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Executive summary 
 
This report presents the results of a sustainable energy study on Plymouth City Centre and Derriford, 
two key areas for future development in Plymouth.  These areas are both considered under 
Plymouth’s Local Development Framework Area Action Plans, in which there is a need to develop 
integrated sustainable energy strategies for the period up to 2026.  The strategies need to specifically 
identify the role that Area Action Plans (AAPs) can play in reducing carbon dioxide (CO2) emissions 
from these developments, while responding to the specific requirements of the Planning and Policy 
Statement 1 (PPS1) supplement – Planning and Climate Change. 
 
A requirement in PPS1 states that where there are particular and demonstrable opportunities for 
greater use of decentralised and renewable or low-carbon energy than required by statutory minimum 
targets, local authorities should bring forward development areas or site-specific targets to secure this 
potential1.  This study has established an evidence base to justify such measures for Plymouth City 
Centre and Derriford.   
 
The context of the study also relates to the Government’s 2008 announcement and 2008/2009 
consultation on new homes in England and Wales, which must be zero carbon by 2016, with interim 
reductions in CO2 emissions of 25% below current Building Regulations by 2010 and 44% by 2013.  A 
range of low and zero carbon technology solutions were therefore modelled on each site explore 
opportunities to meet or exceed these targets.     
 
Plymouth’s current on-site generation ‘Merton-rule’ policy requires a 15% CO2 emissions reduction 
through on-site renewable energy generation on larger scale developments from 2010-2016.  These 
types of policy will become increasingly redundant as a way of delivering CO2 savings through the 
planning system, as from 2013 national Building Regulations are likely to surpass their requirements.  
The current adopted policy approach will therefore need to be reviewed, particularly in areas where 
specific energy strategies are now being developed such as the City Centre and Derriford. 
 
The study found that the City Centre has rather limited potential for micro-scale low or zero carbon 
options due to its high density and energy usage profile, which, due to cooling requirements, means 
that the electrical load is considerably larger than the heat load.  The bulk of CO2 savings therefore 
need to come from electricity, which effectively leaves two potential micro-scale options – wind and 
photovoltaics, both of which are significantly constrained by a number of factors.   
 
Derriford was found to hold more potential with micro-scale options due to its different development 
mix and spatial layout.  When combined with a minimum level of energy efficiency, a 44% reduction on 
regulated emissions could potentially be achieved on most buildings for the 2013 target.  Higher 
targets after this point were found to be unachievable with micro-scale options alone.  However, the 
implementation of micro-scale options as an interim measure will reduce the effectiveness of the 
macro-scale options of CHP and district heating networks when they are needed to meet higher 
targets from 2016.   
 
The study found that, in the medium to long term, macro-scale solutions are the most appropriate way 
to deliver the required carbon reduction targets.  By taking a phased approach, there is an opportunity 
for macro-scale solutions to be implemented at an earlier stage.  This is particularly relevant for the 
City Centre, where existing heat loads such as Council or University buildings could potentially be 
served by the network early in the process.  Linking in such heat loads will make any CHP plant more 
efficient and will generate more revenue with little if any increase in the plant’s capital or operating 

                                            
1 PPS1 para 26(ii) 
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cost.  As these loads currently exist, they will also provide an important stimulus for early 
implementation of a CHP/district heating scheme.   
 
The analysis suggests that certain macro-scale combined heat and power (CHP) technologies with 
district heating networks are capable of achieving the substantial carbon reductions required for the 
2016 targets.  Natural gas CHP systems would normally be the favoured choice of developers for both 
sites due to the technology’s track record, low capital cost and small footprint, and could achieve over 
70% CO2 reduction on regulated emissions.  However, biomass CHP technology with district heating 
provides the opportunity to exceed this target and achieve 100% CO2 reduction on total emissions i.e. 
zero carbon.  As constraints associated with the City Centre would make biomass a difficult option to 
implement, and as the biomass wood fuel resource in the Plymouth area would be insufficient to 
supply both sites, the preferred option would therefore be to encourage biomass implementation in 
Derriford only.   
 
Economic viability is generally encouraging for the modeled macro-scale biomass solutions, with IRR 
values between 17–27%.  However, gas CHP for the City Centre is less commercially attractive, 
although it is the costs of the heating/cooling distribution networks that make this the case.  
Consequently, to encourage CHP implementation prior to 2016, it may be necessary to find ways to 
subsidise distribution network costs.  
 
There are a number of economic enabling mechanisms that could potentially achieve this and facilitate 
delivery of the Energy Strategies for both areas.  These include the Renewable Heat Incentive, Feed-
in Tariff, Community Infrastructure Levy (Section 106, Planning Tariff) and recent banding of 
Renewable Obligation Certificates.  These mechanisms together with the formation of an appropriate 
ESCo early on in the process may serve to overcome the barriers associated with high capital plant 
and infrastructure costs and operational risks to developers. 
 
Additionally, the ‘allowable solutions’ proposed by Government to deal with residual emissions in 
meeting the zero carbon target from 2016 include a number of local options that Plymouth City Council 
could begin assessing now, with a view to their earlier implementation.  Where developers are unable 
to meet targets through purely technical measures, a potential allowable solution could be proposed 
as an option to contribute to a fund for macro-scale energy infrastructure specific to either area.  This 
could be used to fund infrastructure for CHP and district heating systems.           
 
There is a strong argument for bringing forward and implementing macro-scale solutions as soon as 
possible to minimise the implementation of less-cost effective micro-renewables and to potentially 
exceed Building Regulation carbon reduction targets.  Planning policy will therefore need to prioritise 
the development of CHP and district heating networks over micro-renewables from the earliest 
opportunity.  Examples of this approach could be to actively discourage the use of micro-scale heat 
generation where district heat networks are available and by ensuring that buildings are compatible 
with, and able to connect to the network in the future.   
 
In order to deliver the area wide energy supply solutions, early intervention is needed to develop the 
necessary commercial and physical infrastructure.  This is unlikely to occur without significant 
involvement from the Council and the public sector, particularly in accessing the Regional 
Infrastructure Fund to provide up-front finance and in facilitating an ESCo partnership.  This 
coordinating role will help to ensure a unified area-wide approach rather than piecemeal, and should 
serve to maximise CO2 savings and benefit overall viability through economy of scale.  The proposed 
developments and redevelopments in the areas of study involve a range of stakeholders at different 
stages of preparation, but there is an aspiration to work together to ensure that optimum low carbon 
energy solutions are implemented.   
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The following table therefore suggests standards and approaches for delivering sustainable energy 
solutions within the City Centre and Derriford.  These are intended to inform the development of an 
energy strategy/policy for each area. 
 
 
 City Centre Derriford 

 
Area-wide 
CO2 savings 
minimum 
targets*: 
 
 

 
From energy 
supply systems 
 

70% (regulated emissions) 100% (regulated emissions) 

 
From energy 
efficiency (new 
developments) 
 

 
25% (regulated emissions) up to 2013; 
25% (total emissions) beyond 2013 
 

 
25% (regulated emissions) up to 2013;  
25% (total emissions) beyond 2013 
 

 
Preferred energy supply 
solution 
 

Phased roll-out of gas-fired CHP with 
district heating/cooling  

Phased roll-out of gas and biomass-fired CHP 
with district heating 

 
Key enabling actions 

 
• Establish an Energy Services Company (ESCo) specific to each area, as a 

partnership involving the Council and developers.  The ESCo will develop, manage 
and maintain the energy infrastructure and provide energy services to customers. 

 
• Develop a plan to provide upfront funding for energy infrastructure using developer 

contributions and assess other potential opportunities such as the Regional 
Infrastructure Fund.   
 

• Develop a strategic plan to establish adequate wood fuel supply chains for Derriford 
(and elsewhere in Plymouth) from a variety of sources.  Plymouth’s own supply is 
limited and future demand in the region is likely to increase significantly.   

 
• Evaluate the potential for networks to supply energy demands of existing buildings.  

Linking in such heat loads will benefit plant economics and will provide stimulus for 
early implementation of a CHP/district heating/cooling scheme.   

 
 
Policy proposals – key 
elements  
 
Note – although these 
proposals can potentially be 
applied to both areas, a heat-
only network is recommended 
for Derriford i.e. no cooling 

 
1. Make provision for the phased roll-out of an integrated Combined Heat and Power 

and District Heating/Cooling (CHP/DH) network to supply developments.  This 
includes identifying a location for the energy plant and considering the installation of 
network infrastructure alongside other public realm and transport works where 
appropriate.   
 

2. Where the district wide network is not yet operational in relation to the particular 
development under construction, all non-residential development proposals 
exceeding 1,000 sq m of gross floor space and residential development proposals 
comprising 10 or more units (whether new build or conversion) will be required to: 
 

• Make an offsite contribution to the establishment of the network 
• Include heating and cooling systems that allow for future connection to 

local district heating and cooling networks 
 

3. Where the district wide network is operational in relation to the particular 
development under construction, all non-residential development proposals 
exceeding 1,000 sq m of gross floor space and residential development proposals 
comprising 10 or more units (whether new build or conversion) will be required to: 
 

• Make an offsite contribution towards the completion of the network 
• Include heating and cooling systems that allow for connection to the local 

district heating and cooling network 
 

4. The requirement (set out in Core Strategy Policy CS20) for development to 
incorporate onsite renewable energy production equipment is relaxed for the 
developments described in 2 and 3 above.  

 
5. Other developments will be required to include heating and cooling systems that 

allow connection to the network. 
 
 

*relative to Part L 2006 Building Regulations.  Targets should be reviewed once future Building Regulation requirements are 
confirmed.  
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1 Introduction 
 
This report presents the results of a sustainable energy study on Plymouth City Centre and Derriford, 
two key areas for future development in Plymouth.  These areas are both considered under 
Plymouth’s Local Development Framework Area Action Plans, in which there is a need to develop 
integrated sustainable energy strategies for the period up to 2026.  The strategies need to specifically 
identify the role that Area Action Plans (AAPs) can play in reducing carbon dioxide (CO2) emissions 
from these developments, while responding to the specific requirements of the Planning and Policy 
Statement 1 (PPS1) supplement – Planning and Climate Change.  
 
The planned developments at the City Centre and Derriford are of a significant scale in terms of 
energy demand and will be subject to increasingly challenging targets concerning CO2 emissions 
under future Building Regulations.  The development size, mix, spatial plans and phasing for both 
areas suggests that opportunities for sustainable energy supply would be best considered at a 
strategic scale using integrated solutions.  The development of sustainable energy strategies for these 
developments using this approach therefore has the potential to deliver significant CO2 savings whilst 
reducing the cost burden to the developer. 
 
Although the various developments and redevelopments in these areas involve a wide range of 
organisations and are at different stages of preparation, there is an aspiration for stakeholders to work 
together to ensure that optimum low carbon energy solutions are implemented; this may involve 
energy generation and distribution being shared between adjacent sites or over the whole of the study 
area. 
 
The study draws on existing evidence and guidance for low carbon development and undertakes 
detailed modelling of technology options and economic constraints for each area.  An energy demand 
forecast database accompanies this report in the form of an Excel spreadsheet along with GIS outputs 
presenting mapped energy demand and supply data.     
 

2 Background 
 
The City of Plymouth is currently engaged in an extensive programme of development and 
regeneration.  Plymouth’s Local Development Framework (LDF) Core Strategy includes plans for the 
construction of new homes, mixed use developments, education, leisure and cultural facilities which 
are likely to result in around 17,000 new homes, up to 42,000 new job opportunities and a population 
rise from 241,000 to 300,000 by 2026.  Sustainability is a key strategic objective in taking this vision 
forward and low carbon/renewable energy is seen as an essential component of a sustainable future. 
 
As part of Plymouth’s LDF process, a number of AAPs are being developed for specific areas of the 
city.  The City Centre and Derriford are both subject to emerging AAPs and general plans for these 
areas are summarised below. 
 
City Centre:  The City Centre area is seen widely as the face of Plymouth and hence is vital to the 
economic and social well being of the whole city.  The area includes the city’s railway station, the main 
University of Plymouth Campus and the central shopping centre with the Council and the University 
being the two major land owners within the area. 
 
The planning vision for the Centre is identified in Plymouth’s Adopted Local Development Framework 
Core Strategy2.  This is essentially to create a lively and vibrant mixed use centre which reinforces the 
                                            
2 http://www.plymouth.gov.uk/devonport__millbay_and_stonehouse__city_centre_and_uni__the_hoe-2.pdf 

http://www.plymouth.gov.uk/devonport__millbay_and_stonehouse__city_centre_and_uni__the_hoe-2.pdf
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City Centre’s role as a thriving regional destination, providing high quality shopping, recreation, 
culture, civic, education and commercial facilities, well connected to surrounding neighbourhoods, as 
well as being a safe place of quality in which to live.  
 
 The Council’s objectives to deliver this vision are to: 

• Diversify the current functions of the City Centre to give it more life outside 
shopping hours, including intensification of residential, office, and cultural 
uses, including, where appropriate, the introduction of tall buildings 

• Significantly intensify the central area to include taller buildings at key 
locations, and offer visitors and residents a 24-hour life 

• Identify a central office core within the City Centre in conjunction with the 
redevelopment of Millbay 

The scale of development proposed in the City Centre is considerable and could include in the region 
of 1,500 new homes and 106,000 – 172,000 square metres of increased retail capacity.  As well as a 
range of new housing development, the area also has an active ‘BID’ (Business Improvement District) 
partnership bringing together public and private sector investment to improve the commercial and 
retail aspects of the area. 
 
Further proposals for the City Centre are set out in the Plymouth City Centre Future Direction 
Investment and Development Strategy, Cushman and Wakefield, June 20083, drawn up for the 
Council and its partner agency the City Centre Company.  However, very little information currently 
exists on specific locations and phasing of future development.   
 
Derriford:  The planning vision for Derriford is also identified in the adopted Core Strategy; ‘To create 
a thriving, sustainable, mixed-use new urban centre at the heart of the north of Plymouth, which is well 
connected to surrounding communities and to the city’s High Quality Public Transport network’. This is 
set out in the Derriford Vision in more detail4 and includes: 

• The development of a diverse mix of commercial and community uses supported by a strong, 
vibrant new residential community;  

• Playing a major supporting role in the sub-region’s long term economic and social well-being 
through the provision of strategically important health, economic, further education and 
transport infrastructure; 

• The development of a district shopping centre, centred on the west side of the A386, to 
support the surrounding residential and commercial communities but with potential to grow.  

Derriford has seen major changes in recent years.  The development of Plymouth International 
Medical and Technology Park, and the expansion of Derriford Hospital and associated medical cluster, 
has changed the character of the area.  The College of St Mark and St John is also an important 
employer within the area and as such, Derriford has become an important employment centre within 
the city.  Economic pressures on the manufacturing sector, however, have resulted in the 
rationalisation or closure of companies within Southway and Estover, creating redundant land and 
buildings. 

 

                                            
3 ../../../C%20&%20R/206%20-
%20Plymouth%20City%20Centre%20&%20Derriford%20SE%20study/Miscell%20info/City%20Centre/Future%20Direction%20&%20Investment%
20Strategy%2013.08.08.pdf 
4 http://www.plymouth.gov.uk/derriford_and_seaton__plymouth_sound.pdf  

 

http://www.plymouth.gov.uk/derriford_and_seaton__plymouth_sound.pdf
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Southway is an important residential area, dating from the post-war era, and has a local centre 
providing facilities and amenities for the existing community.  The residential development here and 
throughout the Derriford area has been influenced by the steep topography of the area. 
 
Plymouth City Airport is also a significant economic asset to the city and in October 2008 published a 
Masterplan for its future development which includes new mixed-use development within its current 
operational land boundary and potentially an extension to one of its runways.   
 
Like the City Centre, the scale of development proposed at Derriford is considerable and could include 
in the region of 4,000 new homes and 250,000 square metres of non-domestic buildings.  The 
consultation on the Derriford and Seaton Area Action Plan started on the 6th of Feb 2009.  Current 
timescale estimates for key sites within the development are shown in Annex A.  
 
Derriford stakeholder workshop 
 
In July 2008, a ‘Low Carbon’ workshop was held with Derriford stakeholders to discuss energy supply 
options for the area.  Throughout the day there was a general consensus around the following themes: 
 

• There is a need for collective action to ensure the opportunities for achieving low or zero 
carbon development at Derriford are delivered.  Collaboration provides the opportunity to 
deliver higher carbon savings and a lower unit cost.  

• The scale and mix of development at Derriford means there is significant and potentially 
complementary demand for energy that may provide the opportunity for energy solutions at a 
scale that would not be viable if each part of the site was considered separately. 

• The Derriford Area Action Plan represents a key opportunity to provide a statutory framework 
for joined up / area wide approach to low carbon energy generation, such as a community 
heat and power network.  

• An Energy Strategy for Derriford to form an evidence base for the Area Action Plan should be 
taken forward as a high priority.  

• The Strategy should set out a clear vision and targets for low carbon development at Derriford 
and should: 

o Inform policy and proposals in the emerging Derriford Area Action Plan 

o Identify the strategic interventions required to deliver the strategy i.e. Energy Service 
Companies 

o Explore commercial viability issues  

o Provide a vehicle for securing public and private sector investment. 

• The Regional Infrastructure Fund provides an opportunity to support the high upfront capital 
costs of delivering decentralised energy solutions. 

• The need for a high level champion for low carbon development at Derriford. 
 

3 Aims and objectives    
 
The aim of this study is to devise evidence-based integrated sustainable energy strategies that will 
result in zero (or as low as practical) carbon emissions from buildings, commerce and industry in the 
developments, redevelopments and, where appropriate, existing buildings in and around the areas of 
Plymouth City Centre & Derriford.  
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The strategies are required to provide evidence for the way in which the spatial planning system can 
assist the delivery of low or zero carbon development in parts of the city that will be subject to 
significant levels of redevelopment in the coming years. 
 
Additionally, the strategies are required to: 

• Inform policy and proposals in the emerging Derriford Area Action Plan & City Centre Area 
Action Plan  

• Identify the strategic interventions required to deliver the strategies  

• Provide a vehicle for securing public and private sector investment. 
 

4 Policy context 

4.1 National policy 
Through its Climate Change Bill the Government is now committed to meeting challenging targets for 
reducing carbon emissions (20% reduction by 2020 and 60% by 2050, now 80% of greenhouse gas 
emissions) and local policies and strategies for carbon reduction from buildings will be instrumental in 
achieving these aims.  
 
These overall carbon reduction targets are gradually being translated into more specific national 
policies and targets. In Building a Greener Future the Government announced that all new homes in 
England and Wales must be zero carbon by 2016, with interim reductions in CO2 emissions of 25% 
below current Building Regulations by 2010 and 44% by 2013. There are similar ambitions to cut 
carbon emissions from new non-domestic buildings by 2019.  At the time of writing, the Government 
had recently issued a consultation on the definition of zero carbon homes and non-domestic buildings 
(see Section 6).   
 
Furthermore, local authorities are being encouraged to adopt clear positions with respect to reducing 
carbon emissions from new developments.  The supplement to the Planning Policy Statement (PPS1): 
on Planning and Climate Change5, published by the Department for Communities and Local 
Government (CLG) in December 2007, makes it clear that tackling climate change is central to what is 
expected of good planning.  Planning authorities across England are now looking to develop their 
Core Strategies in line with the PPS' policies and CLG have made clear that in cases of conflict or 
uncertainty the PPS supplement on Planning and Climate Change takes precedent over the earlier 
PPS22 on Renewable Energy.  To assist practitioners in implementing the PPS on Planning and 
Climate Change, CLG has developed a good practice guidance and an on-line version of this is now 
available6.  
 
November 2008 also saw the adoption of the Planning and Energy Act 2008, which enables local 
planning authorities to set requirements for energy use and energy efficiency in local plans.  
Specifically, this enables local authorities to ‘legally’ include policies in their LDF requiring:  
 

• A proportion of energy used in development to come from renewable and low carbon sources 
in the locality of the development; 

• Energy efficiency standards that exceed the requirements of building regulations 
 
The 2008 launch of the Government’s consultation on a UK Renewable Energy Strategy and its 
proposed £4 million programme to help spread existing best practice on climate change mitigation 

                                            
5 http://www.communities.gov.uk/publications/planningandbuilding/ppsclimatechange  
6 http://www.hcaacademy.co.uk/planning-and-climate-change 

http://www.communities.gov.uk/publications/planningandbuilding/ppsclimatechange
http://www.hcaacademy.co.uk/planning-and-climate-change
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among local authorities also adds emphasis to the responsibility of local authorities to reduce carbon 
emissions from buildings within their area.  
 

4.2 Regional policy 
The draft South West Regional Spatial Strategy (RSS) submitted to Government in April 2006 has 
since undergone a consultation exercise and examination in public.  Following the publication of an 
independent panel report, the Secretary of State for Local Government issued in early summer 2008 a 
list of proposed changes to the draft RSS.  This is currently out for consultation before final sign off in 
late 2009. 

The initial draft RSS contained a number of sustainable energy policies, some of which were modified 
during the above process.  These include: 

• Policy RE1 setting regional and local renewable electricity targets for 2010 and 2020 was 
accepted with minor modifications 

• Policy RE2 setting an offshore renewables target and Policy RE3 a renewable heat target for 
2010 and 2020, have been approved without modification 

• Policy RE5 has been changed from a policy to drive minimum levels of renewable energy 
content within new developments to minimum levels of low carbon energy sources.   

