemes would require a minimum grant of £0.8m, £1.4m and £2.0m for S4.1, S4.2 and S4.4 respectively, and would lead to CO2 savings of 18 tCO2, 12 tCO2 and 9 tCO2 per £1,000 grant respectively.

[bookmark: _Toc491109221]Summary of economic assessment
The results of the economic assessment for all scheme options studied, across the four selected clusters, is presented below in Table 21.






[bookmark: _Ref498618580]Table 21: Summary of economic assessment results
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[bookmark: _Toc491109222]Sensitivities
The purpose of this section is to illustrate the sensitivity of the economic modelling to a number of key assumptions.
Impact of the extra ‘contingency’ costs
The economic analyses for all the scenarios presented in the previous sections include a sum for contingency costs, intended to cover extra costs such as project management, design fees etc. and as an allowance for any unforeseen costs, which has been estimated at 30% of the capital costs.
However, this assumption might be considered to be conservative in some cases, where there might be opportunities to efficiently reduce them. The sensitivity analysis presented in this section illustrates the positive impact that such cost reductions could have on the business case.
The table below shows a comparison of the economic analysis for scenario 4.1 with WSHP, the contingency costs being calculated as 30% of the capital cost in the baseline case, and 10% in the sensitivity analysis case.
Table 22: Impact of the extra ‘contingency’ costs
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These results show that with contingency costs being reduced to 10% of the capital cost, the IRR (25 years) is increased by 3.4%, the NPV at 6% discount rate is improved by £0.6m and the funding gap in the case of a private sector led scheme is reduced by £0.5m from £0.8m to £0.3m.
This case illustrates the point that the extra costs allocated to the contingency cost category should be investigated further at feasibility stage as a reduction in their estimated contribution to the total capital cost can significantly improve the business case.
[bookmark: _Toc491109223]Impact of changes in redevelopment plans
There is a certain level of uncertainty relative to all redevelopment sites regarding whether they will be built as currently planned and/or with any modification. This level of uncertainty is particularly high for the sites with no firm and validated redevelopment plans that are still under discussion.
To illustrate the potential impact of a deviation from the currently planned development – in particular, a substantial reduction in the level of redevelopment, which could have an adverse impact on the case for a heat network – the economic assessment was undertaken for the Old Civic building area cluster, assuming that the Old Civic building area sees erection of 280 residential units instead of the 560 units expected. The results from the economic assessment for this sensitivity analysis are shown below, with a comparison against the base case scenario.
Table 23: Impact of modified redevelopment plans for the Old Civic building area
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With a domestic heat demand reduced by 50%, the IRR (25 years) is decreased by 3.5%, the NPV (25 years at 6%) is decreased by £0.2m to -£0.5m, and the amount of additional funding that would be required to make the scheme profitable for the private sector is increased by £0.1m. This illustrates the fact that changes in redevelopment plans have the potential to significantly impact the economic performance of the schemes. Although there is a certain level of uncertainty relative to all redevelopment sites, the ones that are the subject of on-going discussion with no firm plan for future redevelopment – e.g. the Old Civic building area, the SSE site and the prison – are the most likely to see changes in plans in the future and therefore to trigger these kinds of modifications in the economic analysis.
[bookmark: _Toc491109224]Impact of gradual phasing of connections
As mentioned in section 6.1, the simplifying assumption was made that, for each scheme option, all buildings are connected in the same year. However, in reality, redevelopment and/or connection to the DH scheme would occur in phases. If the phasing of the sites is too gradual, corresponding heat sales over the lifetime of the network are decreased, impacting negatively on the economic case.
The potential impact of a more gradual phasing of connection to the DH scheme is illustrated by considering a version of the core scenario S4.1 in the Forbury Road and Kenavon Drive cluster. In this sensitivity, we assume that only the first block of the ‘Toys R Us and Homebase’ site would be connected during the first year, while the second and third block would be connected after two and four years respectively. It is assumed that the ‘Kodak and Ventello’ site is connected after seven years. The results from the economic assessment for this sensitivity analysis are shown below, with a comparison against the base case scenario.
Table 24: Impact of gradual phasing
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With this gradual phasing, the IRR (25 years) is decreased by 1.9%, the NPV (25 years at 6%) by £0.5m, and the amount of additional funding that would be required to make the scheme profitable for the private sector is increased by £0.3m. This type of gradual phasing could apply to the other clusters, e.g. for the North of the station cluster where the extended schemes assume a relatively high number of connections and a similar impact may be expected in those cases.
[bookmark: _Toc491109225]Impact of increased DH scheme capital cost
A number of factors can impact the capital cost of the DH scheme and make it deviate from the costs estimated in the economic analysis. For example, network costs might be higher than assumed in a particularly dense urban area where civil works might be more disruptive and hence costly. In the case of a WSHP, the cost to connect to the river will vary based on a number of parameters including distance and route to a suitable abstraction point on the river.
In order to illustrate the impact of an increase in the capital costs, scenario 2.3 in the Station Hill and around cluster was considered with an increased ‘contingency’ contribution to the overall capital cost, by assuming a contingency of 60% of the capital cost - instead of 30% as per the baseline scenario. The results from the economic assessment for this sensitivity analysis are shown below, with a comparison against the base case scenario.
With this increased capital cost, the IRR (25 years) is decreased by 1.6%, the NPV (25 years at 6%) by £0.6m, and the amount of additional funding that would be required to make the scheme profitable for the public sector is increased by £0.6m. Although shown here for a specific scenario as an example, this type of impact of the capital cost on the economic assessment can be generalised to all clusters and scheme options.