• Policy G, which looked to go further than future building regulations in respect of carbon 
reduction, set progressively higher carbon reduction targets for new developments in stages 
up to 2016 and beyond.  This policy has effectively been dismissed and no longer sets higher 
energy standards for new buildings in the south west. 

 
These proposed changes will clearly have a major effect on the extent to which local authorities in the 
South West can influence carbon reduction targets in new developments.  In particular, on dismissing 
Policy G, the Secretary of State for Local Government suggested that local authorities could set their 
own energy standards for specific sites, but set a very high threshold to ‘‘demonstrate clearly local 
circumstances that warrant and allow” enhanced standards. 
 
The draft RSS also contains statements indicating that local planning authorities should ensure that 
major new developments take advantage of CHP technology and community heating systems. 
 
At county level, policies are put forward in the Devon Structure Plan, which was drawn up to interpret 
RPG10 to the local level.  Also at county level, there have recently been two main initiatives in relation 
to the strategic development of renewables: 
 

• ‘Renewable Energy in Devon 2004-2007: a Draft Strategy and Action Plan for Consultation’7 
proposed a way forward with renewables in Devon.   

 
• The ‘REvision 2010’ study, sought to secure greater support for renewables within the region 

by encouraging the adoption of county or sub-regional targets for the development of 
renewable electricity up to 2010.  Devon County subsequently agreed a target of 151MW.   

 
 

                                            
7 http://www.devonsp.org.uk/docs/renewable-energy.pdf 

http://www.devonsp.org.uk/docs/renewable-energy.pdf
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4.3 Local policy 
In 2007 Plymouth City Council commissioned a Renewable Energy Strategic Viability Study (see 
Section 8) which included a renewable energy resource assessment for the City of Plymouth and 
provided the part of the evidence to support the adoption of a ‘Merton Rule’ type policy as part of its 
Local Development Framework Core Strategy.  The policy which was subsequently adopted sets out 
the following targets:   
 
Policy CS20 Sustainable Resource Use 
The Council will actively promote development which utilise natural resources in as efficient and 
sustainable a way as possible. This will include......... 
   
.... requiring all proposals for non-residential developments exceeding 1,000 square metres of gross 
floorspace, and new residential developments comprising 10 or more units (whether new build or 
conversion) to incorporate on-site renewable energy production equipment to off-set at least 10% of 
predicted carbon emissions for the period up to 2010, rising to 15% for the period 2010-2016. 
 

5 National, regional and sub-regional evidence  
 
As mentioned above, although an on-site generation policy for new development over a certain size 
has been in force in Plymouth since 2006, the requirements of PPS1 now oblige local authorities to 
consider additional development area or site-specific targets where there are particular and 
demonstrable opportunities for greater use of decentralised and renewable or low-carbon energy.  
 
As most local authorities are currently part way through their LDF process, there are relatively few 
examples available of site-specific evidence base studies that have resulted in policy 
recommendations of this type.  However, there are a growing number of studies that explore the more 
generic technical, legislative and economical issues of achieving the higher energy standards 
associated with future Building Regulations and low carbon developments. 
 
In order to learn from previous studies that are directly relevant to the proposed developments at 
Plymouth City Centre and Derriford, this section presents a summary of existing guidance and any 
corresponding evidence for low or zero carbon development.  The publications have been categorised 
under national, regional and sub-regional headings in terms of their scope.  
 

5.1 National 
The majority of analysis at the national level for achieving low carbon development has been 
undertaken in relation to the Government’s ‘Building a Greener Future’ initiative, which proposed a 
series of stepped changes in future building regulations leading to zero carbon dwellings by 2016.  As 
these relate the required proportion of carbon emission reductions to an equivalent level standard of 
the Code for Sustainable Homes, a considerable amount of work has been carried out on the technical 
and financial viability of reaching the various levels contained therein.  These and other recent 
publications which relate to the implications for dwellings include:  

• Research to Assess the Costs and Benefits of the Government’s Proposals to Reduce 
the Carbon Footprint of New Housing Development, Cyril Sweett, Faber Maunsell and 
Europe Economics (on behalf of the Dept for Communities and Local Government), Sept 
2008.   

• Cost Analysis of the Code for Sustainable Homes, Cyril Sweett and CLG, July 2008.  

• Cracking the Code, Housing Corporation, April 2008.   
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• Energy  Efficiency and the Code for Sustainable Homes, Guidance Documents CE 290, 
CE291 & CE292, Energy Saving Trust, 2008. 

• Heat  and Energy Saving Strategy: a consultation, DECC/CLG Feb 2009 

• Definition of Zero Carbon Homes and Non-domestic Buildings: Consultation, Dept of 
Communities and Local Government, Dec 2008.  

 
This last publication by CLG is a key document in that it considers the evidence to date and raises a 
number of uncertainties about the route to zero carbon developments and the approach to regulatory 
compliance.  At time of writing the report remains out for consultation until March 2009.  A selection of 
least-cost technology mixes from this work, modelled to meet a range of CO2 reduction targets is 
reproduced in Annex E.  This clearly indicates that whilst energy efficiency and micro-scale solutions 
are likely to meet the lower targets, there will be a need for macro-scale solutions such as district 
heating with CHP to meet the higher targets.   
 
In conjunction with this, there is also an ‘industry-wide’ consultation currently being undertaken on the 
Code for Sustainable Buildings being led by the UK Green Building Council, which focuses on the 
Government’s proposal that all new non-domestic buildings should be zero carbon by 2019.   
 

5.2 Regional  
A key study in the South West on the feasibility of low and zero carbon buildings is: Supporting and 
Delivering Zero Carbon Development in the South West, Faber Maunsell and Peter Capener, Jan 
20078. 
 
This research was undertaken for a group of South West regional bodies and set out 
recommendations for a policy requiring zero carbon new developments in the South West Regional 
Spatial Strategy (RSS).   
 
The report found that zero carbon new development is already technically viable for medium to large 
residential developments, and could be institutionally and economically feasible by 2011. Zero carbon 
here refers only to emissions covered by the building regulations. For medium to large non-residential 
developments, it found that zero carbon (covering regulated and unregulated emissions) is technically 
viable now and will be economically and institutionally feasible by 2016. 
 
The report’s concluding evidence resulted in a series of targets collectively referred to as Policy G in 
the draft RSS, which related timescale and the type and scale of development to various levels of 
carbon reduction targets alongside draft RSS Policy RE5 on on-site renewable energy generation: 
 
 

 2008-2010 2011-2015 2016 on 

No. dwellings >10 >10 10-50 >50 

CO2 reduction compared to 

Part L 2006 
44% of regulated 

emissions 

100% of regulated 

emissions 

100% of 

regulated 

emissions 

100% of total 

emissions 

Equivalent CFSH standard Level 4 Level 5 Level 5 Level 6 

On-site generation requirement 20% 
 
 
                                            
8 Faber Maunsell and Peter Capener, January 2007, Supporting and Delivering Zero Carbon Development in the South West. Available from 
http://www.southwest-ra.gov.uk/media/SWRA/RSS%20Documents/Technical%20Documents/Technical%20Work/final_policy_report_v11.PDF 
[Accessed 19th Jan 2009]. 
 

http://www.southwest-ra.gov.uk/media/SWRA/RSS%20Documents/Technical%20Documents/Technical%20Work/final_policy_report_v11.PDF
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And for non-residential development (>1,000m2): 
 

 2008-2010 2011-2015 2016 on 

CO2 reduction compared to 

Part L 2006 

25% of regulated 

emissions 
34% of regulated emissions 44% of regulated emissions 

On-site generation requirement 20% 
Table 1. Policy G from the Draft South West RSS 

 
As discussed in Section 4.2, Policy G was subsequently removed from the draft RSS by the Secretary 
of State for Local Government. 
 
In relation to the CfSH standards, a joint response to the Secretary of State on Policy G / RE5 by the 
South West Regional Assembly, South West RDA, Environment Agency (SW) and Natural England 
stated: 
 
“We believe that Level 3 of the Code for Sustainable Homes is technically and economically viable 
now and should therefore be adopted across the region from 2009 onwards as the minimum standard. 
We also support the suggestion that Code Level 4 could be applied to major strategic developments 
(notably the Areas of Search) where this is also shown to be viable.” 
 

5.3 Sub-regional 
A number of site-specific studies have been completed in the South West relating to the development 
of energy policies and strategies.  A selection of these are summarised as follows: 
 
Camborne Pool Redruth Regeneration – Energy Feasibility Study, Element Energy, Jan 20069.  
This study provided an analysis of sustainable energy options for the Camborne-Pool-Redruth 
regeneration project and proposed recommendations for action to implement sustainable energy 
measures throughout the regeneration program. 
 
The report concluded that large-scale CO2 reductions are possible through the implementation of 
rational use of energy measures, on-site CHP at large load centres and roll-out of microgeneration 
technologies (in new buildings but also retrofit where appropriate).  The deepest cuts in CO2 emissions 
resulting from new developments were found to be achieved with adoption of biomass heating and 
CHP.  CO2 reductions of around 80% from a baseline of Part L 2005 building regulations are 
suggested by roll-out of a range of additive measures across the site (additive measures are 
described as those that can be adopted alongside each other and will have a complementary effect).  
Each of the measures considered were found to be cost-competitive or near cost-competitive  with 
conventional energy supply. 
 
East of Exeter New Growth Point Energy Strategy: Final Report, Element Energy, 200810, 
provided a strategic analysis of how CO2 emissions from new developments in the East of Exeter 
Growth Point to 2020 could be reduced in line with the requirements of national policy in a cost 
effective way.  The study provided recommendations that are applicable beyond Exeter and found that 
a basic set of building fabric performance improvement measures were a cost effective way of getting 
houses to Code for Sustainable Homes (CSH) level 3 and would not require the houses to incorporate 
microgeneration.  The effectiveness of district heating was emphasised in its potential to move homes 
on larger development sites to CSH level 4 and above.  The report found that for smaller sites, it would 
be more expensive to get to the higher CSH levels if there was a need to install microgeneration on a 
house-by-house basis. 
 
                                            
9 http://www.csep.co.uk/downloads/cpr_feasibility_study_full_.pdf 
10 http://www.regensw.co.uk/downloads/RegenSW_230.pdf   

http://www.csep.co.uk/downloads/cpr_feasibility_study_full_.pdf
http://www.regensw.co.uk/downloads/RegenSW_230.pdf
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Application of Policy G of the draft Regional Spatial Strategy (see Section 4.2), which set higher 
energy standards for new buildings in the south west, was found to have the potential to reduce CO2 
emissions by 30% above the trajectory implied by national building regulations. 
 
Energy and Sustainability Strategy – Truro and Threemilestone Area Action Plan, Community 
Energy Plus, March 2008, provides an overview of the mechanisms that can be used to reduce the 
impact of the planned urban extension at Truro and Threemilestone in terms of climate change and 
considers how to ensure the principles of sustainable development are adhered to.  It recommends 
adoption of Policy G and suggests that it would be possible to combine large scale, and building-
integrated low carbon generation options to enable the targets to be met more effectively at each level 
of the CSH. 
 
Sherford New Community Area Action Plan – South Hams District Council, August 2007.  This 
publication is the adopted version of the Sherford AAP and focuses upon the design and 
implementation of the Sherford new community near Plymouth, in which 5,500 homes are proposed.  
Under Policy SNC2 on Sustainable Development, it proposes a series of carbon reduction targets for 
new dwellings during the four phases of the development.  These are 25%, 35%, 50% and 60% 
respectively when compared to a baseline of Part L 2006 Building Regulations.  
 
The development involves a consortium including The Prince's Foundation for the Built Environment, 
the Royal Bank of Scotland and the developer Red Tree.  Planning permission was obtained in May 
2008 and half of all energy used is expected to be sourced from wind turbines in the town’s 400 acre 
park11.  
 
Plymouth Renewable Energy Strategic Viability Study, Centre for Sustainable Energy and Wardell 
Armstrong International, March 2007.  This study forms part of the evidence base for the Council’s 
Local Development Framework Core Strategy policies on sustainable energy and climate change.  It 
includes a renewable energy resource assessment for the city and outlines how this fits with the 
implementation of the Council’s on-site generation targets for new developments and strategic plans 
for sustainable development throughout the city.    
 

5.4 CHP and district heating 
CHP and district heating has already been shown in the UK and on the Continent to offer the potential 
for some communities to receive low carbon heat, at comparable or lower costs than conventional 
heating.  The Government is now in the process of setting out a number of possible measures aimed 
at tackling key barriers to district heating.  These include considering changing regulation, enhancing 
the role of local authorities and improving the supply chain.  Forthcoming initiatives mentioned in the 
Heat and Energy Saving Strategy Consultation include a Summit on Community Energy and Heating 
with local government leaders to start the process of facilitating the development and expansion of 
district heating, and the setting up of a Heat Markets Forum, with representatives from the 
Government, the energy industry and consumers, to assess the various types of arrangements for 
heat supply.   
 
Several towns and cities in the UK have district heating / CHP systems. These include Woking, 
Southampton, Aberdeen, Nottingham, Tower Hamlets (London), Pimlico (London) and Sheffield (see 
Figure 1 below).  In most cases these have been in existence for some time – Pimlico, the oldest, was 
established in 1950 using heat from Battersea Power Station.  When the power station was 
decommissioned it switched to its own gas-fired boilers.  The Barkentine Heat and Power Plant in 
Tower Hamlets, London, has been operational since 2001. The project was developed jointly by EDF 
Energy and Tower Hamlets Borough Council, and was funded by Defra.  

                                            
11 The Guardian, 2nd May 2008 Free bikes, no uPVC - green light for prince's ecotown 
http://www.guardian.co.uk/environment/2008/may/02/greenbuilding.ethicalliving [Accessed 19 Jan 2009] 

http://www.guardian.co.uk/environment/2008/may/02/greenbuilding.ethicalliving
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Figure 1: Veolia Environmental Services’ Energy Recovery Facility in Sheffield (Source: Heat and 
Energy Saving Strategy Consultation Document) 

 
 
Southampton’s district heating system uses, in part, geothermal energy, as well as CHP.  Initial 
feasibility research started at the beginning of the 1980s by the Department of Energy was taken up 
by the city council and eventually construction of the district heating system started in 1987. The 
scheme currently provides 30,000MWh of heat, 4,000MWh of electricity and 1,200MWh of cooling 
annually12.  Southampton now specifies in its Core Strategy that where there is an opportunity to do 
so, new development will be required to connect to existing CHP schemes.  This means that new 
development within reach of the existing scheme can be required to connect to the existing scheme.  
 
Currently planned initiatives include the London Borough of Barking, which is one of London’s Action 
Energy Areas.  Action Energy Areas were designated as a mechanism to implement elements of 
London’s Energy Strategy.  Substantial regeneration is planned in Barking’s town centre over the next 
15 years.  Barking has set out an implementation strategy which aims to reduce carbon emissions 
from new developments by a third, compared to building regulations.  The town centre redevelopment 
includes a district heating network, using heat from Barking Power Station13.  
 
The Barking Town Centre Energy Action Area provides useful insights into possible approaches to 
helping establish decentralized renewable and low carbon energy infrastructure at a local level.  An 
initial options appraisal as part of a pilot Energy Action Area project identified the potential to use 
waste heat from Barking and Dagenham Power station to supply heat to homes and other buildings in 
the Town Centre. 
 
It was recognised that it would not be possible to utilise these sources of waste heat immediately and 
a detailed implementation plan was developed incorporating a two phase approach, where smaller 
local community heating networks are first developed and then extended into a larger community 
heating network for Barking Town centre.   
 
                                            
12 Energy-Cities programme, Geothermie District Heating Scheme, Southampton, United Kingdom, http://www.energie-
cites.org/db/southampton_140_en.pdf [Accessed 21 Jan 2009]. 
13 A Guide to the Barking Town Centre Energy Action Area, November 2006, London Borough of Barking and Dagenham, http://www.barking-
dagenham.gov.uk/6-living/envir-protect/envir-sustainability/pdf/energy-action-area-may-07.pdf [Accessed 19th January 2009] 

http://www.energie-cites.org/db/southampton_140_en.pdf
http://www.energie-cites.org/db/southampton_140_en.pdf
http://www.barking-dagenham.gov.uk/6-living/envir-protect/envir-sustainability/pdf/energy-action-area-may-07.pdf
http://www.barking-dagenham.gov.uk/6-living/envir-protect/envir-sustainability/pdf/energy-action-area-may-07.pdf


Plymouth City Centre and Derriford Sustainable Energy Study                                                           
 

CSE and WAI Page 18 
 

6 Methodology 

6.1 Energy demand  

6.1.1 Residential 
In order to predict the energy requirements of future residential developments at Derriford and the City 
Centre, an understanding of the likely ‘baseline’ regulatory requirements is needed to examine the 
effect on heat and power demands.     
 
As outlined in Building a Greener Future, the government has proposed the following standards for 
CO2 emissions from new homes:    
 

 2010 2013 2016 
CO2 reduction compared  to 
Part L 2006 

25% of regulated 
emissions14 

44% of regulated 
emissions 

100% of total emissions 

Equivalent Code for 
Sustainable Homes standard 

Level 3 Level 4 Level 6 

Table 2. Government’s proposed phasing of carbon reduction targets for new dwellings under forthcoming 
Building Regulations 
 
The Government’s current intention with the non-domestic sector is to achieve zero carbon with new 
public sector non-domestic buildings from 2018, and with all other new non-domestic buildings from 
2019.   However, the definition of ‘100% of total emissions’ and the approach favoured by the 
Government regarding compliance with these requirements are, at the time of writing, the subject of 
DCLG’s Definition of Zero Carbon Homes and Non-domestic Buildings consultation mentioned in 
Section 5.1. 
 
The consultation sets out the Government’s preferred hierarchy in achieving carbon reduction targets.  
This consists of: 
 

1. Energy efficiency – whatever mix of carbon reduction measures is employed, all zero 
carbon homes should be built to a very high standard of energy efficiency. 

2. Carbon compliance – this is the minimum level of CO2 reduction, compared to Part L 2006 
regulations, that is required to be achieved on-site and/or through direct connection of low 
and zero carbon heat (not necessarily on-site). 

3. Allowable solutions – where carbon compliance measures alone have failed to meet the 
CO2 reduction target, the residual emissions needing to be addressed will be dealt with from 
a list of allowable solutions, which include a range of measures that can be undertaken in the 
locality or potentially further afield such as exports of heat or direct investments in offsite 
renewable electricity.  Current proposals for these allowable solutions are set out in Section 
9.5.  

 
Assessed in the consultation are a number of options in relation to the trajectory towards zero carbon 
targets as follows (note – the percentage figures quoted refer to reductions in regulated emissions):     
 

• Option 1: do nothing, i.e. continue with current Building Regulations at 2006 Part L standards; 

• Option 2: 25% reduction on Part L from 2010 and 44% reduction on Part L from 2013 and 
increase energy efficiency requirement to a higher standard broadly equivalent to the EST’s 

                                            
14 Regulated emissions only include those associated with space heating, ventilation, hot water and fixed lighting.  Total emissions include 
regulated emissions plus those associated with cooking and other appliances. 
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Advanced Practice Energy Efficiency (APEE) from 2016, with allowable solutions to cover 
residual emissions; 

• Option 3: as in Option 2 but with a 70% reduction on Part L from 2016, in addition to the 
energy efficiency requirement and allowable solutions; 

• Option 4: as in Option 2 but with a 100% reduction on Part L from 2016, in addition to the 
energy efficiency requirement and allowable solutions. 

 
The consultation also states that an option based on the definition of zero carbon implied within Table 
2, which is essentially 100% reduction of  total emissions but not including any ‘allowable solutions’, 
has not been shown to be technically viable for all types of housing development.  It is therefore 
unlikely that this option will be considered further by the Government.   
 
Whether it is one of the four options above, or an alternative option, which is ultimately adopted 
remains to be seen.  However, in establishing baseline energy demands for the areas of study, it is the 
effect of the proposed CO2 reduction targets on both heat and power demands that first needs to be 
considered.  More specifically, the proportional reduction that energy efficiency measures are likely to 
contribute to the targets in comparison to that from low or zero carbon energy generation is of 
particular interest as it is the former that will influence energy demands. 
 
Therefore, for the purpose of estimating energy demands in the current study, two levels of energy 
efficiency were assumed.  The first level is approximately equivalent to 25% reduction in CO2 over 
Part L 2006 regulated emissions and applies to development between 2010 and 2012.  The second 
level is for development from 2013 and represents a 25% reduction on total CO2 emissions based on 
Part L 2006 building regulations. The justification behind this lies in the fact that the developments are 
being modelled over a period up to 2026, over which time the minimum energy efficiency level will 
increase through Building Regulations beyond 25% reduction in regulated emissions, which is the 
current level expected for 2010.  This is evidenced in the consultation as follows: 
 
“A number of standards exist for very energy efficient homes. One example is the PassivHaus 
standard, which originated in Germany. The Energy Saving Trust (EST) publishes guidance on energy 
efficiency standards which can satisfy the higher levels of the Code for Sustainable Homes. We 
understand that using such energy efficiency standards should permit carbon reductions in excess of 
the 25 per cent improvement that has been announced for 2010 and perhaps approaching the 44 per 
cent announced for 2013. Government is minded to include demanding energy efficiency backstops 
within the 2016 Building Regulations which will yield carbon reductions within this range, with an 
appropriate trajectory towards that level in 2010 and 2013. 
 
Development occurring in the period 2010-2012 will therefore achieve the equivalent of around 15% 
total CO2 saving due to energy efficiency measures with further savings resulting from Plymouth’s on-
site renewable energy target (see Section 6.3), which from 2010 will require a 15% saving on total 
emissions after energy efficiency.  Thus for the purpose of modelling future energy demands the 
saving would be approximately 25% of total emissions.  Using this method of modelling future energy 
demands allows for potential future macro-scale solutions to be sized to meet residual demands. 
 
The modelling work undertaken for the consultation refers to the EST standards of Best Practice 
Energy Efficiency (BPEE) and Advanced Practice Energy Efficiency (APEE), which have now been 
superseded by the EST CE290, 291 and 192 guides.  The work indicates that BPEE or APEE alone 
could achieve around 15% or 30% CO2 reductions on regulated emissions respectively.   
 
Part L 2006 baseline consumption for a range of dwelling types was taken from EST publication 
CE190.  Energy consumption for future buildings was then modified according to reductions in 
demand through increasing standards as explained above.  The demands are presented in Section 7. 
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6.1.2 Non-residential 
Predicted energy demand of new-build non-residential development is less defined than for the 
residential sector due to the large range of buildings involved.  To estimate the energy requirements 
within the study areas, the predicted quantity, use and size of buildings must be combined with 
typical/benchmark energy consumption data.  A range of resources have been researched to find the 
most appropriate energy consumption benchmarks, including: 

• Carbon Trust toolkits and guides 

• Chartered Institute of Building Services Engineers (CIBSE) Guides 

• Department of Communities and Local Government (DCLG) publications 

• Energy Saving Trust (EST) Best Practice Guides 

• London Energy Partnership Low Carbon Designer Toolkit 
 
Currently there is no clear indication from the Government on how the future trajectory of Building 
Regulations up to the zero carbon 2019 milestone will roll out.  For the purposes of demand modelling, 
it has therefore been assumed that the level of energy efficiency will be similar to that for residential 
development i.e. resulting in an average 25% CO2 reduction on total emissions over 2006 Part L levels 
over the period in question.  
 

6.2 Scenario modelling 
Having established an energy demand forecast, energy supply solutions for meeting these demands 
were then modelled and compared to a baseline scenario of carbon reduction targets likely to be 
implemented through Building Regulations.  Table 3 shows these CO2 emission reduction targets for 
each of the phases for a range of typical dwellings and the corresponding quantity of CO2 to be saved. 
 
 

Phase Target CO2 
reduction Top floor flat Mid-terraced End-terraced Semi-

detached Detached 

2010-2012 25% of 2006 TER 305 336 368 412 494 
2013-2015 44% of 2006 TER 536 592 648 725 870 

2016-2026 70% of 2006 TER 853 942 1,032 1,154 1,384 
100% of 2006 TER 1,218 1,346 1,474 1,649 1,977 

Table 3. Carbon dioxide reduction targets and required emissions savings (kg/yr) per dwelling type (TER = Target 
Emissions Rate)  
 
 
In proposing solutions for low carbon developments, a hierarchical approach is used consistent with 
that outlined in Section 6.1.  The ‘carbon compliance’ and ‘allowable solutions’ approach has been 
considered within macro-scale and micro-scale options for both areas of study.   
 
Costs and economic assumptions for low carbon development solutions at both the micro and macro 
scale have been drawn from a variety of sources, including supplier estimates for larger scale plant.  
 

6.3 On-site generation requirement 
As mentioned in Section 4, Plymouth currently has an on-site generation policy CS20 requiring 10% 
CO2 reduction through the use of on-site renewables for larger scale development, rising to 15% for 
the period 2010-2016.   
 
One issue that often needs clarification when referring to these types of policies relates to whether the 
required reduction is applied to the regulated or total CO2 emissions of a development.  For example, 
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a 10% reduction in total CO2 emissions equates to a reduction in regulated CO2 emissions of around 
16-20%.  (Policy G of the draft RSS refers to a 20% reduction in regulated emissions). 
 
As discussed in the previous sections, accepting that a 25% reduction on regulated emissions can be 
readily achieved by energy efficiency measures alone, and that this level of energy efficiency is 
assumed to be a baseline requirement from 2010-2012, an on-site renewables requirement will result 
in additional savings over this level.  For example, a 25% reduction on regulated emissions through 
energy efficiency measures followed by a 15% reduction on the resulting total emissions through on-
site renewables, would equate to approximately 44-50% overall reduction in regulated emissions. 
 
Therefore, for Phase 1 (2010-2012), Plymouth’s on-site generation policy would result in higher 
savings than those expected from future Building Regulations alone, and would serve to stimulate the 
market for renewable technologies, although at additional capital cost to the developer.  The savings 
achieved would be similar to the 44% reduction on regulated emissions expected by Building 
Regulations for Phase 2 (2013-2015).  However, the on-site renewables policy would only apply to 
larger development, meaning that developments below the scale threshold would only be required to 
achieve the energy efficiency backstop.   
 

6.4 Emissions 
Throughout this report, energy demands are translated into carbon dioxide emissions (or visa versa) 
using figures supplied by the Department of Food, Environment and Rural Affairs (DEFRA) for Green 
House Gas (GHG) Conversion Factors.  These estimate that under current conditions: 
 

• Grid electricity emits 0.53702kg of CO2 per kWh consumed. 

• Natural gas emits 0.205kg of CO2 per kWh consumed 
 
It should be noted that the carbon intensity of electricity will change in the future in light of wider 
energy policy developments. 
 

7 Energy demand forecast model 

7.1 Residential demand 
Assumed energy demands from Part L 2006 Building Regulations are shown below for various 
dwelling types.  These have been used to model the effect of carbon reduction targets and calculate 
any resulting changes in heat and power demand according to the phasing of development during the 
period up to 2026.   
 
 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached 
Total floor area 60.9 78.8 78.8 88.8 104 

Energy 
Requirement 
[kWh/yr] 

Space Heating 2,270 2,232 2,893 3,423 4,451 
Water 2,813 3,228 3,228 3,412 3,762 
Lights & Appliances 2,201 2,719 2,719 3,057 3,635 
Cooking 1,173 1,264 1,264 1,314 1,386 
Total 8,457 9,443 10,104 1,1206 13,234 

Table 4. Part L 2006 dwelling energy demands [source: EST CE190) 
 
For reasons explained in Section 6.1, a predicted 25% CO2 reduction on total emissions throughout 
the development period will result in decreased energy demands shown in Table 5.  For the period 
2010-2012, the savings are assumed to be achieved from energy efficiency measures, mainly through 
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a reduced space heating requirement with only minor savings from other areas and a 15% CO2 
reduction from Plymouth’s on-site generation policy.  Post-2013 these CO2 savings are expected to be 
met solely through energy efficiency measures.  The change in demand through energy efficiency is 
assumed to remain constant for the 2013 milestone and beyond.  This is investigated further in 
Section 9. 
 
 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached 

Energy 
Requirement 
[kWh/yr] 

Space Heating 1,135 1,116 1,447 1,712 2,226 
Water 1,828 1,937 2,098 2,218 2,558 
Lights & Appliances 1,981 2,447 2,447 2,751 3,272 
Cooking 1,056 1,138 1,138 1,183 1,247 
Total 6,000 6,638 7,129 7,863 9,303 

Table 5. Forecast dwelling energy demands for 2010-2016 
 

7.2 Non-residential demand 
DCLG’s Definition of Zero Carbon Homes and Non-domestic Buildings consultation15 contains 
average CO2 emission rates for a range of non-domestic building types which meet Part L 2006 
building regulations.  By applying the same CO2 conversion factors used in modelling these figures i.e. 
those used in the Standard Building Energy Model (SBEM), average energy consumption equivalents 
can be found.  These are shown in Table 6 below: 
 

Energy Use [kWh/m²/yr] Heating Cooling Auxiliary Lighting 
Domestic 
Hot Water Equipment Total 

Commercial Offices 103 14 9 47 15 62 251 
Communications and 
Transport 82 28 12 52 21 66 262 

Education 52 0 5 36 31 36 158 

Government 103 14 9 47 15 62 251 

Health 88 0 28 64 46 147 373 

Hotel 62 0 9 33 139 31 274 

Retail 57 116 19 161 0 31 384 

Sports and Leisure 0 71 36 52 160 33 352 

Warehouses 88 0 0 9 0 12 109 

Other Services 67 24 17 64 46 73 291 

Industrial 5 0 36 123 0 0 164 

Average 62 19 17 66 26 38 227 

Table 6. Average energy consumption for Part L 2006 non-domestic buildings16 
The planned trajectory of carbon reductions under Building Regulations for new non-domestic 
buildings up to the zero carbon target in 2019 is currently unknown, although the Government is likely 
to introduce phased reductions in a similar way as those for dwellings.  Minimum standards of energy 
efficiency during this period and hence heat and power demands are therefore difficult to estimate.   
 
For the purposes of this study however, it has been assumed that demands will be reduced from the 
effects of a 25% target reduction in total CO2 emissions in a similar way to dwellings.  Savings are 
therefore mainly achieved through reduced space heating with lesser savings through hot water 
supply, cooling and lighting and only minor savings in auxiliary and equipment.  These assumptions 
have been used to estimate future heating and power demands as shown in Table 7:  
 
  

                                            
15 See Table 6 in the consultation document 
16 Heating and domestic hot water assumed to be provided by mains gas.  All other categories are assumed to be powered by electricity. 
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Energy Use [kWh/m²/yr] Heating Cooling Auxiliary Lighting 
Domestic 
Hot Water Equipment Total 

Commercial Offices 52 11 9 36 10 55 172 
Communications and 
Transport 41 23 11 36 13 60 184 

Education 34 0 4 25 20 32 115 

Government 57 11 9 33 10 55 175 

Health 35 0 26 38 30 132 261 

Hotel 40 0 9 22 104 28 202 

Retail 34 93 17 113 0 28 284 

Sports and Leisure 0 53 32 36 104 30 256 

Warehouses 61 0 0 7 0 11 79 

Other Services 30 19 15 45 30 66 205 

Industrial 3 0 32 89 0 0 124 
Average 37 15 15 46 17 34 164 

Table 7. Estimated energy consumption for new non-domestic buildings 2010 onwards 
 

7.3 Forecast demand for Derriford  
For the Derriford area, assumptions on future plans and development phasing were made through 
discussions with Plymouth City Council and through stakeholder consultation.  The estimated phasing 
of the planned developments is shown in Annex A, although this remains incomplete for a number of 
sites due to the early stage of the development process.   
 
Total energy demands are therefore estimated to be 54.4GWh/yr heating and 68.4GWh/yr electrical, 
totalling 122.9GWh/yr of energy requirements. This assumes the 25% reduction in CO2 emissions 
would be predominantly saved in space heating, hot water and lighting.  Emissions from cooking 
assume a gas emission factor. CO2 emissions for this would therefore be 47,959tonnes/year. If energy 
efficiency measures weren’t included this would instead be 63,945tonnes/yr. Details for each of the 
development sites are given below. 
 
 

Development Area 

Energy Use MWh/yr CO2 
emissions 
tonnes/yr 

Initial 
Inhabitancy Built Year 

Building 
Regulation 

tonnes 
CO2/yr Heating Electrical Total 

NWQ Site 2,796 3,100 5,896 2,241 2,011 2018 2,988 
Tamar Science Park 
Site 2,964 3,318 6,281 2,392 2,015 2018 3,190 
Hawkin's Trust Site 16,350 20,808 37,158 14,542 2,010 2018 19,390 
PIBP & Derriford 
Business Park Site 16,850 21,143 37,994 14,825 2,010 2020 19,767 
Airport Site 2,172 2,303 4,475 1,684 2,011 2015 2,246 
Marjon's Site 3,363 3,329 6,693 2,481 2,010 2018 3,308 
Derriford Roundabout 
Site 924 1,019 1,943 738 2,015 2020 984 

Derriford Hospital Site 3,938 6,147 10,085 4,112 2,011 2016 5,483 

SWW / B&Q Site 4,392 6,530 10,921 4,411 2,014 2020 5,882 

BT Site 692 725 1,417 532 2,012 2015 709 

Total 54,442 68,421 122,863 47,959 - - 63,945 
Table 8. Summary of Derriford energy use 
 
Within each of the development sites there are a range of developments which are built within the 
initial inhabitancy/built years and are included within the model. These more detailed phasing and 
energy demands have been used to create the graph below which shows how the different energy 
demands change with time. 
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Derriford Cumulative Energy Demands
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Figure 2.  Derriford cumulative energy demands 
 

7.4 Forecast demand for City Centre  
For the City Centre, assumptions on future plans and development phasing were made through 
discussions with Plymouth City Council and through stakeholder consultation.  The estimated phasing 
of the planned developments is shown in Annex A.  Total energy demands are therefore estimated to 
be 15.3GWh/yr heating and 32.2GWh/yr electrical, totalling 47.5GWh/yr of energy requirements. This 
assumes the 25% reduction in CO2 emissions, predominantly saved in space heating, hot water and 
lighting. CO2 emissions for this would therefore be 20,432tonnes/year. If energy efficiency measures 
weren’t included this would instead be 27,243tonnes/yr. Details for each of the development sites are 
given below. 
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City Centre Cumulative Energy Demands
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Development Type 

Energy Use MWh/yr CO2 
emissions 
tonnes/yr 

Initial 
Inhabiting 

Completion 
Date 

Building 
regulation 

tonnes CO2/yr Electricity Heating Total 

Cornwall 
Street 

Retail 12,738 5,152 17,890 7,902 2018 2022 10,536 

Residential 2,053 2,003 4,056 1,515 2018 2022 2,020 

Office 1,185 479 1,664 735 2018 2022 980 

Parking 3 0 3 2 2018 2022 2 
Colin 

Campbell 
Court 

Retail 1,399 566 1,965 868 2013 2015 1,157 

Residential 398 388 786 294 2013 2015 391 

Morley Court 
Residential 483 471 954 356 2013 2015 475 

Health 3 103 106 23 2013 2015 30 

Parking 5 0 5 3 2013 2015 4 

Civic Centre 

Retail 622 251 873 386 2016 2020 514 

Residential 143 139 282 105 2016 2020 140 

Office 568 230 798 353 2016 2020 470 

Hotel 1 168 170 35 2016 2020 47 

Leisure 5 0 5 3 2016 2020 4 

Bretonside 

Retail 355 144 499 220 2013 2014 294 

Office 888 359 1,247 551 2013 2014 735 

Hotel 1 131 132 28 2013 2014 37 

Parking 4 0 4 2 2013 2014 3 

North Cross 

Leisure 2,102 0 2,102 1,129 2013 2015 1,505 

Office 8,005 3,238 11,243 4,966 2013 2015 6,621 

Retail 711 287 998 441 2013 2015 588 

Hotel 6 710 716 150 2013 2015 199 

Residential 498 486 984 368 2013 2015 490 
Total - 32,176 15,307 47,483 20,432 - - 27,243 

Table 9. Summary of City Centre energy use 
 
Unlike Derriford, the electrical load is much higher than the heating load in the City Centre. This is 
because of the vast cooling requirements caused by a mainly retail and office mix. This can be seen in 
the graph below which shows the energy demands changing over time as more buildings are 
occupied. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  City Centre cumulative energy demands 
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Energy demands for both areas are incorporated within the MS Excel model accompanying this report. 
 

7.5 Demands outside of the redevelopment areas  
There are a number of areas in the City Centre that are not part of the planned developments 
discussed above, some of which are not expected to be re-developed for a significant time.  
Nevertheless, there may be opportunities to provide some level of decarbonisation for these areas, 
particularly those that might be in close proximity to any potential district heating schemes.  One 
example of this is considered below.   
 
As part of the Plymouth City Centre Area Action Plan (AAP), the City Council seeks to protect several 
buildings along Royal Parade, under Policy CC02. This would effectively safeguard these buildings so 
they are integrated into the renewed City Centre, allowing for a combination of modern and older 
buildings. Whilst these buildings may have sensitive alterations, they would not be demolished or 
redeveloped as a whole and therefore are unlikely to be brought up to the proposed 2010 Building 
Regulations levels. Consequently it has been assumed that these sensitive alterations would bring the 
buildings in line with current (2006) Building Regulations, resulting in the energy demands listed 
below.   
 

ID Name 

Ground 
Area 
m² Floors 

Area 
m² 

Energy Consumption 
(MWh/yr) CO2 

emissions 
tonnes/yr Electricity Heating Total 

261 Argos Extra 942 4 3,770 500 447 947 361 

262 Timpson 17 1 17 2 2 4 2 

284 Vacant 566 4 2,264 317 198 515 211 

285 Savers 334 2 668 89 79 168 64 

286 Sharps Modern Dolphin 196 2 391 52 46 98 37 

287 Not known 15 1 15 2 1 3 1 

288 Not known 16 1 16 2 1 4 1 

289 Not known 101 1 101 14 9 23 9 

290 The Gorge Cafe 170 1 170 12 34 47 14 

291 Whoopee 168 1 168 22 20 42 16 

292 Pizza Hut 322 2 643 47 129 177 52 

293 Vacant 317 2 634 89 56 144 59 

294 Spar 163 1 163 22 19 41 16 

295 The Pine Trading Co 249 2 498 37 100 137 40 

399 Vacant 132 1 132 19 12 30 12 

400 Holland & Barrett 144 1 144 19 17 36 14 

401 Peter Briggs 148 1 148 20 18 37 14 

402 Bowden 139 1 139 18 17 35 13 

403 Antics 143 1 143 19 17 36 14 

404 Yates Wine Lodge 541 4 2,163 159 435 594 175 

405 T K Max 283 2 566 75 67 142 54 

410 Hogshead 477 3 1,432 105 288 393 116 

411 LLoyds Bank 580 4 2,321 170 467 637 188 

412 
Blacks Camping & 
Leisure 180 1 180 24 21 45 17 

413 H Samuel 125 1 125 17 15 31 12 

491 
Dingles, House of 
Fraser 3,190 4 12,761 1,693 1,513 3,206 1,221 

492 Debenhams 3,310 4 13,239 1,757 1,570 3,326 1,267 

Total 12,969 - 43,012 5,302 5,598 10,900 4,000 
Table 10. Summary of Royal Parade energy demands 
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As can be seen, the split between electricity and heat would be much more even in these older 
buildings and over 60% of the heat demand is from just three large stores, which if connected in would 
improve the economics of any potential CHP/district heating scheme implemented in the City Centre.  
This is discussed further in Section 9.5. 
 

7.6 Summary of energy demands  
• Energy benchmarks have been sourced from the Energy Saving Trust (EST) and the 

Department for Communities and Local Government (DCLG). 

• These are compliant with 2006 building regulations and, at the time of report production, 
considered the most applicable and accurate benchmarks to use. 

• These benchmarks were lowered to create a set of “post 2013” benchmarks to reflect 
tightening in building regulations.to achieve a 25% CO2 saving, with the majority of savings in 
space heating and hot water with minor savings in other areas. 

• Derriford would have a total energy consumption of 122,863MWh/yr, split between 
54,442MWh/yr of heating and 68,421MWh/yr of electricity. 

• Based on 2006 building regulations this would emit 63,945Ftonnes/yr of CO2. 

• The city centre has an estimated 47,483MWh/yr of energy demand split between 
15,307MWh/yr of heating and 32,176MWh/yr of electricity 

• Based on 2006 building regulations this would emit 27,243tonnes/yr of CO2. 

• The difference in heat and electrical uses at the two sites is not just one of scale but is also 
due to the different levels of building types.  The City Centre has a large proportion of retail 
premises which require large amounts of electricity for cooling and lighting, whereas Derriford 
has fewer retail outlets and more residential properties proposed.  

• Royal Parade has a total energy demand of 10,900MWh/yr split between 5,302MWh/yr of 
electrical and 5,598MWh/yr of heating demand, over 60% of which is from just three large 
stores.  

• Energy demands are summarised in Figure 4 below. 

 
 

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

Derriford City Centre Royal Parade

En
er

gy
 D

em
an

d 
[M

W
h/

yr
]

Heating

Electricity

 
Figure 4. Summary of energy demands 
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8 Low carbon and renewable energy technology resources and 
constraints  

 
In 2006 Plymouth City Council commissioned a Sustainable Energy Strategic Viability Study17 for the 
Planning and Regeneration Service of Plymouth City Council to report on the real local potential, 
viability and deliverability of sustainable energy options within the city.  Table 11 below summarises 
the accessible resource that was identified.  
 