Table 25: Impact of increased DH scheme capital cost
[image: ]
[bookmark: _Toc491109226]Impact of heat price assumptions
The heat price is calculated for this economic analysis as a 10% discount on the counterfactual price of heat that users would pay in the absence of a DH scheme, to consider an offer that could be attractive to consumers. The business case being very sensitive to the price of heat, the two sensitivity analysis presented here look at the impact of applying 20% and 30% discounts instead of 10%. The results of the economic assessment for this sensitivity analysis are based on the cluster 3 (Station Hill and around cluster) most extended scenario (S 2.3) and shown below, with a comparison against the base case scenario. 
Table 26: Impact of heat price assumptions
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With these two decreased price of heat scenarios, the IRR (25 years) is decreased by 1.7% and 3.8% respectively, and the NPV (25 years at 6%) by £0.4m and £0.7m respectively – leading to similar increases of the funding gap.
This sensitivity analysis illustrates the type of impacts that can be expected from varying the price of heat. In the case of a public sector led scheme, a key objective might be to offer low heat price to consumers, in particular to domestic customers, for example if the objective is to decrease fuel poverty in the area. In this case, the public sector can set the heat sale price in a way that best balances this objective with the required IRR and revenue generation.
Impact of the fraction of electricity delivered through private wire (for CHP options)
In the baseline case for all clusters and scenarios it is assumed that 80% of the electricity produced by the CHP (i.e. for the gas CHP and the biomass CHP options) is delivered through private wire, while the remaining 20% is exported to the grid. A high share of electricity delivered through private wire tends to improve the business case, as it can be sold at a higher price than if sold to an electricity supplier. However the 80% assumption might not be achieved in all cases. The sensitivity analysis presented in the table below investigates the impact of a lower share of electricity being delivered through private wire (decreased from 80% to 30%), i.e. a decrease in revenues from electricity sales. The results show that the NPV (25 years at 6%) is decreased by £0.9m.
Table 27: Impact of the fraction of electricity delivered through private wire
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Impact of real heating demands being lower than estimations (for the same connections)
This sensitivity analysis illustrates the potential impact of an overestimated heating demand, i.e. sizing the district heating network (energy centre and network) for a level of demand that is higher than that subsequently observed. The results shown in the table below present the impact on the business case for scenario 4.3 with WSHP, assuming a level of real heating demand (and therefore of revenues from heating sales) 30% lower than its estimated value.
Table 28: Impact of real heating demands being lower than estimations
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The results show that the IRR (25 years) is decreased by 3.2% and the NPV is decreased by £0.6m, creating a funding gap at 6% discount rate of £0.5m and increasing the funding gap at 12% discount rate by £0.4m.
This illustrate the importance of accurate estimations of future heating demands, allowing district heating scheme developers to avoid overestimating (or on the contrary underestimating) the level of heating demand that will be required from connected buildings.

[bookmark: _Toc491109227]Delivery models and roles for council
[bookmark: _Toc491109228]Description of delivery models
There are a range of potential delivery models and financing structures that could be used to deliver a heat network in Reading. The delivery models that are typically employed for heat networks involve contractual arrangements between a project sponsor (for example a developer or local authority) and one or more service providers, which provide the various elements of design, construction and operation of the system. The most appropriate model will depend on the circumstances of a particular scheme, including the balance of existing and new build buildings expected to connect to the system, the strength of the business case (e.g. the rate of return on investment in the scheme) and the appetite of various stakeholders to engage with delivery of the scheme.
The most commonly used contractual arrangement can be summarised as follows[footnoteRef:25]: [25:  Based on ‘District heating manual for London’, GLA (2013)] 

· Energy service company (ESCO) / utility – An expert provider, such as an ESCO or utility, undertakes to design, builds, finances and operates the heat network and supplies heat to customers within the area that become connected to the network.
· Wholesale supply of energy (design, build and operate contract) – A project sponsor contracts with a single provider to design, build, own and operate the heat network and to sell wholesale energy to the sponsor. The sponsor sells energy on to retail consumers (and may be a consumer itself).
· Network delivery and operation – The project sponsor contracts with multiple providers to design, build, operate and maintain a heat network, but the sponsor remains the owner of the assets. The sponsor enters into heat (and potentially electricity) supply agreements with consumers and may also handle fuel purchasing.
The role of the local authority within these delivery models can also take a variety of forms. These include:
· Heat consumers – public buildings can provide significant heat demand. By agreeing to connect its buildings within a particular area to a heat network the local authority can help to provide the minimum guaranteed heat demand needed for the heat network business case to be viable. In the schemes considered here, key examples include the Police station, the Magistrate’s Court, the Environment Agency and RBC offices.
· Convening and influencing – the local authority can influence developers, landlords and tenants to connect to the heat network using the range of planning and development control powers at its disposal, as well as influence as a land and property owner.
· Contracting party – the local authority can be more directly involved in driving establishment of a heat network. This could include provision of project finance in some form (see below) or by contracting with an ESCO that provides a full design, build, finance and operate (DBFO) solution (even in the latter case, although the local authority maintains no ownership of heat network assets, it may provide some form of financial contribution).
· Joint venture – Rather than entering into a contractual arrangement with an ESCO, the local authority could invest in a special purpose vehicle as a corporate joint venture, alongside an existing ESCO or other investors. The project delivery vehicle will then deliver the heat network (potentially contracting elements out to third parties) and supply heat and power to consumers.
A number of the roles for the local authority described above involve provision of a financial contribution of some form. Broadly the options for how a local authority, or other public sector bodies, could apply funding can be categorised as follows:
· Grant funding (could be provided by the local authority or other public sector body, including national government or European Commission funding sources);
· Direct expenditure on public assets (e.g. buildings or land), including provision (sale or lease) of land and buildings;
· Debt finance, in the form of low interest rate loans;
· Equity investment in project vehicles.

[bookmark: _Toc491109229]Potential delivery models
Some of the potential delivery models include a key role for RBC in funding all or part of the upfront cost of the heat network. In a public sector-led delivery scenario, RBC would seek a minimum IRR for investment; this is assumed here to be equal to approximately 6%, although this would be determined on a case by case basis. Therefore, the funding gap (if any) for viability of a given scheme option using a public sector-led delivery model is defined as the NPV of the project using a 6% discount rate (where this is negative, and zero otherwise).
Under the assumption of a private sector-led scheme, it is assumed that a higher IRR would be required, reflecting the higher hurdle rates for investment in the private sector. This is assumed for the purposes of the economic assessment as 12%. Hence, the funding gap (if any) for viability of a given scheme option using a private sector-led delivery model is defined as the NPV of the project using a 12% discount rate (where this is negative, and zero otherwise).
Based on the economic assessment, the majority of the scheme options across the four clusters achieve IRRs below 6% (as shown in the figure below), suggesting that most of them would need some additional funding to be delivered through a public sector-led model.
Table 29: Summary of IRR (25 years)
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The core scenarios in all of the four clusters achieve IRRs above 3% with WSHP options, and in clusters 1 and 4 with gas CHP options. These scenarios could therefore be delivered by a public sector led scheme with limited additional financial support
Where a funding gap at either 6% or 12% is identified, we have considered – as shown in the previous section – what level of grant support under HNDU’s Heat Network Investment Programme (HNIP) would be required to bridge the gap, and the value of carbon savings this would be expected to bring.