Technology or fuel 
source  

Equivalent installed capacity 
(based on accessible resource)  

(MW)  
Notes  

Forest/Woodland 
Residues  3.1  

Assumes a 40km capture radius  
Energy Crops  171  

Municipal & Industrial 
Waste  10.2   

Landfill Gas  5.2  Nominal output from Chelston Meadow  

Sewage Gas  0.5   

Onshore Wind  65.4   

Small / Micro Hydro  0.4   

Solar Photovoltaic  16.8  
Considers housing only. Comprises 
13.5MW from existing housing and 

3.2MW from future new build  

Microwind  13.6   

Total electricity  286.2   

Woodland (Sawmills)  0.2   

Solar water heating  23.5  
Considers housing only. Comprises 
18.9MW from existing housing and 

4.5MW from future new build  

Heat pumps  79.4  Estimated from number of future new 
build housing  

Heat from CHP  368.6  
Assumed to be double the electrical 
output of CHP from energy crops & 

waste  

Total heat  471.7   

Table 11. Summary of accessible renewable/low carbon energy resources in Plymouth 
 
 
The key resources that are relevant to the City Centre and Derriford developments are biomass, 
waste, large scale wind and micro-renewables.  Annex B reproduces the resource maps for wind and 
biomass, and includes further information on the biomass resource assessment undertaken for the 
2007 study.  The constrained biomass resource is shown within a 40km radius of Plymouth and 
consists of approximately 25,000dte (dry tonnes equivalent) of forest residues, 1,400,000dte of energy 
crops and approximately 30,000dte of waste wood.  The constrained wind resource is shown as a 
potential of 37GWh/y installed capacity in industrial areas and 135GWh/y in open areas.   
 
The municipal waste produced per annum in the Plymouth area in 2005/6 was estimated at 162,000 
tonnes per annum in PCC’s Municipal Waste Management Strategy (2007).  This is expected to rise to 

                                            
17 Plymouth Renewable Energy Strategic Viability Study, CSE and WAI, March 2007. 
http://www.plymouth.gov.uk/homepage/environmentandplanning/planning/planningpolicy/ldf/ldfbackgroundreports/renewableenergystudy.htm 

http://www.plymouth.gov.uk/homepage/environmentandplanning/planning/planningpolicy/ldf/ldfbackgroundreports/renewableenergystudy.htm
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200,000 tonnes per annum by 2020.  Of this, some 50% can be considered as non-fossil fuel based 
and therefore considered as a renewable resource. 
 
A range of micro-renewables can potentially be implemented in both areas. Constraints on both these 
and the larger scale resources are discussed further in Section 9. 
 

9 Options for meeting energy demand forecasts in study areas  
 
In the following sections different options to meet the energy demands identified in Section 7 are 
considered.  Each section provides a brief description of the technology, its applicability and identifies 
the estimated CO2 savings and economic payback period that could be achieved for each of the 
elements of the proposed City Centre and Derriford developments. 
 

9.1 Energy efficiency options 
An energy saving hierarchy for buildings can be split into four main phases: 

• Reduce energy requirements 

• Use energy efficiently 

• Supply energy from renewable/zero carbon sources 

• Supply remaining energy from sources with the lowest carbon intensity 
 
This is the commonly accepted method of reducing energy demand.  Energy efficiency measures (up 
to a point) are a cheaper method of reducing energy demands and hence CO2 emissions.  By 
reducing the energy requirements the level of renewable energy required to meet savings is reduced, 
and hence an optimum balance can be achieved.  By targeting energy reductions to the energy 
demands with the highest carbon intensities greater CO2 savings are achieved for the same financial 
costs. However, it is important to note that micro renewable technologies are an emerging technology 
and growth in their market must be stimulated.  Keeping Plymouth’s existing on-site renewable energy 
policy will ensure this market continues to grow in the area. 
 
Reducing building energy requirements is achieved through intelligent building design and the 
implementation of energy efficiency.  Intelligent building design should include: 

• Passive Solar Building Design: Increasing solar gain in winter reduces the space heating 
requirements. Controlling solar gain (through the use of shading) in summer reduces the 
cooling requirement. Using thermal mass in areas of solar gain can then store energy and 
help reduce fluctuations between night and day and somewhat between daily fluctuations due 
to weather changes. 

• Efficient lighting and appliance placement: by optimum placement of lighting and appliances, 
the wasted energy use within a building is reduced 

• Efficient spatial planning: making spaces within buildings usable by avoiding “dead areas”, 
sizing buildings correctly and correctly positioning different zones (different areas of usage), 
correct placement of windows and other natural lighting to reduce the need for artificial 
lighting, etc. 

• Passive heat recovering ventilation: fresh air brought into buildings can absorb heat from stale 
air leaving the building through the use of a passive heat exchange system, reducing heat loss 
and thereby space heating requirements. 

 
Energy efficiency measures include: 
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• Insulation: Insulating floors, walls and roofs provides a huge saving in space heating. 
Insulating hot water tanks and pipes reduces the requirement for hot water heating. 

• Glazing: using energy efficient glazing reduces heat loss and increases the effects of solar 
gain compared to standard glazing. 

• Reducing buildings air permeability: by keeping the uncontrolled air losses to a minimum 
reduces the space heating and cooling requirements. 

• Efficient heat distribution systems: Using efficient heat distribution systems such as underfloor 
heating and ducted air reduces the space heating requirement. 

• Energy efficient lighting: using compact fluorescent lights (CFLs), Light Emitting Diodes 
(LEDs) and other forms of energy efficient lighting reduces the electricity required for lighting. 

• Energy efficient boilers: If boilers are to be used, modern condensing gas boilers achieve 
efficiencies above 90%, which is ~20% more efficient than an older, conventional boiler. 

• Energy efficient appliances: “A” rated appliances use less energy than older, less efficient 
technology. This reduces the electrical requirements. 

 
Using energy efficiently is reliant on human behaviour within buildings, and is therefore beyond the 
scope of this study.  However, the installation of “Smart Meters” which can display heating, electrical 
and water consumption within a building has been shown to help people understand their consumption 
and can result in significant savings.  
 
Minimum levels of energy efficiency are governed by Building Regulations, which stipulate minimum 
levels of insulation, air permeability, etc.  It is believed these levels of energy efficiency will be 
tightened in future regulation revisions to meet CO2 emission reductions to match the Code for 
Sustainable Homes Level 3, or a 25% reduction over regulated emissions from 2010-2012.  From 
2013, this is expected to increase to a level approaching 44% reduction over regulated emissions i.e. 
Code Level 4. 
 
As explained in Section 6, within the EST’s Best Practice CE290 guide it is suggested that a 25% 
reduction in regulated CO2 emissions is achievable using a series of design backdrops as follows: 

• Reduce heat loss (W/m2 K) of roofs from the current building regulations of 0.25 to 0.13. 
Similar heat loss reductions for walls from 0.35W/m2 K to 0.25 and exposed floors from 
0.25W/m2 K to 0.2. 

• Windows achieve a British Fenestration Rating Council (BFRC) band C rating or better; 
current building regulations stipulate a heat loss of 2.2W/m2 K. 

• Reduce heat loss from doors to 1.5 W/m2 K if glazed, or 1 W/m2 K if solid. 

• Ventilation systems must achieve a specific fan power (SFP) of 0.6W/second or less, or if 
using a heat recovery system of 85% or higher, 1W/second. 

• 75% of lighting to be energy efficient. 

• External light fittings limited to 150W. 

• All major white goods supplied with the dwelling to be Energy Saving Recommended 

• Air permeability reduced from current building regulations of 10m3/hour per m2,to 3m3/hour per 
m2 

• A ventilated space for clothes drying to be provided within the house. 
 
This specification backstop is also used in EST best-practice guides CE291 and CE292 for meeting 
CfSH Level 4 and 6 respectively.  
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As described in Section 6, for the purpose of estimating energy demands in the current study, two 
levels of energy efficiency were assumed.  The first level is approximately equivalent to 25% reduction 
in CO2 over Part L 2006 regulated emissions and applies to development between 2010 and 2012.  
The second level is for development from 2013 and represents a 25% reduction on total CO2 
emissions based on Part L 2006 building regulations.       
 

9.2 Cost of carbon dioxide 
There are various ways of measuring the cost of CO2, but for the purposes of this report a simple view 
has been taken which allows for the financial cost and CO2 saving of different technologies to be 
compared. The formula used to estimate the cost per tonne of CO2 saved is: 
 

= [annual revenue – (CAPEX/technological lifetime) – annual costs] / tonnes of CO2 saved 
 
Technologies which have a high cost require significant investment to achieve savings and therefore 
those with lower costs are more financially viable. Macro scale options even have the potential to have 
a negative cost; i.e. a revenue. 
 

9.3 Micro-scale options 
This section considers the micro-scale options for the redevelopment of Plymouth City Centre and 
Derriford area, ie technologies that can be applied to individual buildings.  These include: 

• Small and micro-scale wind  

• Solar photovoltaics (PV) 

• Solar water heating (SWH) 

• Ground source heat pumps (GSHP) and air source heat pumps (ASHP) 

• Biomass heating 

• Micro CHP 
 
Several of the micro technologies that were investigated were considered “emerging technologies” 
due to their current place in the market. These technologies all have potential to be installed in the 
future; however this will require changes to their supply chains and/or economics.  An overview of 
each technology and its potential application within the study areas is given below.  Further details and 
assumptions are included in Annex C.  
 

9.3.1 Small and micro-scale wind  
Although many micro turbines are currently available on the market, this technology is still viewed as 
an emerging technology.  Although the Plymouth Renewable Energy Strategic Viability Study (see 
Section 5.3) attempted to quantify this resource, more recent studies have indicated that performance 
may be overestimated in many situations.  For example, the Warwick Wind Trials, an independent 
study carried out by Encraft and endorsed by the Pilkington Energy Efficiency Trust and the Building 
Research Establishment (BRE) Trust, found that energy generation predictions are likely to be 
overestimated by a factor of ~16, if using manufacturers’ data combined with the national wind speed 
database. 
 
Power curve data available from manufacturers is typically not verified and there are proven 
inaccuracies in the national wind speed database at the low heights these turbines would be typically 
installed, caused by no allowance within the database for thermally driven winds or specific surface 
conditions (surface roughness, wind shielding, etc). 
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If this technology is developed further and if a greater understanding existed of wind flow in urban 
environments, this technology may well have several potential applications.  Building mounted 
turbines would be best suited in unsheltered conditions at the top of the taller buildings within the 
study areas.  Their potential for energy generation and resulting impact on carbon savings is therefore 
significantly limited and for this reason is not modelled further within this study.         
 
Small wind turbines typically range from 6-100kW, and are mounted on towers like their larger 
brethren.  Constraints in the City Centre are such that their application is severely limited.  The 
predominantly urban environment found within Derriford also suggests that turbines at the higher end 
of this scale would be unsuitable as they would have too great a noise and visual impact on dwellings.  
However, two models of 6kW and 25kW capacity have been assessed in relation to the wind resource 
in Derriford. The results indicate that each could provide around 8-13MWh and 53-82MWh 
respectively, which represents only a very small proportion (0.02% and 0.1%) of the area’s forecast 
electricity demand.  
 

9.3.2 Heat pumps  
The most practical use of heat pumps is for space heating (or cooling if the system is used in reverse) 
via an efficient heating distribution system such as underfloor heating or ducted air. These systems 
use ground loops in the form of a trenched pipe or boreholes to transfer heat from the ground to a 
building.   
 
Although powered by electricity, systems can provide an energy efficient and low carbon way of 
heating or cooling many different types of accommodation, from individual houses to flats with 
communal heating systems or community facilities.  Ground source heat pumps (GSHP) are clean, 
quiet and low maintenance. However, the need for a trench or borehole close to the heat load requires 
a certain amount of space around the building.  System outputs are typically around 35°C, which 
makes them particularly suitable for well-insulated buildings (i.e. new buildings) with low termperature 
distribution systems such as underfloor heating.  A GSHP system can reduce the running costs of a 
building over a life span of approximately 25 years.  
 
Water source heat pumps work in the same way as GSHP’s, but use a source of water as the heat 
sink.  Similar efficiencies can be achieved using this technology but due to the lack of a water 
resource in either study area, this technology has been discounted. 
 
Air source heat pumps use ambient air as a heat source.  This has much higher seasonal variance 
and much lower heat-storing properties.  The resulting lower efficiency greatly reduces the economic 
viability and also the potential carbon savings.  This technology has been excluded due to these 
reasons. 
 
GSHPs have been modelled across the areas of study to indicate potential CO2 savings and costs. 
Due to the high carbon intensity of the electricity grid, GSHPs are an expensive method of saving 
carbon compared to most other micro technologies and are limited by the need for ground loop space, 
particularly for high density residential development.  In the current conditions this technology is 
unsuitable, with typical CO2 savings on regulated emissions in the region of 16% only.  Costs per 
tonne of CO2 saved/yr (£1000-2000) for this technology are much higher than any of the other 
technologies investigated. 
 

9.3.3 Biomass heating  
Although micro-scale biomass heating has potential in non-residential buildings, it is generally 
uneconomic for larger scale residential developments as heat loads tend to be too small to warrant 
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individual automatic biomass boilers.  Fuel deliveries to individual dwellings can also be problematic.  
Biomass heating can achieve significant savings, especially in buildings with high heat loads such as 
educational buildings, hotels and sports & leisure facilities. Offices also have a fairly significant heat 
load and so biomass boilers can achieve a reasonable saving. In retail they have the least savings 
due to the relatively small heat load compared to other energy uses. 
 
For this reason biomass heating has better credentials in Derriford, where saving compared to Part L 
2006 total emissions can reach 19% or over.  This represents approximately 32% savings on 
regulated emissions.  With energy efficiency measures this can therefore achieve 44% reduction on 
regulated emissions with relative ease.   
 
Two main types of fuel are available for modern automatic wood fuelled boilers.  The larger systems 
(100kW+) utilise wood chips, which are cheaper (£40-£80/tonne) than the wood pellets used by 
smaller systems but have a lower calorific value, with an energy density of approximately 0.8MWh/m3.  
They are also more difficult to handle and require a larger storage area due to their low density, which 
is ~320kg/m3.   
 
Wood pellets are more expensive, e.g. £180-£220/tonne, but have a number of advantages for small 
systems, the principal one being simpler fuel handling systems. The fuel has a higher calorific value of 
~3.2MWh/m3 and a higher density of approximately 675kg/m3. 
 
In the city centre the cost/tonne of CO2 saved is ~£100 for chip-based systems, or ~£180 for pellet 
fuelled boilers. Compared to Derriford, this higher price is a result of the lower heating demand profiles 
within the city centre, but this technology remains the cheapest micro-renewables solution.  However, 
savings are typically around 16% of regulated emissions and would therefore require an increase in 
energy efficiency and/or solar technology to achieve the 44% reduction. 
 
There also may be limitations due to biomass heating having the following requirements: 

• Fuel deliveries and ash disposal 

• Space required for boiler unit and fuel storage 

• Greater operational and maintenance requirements 

 

9.3.4 Solar photovoltaics (PV)  
Typical PV systems are unique in that they can be installed not only as renewable energy systems but 
also as a building material. PV panels can be fitted on existing rooftops or can be fully integrated 
through the use of tile and slate systems that form part of the weatherproofing on the roof. This makes 
them highly suited to urban environments which are found in both study areas. They require SE-SW 
facing roof with an inclination angle of 10°-50°; the optimum angle in southern England is 30°, which 
increases output by approximately 10% compared to other installations.  Unshaded installations are 
critical, and therefore thought must be given to optimising the available roof space for installing PV.   
 
PV can be installed on south facing vertical facades at a sacrifice of 30% of the optimum output. This 
is particularly useful in high-density developments and tower-blocks which often have a large 
unshaded resource if these areas are included. This should only be used as a last resort due to the 
reduced levels of generation. 
 
There is also the option to integrate PV panels within glazing, using thin film technology. This also 
increases the available installation space, however these panels generate ~40% less than standard 
silicon cells. Thin film technology is therefore currently still relatively expensive although future mass 
production may significantly lower costs. 
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PV systems are highly expensive when compared to other micro-renewables, ranging from £5,000/kW 
at the cheapest end of the scale to over £10,000/kW for tile-integrated solutions, with a cost/tonne of 
CO2 saved of approximately £211.  Whilst this technology has been modelled as a micro-renewable 
option for both study areas, the expectation of future capital cost reductions along with operational 
incentives will be crucial to more widespread implementation. 
 

9.3.5 Solar water heating (SWH)  
Flat plate solar collectors, while not quite as efficient as evacuated tubes, are less visually obtrusive as 
they can be integrated into the roof.  They also have a longer life span than solar evacuated tubes.  It 
is for these reasons they were chosen over solar evacuated tubes. Three panels connected to a 250–
300 litre cylinder by a riser to the roof should be sufficient to supply ~900kWh assuming a 2.5m2 
catchment area. These systems would cost approximately £1,200 per panel and therefore simple 
payback would be approximately 38 years. The cost per tonne of CO2 saved is approximately 
£45.85/tonne. Typical residential installations are suitable for all housing apart from large blocks of 
flats, which unfortunately rules out residential installations in the City Centre. 
 
Solar hot water panels are not as cost effective as biomass technology, but if biomass boilers were 
ruled infeasible then solar hot water panels can achieve a small CO2 reduction in some non-residential 
buildings; in particular hotels and sports/leisure facilities. For this reason the technology is somewhat 
applicable in Derriford but less effective in the City Centre. 
 
If installed throughout Derriford’s non-residential sector this technology could save 2,316 tonnes/yr of 
CO2 at an installed cost of just under £15 million.  This would be through the installation of almost 
12,500 panels which would generate 7,866MWh/yr of hot water.  This would achieve around 16% 
reduction in regulated emissions and would therefore require significant installations of other low-
carbon technologies to meet the excess emissions. 
  
Installations in Derriford’s residential sector would achieve savings of between 25%-32% on regulated 
emissions and is the cheapest micro-renewables option for suitable dwellings.  Approximately 10,600 
panels would be required at a cost of £12.7million.  A small increase in energy efficiency and/or the 
installation of a small solar PV array could therefore meet a 19% reduction for properties not already 
achieving this level.  Combined with the 25% energy efficiency levels, this would therefore achieve a 
44% reduction. 
 

9.3.6 Micro CHP  
Micro CHP is an emerging technology that is being presented as a replacement for the traditional gas 
boiler. The system generates electricity as well as space heat and hot water. Micro CHP systems are 
still under development within the UK commercial market place at present. This technology runs on 
gas and is an energy efficiency technology rather than renewable. Units are typically about 1kWe in 
size giving low electrical efficiency of around 15% but higher overall efficiency of 90% when operating 
in a condensing mode. The system consists of a prime mover e.g. Stirling Engine for a dwelling or an 
internal combustion engine system for a group of dwellings supported by a network of heating pipes. 
Systems of this nature are much larger at around 5kWe. Additionally an alternator, heat recovery 
system and control system are required. 
 

9.3.7 Key points from micro-scale options analysis 

• Micro wind turbines are still an emerging technology, and whilst they may have some minor 
application in Derriford they would not achieve significant CO2 savings 
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• Small wind turbines could potentially be deployed in certain areas in Derriford at a suitable 
distance from dwellings, however constraints would again severely limit savings achieved 

• The parasitic electrical load of heat pumps dramatically increases their running costs and 
reduces the CO2 savings.  Their cost effectiveness therefore significantly constrains their 
application in comparison to other renewable heating technologies. 

• Solar hot water panels are effective at achieving 25-32% CO2 savings on regulated emissions 
in dwellings and some non-domestic buildings in Derriford. They are less suitable to the City 
Centre due to the prevalence of flats. 

• Solar PV can potentially be installed in either study area; however this technology involves 
large capital expenditure and for higher targets would be significantly constrained by roof or 
façade space.  

• Biomass boilers have potential for meeting heating demands in non-domestic buildings. In 
Derriford this could save around 25-33% of regulated CO2 emissions in non-domestic 
buildings; however they require regular fuel deliveries, ash disposal and space for the boiler 
and fuel storage. 

• Micro CHP technology is still in development and not yet suitable for widespread 
implementation. 

• In terms of compatibility, it is not normally recommended to combine biomass boilers with 
solar water heating as the former can be more cost effective on its own in supplying both 
space and water heating.  Other technologies can normally be installed in parallel, but there 
may be limitations on available roof space when installing both solar photovoltaic and solar 
hot water panels. 

• Whilst some of these technologies could meet 2013 targets, they would not be sufficient to 
meet post 2016 targets. 

• Figure 5 below compares the capital cost required per annual tonne of CO2 saved across the 
technologies. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 
                             

Figure 5. Comparison of carbon abatement costs for micro-scale 
technologies as modelled (considers capital costs only)  
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9.4 Macro-scale options – overview 
Macro low carbon and renewable energy solutions to achieve the carbon reduction target scenarios 
are limited to large scale wind turbines coupled to heat pumps or gas/wood/waste fired CHP plants 
coupled to district heating systems.  Anaerobic digestion is not considered to be a viable option in the 
urban environments of the City Centre and Derriford. 
 

9.4.1 Large scale wind and heat pumps  
Large scale wind turbines coupled by private wire to heat pumps would provide zero carbon electricity 
and heating.  By extension, a direct supply contract with a wind farm elsewhere (which has only just 
become possible) could provide the same zero carbon solution.  However, this is perhaps more 
appropriate as an “allowable solutions” option and is not considered further here.    
 
For the City Centre, large scale wind is not feasible as there is no space to locate the turbines without 
causing a noise nuisance.  A minimum buffer of 500m to the nearest property is normally required. 
 
The Derriford area has some space available that could be used to site one or two 2MW scale 
turbines.  This is to the east of the proposed development but because of the 500m buffer requirement 
would still result in a significant proportion of the eastern residential areas being sterilized due to 
noise.  Also in the previous study undertaken by CSE/WAI, large scale turbines in this area were 
rejected due to the proximity of Plymouth Airport.  Although the proposed re-development of the 
airport includes dropping the north-south runway, which would mean the turbines would be off to one 
side of the remaining runway and flight path, the CAA is still expected to object to them on 
safeguarding and radar grounds.  Large scale wind is therefore not considered viable for Derriford. 
 