[bookmark: _Toc489260306][bookmark: _Toc491109230]Summary of opportunities, risks and recommendations
Reading town centre is a densely built-up area in terms of residential provision as well as economic activity. An already high heat demand density is expected to be further increased in the future, driven by the construction of new domestic and non-domestic buildings, including a number of tall buildings, across a number of redevelopment sites. The combination of existing high heat densities and ambitious new redevelopment plans, along with the heat source opportunity afforded by the proximity to the Thames and Kennet rivers, are expected to generate opportunities for deployment of district heating schemes.
The technical and economic assessment has identified several potentially deliverable heat network scheme options centred on four clusters in Reading. These schemes provide the opportunity to deliver multiple benefits across the region, including reduced energy costs to consumers, substantial carbon emissions reduction, improved local air quality and increased inward investment and local economic growth.
It should be noted that for all clusters and at this early stage, the appetite for customers to connect to the heat network is not well-established, carrying a substantial risk relating to the demand for heat. In the later feasibility stages, greater certainty over the demand for connection to the network will need to be gained. It is imperative that RBC and partners following this study, and throughout the subsequent feasibility stages, engage with the potential customers for each scheme, in order to address this risk.
The four clusters, their associated scheme options, their potential benefits and the associated risks are considered in turn below.
[bookmark: _Toc491109231]North of the station cluster
At the very centre of this cluster is the ‘Royal Mail’ site, which is expected to see erection of three large buildings with a mix of residential units, offices, hotel and retail. This site, along with at least two other ones located nearby, trigger the opportunity to kick start a DH scheme with new developments in an area potentially highly suitable for a heat network. Furthermore, it is close to the Thames and, as a result, a WSHP connecting to the river could be envisaged. The economic assessment for this cluster shows relatively high IRRs for the core scenario S1.1 (limited to the Royal Mail site itself), in line with the recommended heating option (Gas CHP) presented by this site developers in the Energy Strategy document. The second scenario S1.2, extending the scheme to the two other redevelopment sites and some other large existing buildings, also shows positive IRRs for the gas CHP and WSHP options. A public sector led scheme could be considered for this scenario and technologies with an additional funding circa £1m. It is estimated that a private sector led scheme, assuming a required IRR in the region of 12%, would require £2.0m additional funding in case of a WSHP, bringing a carbon savings value for money of 12 ktCO2 per £1,000 grant. Similarly, for the third – further extended – scenario, it is estimated that in the case of a WSHP, the DH deployment could be public sector led with an additional funding of £1.5m, and private sector led with approximately £3.5m additional grant, again bringing a high carbon savings value for money of 23 ktCO2 per £1,000 grant. 
There is a rather high level of uncertainty regarding the redevelopment sites for this cluster: at the time of writing, the permitted planning application for the central Royal Mail site is about to expire and RBC have been waiting for a plan update from the site developers; the redevelopment plans of the current SSE site has still to be precisely defined; and there has been some discussions about redeveloping the Vastern Court Retail park, which would mean that estimated energy demands (based on current retail spaces) would have to be modified accordingly. Also, an additional risk relates to the requirement to cross two major roads (Caversham Road and Vastern Road). It is recommended that the implications of these risks are examined further in any further feasibility work.
[bookmark: _Toc491109232]Station Hill and around
This cluster is composed of several large redevelopment sites: the six plots at the Station Hill site (four office buildings and two residential areas), the Sainsbury’s and Garrard House sites (also included in the core scenario S2.1) and the site at Weldale Street (included in the second scenario S2.2). As already mentioned, this type of large and dense new development provides advantages with respect to the viability of a DH scheme. However, there are also several caveats related to uncertainty over the delivery of expected plans and phasing. The economic analysis for this cluster shows that the gas CHP and WSHP options have positive IRRs between 0.1% and 4.3% for all three scenarios defined, corresponding to funding gap (at 6% discount rate) -£0.3m and -£0.9m, suggesting that a public sector led scheme could be envisaged by requiring relatively low levels of additional funding. The most extended scenario considered within this study (S2.3) have IRR at 2.8 % with the WSHP option and could be developed by the public sector with £0.8m additional grant while bringing good carbon savings value for money of 22 ktCO2 per £1,000 grant.
Several risks should be underlined for this particular cluster. As already mentioned, it is mainly composed of redevelopment sites and as a result the scheme feasibility will be particularly dependent on the redevelopments’ delivery and phasing. Further, it should be kept in mind that this cluster is located in the most central and busy part of Reading, meaning that civil works are likely to be more disruptive and expensive to plan and execute. It is recommended that the implications of these risks are examined further in any detailed feasibility work. Finally, it should be noted that connecting the site at Weldale Street (as in scenarios S2.2 and S2.3) would require the network to cross Caversham Road, which would also be expected to entail significant cost.
[bookmark: _Toc491109233]Old Civic building area
This cluster is centred on the available land where the old RBC office building was located before it was demolished. The Old Civic building area is expected to be redeveloped with the erection of a large number of residential units and some retail – although some uncertainty remains about exact redevelopment plans. This site is seen as an opportunity to kick start a DH scheme in the area, centred on this site and potentially extending to the large existing buildings close by. In the economic analysis, IRRs for were found to be between -2.5% and 2.3% for gas CHP options and between -2.6% and 3.4% for WSHP options for the scenarios that were retained for this cluster (i.e. the versions of the three scenarios that do not include the two shopping centres, which connection to the scheme was found to be cost prohibitive due to costs to convert from electrically heated units to wet heating systems). Consequently a public sector led scheme for scenario 1 could be considered providing relatively limited additional funding, from £0.2m for the gas CHP option to £0.3m for the WSHP option. The most extended scenario (S3.3) with WSHP could be public sector led provided with £2.1m additional funding, bringing a carbon savings value for money of 11 tCO2 per £1,000 grant. In case of a private sector led scheme, it is estimated that the three scenarios with WSHP would require a minimum grant of £0.6m, £1.7m and £2.7m for S3.1, S3.2 and S3.3 respectively, and would lead to carbon savings value for money of 14 tCO2, 11 tCO2 and 9 tCO2 per £1,000 grant respectively – suggesting for this cluster too that an HNIP application for funding may be competitive.
The key risk for the Old Civic building area cluster relates to the uncertainty regarding redevelopment plans for the Old Civic building area. It should also be noted that some other redevelopments are being discussed and inclusion to the scheme options could be considered – e.g. new residential units on top of the Broad Street Mall. A further risk in this area is that the sites under consideration are partially within area of archaeological potential close to the St Mary’s Butts / Castel Street conservation area, and to a number of listed buildings, including Grade I listed St Mary’s Church. The proposed DH scheme designs take account of these constraints, but any further feasibility studies should assess the potential impact of these.
[bookmark: _Toc491109234]Forbury Road / Kenavon Drive
The definition of this cluster is centred on two expected redevelopment sites, the ‘Toys R Us and Homebase’ site and the ‘Kodak and Ventello’ site, named after the current or previous site occupants (rather than the occupants after redevelopment) for the purpose of this study. Based on development plans, the erection of between 1,200 and 1,300 residential units is expected in total, providing a significant opportunity to kick-start a heat network in the area. In addition to these two sites forming the core scenario (S4.1) within this study, the second scenario (S4.2) looked at the impact of also including Reading Prison in the scheme, as it is expected to be converted into ~70 residential units and some leisure space. The third scenario (S4.3) sees inclusion of buildings from the nearby Forbury Retail park. Finally, the last scenario (S4.4) also includes some of the recently built residential units at the 42 Kenavon Drive site. According to the planning application Energy Statement, 104 flats in this site are served by a gas CHP and the energy centre ‘incorporates provision to connect to off‐site heat networks, allowing to connect to larger plant on adjacent sites should the opportunity arise’. As a result, these 104 flats could relatively easily be connected to a larger DH scheme at the end of the current CHP lifetime. From the economic analysis, IRRs are relatively high for this cluster for the gas CHP and WSHP options, above 4.5% for S4.1 and S4.3. As a consequence, these two scenarios could be envisaged as public sector led schemes without requiring very high additional funding. S4.2 and S4.4 have lower IRRs, but these remain above 2% for the WSHP options and they provide the opportunity for a public sector led scheme with £0.6m and £1.1m additional funding, respectively. S4.4, including the two central redevelopment sites, Reading Prison, the buildings at Forbury Retail Park and residential units from 42 Kenavon Drive, has a funding gap of £2.0m at 12% discount rate. This level of funding required for a private sector led scheme would bring carbon savings of 9 tCO2 per £1,000 grant.
Although this cluster is seen as having high potential for a heat network, it should be highlighted that the main risk for the cluster relates to uncertainty over the three expected redevelopment sites and their phasing. At the time of writing, the ‘Toys R Us and Homebase’ planning application is being assessed; the redevelopment of the ‘Kodak and Ventello’ site, although expected, has not yet been submitted to RBC; and there is no firm and validated redevelopment plan for the Reading Prison (which, according to the draft local plan[footnoteRef:26], would be ‘used for residential, commercial offices or a hotel’). It should also be noted that, based on discussions with RBC, redevelopment of the Forbury Retail Park might also be considered in the future, which might increase the site heating demand and therefore provide further heat demand connection opportunities. Finally, if the recommended WSHP option was retained and if a connection to the river was considered, it should be kept in mind that number of listed buildings along the River Kennet which would need to be preserved, and that the sites are located in areas of archaeological potential. [26:  Draft RBC Local Plan (Accessed August 2017)
http://www.reading.gov.uk/media/7154/DraftReadingBoroughLocalPlan0517/pdf/Draft_Reading_Borough_Local_Plan_0517.pdf] 

[bookmark: _Toc491109235]Cluster comparison 
As shown in the figure below, almost all scheme options within all of the four clusters are found to achieve positive IRRs, suggesting that they could potentially be delivered by RBC with relatively limited additional financial support (assuming a typical public sector hurdle rate of 6%). Furthermore, the scheme options achieving the higher IRRs could potentially be delivered by the private sector with some additional financial support (assuming a typical private sector hurdle rate of 12%).
Table 30: Summary of IRR (25 years)
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The estimated lifetime CO2 emissions reductions for each scheme are presented in the following graph, focusing on the gas CHP and WSHP options. Alternative heat supply options using biomass were studied in detail, as described in the sections above, but these are omitted here as they are not considered viable due to concerns over their impact on air quality in the town centre.
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Figure 72: Summary of CO2 savings over 20 years plant lifetime (ktCO2), by clusters/scenarios
A comparison of the four clusters was undertaken on the basis of a set of common assessment criteria, or ‘critical success factors’[footnoteRef:27], using a process of ‘swing weighting’[footnoteRef:28]. The results from this analysis are summarised in Figure 78, based on the following critical success factors (each one being assigned equal weighting): [27:  These factors can be reviewed with RBC and updated for the final report.]  [28:  In this approach, the scheme option(s) performing best against each individual critical success factor was awarded a score of 100% and the scheme option(s) performing worst was awarded a score of zero. All other scheme options were awarded a score between zero and 100% according to the performance of the scheme option versus the worst and best performing scheme options (using a linear scale). The individual scores against each critical success factor are then multiplied by the weighting for each factor and summed to obtain an overall score.] 