9.4.2 Combined heat and power and district heating systems  
The only remaining viable macro option would appear to be a combined heat and power (CHP) plant, 
possibly with adsorption cooling, coupled to a district heating system.  There are several fuel options 
available for a CHP plant: 

(a) Natural gas 

(b) Virgin wood or clean uncontaminated waste wood 

(c) Contaminated waste wood  

(d) Municipal solid waste (MSW) 

(e) Commercial and industrial waste (CIW) 

(f) Refuse derived fuel (RDF)  
 
Due to the potential for contaminants in the materials, the latter four options require the plant to be 
compliant with the Waste Incineration Directive (WID), which in practice means a significantly more 
expensive plant due to the cost of fuel pre-processing and end of pipe clean up equipment.  This is 
particularly true in the case of smaller plants and probably limits the minimum economic size to around 
3MWe, even when a gate fee can be charged for disposing of the waste, producing a third income 
stream.  They will also be more difficult to get through the planning and permitting process as any 
waste fueled CHP plant will be tagged as an “incinerator” will probably face considerable local 
opposition.   
 
PCC has already identified a number of sites in their waste strategy, none of which are near the City 
Centre or Derriford.  Options (d) and (e) will therefore not be considered further.  However if PCC were 
to decide on a Mechanical and Biological Treatment solution rather than on-site energy from waste, 
the end product would be a RDF, which could then be used to fuel the Derriford or City Centre CHP 
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plants.  Note that a RDF fuelled CHP plant would still need to be WID compliant.  Also, it would only 
attract Renewable Obligation Certificates (ROCs), the subsidy mechanism for renewable electricity, on 
the biomass element of the waste (deemed to be 50% from 2009 but rising to 65% over time).  See 
Section 12.2.4 for a detailed explanation of the ROC mechanism and Annex F for more details on 
RDF.  The CO2 savings would also be reduced accordingly.  Similarly, a contaminated waste wood 
fired CHP plant would also have to be WID compliant, however it would attract ROCs on 100% of the 
feedstock as there is no fossil fuel content. 

a) Natural gas  
A natural gas fired CHP plant consists of a reciprocating engine or in large installations, a gas turbine, 
coupled to an electrical generator.  Waste heat is extracted from the exhaust gases (circa 450°C) via a 
heat exchanger or heat recovery steam generator.  A similar amount of heat is also available from the 
water jacket although at a significantly lower temperature (90°C).  Gas fired CHP plants require no 
special pretreatment of the fuel and little end of pipe emissions clean up.  They are also relatively 
cheap in capital and operational terms.   
 
A gas CHP plant would effectively provide CO2 free heat as the CO2 “load“ is carried in the electricity 
produced.   In fact there are even some electrical CO2 savings when compared with grid supplied 
electricity as there would be no transmission losses.  Total CO2 savings would therefore be 0.23 
tonnes/MWh/yr for every MWh of electricity supplied.  Notwithstanding these CO2 benefits, gas fired 
CHP does not attract ROCs.  It is also worth noting that the savings on the electrical side are mostly 
due to the large amount of carbon used in the UK’s current generating mix, ie coal, compared to 
natural gas as a fuel.  As this mix is de-carbonised by increasing the renewables and nuclear content 
and potentially from carbon capture and storage, the savings will reduce.  This is not expected to have 
a significant effect before 2020 but may be an issue beyond then when a new generation of nuclear 
powerplants is expected to come on line. Gas fired CHP is popular because it is a tried and tested 
technology, has low capital costs compared with other options and has a very small footprint that 
makes it easy to embed in existing developments.  The EDF CHP system at Imperial College is a 
good example of this.       

b) Other fuels 
There are basically two energy conversion technology options for all of the other potential fuels, 
gasification/pyrolysis or steam turbines.  Both are appropriate to the City Centre and Derriford sites. 
 
Gasifiers use the same generating technology as gas fired CHP but add a gasifier in front of the 
engine/gas turbine which converts the solid fuel into a combustible gas.  This is effectively the same 
process that was used to produce “town” gas from coal (the water gas reaction) but it has only recently 
been applied to other carbonaceous fuels on a small scale basis.  Gasifiers have significant 
performance benefits over small scale steam turbines (circa 5MWe) with typical electrical efficiencies 
of up to 30% and can maintain this on systems as small as 500kWe.  This higher electrical efficiency 
means that less “waste” heat is available, typically twice as much heat as electricity, ie a ratio of 2:1 
after internal losses.  When coupled to an auxiliary steam turbine in a combined cycle plant, their 
electrical efficiency can be as high as 40%. They also have lower emissions as the high temperature 
gasification and gas clean up process destroys or removes many pollutants before they are 
combusted in the engine.   
 
The main disadvantage associated with gasifiers is one of not having a track record.  Being a relatively 
recent technology for biomass, there are very few systems with more than 4,000 operational hours in 
the UK.  This makes lenders reluctant to finance gasification projects.  Secondly, some gasifiers, eg fix 
bed, can be temperamental about their fuel characteristics (size, shape composition, moisture content, 
contaminants, etc) and need a consistent fuel quality.  This is not easy to achieve, particularly when 
waste is involved.  There are other types, ie rotating kilns, under development, which can accept a 
much wider range of fuel types and qualities, eg the Stein Gasifier.  However, there is almost no track 
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record for these in the UK yet.  Hopefully by 2013 when the CO2 savings targets increase to 44% and 
CHP becomes a more urgent option, a suitable track record will have been established.      
 
All gasifiers require their feedstock to be dried to below 20% moisture content to maintain their 
efficiency levels.  This is only a problem for virgin wood, ie forest residues or energy crops, which 
typically has a moisture content of around 40% - 50% when harvested.  This means that, unless fuel 
can be delivered pre-dried, a significant proportion of the available waste heat (circa 50%) is needed 
for this, thus reducing the amount available for district heating/adsorption cooling, ie a ration of 1:1 
with electrical output.  Nevertheless the UK government is keen to see this technology rolled out and 
these systems will receive double ROCs under the new ROC banding scheme to incentivise their 
adoption (see Section 12.2.4). 
 
Boilers and steam turbines are the most common and well established way of generating electricity 
from a solid fuel, be it wood, coal or waste.  At small scale (<5MWe), they have relatively poor 
electrical efficiencies (circa 18-22%) and are therefore more suitable for projects which require much 
more heat than electricity, typically a ratio of 3:1 after internal losses.  If taken at the turbine exit, this 
heat is usually at a fairly low temperature, typically 100°C.  However, some steam can be bled off prior 
to the turbine to allow higher temperatures to be achieved but lowering the electrical output.  In 
general, boilers and steam turbines are cheaper than gasifiers and reciprocating engines, particularly 
at the +5MWe scale.  They are also much more robust, less sensitive to fuel quality and can burn fuels 
with higher moisture content.  However, their lower electrical efficiencies mean that they have higher 
fuel consumption.  Like gasifiers and reciprocating engines, they would also receive double ROCs if 
employed in a CHP scheme.   

c) Adsorption cooling 
Modern offices and retain outlets usually have high air conditioning loads.  These are normally met 
with vapour compression chillers driven by electric motors.  However where a CHP plant is employed, 
there are opportunities for carbon savings by using some of the waste heat to drive an adsorption 
chiller.  As this also normally utilises the waste heat at a time year where it is not required for space 
heating, the overall efficiency of the CHP plant can be significantly increased.      
 
Adsorption cooling operates similarly to conventional electric chillers with some important differences.  
The major ones are in the components of the system and the refrigerant used in the cycle.  Adsorption 
systems use a “thermal compressor” in place of the conventional system’s electrical compressor.  
Water cooled adsorption systems use water as the refrigerant and a lithium bromide solution as the 
absorbent material.  Air-cooled systems use ammonia as the refrigerant and water as the absorbent.  
Heat for the adsorption process can be supplied directly by a gas burner or indirectly from the 
recovered waste heat of a CHP system, hot water or steam.  
 
The number of heat exchangers utilised distinguishes the system as either single effect or double 
effect, which improves efficiency and lowers operating costs.  Indirect fired single effect adsorption 
systems can attain coefficients of performance (COP) of 0.6 to 0.7 while comparable double effect 
systems can achieve a COP of 1.2.  Electrically driven chillers typically have a seasonally adjusted 
COP of around 3.0.  This means that any electrical cooling load shifted into adsorption cooling will 
require three times the thermal energy in MWh terms.  Cooling towers will also be needed to dissipate 
the rejected heat.  
 
A more detailed description on how an adsorption chiller works is given in Annex F. 
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9.5 Opportunities for CHP and district heating systems 
The following sections identify, characterize and cost suitably sized CHP plants, adsorption coolers 
and heating/cooling networks for the City Centre and Derriford, taking in to account the phasing of the 
developments and the ratcheting up of the CO2 targets.  Natural gas engines, gasifers and steam 
turbines are all considered as are virgin/clean waste wood, contaminated waste wood and RDF as 
potential fuels.   
 
Conventional wisdom would be to size the CHP plants on the heat loads, which optimizes an 
individual plant’s economics, particularly in the case of gas fueled plants.  However, as both the 
developments’ electrical demand exceeds their heat demand and all types of CHP plant produce more 
heat than electricity, this strategy does not address the majority of CO2 emissions and the post 2016 
targets for the whole of the developments will not be achieved.   
 
The alternative strategy which is employed here, i.e. sizing the plants to meet the annual electrical 
loads, allows the post 2016 CO2 targets to be met but in some cases requires significant amounts of 
heat to be dumped when there are limited heating and/or adsorption cooling requirements.  This may 
be in conflict with the current requirements for Quality CHP certification.  This could affect the plant’s 
ability to claim Enhanced Capital Allowances for tax purposes and for some types of fuel, the level of 
ROC support.  See CHPQA Guidance Note No 44 from DECC.  One would expect the Government to 
resolve this dichotomy well before the 2016 deadline.    
 
Outline capital and running costs for the different options have been obtained from one or more 
suppliers for typical size plant and scaled accordingly.  These costs should only be taken as indicative 
as many factors, eg fuel quality, moisture content, efficiency, load size and profile, etc, can affect the 
cost and size of a particular plant, which until detail designs for the developments are available, must 
remain uncertain.      
 
Similarly layouts for district heating schemes for the City Centre and Derriford (see Annex G) have 
been proposed.  They are not intended to be definitive but merely to provide a basis for outline 
costings.  Costs for the district heating systems are based on those proposed in the East Exeter New 
Growth Point Energy Strategy report by Element Energy 2008.  Where a cooling main is also included, 
ie in the City Centre, an uplift of 50% has been applied for additional piping.  It has also been assumed 
that the buildings would be directly connected to the cooling main and would not require additional 
heat exchangers.  These costs are towards the high end of the typical range but reflect the fact that 
the ground conditions in the City Centre are likely to be more problematic than Derriford. Again, all 
costs are only intended to be indicative.   
 

9.5.1 City Centre  
Energy demand in Plymouth’s City Centre is characterised by high levels of electrical demand coupled 
with disproportionally smaller heat demands (see Section 7).  This is primarily due to the extensive 
use of air conditioning in retail and commercial buildings, which is currently all electrically powered 
(approximately 85% of electrical demand).  Any future renewable energy solutions must therefore be 
able to provide heat, power and adsorption cooling (tri-generation).  
 
Analysis of the peak heating and cooling loads shows that shifting 11% - 22% of the cooling load to 
adsorption chillers (depending on the CHP technology) provides the optimum use of waste heat from a 
CHP plant and therefore the greatest potential for CO2 savings.  To simplify the analysis, space 
heating and cooling have been assumed to be effectively mutually exclusive during any 12 month 
period.  Table 12 below shows an assumed annual variation of space heating, hot water, electricity 
and cooling loads.   
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Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Space Heating 32.0% 10.0% 5.0% 3.0% 0.0% 0.0% 0.0% 0.0% 3.0% 5.0% 10.0% 32.0% 
Hot Water 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 
Electricity 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 
Cooling 0.0% 0.0% 0.0% 0.0% 10.0% 10.0% 35.0% 35.0% 10.0% 0.0% 0.0% 0.0% 
             
Hot Water (MWh/yr) 179 179 179 179 179 179 179 179 179 179 179 179 
Space Heating (MWh/yr) 4006 1252 626 376 0 0 0 0 376 626 1252 4006 
Total Heating (MWh/yr) 4186 1431 805 555 179 179 179 179 555 805 1431 4186 
Cooling  (MWh/yr) 0 0 0 0 368 368 1287 1287 368 0 0 0 

Table 12. Annual variation of space heating, hot water, electricity and cooling loads for City Centre 
 
As can be seen, the peak heating load is 4,186MWh in December and January and the peak cooling 
load is 4,136MWh in July and August when the development is fully built out.  Total annual electrical 
demand is 19,111MWh/yr.  Translating these into installed capacity terms gives the following 
specifications for a CHP plant. 
 
 

Peak heating requirement  5.63 MW 

Peak adsorption cooling requirement 1.73 MW 

Average installed electrical capacity 3.41 MW 
Table 13.City Centre CHP specification 

 
 
The peak electrical demand is not a critical design point as the National Grid is used as a “battery” to 
level out demand variations over the year.  Note that these are the ideal heat/cooling to electrical 
power ratios.  In practice different technologies and fuels will have their own ratios (see above) and it 
may be necessary to overproduce electricity or use an auxiliary means of meeting the peak heating 
requirement if 100% carbon neutrality is required. 
 
Another important consideration is the phasing of the development (2013-2022) and its resultant 
demand profile.  Figure 6 shows the adsorption cooling adjusted demand profiles for electricity and 
heat over the development timescale.  As can be seen approximately 40% of the demand occurs prior 
to 2017 and the rest before 2022.  In terms of expected Building Regulation changes, note that the key 
deadlines for CO2 savings on regulated emissions are 2010 (25%), 2013 (44%) and 2016 (70-100%).  
One approach would therefore be to implement any CHP solution in two phases, one being completed 
by 2013 and the other by 2018 when there is a significant increase in demand.  These plants may use 
different technology/fuels depending on which target they are designed to meet.  These options are 
examined below.    
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Figure 6. Adjusted demand profiles for City Centre 
 
Note that, for the purposes of modelling, the demand assessments above only apply to the sections of 
the City Centre being redeveloped in the 2013 - 2022 timeframe.  It is highly likely that other sections 
will be redeveloped post 2025 and any proposed CHP/district heating system should take this in to 
account. 
 
Five plant options were examined to serve the City Centre demand, with all being sized to meet the 
peak heating and cooling loads whilst also meeting the annual electrical demand: 
  

• A 3.5MWe steam turbine fuelled with waste wood or RDF with 22% adsorption cooling 
(2.72MW) 

• A 4MWe gasifier fuelled with waste wood with 14% adsorption cooling (1.73MW) 

• A 4MWe gasifier fuelled with virgin wood (50% moisture) with 14% adsorption cooling 
(1.73MW) 

• A 6MWe Stein gasifier fuelled with waste wood or RDF   with 11% adsorption cooling 
(1.36MW) 

• A 3.5MWe natural gas fuelled genset with 14% adsorption cooling (1.73MW) 
 

A financial appraisal of all the potential options for the City Centre was then undertaken using a 
Discounted Cash Flow (DCF) methodology.  A 20 year project life was assumed along with a 15% 
discount rate.  This is typically the minimum hurdle rate required by plant developers or an ESCo.  
Details are included in Annex D.  
 
Table 14 below compares the results for the five options.  As can be seen all of the biomass options 
provide a positive return on investment (IRR). The gas CHP plant does not produce a positive return 
because it does not receive a ROC subsidy unlike the other options and because of the relatively high 
cost of the heat distribution network compared with the capital costs of the other options.  It is 
therefore not a very attractive investment from a financial perspective.  The impact of this is discussed 
in Section 9.6 below.  CO2 savings listed do not include the 25% saving achieved through energy 
efficiency, thus the biomass CHP plants are in effect carbon neutral. 
 
The 6MWe Stein gasifier meets the peak heat demand but over produces electricity, hence the 111% 
saving and its good financial return.  The 4MWe virgin wood gasifier is the best fit with 82% CO2 
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savings with almost all of its spare heating capacity being used to dry the feedstock.  The 3MWe 
waste wood fuelled gasifier is the most resource efficient utilising only 21,450 dte of waste wood per 
annum.  Using contaminated waste wood or RDF may be unacceptable in the dense urban 
environment of the City Centre.  However, 25,000 dte/yr of virgin wood is readily available within a 
40km radius of Plymouth and the rest could be made up from clean waste wood.   
 
Of the options considered only the 4MWe virgin wood gasifer and 3.5MWe natural gas genset could 
have a phased implementation, eg two half sized plants.  Economies of scale and technical reasons 
mean that the other options are the minimum sizes that could be implemented.   
 
 

Plant 3.5MWe 
Steam Plant 

4MWe 
Gasifier 

4MWe 
Gasifier 

6MWe Stein 
Gasifier 

3.5MWe Gas 
Engine 

Fuel type Waste wood Waste wood Virgin wood Waste wood Natural gas 
Plant footprint (m²) 5000 5000 5000 5100 500 
CAPEX of heating network £4,508,518 
CAPEX of CHP plant £15,323,518 £15,908,518 £14,408,518 £13,382,651 £7,343,518 
Operational hours 8000 6500 8000 8000 8000 
Gas req (m³/yr) - - - - 12,908,000 
Wood req (tonnes/yr) 28,000 21,450 26,400 26,640 - 
Annual fuel cost £0 £0 £1,188,000 £0 £1,678,040 
O&M cost (/yr) £720,000 £790,000 £980,000 £1,316,800 £175,000 
ESCo cost (/yr) £406,230 £358,726 £310,926 £413,868 £30,422 
Electricity generation (MWh/yr) 28,000 26,000 32,000 47,787 28,000 
Heat generation (MWh/yr) 80324 48324 60324 42759 52324 
Heat demand (MWh/yr) 14673 
Adsorption cooling (MWh/yr) 5,777 3,676 3,676 2,888 3,676 
Annual Revenue £4,637,877 £4,337,877 £4,049,877 £5,455,477 £479,224 
Net Revenue £3,656,067 £3,228,538 £2,798,338 £3,724,810 £336,728 
NPV @ 15% discount rate £29,934,523 £11,430,090 £5,994,596 £44,567,755 -£36,869,869 
IRR 22% 18% 17% 27% 0% 
CO2 saving tonnes/yr 21,161 18,959 22,181 30,236 11,521 
CO2 saving % total 78% 70% 81% 111% 42% 
Approx. CO2 saving % regulated 130% 117% 135% 185% 70% 
CO2 saving £/tonne -£137 -£128 -£94 -£121 -£24 

Table 14. Summary of CHP results for the City Centre 
 

Demands outside of the redevelopment areas  
As discussed earlier, there are a number of areas in the City Centre that will not be re-developed for a 
significant time but still have a need for decarbonisation.  The example analysed in Chapter 7 shows a 
much more balanced split between heat and electrical demand but perhaps more importantly some 
60% of this demand is from a very small number of large users.  Connecting these in to the district 
heating network would provide an additional rational for implementing CHP and district heating in the 
City Centre.  All of the above options overproduce heat for the reasons previously discussed, so 
linking in these additional heat loads will make any CHP plant more efficient and will generate more 
revenue with little if any increase in the plant’s capital or operating costs.  It would however require the 
district heating network to be extended at the appropriate points (the extensions are marked as 
dashed lines on the layout in Annex G) which would increase the cost of the network by 10% - 20%. 
Also these loads exist now and therefore would be a stimulus for early implementation of a 
CHP/district heating scheme.  
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Location of CHP plant  
Of the fuel options available natural gas has the smallest footprint (approx 500m2) as it does not 
require any on-site fuel storage, fuel chipping or a service area for lorries delivering the fuel.  As such, 
the location of a gas fired CHP plant would be fairly flexible as long as it was reasonably close to the 
major heat demands and pipe runs were not excessive.  Also, there are no technical reasons why a 
series of smaller plants, eg 1000 kW, with a common district heating system could not be implemented 
on a development by development basis.  However to minimise operating costs and for logistical 
reasons, an ESCo would probably prefer a single location even if the generating capacity is installed 
incrementally. 
 
The footprints of the other options are much bigger, circa 5,000m2.  Off site chipping of virgin and 
waste wood would reduce these footprints but not significantly so.  Three potential sites have been 
identified for the City Centre CHP plant, the western part of Millbay Docks, the area between east 
Cornwall Street/Mayflower Street and Colin Campbell Court.  Millbay Docks is attractive as it would 
mean that fuel deliveries would avoid the City Centre itself and also allow fuel to be shipped in by sea 
rather than lorry, thereby reducing the dependence of the plant on local fuel supplies.  However, the 
current plans call for a mixed waterfront residential/commercial development on this part of the docks, 
which would not leave sufficient space to accommodate a CHP plant capable of serving the whole of 
the City Centre.  Also this location would require a significant length of heat/cooling distribution main to 
link it with the City Centre’s heat loads with associated increased costs and losses.  In contrast, a 
location close to the large retail developments proposed for Cornwall Street and Colin Campbell Court 
would be a better fit with the district heating and adsorption cooling available from the CHP plant.  Due 
to economies of scale and the logistics surrounding a wood fuelled CHP plant, eg lorry access, fuel 
storage and chipping etc, multiple plant locations would be inappropriate.    
 
All of the options above would be two stories high.  In addition, the cooling towers for the adsorption 
chillers would occupy approximately 200m2 of two story space but this could be over the plant and 
chiller area.  Finally a chimney or exhaust stack will be required which may be over 20m high. 
 

9.5.2 Derriford  
The projected energy demand for Derriford is much more balanced than the City Centre as there is a 
much smaller cooling requirement (see Section 7).  An adsorption cooling system is therefore unlikely 
to be cost effective and will not be considered further.  Table 15 shows the assumed annual variation 
of space heating and hot water for Derriford.   
 
 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Hot Water 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 8.3% 

Space Heating 32.0% 10.0% 5.0% 3.0% 0.0% 0.0% 0.0% 0.0% 3.0% 5.0% 10.0% 32.0% 

Hot Water (MWh/yr) 1458 1458 1458 1458 1458 1458 1458 1458 1458 1458 1458 1458 
Space Heating 
(MWh/yr) 11824 3695 1847 1108 0 0 0 0 1108 1847 3695 11824 

Total Heat (MWh/yr) 13282 5153 3305 2566 1458 1458 1458 1458 2566 3305 5153 13282 

Table 15. WAI Assumed annual variation of space heating and hot water for Derriford 
 
 
As can be seen, the peak heating load is 13,282MWh in December and January when the 
development is fully built out.  Total annual electrical demand is 68,421MWh/yr.  Translating these into 
installed capacity terms gives the following specifications for a CHP plant. 
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Peak heating requirement  17.85MW 

Average installed electrical capacity 8.55MW 
Table 16. Derriford CHP specification 

 
Note that these are the ideal heat to electrical power ratios.  In practice different technologies and 
fuels will have their own ratios (see above) and it may be necessary to overproduce electricity or use 
an auxiliary means of meeting the peak heating requirement if 100% carbon neutrality is required. 
 
Another important consideration is the phasing of the development (2010-2020) and its resultant 
demand profile.  Figure 7 shows the demand profiles for electricity and heating over the development 
timescale.  As can be seen the demand rises linearly until 2017 then it tails off towards 2020.  In terms 
of expected Building Regulation changes, note that the key deadlines for CO2 savings on regulated 
emissions are 2011 (25%), 2013 (44%) and 2016 (70-100%).  If feasible, it would therefore be 
sensible to implement any CHP solution in two or possibly three phases, the first being completed by 
2013 and the others by 2016.  
 

Derriford Cumulative Heating and Electrical Demands
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Figure 7. Derriford cumulative energy demands 
 
 
Five plant options were also examined to serve Derriford’s energy demand, with being sized to meet 
the peak heating loads whilst also meeting the annual electrical demand as closely as possible: 
 

• 2 x 2.4MWe natural gas fuelled gensets followed by a 6MWe Stein gasifier fuelled with waste 
wood or RDF 

• A 9MWe steam turbine fuelled with waste wood or RDF 

• A 9MWe natural gas fuelled genset 

• A 9MWe gasifier fuelled with waste wood 

• A 9MWe gasifier fuelled with virgin wood (50% moisture) 
 
A financial appraisal of all the potential options for Derriford was then undertaken using a Discounted 
Cash Flow (DCF) methodology.  A 20 year project life was assumed along with a 15% discount rate.  
This is typically the minimum hurdle rate required by plant developers or an ESCo.  Details are 
included in Annex D.  
 
Table 17 below compares the results for the five options.  CO2 savings do not include the 25% saving 
from energy efficiency. All biomass fuelled CHP plants achieve a rate of return of over 20%, including 
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the Stein gasifier combined with gas CHP.   Although the natural choice for developers, gas CHP is 
again not financially attractive for the same reasons as the City Centre.  Again the impact of this is 
discussed in Section 9.6 below.  Phased implementation of natural gas engines followed by a Stein 
gasifier may provide a good compromise between the two technologies. All of the other options would 
have no problems with phased implementation, eg two half sized plants or even three 3MWe ones.   
   
There is insufficient waste wood in the area to supply a 9MWe gasifier and similarly insufficient virgin 
wood.  However combining the two resources (55,000dte) would provide enough.  If done as two 
separate plants only one of them would need to be WID compliant.  This would however sterilize a 
similar plant for the City Centre.  The 9MWe steam plant would probably have to be co-fired with RDF 
as it has the largest fuel consumption (72,000 dte/y) of all of the options.  Alternatively wood fuel 
would need to be imported from more than 40km away.  Energy crops are a possibility as an 
alternative fuel.  However these would take at least three years to establish and there is no guarantee 
that local farmers would be willing to supply them.   
 
 

Plant 9MWe Steam 
Plant 

9MWe Gas  
engine 

9MWe 
Gasifier 

9MWe 
Gasifier 

6MWe Stein Gasifier 
plus 2 x 2.4MWe gas 

engines 
Fuel type Waste wood Gas Waste wood Virgin wood Waste wood + Gas 

Plant footprint (m²) 9000 9000 9000 9000 6000 

CAPEX of heating network £7,762,500 

CAPEX of CHP £27,000,000 £14,962,500 £25,610,000 £19,610,000 £17,962,500 

Operational hours 8,000 8,000 7,500 7,500 8,000 

Gas req (m³/yr) - 35,404,800 - - 17,702,400 

Wood req (tonnes/yr) 72,000 - 55,500 55,500 26,640 

Annual fuel cost £0 £4,602,624 £0 £2,497,500 £2,301,312 

O&M cost (/yr) £1,980,000 £480,000 £2,012,500 £1,612,500 £1,436,800 

ESCo cost (/yr) £990,883 £61,421 £920,133 £710,383 £467,232 

Electricity generation (MWh/yr) 72,000 76,800 67,500 67,500 86,187 

Heat generation (MWh/yr) 216,000 153,600 135,000 135,000 123,236 

Heat demand (MWh/yr) 54,442 

Annual Revenue £11,888,832 £1,094,208 £11,213,832 £11,213,832 £6,109,120 

Net Revenue £8,917,949 £552,787 £8,281,199 £6,393,449 £4,205,088 

NPV @ 15% discount rate £89,523,467 -£75,299,017 £76,237,722 £48,711,800 £32,296,777 

IRR 24% 0% 23% 22% 22% 

CO2 saving tonnes/yr 49,880 52,458 47,464 47,464 45,825 
CO2 saving % total 78% 46% 74% 74% 72% 

Approx. CO2 saving % regulated 130% 76% 123% 123% 120% 

CO2 saving £/tonne -£144 -£7 -£139 -£106 -£72 

Table 17. Summary of CHP results for Derriford  
 

Location of CHP plant  
Although the CHP plants for Derriford have slightly larger footprints than their City Centre 
counterparts, Derriford has few of the space problems associated with the City Centre and there are 
already some industrial sites in the area which means a conventional design of wood fueled CHP plant 
would be acceptable.  The plant or plants could be located anywhere on the district heating grid.  If a 
gas fired plant was chosen for the initial development phase, there are no technical reasons why a 
series of smaller gas fired plants, eg 1 MW, with a common district heating system could not be 
implemented on a development by development basis followed by a single large biomass fired plant.   
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Alternatively, it would be possible to implement 2 or 3 biomass fired plants and because of the larger 
scale of the overall network compared with the City Centre, there would be some sense in locating 
them on multiple sites.  Islanding the various phases of the development into separate heat 
distribution grids has been considered, which would reduce the total length required by approximately 
500m.  However, this only reduces the cost of the heat distribution grid by 3.6% and would mean that 
the individual islands would have no backup and the ability to operate only one or two out of the three 
plants during part load conditions would be lost.  
 

9.6 Key points from macro-scale options analysis 
There are a number of key points that arise from the previous sections.  Any of the CHP options 
considered above would allow at least a 70% reduction in regulated emissions even if a phased 
implementation was adopted.  With biomass, the figure is likely to exceed 100%.  With energy 
efficiency savings factored in, total savings should easily meet the 70 –100% target reductions on 
regulated emissions for 2016 as shown in Table 3, which are currently thought to be at the higher end 
of the range expected from future Building Regulations.  Micro-renewables can only help meet the 
44% regulated emissions (2013) target.  However, their implementation as an interim measure will 
only reduce the effectiveness of CHP and district heating networks when they are needed post 2016.  
Planning policy will therefore need to prioritize the development of CHP and district heating networks 
over micro-renewables from the start.   
 
The next question concerns the choice of CHP system.  Even though there are sufficient biomass 
resources available to meet the City Centre’s and Derriford’s demands up to 2016, natural gas CHP is 
more likely to be the preferred option despite offering the lowest return on investment.  There are a 
number of reasons for this.  Firstly gas CHP is a well established proven technology and has the 
lowest capital cost of all the options.  Also it does not require complicated fuel preparation and 
handling systems or ash/effluent disposal.  Perhaps most importantly in the case of the City Centre, it 
does not require any fuel delivery, handling or storage systems, which means that its footprint is a 
fraction of that of biomass CHP plants, allowing more space for commercial/residential development.  
It is a low risk option and hence the developer’s most likely choice to meet the targets.       
   
There are a number of practical and economic constraints to be overcome to ensure that macro-scale 
implementation is brought forward.  There is a limited amount of readily available wood fuel, both 
virgin and waste wood, in the Plymouth area and certainly not enough to feed both the City Centre and 
Derriford developments when they are fully built out.  Other fuel sources will need to be considered, at 
least in the short term.  Natural gas fueled CHP systems would normally be the favoured choice of 
developers/ESCos for both sites during the 2013-2016 period for the reasons stated earlier (track 
record, low capital cost, small footprint).  This would also allow wood gasification technology time to 
establish a better track record before being implemented post 2016 and also mean that there would be 
enough readily available wood to supply the plants.   
 
For footprint size and transport reasons gas-fired CHP is probably the best choice for the City Centre 
development in any event, particularly if some existing heat loads could also be utilised.  For Derriford 
one or two phases of gas CHP followed by a wood gasification plant would be more appropriate (the 2 
x 2.4MWe. + Stein gasifier shows a good return on investment).  
 
This leaves the problem of the relatively poor return on investment of the gas CHP plants themselves.  
Financial modelling of the plants in isolation shows a good return on investment in the range 20-25%.  
It is the costs of the heat/cooling distribution networks that reduce this to commercially unattractive 
levels.  Consequently to encourage CHP implementation prior to 2016, it will be necessary to find 
some way of subsidising the distribution network for the City Centre or deferring the capital costs for 
Derriford until the higher returns from the gasification plant can support it.   
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Linking in key heat loads from areas of the City Centre that will not be re-developed will improve the 
economics of any of the plant options but, as they exist right now, will also provide an important 
stimulus for early implementation of a CHP/district heating scheme. 
 

9.7 Allowable solutions 
As discussed in Sections 6.1 and 9.5, from 2016 the Government’s proposed ‘allowable solutions’ will 
enable developers to meet a zero carbon emissions reduction target where ‘carbon compliance’ 
measures alone have fallen short of the mark.  These allowable solutions include a range of measures 
that can be undertaken in the locality or potentially further afield such as exports of heat or direct 
investments in offsite renewable electricity.  The Definition of Zero Carbon Homes and Non-domestic 
Buildings consultation proposes the following list of allowable solutions: 

• carbon compliance beyond the minimum standard (towards or all the way up to mitigating 100 
per cent of regulated emissions plus emissions from cooking and appliances) 

• a credit for any energy efficient appliances or advanced forms of building control system 
installed by the house builder that reduce the anticipated energy demand from appliances or 
reduce regulated emissions below the level assumed by SAP  

• where, as a result of the development, low carbon or renewable heat (or cooling) is exported 
from the development itself, or from an installation that is connected to the development, to 
existing properties that were previously heated (or cooled) by fossil fuels, then credit will be 
given for the resulting carbon savings 

• a credit for S106 Planning Obligations paid by the developer towards local LZC energy 
infrastructure 

• retrofitting works undertaken by the developer to transform the energy efficiency of existing 
buildings in the vicinity of the development  

• any investment by the developer in LZC energy infrastructure (limited to the UK and UK 
waters) where the benefits of ownership of that investment are passed to the purchaser of the 
home 

• where offsite renewable electricity is connected to the development by a direct physical 
connection (and without prejudice to any regulatory restrictions on private wire), a credit for 
any carbon savings relative to grid electricity; and 

• any other measures that Government might in future announce as being eligible.    
 
 
Although the above proposed allowable solutions are not yet confirmed, there are a number of options 
which Plymouth City Council should begin assessing in relation to the study areas.  In particular, the 
potential for any locally implemented solutions which result in direct, easily quantifiable and cost 
effective carbon savings could be explored sooner rather than later.   
 
For example, a CHP plant supplying elements of the City Centre new development may end up 
generating a proportion of excess heat which often leads to heat ‘dumping’.  Use of this low carbon 
heat (or cooling) to service the demands of adjacent existing development, such as buildings within 
the Council or University estate, would serve to displace fossil fuel and count towards the new 
development’s required quota of carbon savings.  Where this additional demand could be secured 
early on in the process, the CHP plant could be optimally sized to meet the total load.  However, any 
such offering will have to compete with the existing plant and fuel sources, eg gas boilers, therefore 
cost and timing will be critical.  This may also facilitate the early development of an ESCo by securing 
guaranteed heat sales at the start of the process before arrangements for heat supplies to new build 
elements are agreed.  Further consultation with potential end-user stakeholders should be undertaken 
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to establish the details and cost of their current energy supplies and whether there are any plans for 
refurbishment. 
 
The Council will also be aware of the location, type and condition of other types of existing 
development adjacent to new development sites and could explore the opportunities for energy 
efficiency refurbishment which may be available to developers to help address residual emissions.     
 
There are opportunities for funding mechanisms such as the Community Infrastructure Levy (CIL) (see 
Section 11.2) to be used as an allowable solution where, for example, local authorities prioritise CIL 
spending on offsite energy infrastructure such as district heating schemes.  Planning conditions and 
Section 106 agreements may also offer similar arrangements.  Alternatively, where developers are 
unable to meet targets through technical measures, a potential allowable solution could be an option 
to contribute to an energy infrastructure fund specific to the City Centre or Derriford.  This could then 
be used to fund future expansion of on-site district heat networks.  The contributions could be offered 
on a £/tonneCO2 basis and be set at a level to make this option a last resort for developers.             
 
When examining these ‘offsite’ opportunities, the Council should consider the relative benefits of such 
measures in terms of proven carbon savings and any potential overlap with other policies and 
initiatives which may result in the measure going ahead anyway by other means.  Local authority 
monitoring and enforcement of these measures would also be more difficult to undertake.           
 

10 Analysis of related benefits  

10.1 CO2 emissions 
The main beneficial environmental impact of the proposals for the study areas is the displacement of 
fossil fuels, which leads to a reduction in CO2 emissions.  This is achieved by either avoiding their use, 
through using renewables, or by using less, through deployment of more efficient plant such as CHP 
and through energy efficiency of buildings.  Savings from the modelled energy supply solutions relate 
directly to the energy generation (MWh) figures associated with the capacity (MW) targets for the 
technologies considered.  As shown in Section 9, the modelled macro-scale solutions for Derriford 
result in estimated CO2 savings of 45,825–52,458 tonnes/yr, corresponding to reductions over Part L 
2006 total emissions of 46–78%.  For the City Centre, savings ranged from 11,521–30,236 tonnes/yr, 
or a 42–111% reduction over Part L 2006 total emissions.   
 
Future connection to a macro-scale energy supply network will also offer the opportunity for existing 
buildings to lower their carbon footprint, where building-specific energy efficiency measures may be 
more difficult to achieve.   
 

10.2 Economic benefits 
The local economic benefits resulting from implementation of the energy strategies potentially include 
revenue and employment from building and operating large energy plant, supplying and installing 
micro-renewables and supplying and installing energy efficiency measures.  Although a significant 
proportion of the materials and equipment is likely to be sourced remotely, a local skills base of 
installers and operators (in the case of larger scale plant) could easily be established.  
 
Implementation of the energy strategies will also benefit other industries through direct and indirect 
multiplier effects.  The economic benefits of these, however, are difficult to quantify due to the range of 
industry types potentially involved.  Biomass, for example, may involve supply chains involving the 
forestry sector, waste contractors, joineries, etc in relation to fuel supply.  The uncertainty of the 
multiplier effects, such as the increased expenditure in the local area of people involved with the 
project, also adds to the complexity. 
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10.3 Social benefits 
One of the main social benefits resulting from a decentralised low carbon energy supply is the 
potential reduction in energy costs for building occupants and owners at the sites of study.  The risk of 
fuel poverty will decrease if households are supplied with cheaper locally-generated renewable heat or 
electricity, and community-use buildings can potentially lower their running costs, which may free up 
resources to benefit the users in other ways.  The availability of a secure, cheap source of energy may 
also act as an incentive to businesses interested in locating to or investing in the area, which will also 
boost the local economy. 
 
Although influenced by fluctuations in natural gas prices, a decentralised energy approach using 
district heating with high efficiency gas CHP still has the potential to offer lower energy costs to 
consumers when compared to conventional gas boiler systems.  However, this largely depends on 
optimising the economics of a CHP plant through careful sizing.  By selecting an appropriate power 
generation capacity whilst maximising usage of the heat generated, revenue can be increased, which 
creates the potential for lower costs to consumers.    
 

11 Stakeholder action plan  
 
The following table proposes a set of tasks that need to be addressed to facilitate the implementation 
of the City Centre and Derriford Energy Strategies.  It is suggested that this forms the basis of an on-
going Action Plan to identify specific actions and timescales, and to delegate responsibilities to 
specific stakeholders at each site. 
 
 

Theme Action Timescale Stakeholder Notes 

Energy 
infrastructure 

 
e.g. Facilitate creation of an 
ESCo for district 
heating/cooling services 
 

2010-2013 Plymouth City 
Council 

Await outcome of Utilicom 
study 

Refine district heating/cooling 
network designs and costs Now 

Plymouth City 
Council/ 
Developers/ ESCos 

Also consider design 
requirements for end users 
e.g. heat exchanger units and 
metering 

Investigate adequacies of gas 
supplies for City Centre and 
Derriford CHP plants 

Before 2013 
Plymouth City 
Council/ 
ESCos/Centrica 

– 

Investigate electrical export 
capacity for City Centre and 
Derriford CHP plants 

Before 2013 
Plymouth City 
Council/ 
ESCos/WPD 

– 

 
Identify suitable sites within the 
City Centre and Derriford for 
CHP plants 
 

Before 2013 Plymouth City 
Council/ ESCos – 

Biomass resource 

 
Investigate opportunities for 
securing supplies of virgin and 
waste wood within 40km of 
Plymouth 

Before 2013 Plymouth City 
Council 

Liaise with Forestry 
Commission and local 
landowners, land fill/recycling 
operators etc.  Note that long 
term waste contracts may 
already be in place 

Investigate the opportunities for 
using RDF as a fuel Now Plymouth City 

Council 

Review PCC’s developing 
waste strategy with RDF in 
mind + costs and 
opportunities  
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Investigate the opportunities for 
importing biomass  Before 2016 Plymouth City 

Council 

Need to consider CO2 trade 
offs – bulk carriers vs cargo 
use 

Stakeholder 
consultation 

 
Formalise an ‘energy 
committee’ with stakeholders 
from each site to endorse, 
implement and review this 
Action Plan 
 

 Now Plymouth City 
Council 

 Essential to regularly review 
activities at each site and to 
be aware of stakeholder 
expectations for their sites 

Identify potential major “anchor” 
stores in City Centre with high 
cooling loads 

Before 2013 Plymouth City 
Council/ Developers 

Who are the candidates for 
adsorption cooling? What is 
their CO2 policy? 

Identify other potential 
heat/cooling loads from existing 
buildings and consult with 
stakeholders on feasibility in 
relation to phasing, costs, etc.  

Now Plymouth City 
Council 

Begin looking at public sector 
buildings in City Centre e.g. 
Council/University.  Could 
also facilitate early 
development of an ESCo.  

Planning and 
facilitating delivery 

 
Investigate possibilities for ring-
fencing upfront funds for energy 
infrastructure (through the 
Community Infrastructure Levy / 
Regional Infrastructure Fund) 
reimbursed by developer 
contributions through ‘allowable 
solutions’. 
 

 Before 2013 Plymouth City 
Council – 

Assess the likely Building 
Control processes needed for 
monitoring and enforcement 

 2009-2010 Plymouth City 
Council 

Review outcomes of 
Government zero carbon 
homes/buildings consultation 
during 2009/2010  

Ensure at the earliest 
opportunity (re: phasing of 
developments) that developers 
meeting existing planning 
policies relating to renewable 
energy do not invest in systems 
that would be incompatible with 
connection to a future heat 
network, where this would be 
appropriate 
 

 Before 2013 Plymouth City 
Council – 

 
Ensure that wider policy 
documents take account of and 
enforce the Energy Strategy 
requirements, such as 
Regeneration, Economic 
Development and Housing 
Strategies. 
 

 Now Plymouth City 
Council – 

Table 18. Proposals for stakeholder Action Plan 
 

12 Opportunities to facilitate delivery   

12.1 ESCos 
Community-based energy schemes will be an essential part of an energy strategy for Derriford, the 
City Centre and potentially other parts of the city and therefore the development of city-wide energy 
services provision would be an important step in facilitating this aim.  The ESCo (Energy Service 
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Company) model is based around an energy service provider installing low carbon energy generation 
or energy saving equipment and charging consumers for the use of their service over a defined 
contract period.  Companies would own and maintain the technology in exchange for consumers 
signing up to a service contract.   
 