6. Economic performances – A higher score was awarded to the scenarios achieving a better economic performance as indicated by a higher IRR.
7. Meeting climate targets – A higher score was awarded to the scenarios having the largest lifetime CO2 emissions reduction.
8. Level of confidence over expected redevelopments and existing buildings – This third criterion relates firstly to the uncertainty around the redevelopment plans. Large redevelopment sites are at the centre of all defined scheme options and, although they bring many advantages in terms of kick starting heat network schemes, potentially providing ready-to-connect customers and locations for an energy centre, they also come with a number of risks. There is, in some cases, uncertainty regarding whether redevelopment plans will be taken forward and if so whether they will be modified with respect to the current plans, resulting in a different energy demand from that modelled here. The redevelopment sites whose planning application have already been permitted by RBC are considered most likely to be taken forward and are awarded the highest score, while those that are still under discussion with no planning application were assigned the lowest score, reflecting the highest level of uncertainty. Secondly this criteria accounts for the risk relative to a small number of existing buildings corresponding to a large share of the total demand (the higher the share of heating demand met by the largest two existing buildings the lower the level of confidence).
9. Ease to implement – The ease of implementing a given scheme is defined here as the number of connections required to achieve 70% of the expected heating demand – the lower the number of buildings required, the easier the scheme implementation is expected to be.
10. Public sector planning control – Accounting for the fact that for a public sector led scheme, public sector buildings are expected to be more reliable in terms of their decision to connect, the maximum value for this criterion is reached where the share of heating demand met by public sector buildings is maximum. 
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Figure 73: Weighted score of key scheme options against critical success factors
The first two criteria – IRR and CO2 savings – lead to higher scores for the WSHP options compared to the gas CHP options, as the first ones have higher IRRs for most scenarios and the second ones have negative  CO2 savings (as explained in an earlier section, for gas CHP, the lifetime CO2 savings are found to be negative i.e. leading to an increase in CO2 emissions versus the counterfactual of gas boilers). As most schemes using WSHPs have IRRs above 0%, once the RHI is included, WSHP schemes achieve the highest score in all four clusters, combining the advantages of economic viability and CO2 savings. However, the risk for WSHPs relating to the RHI should be noted, as the economic case shown relies on the receipt of substantial RHI support. Therefore the continued availability and level of the RHI should be reviewed in the subsequent stages of feasibility study.
The risk relative to the third criterion – level of confidence over redevelopment sites and share of heating demand met by a small number of existing buildings – is most severe where there is no firm application for the redevelopment sites, as is the case for the Old Civic building area cluster, and less severe for the Royal Mail site and the Station Hill sites, for which planning permission has been granted and an Energy Statement is available – stating in both cases the opportunity to consider district heating. The fourth criterion is the risk that the expected level of heat demand connected to the schemes is not achieved, particularly as a result of the complexity of securing the connection of a large number of customers. This risk is particularly high for the most extended scenario of the North of the station cluster, as it is assumed in this scenario that a large number of buildings are connected to the scheme rather than a smaller number of ‘anchor’ customers. A further risk regarding connection to the scheme (related to the third and fourth criteria) is that the phasing of the sites may be too gradual, reducing the heat sales over the lifetime of the network and impacting negatively on the economic case. We have studied the potential impact of more gradual phasing for the example case of S4.1, and found a substantial reduction in the IRR of several percentage points – although in that particular case the IRR remains above 4%. Any detailed feasibility work on these scheme options should consider the potential impact of phasing. Finally the last criterion – favouring scenarios where a high share of the total heating demand is met by buildings from the public sector – is mainly favourable to the third cluster – the Old Civic building are cluster – which counts a number of public sector buildings (the Magistrate’s Court, Reading Borough Council offices, etc.).
The critical success factor analysis highlights the fact that the extended versions of the North of the station cluster (first cluster) in particular come with the risk of complexity due to a high number of connections (i.e. score poorly on ease of implementation), while the third cluster is disadvantaged by the level of uncertainty related to the redevelopment plans in the Old Civic building area – although this cluster would benefit from a significant share of heating demand met by public sector buildings. The level of uncertainty for the last cluster (Forbury Road / Kenavon Drive) is a trade-off between the advantage of being mainly composed of new development sites and the uncertainty relative to them as that the two main sites have no permitted planning application at the time of writing.
[bookmark: _Toc491109236]Conclusion
In summary, each of the four clusters described above presents a potentially economically attractive opportunity to deliver a heat network in Central Reading. With positive IRRs, the majority of schemes studied could potentially be delivered by a public body with limited additional financial support. Alternatively, the provision of some amount of HNIP support to bridge the funding gap to an IRR in the region of 12% could, in some cases, allow the schemes to be delivered by a private sector entity. 
At this stage of the analysis it is deemed that WSHPs could be an attractive heat supply option for schemes in all four clusters, allowing for a combination of favourable IRRs, significant carbon emission savings, and opportunity to connect to the two rivers surrounding Central Reading. In each WSHP option, the HNIP support required to bridge the funding gap to a 6% IRR, as may be required for a public sector-led delivery model, would bring carbon savings in the range 11 to 40 ktCO2 per £1,000.
For all clusters and scenarios, it should be noted that the economic analysis might be on the conservative side, for example accounting for high levels of ‘contingency’ costs that might be reduced based on a detailed feasibility study. As illustrated in the first sensitivity analysis presented in this report, reduced contingency costs have the potential to significantly improve the business case.
It is recommended that all four clusters – 1. North of the station, 2. Station Hill and around, 3. Old Civic building area, and 4. Forbury Road and Kenavon Drive – could be taken forward to detailed feasibility stage. The clusters 1, 2 and 4 should be prioritised, while further analysis for cluster 3 may be most appropriate at such time as there is greater certainty over the Old Civic building area redevelopment plans.
For cluster 1 (North of the station), the first scenario S1.1 including buildings at the Royal Mail site is found to achieve a particularly favourable economic outcome. It is recommended that the analysis for the second scenario S1.2 (including the SSE and Coopers redevelopment sites and four existing buildings in addition to the Royal Mail site buildings) is taken forward to investigate whether this extended could be delivered to achieve greater carbon emissions savings.
For the second cluster (Station Hill and around) it is recommended that the analysis for the most extended scenario S2.3 (including the four office plots and two residential plots from the large Station Hill redevelopment sites, the Weldale Street, Sainsbury’s and Garrard House redevelopment sites and the existing Apex Plaza office building) is taken forward to detailed feasibility stage. The less extended versions of this scheme S2.1 and S2.2 are found to achieve high IRRs in the region of 4% with the WSHP option, and hence provide deliverable alternatives should S2.3 not prove viable, de-risking the development of a heat network at this cluster.
The recommendation for cluster 3 (Old Civic building area) is that, while the potential for a deliverable heat network on this site is identified, the detailed feasibility stage analysis would be best undertaken once the development plans for the site are more certain.
For the fourth cluster (Forbury Road and Kenavon Drive), it is recommended that the analysis is taken forward at least for the core scenario S1.4 (including the ‘Toys R Us and Homebase’ and ‘Kodak and Ventello’ sites) and potentially for its first two extensions S1.2 (including buildings in Forbury Retail Park) and S1.3 (including the Prison redevelopment site), as each of these options presents an opportunity for heat network schemes with positive IRRs and substantial lifetime carbon savings.
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Appendix
[bookmark: _Toc491109238]Appendix A – Recommendations for feasibility stage
The two tables below present the aspects that would need to be investigated further at feasibility stage (non-exhaustive).
1. The risk register table presents the risks relative to each cluster and scenario that should be accounted for at feasibility stage.
	Cluster 
	Risk description 

	All clusters 
	The appetite for customers to connect to the heat network is not well-established. This presents a substantial risk relating to the demand for heat. Greater certainty over the demand for connection to the network will need to be gained at the feasibility stage.