There are many options for who could provide energy services or elements of such, including energy 
suppliers, third parties working with energy suppliers or bodies which have a permanent connection or 
relationship to properties such as Distribution Network Operators, gas distributors and water 
companies.  Additionally, the Local Government Act 2000 enables local authorities to set up ESCos 
either on their own or in partnership with a private company, as Woking, Birmingham, Aberdeen and 
Southampton have done.  Further information is available from the Energy Saving Trust’s Directory of 
Energy Services18 which contains a range of guidance and case studies.   
 
The London Energy Partnership’s publication, Making ESCos Work: Guidance and Advice on Setting 
Up and Delivering an ESCo (Feb 2007)19 found that in the UK there are a variety of models being 
used for the delivery of energy projects by public authorities.  This is due to differences in each 
authority’s attitude to risk and the degree to which they want to involve the private sector in the project, 
but it is also due to the lack of a well developed standard model for ESCo contracting in the UK. 
 
This lack of standardisation and funding in the UK for ESCo projects has meant that some have been 
set up through Private Finance Initiatives.  Many projects are financially marginal and one of the 
significant issues has been persuading the private sector to accept sufficient financial and other risk in 
projects.  For example, in the case of heat and power networks, the report found that the private 
sector is less willing to build a network to distribute heat and power than is it to build and operate the 
plant itself. This has led to difficulties in some projects due to a funding gap in relation to construction 
of the network.  Developers are more likely to be willing to have district heating networks serving their 
sites when an ESCo will take some or all of the upfront financial risk for the project 
 
However, with some of the measures proposed in the Government’s Heat and Energy Saving Strategy 
Consultation Document, there are potentially ways in which risks could be reduced and incentives 
provided to encourage an increased level of activity regarding ESCos and their successful 
implementation.  For example, by packaging different Government subsidies, including CERT and the 
RHI, Energy Performance Contracting (EPC) arrangements are more likely to be viable for ESCo 
bodies.  It may also be an advantage to secure guaranteed purchases of heat from existing buildings 
prior to the demand from adjacent new development.  This could serve to start up an ESCo 
arrangement sooner rather than later. 
 
Heat sales would, of course, be subject to regulatory controls which should include quality and 
continuity of service (including protections for consumers during supply outages), the basis for setting 
prices in the long term, metering and billing and dispute resolution. 
  
At time of writing, Plymouth City Council had commissioned a separate study to explore the potential 
role, business case and measures that may be needed to establish an ESCo (or several ESCos) for 
Plymouth.  When complete, the conclusions of that study will need to be considered alongside the 
energy strategies for Derriford and the City Centre.    
 
 
 

                                            
18 http://www.energysavingtrust.org.uk/business/Business/Local-Authorities/Your-Sustainable-Energy-Strategy/Energy-
Services-Packages 
19 http://www.london.gov.uk/mayor/environment/energy/partnership-steering-group/docs/making-escos-work.pdf 

http://www.energysavingtrust.org.uk/business/Business/Local-Authorities/Your-Sustainable-Energy-Strategy/Energy-Services-Packages
http://www.energysavingtrust.org.uk/business/Business/Local-Authorities/Your-Sustainable-Energy-Strategy/Energy-Services-Packages
http://www.london.gov.uk/mayor/environment/energy/partnership-steering-group/docs/making-escos-work.pdf
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12.2 Financial support – recent developments 

12.2.1 Renewable Heat Incentive (RHI) 
As mentioned in the Heat and Energy Saving Strategy Consultation, the Government’s Renewable 
Energy Strategy consultation (2008) set out two possible support mechanisms for renewable heat: a 
Renewable Heat Incentive (RHI), which would give a guaranteed payment for renewable heat 
generated; and a Renewable Heat Obligation, similar to the Renewables Obligation for renewable 
electricity.  Most respondents to the RES consultation made it clear that the priority is to provide 
effective, practical support for renewable heat as soon as possible and supported the Government’s 
emerging thinking to support an RHI.  The Government has since announced that it will retain and 
extend the RO for electricity, and has taken powers to introduce the RHI currently planned for April 
2011. 
 
The incentive will apply to eligible renewable heat generators at all scales across Great Britain, 
whether it is in households, communities or at industrial scale, and is expected to broadly take the 
form of that indicated in the Renewable Energy Strategy consultation (Box 4.2, p119). 
 
Although details of how the RHI may be implemented have yet to be decided, it is likely to consider 
market based options that allow for innovation rather than forcing a particular type of payment.  As 
explained in the Heat and Energy Saving Strategy Consultation: 
 

“it may be more effective and administratively simpler for RHI support to be provided as 
an up-front lump sum in certain circumstances, e.g. for particular technologies or below 
particular cost or output thresholds, rather than as a stream of income over a period of 
time.  Arrangements to deliver payments in this way could be included in the design of 
the scheme.  Alternatively, third parties such as financial institutions could deliver up-front 
payments or discounts on the cost of renewable heat technologies, in return for receiving 
the RHI payments when the renewable heating system is up and running.” 
 

12.2.2 Feed-in Tariff (FIT) 
The Energy Act 2008 provides powers to establish feed-in tariffs giving the option of providing support 
to small-scale low carbon electricity generation up to 5MWe.  The aim is that generators will receive a 
guaranteed payment for generating low carbon electricity.  Such tariffs could potentially make a 
significant difference to the up-front cost and financial viability of investing in distributed electricity 
generation, both on-site and at community scale.  The FIT is currently due to be introduced in April 
2010. 
 

12.2.3 Community Infrastructure Levy 
The Community Infrastructure Levy (CIL)20 will be a new non-mandatory charge which local authorities 
in England and Wales will be able to apply to most types of new development in their area.  The 
proceeds of the levy can be spent on local and sub-regional infrastructure to support the development 
of the area, which could potentially include district heating.  CIL charges will be based on simple 
formulae which relate the size of the charge to the size and character of the development paying it.  
The Government are currently consulting on whether the CIL could be used as an allowable solution in 
meeting emissions reduction targets.   
 

                                            
20 http://www.communities.gov.uk/publications/planningandbuilding/communityinfrastructurelevy 

http://www.communities.gov.uk/publications/planningandbuilding/communityinfrastructurelevy
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12.2.4 The Renewables Obligation mechanism 
A Renewable Obligation Certificate (ROC) is associated to a quantity of electricity (normally 1MWh) 
generated from a renewable energy source.  Market forces determine the value of a ROC, i.e. its unit 
value in pence per kWh.  Under the Renewables Obligation legislation, electricity suppliers are obliged 
to supply 5% of their electricity from renewable sources by 2003, 10% by 2010 and 15% by 2015.  
Where they fail to meet this requirement, they will be charged a penalty of 3p/kWh on the shortfall of 
their renewable energy obligation.  Therefore in such circumstances a company could either pay the 
full 3p/kWh or purchase ROCs from a generator of renewable electricity.  This creates a market for 
ROCs where the theoretical upper value is limited to 3p/kWh.   
 
However, in the event that a company is unable to meet its target and fails to purchase sufficient 
ROCs, the monies paid as a penalty (3p/kWh) are then divided between the companies who managed 
to meet their targets.  The result of this arrangement is that, while ROCs are relatively scarce, 
companies are likely to pay over the 3p/kWh notional ceiling because meeting their target will allow 
them to have a share of the pot of money collected from those who failed.  This situation has already 
created a market where contracts have been agreed between wind farm operators and electricity 
supply companies to purchase ROC’s for up to 4.5p/kWh over a 5 to 8 year period.  In the long term, 
the price of ROCs will probably fall back to 3p/kWh as more renewable sources become available.  In 
the financial modelling a value of 4.5p/kWh has been assumed for the duration of the project.   
 
The Government has confirmed that the Renewables Obligation will continue up to 2037, providing 
long-term certainty about this source of revenue for renewable generators.  Legislation to introduce 
banding to the ROC system has been introduced as part of the Renewables Obligation Order 2009, 
which will revise the terms of the ROC and the Renewables Obligation (RO), setting new targets for 
electricity suppliers.  The banding of ROCs will see different levels of support on offer for different 
technologies, with less-developed technologies eligible to sell more ROCs per MWh of power 
generated.  For example, from April 2009, CHP plants fuelled by biomass will receive two Renewable 
Obligation Certificates (ROCs) for each megawatt hour of electricity, compared to 1.5 ROCs for 
biomass power-only plants. 
 

12.3 Other ways to facilitate delivery 
As mentioned in the PPS1 Practice Guidance21, the proposed introduction of the Community 
Infrastructure Levy narrows the role of planning obligations to exclude financial contributions to service 
provision.  Nevertheless, negotiated obligations will continue to be a valuable tool in development 
control.  Obligations will still be necessary and appropriate to secure the longer term management and 
maintenance of developments to meet sustainable community objectives.  
 
Along with the recently proposed financial incentives discussed above, land prices will also clearly 
need to be factored in to the economic viability equation.  Developers will be influenced by the amount 
of surplus in the price of land sold for development to accommodate the cost of building low or zero 
carbon homes as well as other regulatory requirements such as S106 Planning Obligations and the 
Community Infrastructure Levy.   
 
Appropriate marketing of new buildings and homes may also be a factor in lessoning risk.  Although 
the current evidence is largely anecdotal, buyers of low or zero carbon homes/buildings may be willing 
to pay a premium over the price of less energy efficient equivalents (with higher fuel bills) that will 
contribute towards the extra cost of building them.  Stamp Duty Land Tax exemption for zero carbon 
homes can also increase saleability.       
 

                                            
21http://www.pas.gov.uk/pas/core/page.do?pageId=94314 (on-line version) 

http://www.pas.gov.uk/pas/core/page.do?pageId=94314
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For district heating systems, risks of low ‘off-take’ levels i.e. heat customers joining up to the network, 
can be minimised through guaranteeing demand from public buildings such as local government 
estate.  This would give certainty to developers that demand existed and should also give confidence 
to the local area. 
 
The maintanance and management of local supply chain development will also be key in facilitating 
delivery.  This is particularly important for biomass processing, storage and distribution networks as 
discussed in Section 9.  
 
General opportunities where local authorities are able to facilitate and encourage delivery of low 
carbon developments are also discussed in Towards Zero Carbon Developments, London Energy 
Partnership (July 2006)22, and in the PPS1 Practice Guidance. 
 

12.4 Monitoring and enforcement 
In implementing the trajectory of targets expected through the Building Regulations, and in particular 
the hierarchy of measures as discussion in Section 6.1, the consultation on the Definition of Zero 
Carbon Homes and Non-domestic Buildings recognises that there is a risk of placing undue burden on 
regulatory bodies to enforce compliance and administer the system.  In particular, there may be 
concerns that: 

• Building Control Bodies are not well placed to examine circumstances outside the boundaries 
of the development; and 

• Local Planning Authorities (LPAs) lack the capacity and expertise to ensure that house 
builders are dealing correctly with residual emissions. 

 
The consultation goes on to illustrate one approach to address these concerns that could potentially 
apply in the future: 

• Planning applications would set out the allowable solutions (see Section 9.5) that the 
developer proposes in order to reach the zero carbon homes standard.   

• The LPA would satisfy itself, as part of the approval process, that the allowable solutions are 
in line with local plans and policies (eg S106) but would not otherwise seek to micro-manage 
the approach proposed by the developer.  The allowable solutions would then be reflected, as 
necessary, in the planning conditions. 

• Carbon compliance would be certified to and checked by Building Control Bodies (this would 
also show any over-compliance to the extent that going beyond the minimum level is chosen 
as an allowable solution); and the developer would retain the services of an appropriate 
accredited body (to be selected) to check that the allowable solutions that are being taken 
forward add up to the residual emissions of the home. That body would certify this to the LPA, 
at which point the planning conditions would be discharged. 

 
The above approach should mean that LPAs are able to concentrate their development control 
activities on ensuring that the developer abides by local plans and policies, rather than checking the 
detailed calculations underpinning allowable solutions.  It allows Building Control Bodies to 
concentrate on the circumstances within the development itself rather than verifying allowable 
solutions which might pertain across a much wider area. 
 

                                            
22 http://www.london.gov.uk/mayor/environment/energy/partnership-steering-
group/LEP_towards_zero_carbon_developments.pdf 

http://www.london.gov.uk/mayor/environment/energy/partnership-steering-group/LEP_towards_zero_carbon_developments.pdf
http://www.london.gov.uk/mayor/environment/energy/partnership-steering-group/LEP_towards_zero_carbon_developments.pdf
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13 Conclusions 
 
The following points aim to summarise the key findings of the study: 

1. There is a growing evidence base for the technical and economic viability of new low and zero 
carbon development.  This is currently being assessed by Government through consultations on 
both domestic and non-domestic buildings, and the expected trajectory of future Building 
Regulation requirements will set a relatively high standard compared to current (Part L 2006) 
levels. 

2. At the time of writing, Building Regulation standards for housing are expected to set CO2 reduction 
levels for 2010 and 2013 of 25% and 44% respectively over regulated emissions from a Part L 
2006 baseline.  The definition of ‘zero carbon’ as a target for housing from 2016 onwards is being 
proposed to include a hierarchy of measures, including minimum levels of energy efficiency and 
on-site generation (or directly connected low carbon heat), plus a choice of ‘allowable solutions’ to 
mitigate residual CO2 emissions.  The approach for non-domestic development is currently less 
defined but is likely to be similar to that for housing. 

3. From 2010 onwards the Building Regulations for housing (and possibly for all buildings) are likely 
to set a minimum level of energy efficiency, initially corresponding to a 25% CO2 reduction on 
regulated emissions.  For 2016 onwards, they are likely to set a combined minimum level of 
energy efficiency and on-site generation (or directly connected low carbon heat) corresponding to 
between 44% and 100% CO2 reduction on regulated emissions. 

4. For modelling purposes, two levels of energy efficiency are assumed in this study.  The first level 
is approximately equivalent to 25% reduction in CO2 over Part L 2006 regulated emissions and 
applies to development between 2010 and 2012.  The second level is for development from 2013 
and represents a 25% reduction on total CO2 emissions based on Part L 2006 building 
regulations.      

5. Plymouth’s current on-site generation ‘Merton-rule’ policy requires a 15% CO2 emissions reduction 
through on-site renewable energy generation on larger scale developments from 2010-2016.  
These types of policy will become increasingly redundant as a way of delivering CO2 savings 
through the planning system, as from 2013 national Building Regulations are likely to surpass their 
requirements.  The current adopted policy approach will therefore need to be reviewed, 
particularly in areas where specific energy strategies are now being developed such as the City 
Centre and Derriford. 

6. A range of analyses including both micro-scale and macro-scale options was undertaken on the 
proposed developments at Plymouth City Centre and Derriford to model opportunities to meet or 
exceed expected Building Regulation targets.  Build phasing, site characteristics, development mix 
and energy demand profiles for the two areas are significantly different and therefore result in 
tailored options for each site.     

7. The City Centre has rather limited potential for micro-scale options due to its high density and 
energy usage profile, which, due to cooling requirements, means that the electrical load is 
considerably larger than the heat load.  The bulk of CO2 savings therefore need to come from 
electricity, which effectively leaves two potential micro-renewable technologies – wind and PV.  
Wind technology is not feasible due to the lack of space for turbines and lower wind speeds 
encountered in the City Centre.  Similarly, roof and façade areas are limited for PV installations 
and would only contribute a small proportion of required savings.  Whilst there could be 
opportunities for small-scale biomass heating (subject to sufficient space being available for plant 
room, fuel storage and access for fuel deliveries), only a small proportion of savings (around 10%) 
would be achieved due to the relatively low heat demands.  With little hot water demand solar 
thermal generation is also significantly constrained. 
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8. Derriford has more potential with micro-scale options.  Whilst the analysis shows that some 
applications could individually achieve a 19% or greater reduction on total CO2 emissions, others 
would require combining to achieve the same level, or would require a small increase in the level 
of energy efficiency.  When combined with the 25% reduction from the energy efficiency backstop, 
the 2013 target of a 44% reduction on regulated emissions could be met relatively easily.  Higher 
targets after this point are unachievable with micro solutions alone and would require macro-scale 
solutions such as CHP plant and district heating. 

9. However, the implementation of micro-scale options as an interim measure will only reduce the 
effectiveness of CHP and district heating networks when they are needed post 2016.  Due to the 
phasing within each of the study areas and the likelihood that buildings within fairly close proximity 
to each other will come online either side of the 2016 carbon reduction target, there is an 
opportunity for macro-scale options to be implemented at an earlier stage.  This is likely to be 
more cost-effective in the long run, and would help to avoid the situation where buildings with 
more costly micro-scale solutions (to meet earlier, lower targets) are situated next to buildings with 
more cost-effective macro-scale solutions (to meet later, higher targets).  This is partly due to 
macro solutions working best with large demands, but also down to the fact that micro solutions 
have relatively higher costs and lower CO2 savings. 

10. The modelled macro-scale solutions for Derriford result in estimated CO2 savings of 45,825–
52,458 tonnes/yr, corresponding to reductions over Part L 2006 regulated emissions of 76–130% 
(or 46–78% on total emissions).  For the City Centre, savings ranged from 11,521–30,236 
tonnes/yr, or a 70–185% reduction in regulated emissions (42–111% on total emissions).  The 
figures suggest that a 100% reduction target on regulated emissions would be exceeded in all the 
wood fuel technology scenarios modelled, with at least 70% being achieved with the gas 
technology scenarios.  Reductions in emissions through energy efficiency will increase these 
figures further.  Gas-fired systems would normally be the favoured choice of developers/ESCos for 
both sites due to the technology’s track record, low capital cost and small footprint.     

11. Exceeding these targets and moving towards zero net carbon (100% CO2 reduction on total 
emissions) would require biomass fuel.  There is a limited amount of readily available wood fuel in 
the Plymouth area and certainly not enough to feed both the City Centre and Derriford 
developments under this target when they are fully built out.  Future demands on the wood fuel 
resource in the South West are expected to significantly increase in light of future national, 
regional and local carbon reduction targets.  A longer term reliance on wood fuel to supply other 
developments in the city will therefore require a strategic plan to establish adequate supply chains 
from a variety of sources.       

12. For footprint size and fuel transport reasons gas-fired CHP with adsorption cooling (tri-generation) 
rather than biomass-fueled plant is likely to be a better choice for the City Centre development, 
particularly if some existing heat loads could also be utilised early in the process.  For Derriford, 
there is an opportunity to significantly exceed Building Regulation standards by considering one or 
two phases of gas CHP followed by a wood gasification plant.  With the City Centre on gas, 
sufficient wood resources would then be available for Derriford and the timescale would allow 
wood gasification technology to establish a better track record before being implemented post-
2016.  It would also allow Plymouth’s wood fuel supply chains to be established.   

13. The ‘allowable solutions’ proposed by Government to deal with residual emissions from 2016 
include a number of local options that Plymouth City Council could begin assessing now, with a 
view to their implementation from 2010.  Where developers are unable to meet targets through 
technical measures, a potential allowable solution could be an option to contribute to an energy 
infrastructure fund specific to either area.  This could be used to fund infrastructure for CHP and 
district heating systems.           

14. Economic viability is generally encouraging for the modeled macro-scale biomass solutions, with 
IRR values between 17–27%.  However, gas CHP at both sites is less commercially attractive, 
although it is the costs of the heat/cooling distribution networks that make this so.  Consequently 
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to encourage CHP implementation prior to 2016, it will be necessary to find some way of 
subsidising the distribution network for the City Centre or deferring the capital costs for Derriford 
until the higher returns from the gasification plant can support it.   

15. There are a number of economic enabling mechanisms that could potentially facilitate delivery of 
the Energy Strategies for both areas.  These include the Renewable Heat Incentive, Feed-in Tariff, 
Community Infrastructure Levy and recent banding of Renewable Obligation Certificates.  
Together with the formation of an appropriate ESCo, these may serve to overcome the barriers 
associated with high capital plant and infrastructure costs and operational risks to developers. 

16. In order to deliver the area wide energy supply solutions, early intervention is needed to develop 
the necessary commercial and physical infrastructure.  This is unlikely to occur without significant 
involvement from the Council and the public sector, particularly in accessing the Regional 
Infrastructure Fund to provide up-front finance and in facilitating an ESCo partnership.  This 
coordinating role will help to ensure a unified area-wide approach rather than piecemeal, and 
should serve to maximise CO2 savings and benefit overall viability through economy of scale. 

17. As part of the Plymouth City Centre Area Action Plan (AAP), the City Council seeks to protect 
several buildings along Royal Parade, under Policy CC02. This would effectively safeguard these 
buildings so they are integrated into the redeveloped City Centre, allowing for a combination of 
modern and older buildings.  Linking in such heat loads will make any CHP plant more efficient 
and will generate more revenue with little if any increase in the plant’s capital or operating cost.  
As these loads currently exist, they will also provide an important stimulus for early implementation 
of a CHP/district heating scheme.           