	All clusters 
	Due to the sequencing of redevelopments, it is likely that connections to the DH scheme options studied in this analysis would occur in phases. If the phasing of the sites is too gradual, the heat sales over the lifetime of the network are decreased, impacting negatively on the economic case. Discussions with potential customers connecting to the scheme will be needed in order to better understand the sequencing of connections that can be expected.

	All clusters
	The risk for WSHPs relating to the RHI should be noted, as the economic case shown relies on the receipt of substantial RHI support. The risk related to the RHI should be further investigated in the financial modelling at feasibility stage.  The financial modelling should also explore the constraints concerning the combination of RHI with HNIP funding and the impact on grant requirements.

	Cluster 1 
	There is a rather high level of uncertainty regarding the redevelopment sites for this cluster. At the time of writing, the permitted planning application for the central Royal Mail site is about to expire and RBC have been waiting for a plan update from the site developers. The redevelopment plans of the current SSE site have still to be precisely defined; there has been some discussions about redeveloping the Vastern Court Retail park. An additional risk relates to the requirement to cross two major roads (Caversham Road and Vastern Road). 

	Cluster 2 
	This cluster is mainly composed of redevelopment sites and as a result the scheme feasibility will be particularly dependent on the redevelopments’ delivery and phasing.
Also, it is located in the most central and busy part of Reading, meaning that civil works are likely to be more disruptive and expensive to plan and execute.

	Cluster 3 

	The key risk for the Old Civic building area cluster relates to the uncertainty regarding redevelopment plans for the Old Civic building area. It should also be noted that some other redevelopments are being discussed and inclusion to the scheme options could be considered – e.g. new residential units on top of the Broad Street Mall.

	Cluster 4 

	The main risk for the cluster relates to uncertainty over the three expected redevelopment sites and their phasing. At the time of writing, the ‘Toys R Us and Homebase’ planning application is being assessed; the redevelopment of the ‘Kodak and Ventello’ site, although expected, has not yet been submitted to RBC; and there is no firm and validated redevelopment plan for the Reading Prison. It should also be noted that, redevelopment of the Forbury Retail Park might also be considered in the future, which might increase the site heating demand and therefore provide further heat demand connection opportunities. Finally, if the recommended WSHP option was pursued and if a connection to the river was considered, it should be kept in mind that a number of listed buildings along the River Kennet would need to be preserved, and that the sites are located in areas of archaeological potential.




2. The technical analysis register presents the key aspects relating to the scheme options, technologies and costs that should be investigated further at feasibility stage.
	Cluster
	Further study 

	
	Definition of clusters and scheme options

	All clusters
	New redevelopment plans / changes in existing redevelopment plans 

	All clusters
	Potential customers appetite to connect (future redevelopment sites, recently completed redevelopments, and existing buildings) and timing of these connections.  As part of assessing customer appetite to connect, expectations regarding heat price should also be explored.

	
	Analysis of constraints

	All clusters
	Impact of civil works in the most central and busy parts of Reading

	All clusters
	Constraints related to listed buildings / areas, areas of archaeological potential

	All clusters
	Impact of crossing of major roads

	
	Technical assessment

	All clusters
	Detailed analysis of the most appropriate locations for the energy centres

	All clusters
	Detailed analysis for the primary / secondary plant sizing

	All clusters
	Potential assessment for lower temperature network options

	All clusters
	Potential assessment for cooling networks

	Cluster 1
	Potential assessment for capturing waste heat from the SSE substation 

	All clusters
	WSHP options: constraints / opportunities assessment to connect to the rivers

	All clusters
	For existing buildings, plant room surveys are required to understand technical feasibility of connecting in greater detail and to allow connection costs to be refined.

	All clusters
	Costs for utility connections should be explored further for all plant options.

	All clusters
	Further analysis of private wire opportunities in more detail and associated costs for gas CHP based schemes

	
	Economic assessment

	All clusters
	Risk assessment relative to the RHI (for the WSHP options)

	All clusters
	Impact assessment of customers gradually connecting to the schemes, i.e. phasing

	All clusters
	Reading Central specific capital and operational costs

	All clusters
	For recently completed redevelopments involving a gas CHP: costs and benefits of connection ahead of end of life of current CHP (i.e. stranded assets)

	All clusters
	Opportunities relating to time of use tariffs (flat tariffs were considered in this study)

	All cluster
	HNIP funding opportunities







Appendix B – Planning applications
The main planning applications that were reviewed for the purpose of this study are presented in the table below. Planning application documents include Design and Access Statements, Energy Statements, location plans and proposed plans.
Table 31: Planning applications for site redevelopments in Central Reading
	#
	Site name
	Application Number
	Date received
	Decision date
	Application status[footnoteRef:29] [29:  Accessed in July 2017] 


	1
	Royal Mail 
	110024
	Feb-11
	Mar-12
	Application permitted

	2
	Former SSE building
	/
	/
	/
	/

	3
	Former Coopers BMW 
	162087
	Nov-16
	Feb-17
	Application being assessed

	4
	Station Hill
	130436
	Apr-13
	Jan-15
	Application Permitted

	
	
	151550
	Aug-15
	Sep-16
	Conditions not Discharged

	
	
	151426
	Aug-15
	Jul-16
	Application permitted

	5
	Thames Tower
	141631
	Oct-14
	Oct-14
	Conditions Discharged

	
	
	141043
	Jun-14
	Oct-14
	Application permitted

	6
	Garrard House
	161819
	Oct-16
	Mar-17
	Application being re-assessed

	7
	Sainsbury's
	162210
	42705
	/
	Application being assessed

	8
	Site at Weldale Street
	170326
	Mar-17
	/
	Application being assessed

	9
	Site at Chatham Place
	120293
	May-12
	Nov-12
	Application permitted

	10
	Former Yell building 
	150752
	May-15
	Sep-15
	Application permitted

	11
	Old Civic building area
	/
	/
	/
	/

	12
	R+ building
	101300
	Jun-10
	Nov-10
	Application permitted

	13
	Forbury Hotel apartments
	151012
	Jun-15
	Sep-15
	Application Permitted

	
	
	162151
	Nov-16
	Jan-17
	Permitted development

	14
	Reading Prison
	/
	/
	/
	/

	15
	Forbury Place
	10902
	May-01
	Oct-04
	Application permitted

	
	
	70930
	Jun-07
	Dec-07
	Application permitted

	
	
	121826
	Dec-12
	Jun-13
	Application permitted

	16
	Toys R us and Homebase site 
	161632
	Aug-16
	Nov-16
	Observations sent

	
	
	170509
	May-17
	/
	Application being assessed

	17
	Kodak & Ventello site
	131193
	Aug-13
	Feb-14
	Observations sent

	18
	42 Kenavon Drive
	131280
	13-Sep
	Dec-13
	Application Permitted

	19
	Kings Point
	162087
	Nov-16
	Feb-17
	Application Permitted





[bookmark: _Toc491109239]Appendix C – Estimated energy demands
The estimated energy demands for heating and power, used for the economic analysis, are summarised in the tables below.
Table 32: Estimated energy demands for buildings in the North of the station cluster
	Building
	Heating demand (kWh)
	Power demand (kWh)
	Area (m2)

	Royal Mail - plot 1 (East)
	848,037
	2,239,779
	I

	Royal Mail - plot 2 (Central)
	1,424,288
	1,658,515
	I

	Royal Mail - plot 3 (West)
	2,157,628
	2,318,510
	I

	Coopers site
	1,334,880
	741,600
	18,540

	SSE building
	970,200
	539,000
	15,053

	Environment Agency
	437,930
	433,920
	4,294

	Reading bridge house
	1,625,143
	2,401,007
	18,591

	King's Meadow Swimming Pool
	123,055
	277,633
	766

	Thames Water
	1,024,506
	1,513,618
	11,720

	Fire Station
	171,890
	58,635
	I

	Great Brigham Mead
	866,062
	1,213,869
	I

	Norman Place
	113,790
	168,114
	1,302

	Retail (West of the cluster)
	75,791
	60,110
	I

	Retail (West of the cluster)
	75,593
	59,953
	I

	Retail (West of the cluster)
	61,613
	48,865
	I

	Restaurant (TGI Fridays)
	79,214
	840,494
	862

	Sovereign House
	153,505
	226,791
	1,756

	Offices at Napier Court
	172,043
	254,178
	1,968

	Offices at Napier Court
	154,460
	228,201
	1,767

	Offices at Napier Court
	140,435
	207,480
	1,607

	Vastern Court Retail park
	264,389
	304,047
	3,305

	Vastern Court Retail park
	233,801
	268,871
	2,923

	Vastern Court Retail park
	24,500
	28,175
	306



Table 33: Estimated energy demands for buildings in the Station Hill & around cluster
	Building
	Heating demand (kWh)
	Power demand (kWh)
	Area (m2)

	Garrard House
	12,517
	17,544
	I

	Sainsbury
	153,402
	176,412
	I

	Station Hill - Plot A
	53,231
	74,608
	I

	Station Hill - Plot B
	275,810
	2,309,242
	30,931

	Station Hill - Plot C
	421,788
	3,432,519
	46,590

	Station Hill - Plot D
	239,013
	1,945,094
	26,401

	Station Hill - Plot E
	81,595
	114,364
	I

	Station Hill - Plot F
	234,024
	328,006
	I

	Weldale street
	1,731,744
	962,080
	24,052

	Apex Plaza (offices)
	1,514,628
	2,191,163
	20,000



Table 34: Estimated energy demands for buildings in the Old Civic building area cluster
	Building
	Heating demand (kWh)
	Power demand (kWh)
	Area (m2)

	Fountain House
	651,337
	962,293
	7,451

	Broad Street Mall - Retail
	3,627,124
	10,759,897
	44,213

	Hexagon
	266,095
	170,289
	1,586

	Magistrate’s Court
	339,385
	147,534
	2,618

	Old Civic building
	2,351,916
	1,849,337
	35,966

	Pentahotel
	976,597
	1,364,795
	9,556

	Police station
	3,384,256
	1,247,402
	15,274

	Former Yell building
	1,659,600
	583,000
	10,700

	RBC
	1,062,587
	1,052,859
	10,419

	The Oracle
	6,116,131
	8,505,565
	76,200



Table 35: Estimated energy demands for buildings in the Forbury Road & Kenavon Drive cluster
	Building
	Heating demand (kWh)
	Power demand (kWh)
	Area (m2)

	Kodak and Ventello site
	1,995,600
	1,171,700
	28,100

	Toys R Us - Part 1
	1,051,667
	612,783
	/

	Toys R Us - Part 2
	1,051,667
	612,783
	/

	Toys R Us - Part 3
	1,051,667
	612,783
	/

	Forbury Retail park (East part)
	98,534
	113,315
	1,232

	Forbury Retail park (East part)
	97,410
	112,021
	1,218

	Forbury Retail park (East part)
	84,619
	97,312
	1,058

	Forbury Retail park (East part)
	84,296
	96,940
	1,054

	Forbury Retail park
	194,170
	223,296
	2,427

	Forbury Retail park
	158,927
	182,766
	1,987

	Forbury Retail park
	154,594
	177,783
	1,932

	Forbury Retail park
	150,305
	172,851
	1,879

	Forbury Retail park
	71,882
	82,664
	899

	Restaurant (McDonald's)
	24,709
	262,170
	269

	Prison
	1,120,888
	431,440
	/

	42 Kenavon Drive
	859,800
	669,860
	15,164

	Forbury Place - building No.1
	312,069
	1,504,240
	20,477

	Forbury Place - building No.2
	315,115
	1,518,921
	20,677

	Forbury Place - building No.3
	315,115
	1,518,921
	20,677
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Key assumptions used in the technical assessment are presented in the table below.
Table 36: Summary of technical assumptions
	Item
	Value
	Unit
	Comment

	Efficiency
	
	
	

	Gas boiler
	85%
	%
	

	Gas CHP – electrical
	28%
	%
	

	Gas CHP – heat 
	52%
	%
	

	WSHP
	330%
	%
	

	Biomass boiler
	80%
	%
	

	Biomass CHP – electrical 
	24%
	%
	

	Biomass CHP – heat 
	56%
	%
	

	Auxiliary and losses
	
	
	

	Energy centre parasitic load (e.g. pumping)
	2%
	% of heat production

	Thermal conductivity of pipe insulation 
	0.0265
	W/mK
	(polyurethane)

	Pipe insulation thickness
	30
	mm
	

	Minimum % annual heat demand
	
	
	

	Gas CHP
	Primary plant was sized at 40% of the peak demand, which led to a fraction of heat demand met by the primary plant of between 65% and 80% varying by scheme (and the associated heat demand load curve). Primary plant sizing was not optimised at this stage; rather, a consistent method was applied given the large number of scheme options under consideration. Greater consideration of sizing would be expected at feasibility stage.

	WSHP
	

	Biomass boiler
	

	Biomass CHP
	

	Carbon intensity
	
	
	

	Gas
	185
	gCO2/kWh
	

	Biomass
	16
	gCO2/kWh
	

	Grid electricity – 2020
	198
	gCO2/kWh
	

	Grid electricity – 2025
	174
	gCO2/kWh
	

	Grid electricity – 2030
	107
	gCO2/kWh
	

	Grid electricity – 2040
	48
	gCO2/kWh
	

	Grid electricity – 2050
	25
	gCO2/kWh
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Key assumptions used in the economic and financial assessment are presented in the table below.
Table 37: Summary of economic and financial assumptions
	Item
	Value
	Unit
	Comment

	Capital costs
	
	
	

	Gas boiler – Large scale 
	72
	£/kWth
	

	Gas boiler – Dwelling scale
	1,500
	£/dwelling
	

	Gas CHP
	844
	£/kWth
	

	WSHP
	1,440
	£/kWth
	

	Biomass boiler
	402
	£/kWth
	

	Thermal storage
	962
	£/m3
	

	Network: “A” factor (steel)
	10,000
	£/m2
	Cost per metre Ar + B, where r is the radius of the pipe

	Network: “B” factor (steel)
	250
	£/m
	

	Network: “A” factor (plastic)
	7,500
	£/m2
	Cost per metre Ar + B, where r is the radius of the pipe

	Network: “B” factor (plastic)
	188
	£/m
	

	Network: additional insulation cost
	9
	£/m
	

	Heat interface unit and heat meter 
	20
	£/kW
	Cost based on peak demand (kW)

	Private wire infrastructure
	200
	£/m
	

	Conversion of electrically heated buildings to wet heating systems
	2,500
	£/60m2
	i.e. ~£42/m2

	Plant replacement
	
	
	

	Generation plant – Lifetime 
	20
	Years
	

	Generation plant – Replacement cost
	70%
	% of initial cost

	Network
	
	
	No replacement

	Operating and maintenance costs
	
	
	

	Gas boiler
	5%
	% of capex/yr
	

	Gas CHP
	3%
	% of capex/yr
	

	WSHP
	1%
	% of capex/yr
	

	Biomass boiler
	5%
	% of capex/yr
	

	Network
	0.4%
	% of capex/yr
	

	Heat interface unit and heat meter 
	4%
	% of capex/yr
	

	Administrative and billing 
	11
	£/MWh/yr
	

	Business rates
	6
	£/MWh/yr
	

	Fuel purchase prices
	
	
	

	Gas – Domestic (2020)
	36
	£/MWh
	· Varies by year according to BEIS projections 
· Flat tariffs are applied (time of use tariffs could be considered at feasibility stage)

	Gas – Commercial/Public (2020)
	24
	£/MWh
	

	Gas – Industrial (2020)
	17
	£/MWh
	

	Electricity – Domestic (2020)
	170
	£/MWh
	

	Electricity – Commercial/Public (2020)
	100
	£/MWh
	

	Electricity – Industrial (2020)
	100
	£/MWh
	

	Electricity – Wholesale (2020)
	53
	£/MWh
	

	Gas – Domestic (2030)
	45
	£/MWh
	

	Gas – Commercial/Public (2030)
	40
	£/MWh
	

	Gas – Industrial (2030)
	31
	£/MWh
	

	Electricity – Domestic (2030)
	187
	£/MWh
	

	Electricity – Commercial/Public (2030)
	130
	£/MWh
	

	Electricity – Industrial (2030)
	130
	£/MWh
	

	Electricity – Wholesale (2030)
	69
	£/MWh
	

	Biomass
	40
	£/MWh
	Fixed over time

	Waste heat
	Varies
	
	Value of electricity foregone assuming Z-factor of 7 (varies over time)

	Heat sales
	
	
	

	Heat sale price
	Varies
	
	Calculated separately for each customer as 10% discount on counterfactual price of heat (assumed to be gas boilers)

	Electricity sales
	
	
	

	Private wire
	Varies
	
	Unless otherwise stated assumed 80% of CHP electricity sales by private wire to Commercial/Public customers, 20% grid export. Private wire sale price equal to retail price. Typically £90-120/MWh.

	Grid export
	Varies
	
	Equal to wholesale electricity price (varies over time). Typically £50-70/MWh.

	Connection charges
	
	
	

	Developer connection charge
	Varies
	
	Calculated as the lifetime value of CO2 savings (varies by time, supply option)

	Avoided costs – Gas boiler
	100 £/kWth for boilers <24kWth
90 £/kWth for boilers <50kWth
80 £/kWth for boilers <100kWtht
70 £/kWth for boilers >100kWh

	Avoided costs – Gas connection
	550
	£/connection
	

	Financial assumptions
	
	
	

	Economic lifetime
	25
	yrs
	

	Discount rate
	6% - typical hurdle rate for public sector
12% - typical hurdle rate for private sector

	RHI tariffs
	
	
	

	Biomass boiler
	2.08
	p/kWh
	All correspond to Large commercial biomass as >1 MWth

	WSHP (Tier 1)
	9.09
	p/kWh
	

	WSHP (Tier 2)
	2.71
	p/kWh
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