18. There is a strong argument for bringing forward and implementing macro-scale solutions as soon 
as possible to minimise the implementation of less cost effective micro-renewables and to 
potentially exceed Building Regulation targets.  Planning policy will therefore need to prioritise the 
development of CHP and district heating networks over micro-renewables from the earliest 
opportunity.  Examples of this approach could be to actively discourage the use of micro-scale 
heat generation where district heat networks are available and ensuring that buildings are 
compatible with, and able to connect to the network in the future.      

 

14 Proposed energy strategies for Derriford and the City Centre  
 
A requirement in PPS1 (Climate Change Supplement) states that where there are particular and 
demonstrable opportunities for greater use of decentralised and renewable or low-carbon energy than 
required by statutory minimum targets, local authorities should bring forward development areas or 
site-specific targets to secure this potential23.  This study has established an evidence base to justify 
such measures for Plymouth City Centre and Derriford.  The proposed developments and 
redevelopments in these areas involve a range of stakeholders at different stages of preparation, but 
there is an aspiration to work together to ensure that optimum low carbon energy solutions are 
implemented.   
   
Considering the above, Table 19 suggests standards and approaches for delivering sustainable 
energy solutions within the City Centre and Derriford.  These are intended to inform the development 
of an energy strategy/policy for each area. 
 
 
 
 
 

                                            
23 PPS1 para 26(ii) 
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 City Centre Derriford 

 
Area-wide 
CO2 savings 
minimum 
targets*: 
 
 

 
From energy 
supply systems 
 

70% (regulated emissions) 100% (regulated emissions) 

 
From energy 
efficiency (new 
developments) 
 

 
25% (regulated emissions) up to 2013; 
25% (total emissions) beyond 2013 
 

 
25% (regulated emissions) up to 2013;  
25% (total emissions) beyond 2013 
 

 
Preferred energy supply 
solution 
 

Phased roll-out of gas-fired CHP with 
district heating/cooling  

Phased roll-out of gas and biomass-fired CHP 
with district heating 

 
Key enabling actions 

 
• Establish an Energy Services Company (ESCo) specific to each area, as a 

partnership involving the Council and developers.  The ESCo will develop, manage 
and maintain the energy infrastructure and provide energy services to customers. 

 
• Develop a plan to provide upfront funding for energy infrastructure using developer 

contributions and assess other potential opportunities such as the Regional 
Infrastructure Fund.   
 

• Develop a strategic plan to establish adequate wood fuel supply chains for Derriford 
(and elsewhere in Plymouth) from a variety of sources.  Plymouth’s own supply is 
limited and future demand in the region is likely to increase significantly.   

 
• Evaluate the potential for networks to supply energy demands of existing buildings.  

Linking in such heat loads will benefit plant economics and will provide stimulus for 
early implementation of a CHP/district heating/cooling scheme.   

 
 
Policy proposals – key 
elements  
 
Note – although these 
proposals can potentially be 
applied to both areas, a heat-
only network is recommended 
for Derriford i.e. no cooling 

 
1. Make provision for the phased roll-out of an integrated Combined Heat and Power 

and District Heating/Cooling (CHP/DH) network to supply developments.  This 
includes identifying a location for the energy plant and considering the installation of 
network infrastructure alongside other public realm and transport works where 
appropriate.   
 

2. Where the district wide network is not yet operational in relation to the particular 
development under construction, all non-residential development proposals 
exceeding 1,000 sq m of gross floor space and residential development proposals 
comprising 10 or more units (whether new build or conversion) will be required to: 
 

a. Make an offsite contribution to the establishment of the network 
b. Include heating and cooling systems that allow for future connection 

to local district heating and cooling networks 
 

3. Where the district wide network is operational in relation to the particular 
development under construction, all non-residential development proposals 
exceeding 1,000 sq m of gross floor space and residential development proposals 
comprising 10 or more units (whether new build or conversion) will be required to: 
 

a. Make an offsite contribution towards the completion of the network 
b. Include heating and cooling systems that allow for connection to the 

local district heating and cooling network 
 

4. The requirement (set out in Core Strategy Policy CS20) for development to 
incorporate onsite renewable energy production equipment is relaxed for the 
developments described in 2 and 3 above.  

 
5. Other developments will be required to include heating and cooling systems that 

allow connection to the network. 
 
 

Table 19. Energy Strategies for Derriford and the City Centre 
 
*relative to Part L 2006 Building Regulations.  Targets should be reviewed once future Building Regulation requirements are 
confirmed.  
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Annex A – Site energy demands 
 

a) Derriford residential demand  
 

NWQ domestic energy demands (MWh/yr) 
Completion Year 2018 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 350 139 35 140 36 700 

Energy 
Requirement 

MWh/yr 

Space Heating 397 155 51 240 80 923 
Water 640 269 73 310 92 1385 
L&A 693 340 86 385 118 1622 

Cooking 369 158 40 166 45 778 
Total 2100 923 250 1101 335 4708 

 

 

Hawkins domestic energy demands (MWh/yr) 
Completion Year 2018 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 174 210 53 210 53 700 

Energy 
Requirement 

MWh/yr 

Space Heating 197 234 77 359 118 986 
Water 318 407 111 466 136 1437 
L&A 345 514 130 578 173 1739 

Cooking 184 239 60 248 66 797 
Total 1044 1394 378 1651 493 4960 

 

 

PIBD and Derriford Business Park domestic energy demands (MWh/yr) 
Completion Year 2020 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 200 120 30 120 30 500 

Energy 
Requirement 

MWh/yr 

Space Heating 227 134 43 205 67 676 
Water 366 232 63 266 77 1004 
L&A 396 294 73 330 98 1192 

Cooking 211 137 34 142 37 561 
Total 1200 797 214 944 279 3433 

 

 

Airport domestic energy demands (MWh/yr) 
Completion Year 2015 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 175 130 32 130 33 500 

Energy 
Requirement 

MWh/yr 

Space Heating 145 46 222 73 686 686 
Water 252 67 288 84 1012 1012 
L&A 318 78 358 108 1209 1209 

Cooking 148 36 154 41 564 564 
Total 863 228 1022 307 3470 3470 
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Marjon domestic energy demands (MWh/yr) 
Completion Year 2018 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 400 0 0 50 0 450 

Energy 
Requirement 

MWh/yr 

Space Heating 454 0 0 86 0 540 
Water 731 0 0 111 0 842 
L&A 792 0 0 138 0 930 

Cooking 422 0 0 59 0 481 
Total 2400 0 0 393 0 2793 

 

Derriford Roundabout Site domestic energy demands (MWh/yr) 
Completion Year 2016 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 150 0 0 0 0 150 

Energy 
Requirement 

MWh/yr 

Space Heating 170 0 0 0 0 170 
Water 274 0 0 0 0 274 
L&A 297 0 0 0 0 297 

Cooking 158 0 0 0 0 158 
Total 900 0 0 0 0 900 

 

 

Derriford Hospital domestic energy demands (MWh/yr) 
Completion Year 2011 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 130 42 11 25 3 211 

Energy 
Requirement 

MWh/yr 

Space Heating 148 47 16 43 7 260 
Water 238 81 23 55 8 405 
L&A 258 103 27 69 10 466 

Cooking 137 48 13 30 4 231 
Total 780 279 78 197 28 1362 

 

 

B&Q and SWW domestic energy demands (MWh/yr) 
Completion Year 2018 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 274 330 83 330 83 1100 

Energy 
Requirement 

MWh/yr 

Space Heating 311 368 120 565 185 1549 
Water 501 639 174 732 212 2258 
L&A 543 808 203 908 272 2733 

Cooking 289 375 94 390 104 1253 
Total 1644 2190 592 2595 772 7793 
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BT Site domestic energy demands (MWh/yr) 
Completion Year 2013 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 50 60 15 60 15 200 

Energy 
Requirement 

MWh/yr 

Space Heating 57 67 22 103 33 281 
Water 91 116 31 133 38 411 
L&A 99 147 37 165 49 497 

Cooking 53 68 17 71 19 228 
Total 300 398 107 472 140 1417 

 
 
 

Total Derriford domestic energy demands (MWh/yr) 
Completion Year 2013 

Dwelling type Top floor flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached Total 
Quantity 1903 1031 259 1065 253 4511 

Energy 
Requirement 

MWh/yr 

Space Heating 2160 1151 375 1823 563 6071 
Water 3480 1997 543 2362 647 9029 
L&A 3770 2523 634 2930 828 10684 

Cooking 2009 1173 295 1259 316 5052 
Total 11418 6843 1847 8374 2354 30836 
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b) Derriford non-residential demand  

Development Area Building 
Initial 

Inhabitancy 
Year of 

Completion Quantity 
Total Area 

m² 

Energy Demands, MWh/yr CO2 
emissions 
tonnes/yr 

CO2 emissions 
pre energy efficiency 

tonnes/yr Gas Electricity Total 

NWQ Site 

Food Retail 2011 2018 1 500 31 55 86 36.1 48.2 

Non food retail 2011 2018 1 1,800 111 200 310 130.0 173.4 

Employment 2011 2018 1 1,200 142 159 302 114.8 153.1 

Food and Drink 2011 2018 1 300 18 33 52 21.7 28.9 

Community 2011 2018 2 1000 119 133 251 95.7 127.6 

Healthcare 2011 2018 1 500 67 120 187 78.1 104.1 
Tamar Science Park Site Employment 2015 2018 1 25,000 2,964 3,318 6,281 2392.1 3189.5 

Hawkin's Trust Site 

Employment 2010 2018 1 80,000 9,485 10,616 20,101 7654.9 10206.5 

Environmental Education Centre 2010 2015 1 2,500 206 190 396 144.3 192.4 

Community Hall 2010 2015 1 1,250 148 166 314 119.6 159.5 

PCC 2010 2018 1 20,000 2,680 4,787 7,467 3122.7 4163.6 

CCE 2010 2015 1 10,000 1,340 2,393 3,734 1561.4 2081.8 

GP Practice 2010 2015 1 500 67 120 187 78.1 104.1 

PIBP & Derriford Business 
Park Site 

Office - research and Dev 2010 2020 1 80,000 9,485 10,616 20,101 7654.9 10206.5 

Food and Drink 2010 2015 1 100 6 11 17 7.2 9.6 

Primary 2010 2013 1 19,300 1,592 1,464 3,055 1113.8 1485.1 

Healthcare 2010 2013 1 30,500 4,088 7,300 11,387 4762.2 6349.6 
Airport Site Ofice + light ind 2011 2015 1 4,000 474 531 1,005 382.7 510.3 

Marjon's Site 
Community 2010 2016 1 1,400 166 186 352 134.0 178.6 

Primary 2011 2015 1 19,300 1,592 1,464 3,055 1113.8 1485.1 

Sport / Recreation 2010 2013 2 1400 224 269 492 190.4 253.9 

Derriford Roundabout Site Employment 2015 2020 1 4,000 474 531 1,005 382.7 510.3 

Food and Drink 2015 2020 1 100 6 33 38 18.7 25.0 

Derriford Hospital Site Employment 2011 2015 1 5,000 593 664 1,256 478.4 637.9 

Healthcare 2014 2016 1 20,000 2,680 4,787 7,467 3122.7 4163.6 

SWW / B&Q Site 
Food Retail 2014 2020 1 4,650 264 1,521 1,784 870.9 1161.2 

Non food retail 2014 2020 1 2520 143 824 967 472.0 629.3 

Employment 2015 2020 1 1,500 178 199 377 143.5 191.4 
Total         338,320 39,342 52,686 92,027 36397.6 48530.1 
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c) City Centre residential and non-residential demand  

Development Type 
Initial 

Inhabiting 
Completion 

Date Quantity 
Total Area 

m² 

Energy Use MWh/yr 

CO2 
emissions 
tonnes/yr 

CO2 emissions 
pre energy efficiency 

tonnes/yr Electricity Heating Total 

Cornwall Street 

Retail 2018 2022 1 99,934 12,738 5,152 17,890 7,902 10,536 

Residential 2018 2022 676 46,608 2,053 2,003 4,056 1,515 2,020 

Office 2018 2022 1 9,297 1,185 479 1,664 735 980 

Parking 2018 2022 300 3,168 3 0 3 2 2 

Colin Campbell Court Retail 2013 2015 1 10,976 1,399 566 1,965 868 1,157 

Residential 2013 2015 131 10,026 398 388 786 294 391 

Morley Court 
Residential 2013 2015 159 11,636 483 471 954 356 475 

Health 2013 2015 1 2,949 3 103 106 23 30 

Parking 2013 2015 471 4,974 5 0 5 3 4 

Civic Centre 

Retail 2016 2020 1 4,877 622 251 873 386 514 

Residential 2016 2020 47 3,437 143 139 282 105 140 

Office 2016 2020 1 4,459 568 230 798 353 470 

Hotel 2016 2020 1 4,181 1 168 170 35 47 

Leisure 2016 2020 1 4,970 5 0 5 3 4 

Bretonside 

Retail 2013 2014 1 2,787 355 144 499 220 294 

Office 2013 2014 1 6,968 888 359 1,247 551 735 

Hotel 2013 2014 1 3,252 1 131 132 28 37 

Parking 2013 2014 380 4,013 4 0 4 2 3 

North Cross 

Leisure 2013 2015 1 3,530 2,102 0 2,102 1,129 1,505 

Office 2013 2015 1 62,802 8,005 3,238 11,243 4,966 6,621 

Retail 2013 2015 1 5,574 711 287 998 441 588 

Hotel 2013 2015 1 17,652 6 710 716 150 199 

Residential 2013 2015 164 11972 498 486 984 368 490 

Total - - - - 238,512 32,176 15,307 47,483 20,432 27,243 

 
Note – estimations for phasing, completion date, etc were agreed through discussions with Plymouth City Council. 
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Annex B – Resource maps 

a) Constrained biomass 
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b) Wind constraints 
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c) Wind resource - Derriford 
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d) Wind resource – City Centre 
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e) Woodfuel resource (edited extract from Plymouth Renewable Energy 
Strategic Viability Study, CSE and Wardell Armstrong International, 2007) 

 
Three different biomass (woodfuel) energy resources were considered; forest residues from managed 
woodlands, energy crops (Miscanthus and Short Rotational Coppice (SRC) which for the purpose of 
this study was Willow) and clean waste wood from sawmills and other waste arisings. The resource 
analysis process examined land in a 40km radius around Plymouth’s Civic Centre. The rationale for 
this was that to receive an energy crop planting grant farmers must have a contract with a powerplant 
within 40km. Outside this radius the energy costs associated with transporting the fuel to the plant 
become unsustainable. A similar rationale can be applied to the other resource types. A resource 
estimates are given as dry tonnes equivalent (dte), ie if all the moisture was removed from the fuel, to 
allow a fair comparison of fuels with different moisture contents.  
 
Forest residues  
The forest residue resource was calculated for all areas defined as Phase1 Woodland or Ancient 
Woodland in the MAGIC spatial database or land owned by the Woodland Trust or the Forestry 
Commission. An annual sustainable yield of 2dte/ha from brashings and thrashings, toppings and 
loppings, thinnings ,etc was assumed for all types of woodland. Whole tree harvesting for wood fuel is 
not considered to be environmentally sustainable or economically viable.  
 
Energy crops  
Yield data for Miscanthus was derived from nation-wide data prepared by ADAS. Yield data for SRC 
came from previous local studies, ie the Cornwall Renewable Energy Study and REvision 2010, and 
was based on the DEFRA agricultural land classification (ALC) of the potential growing areas as 
follows grade 1 = 10dte/ha/y, grade 2 = 8dte/ha/y, grade 3 = 6dte/ha/y. Other ALC grades were 
considered unsuitable for energy crop cultivation.  
 
It was assumed that Miscanthus was the preferred crop of the two types as projected yields for 
Miscanthus (10 - 17 dte/ha/y) are much greater than SRC. However, Miscanthus was expected to be 
only viable in less exposed locations and was excluded from areas with annual mean wind speeds 
greater than 7m/s at 25m above ground level. This meant that only a small percentage of the potential 
growing area was allocated to SRC production.  
 
The gross available Miscanthus and SRC resource was established by removing areas of grades 4 
and 5 land, urban areas, rivers, lakes and forested areas from the study area and multiplying the 
remaining areas by the appropriate yield value.  
 
These areas were further reduced by constraining the areas falling within Special Protected Areas, 
Special Areas of Conservation, National Nature Reserves, Local Nature Reserves, Parks and 
Gardens, Scheduled Monuments, Sites of Special Scientific Interest, Areas of Outstanding Natural 
Beauty, National Parks and Heritage Coast. A first level of constraint was obtained by excluding the 
resource within the first seven of these designated areas. A second level of constraint was then 
added to also exclude the resource in Areas of Outstanding Natural Beauty, National Parks and 
Heritage Coast. Constraints in these three areas are more likely to be limited to impact on the 
landscape, although there are no formal constraints on growing energy crops in these areas.  
Landscape sensitivity outside of these areas was not considered to have a significant effect on the 
size of the energy crop resource as long as a small proportion of the total land area was used, eg 5% 
- 10%, as alternative sites would be available. The estimated resource after both levels of constraint 
was then calculated.  
 
Other unquantifiable constraints upon the growth and use of energy crops for power production 
include possible reluctance of farmers to plant energy crops in place of conventional crops, the use of 
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land to produce transport fuels and potential other uses for set-aside, unused land, etc. Estimates of 
5% and 10% of the available land area being turned over to energy crop production were used in the 
recent REvision 2010 and REvision 2020 resource estimates. In addition, there are issues regarding 
the acceptability of generating plant, crop monocultures, planning and permitting, transportation 
issues and the question of alternative markets for Miscanthus and SRC.  
 
Clean waste wood  
It should also be noted that both Miscanthus and SRC will take up to three years to reach their 
maximum yields. Energy crop powerplant developers will therefore need to find alternative sources of 
biomass fuel for the first few years of their plant’s operation. Forest residues are an obvious solution, 
however they are relatively expensive and have a high moisture content. A more viable alternative 
would be clean, ie untreated, waste wood, eg pallets, wooden packaging, offcuts, shavings and 
sawdust, etc. This resource could augment the other wood resources without requiring expensive 
emissions treatment equipment that contaminated wood and other wastes would require. Identifying 
the scale and location of this resource will be critical to kickstarting biomass CHP plants in the South 
West.  
 
All sawmills within a 40km radius have been located and contacted to ascertain the clean waste 
would resource. Only two of these saw mills produce a sufficient quantity of wood for heat or CHP 
production at a scale beyond domestic use. Both of these sawmills currently have a market for all of 
their waste wood and offcuts but have suggested they would be willing to find new markets for their 
wood.  
 
Wood pellets are manufactured from sawdust and have the advantage of being more compact than 
woodchip with less storage area needed, which makes them particularly suitable for domestic use. 
However, they are currently more expensive and are not yet mass produced in the South West with 
the majority being imported from Northern Ireland or Europe. Pellet manufacturing equipment is 
available at a range of scales but would require a steady source of waste wood. Currently the 
relatively small amounts that Plymouth produces would be better used as woodchip.  
 
The amount of electricity that can be produced per tonne of fuel depends on the type and size of the 
powerplant. In general, the larger the plant, the higher its efficiency and the less fuel per MW of 
installed capacity required. A conservative approach has been adopted when plants estimating the 
likely installed capacity for biomass powerplants, ie they are expected to be relatively small (circa 
5MW) that they will be based on boilers and steam turbines. This is an established technology and 
hence has a low development risk but is not very efficient (20%). This, coupled with a calorific value of 
around 17GJ/t for wood, leads to a figure of 8000 dte/y/MW being used to estimate electrical 
capacities. For CHP plants twice as much useful heat capacity would also be available. If the fuel is 
used for heat only purposes the fuel required per MW drops to less than 2000t/y/MW. 
 
General waste wood  
Additional information on the potential wood resource from waste management sites was obtained.  
This resource would not be classified as ‘clean’ and so different regulations would apply to its use as 
a fuel.  Waste wood arisings going to Roodscroft Landfill are estimated at 30,00024 dte/y, this is 
equivalent to an electrical capacity 3.75MW. 
 
 
 
 
 
 

                                            
24 Personal communication with David Honey, Site Manager, Roodscroft Landfill, Saltash 
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Results  
 
 

  Woodland Residues (dte/y) Capacity (MW) 
  Within 40km PLYM Within 40km PLYM 

Unconstrained 24,679 468 3.1 0.1 
Constrained by SPA, SAC, NNR, 
LNR, PG, SM, SSSI 24,679 na 3.1 na 

Constrained by all Designations  24,679 na 3.1 na 

 
  SRC (dte/y) Miscanthus (dte/y) 
  Within 40km PLYM Within 40km PLYM 

Unconstrained 98,594 0 1,967,154 19,292 
Constrained by SPA, SAC, NNR, 
LNR, PG, SM, SSSI 97,556 0 1,955,230 17,539 

Constrained by all designations  56,533 0 1,313,508 17,342 
 

  All energy crops (dte/y) Capacity (MW) 
  Within 40km PLYM Within 40km PLYM 

Unconstrained 2,065,748 19,292 258 2.4 
Constrained by SPA, SAC, NNR, 
LNR, PG, SM, SSSI 2,052,786 17,539 257 2.2 

Constrained by all designations  1,370,041 17,342 171 2.2 
 
Landscape designations: 
 
Special Protected Areas (SPA) 
Special Areas of Conservation (SAC) 
National Nature Reserves (NNR) 
Local Nature Reserves (LNR) 
Parks and Gardens (PG) 
Scheduled Monuments (SM) 
Sites of Special Scientific Interest (SSSI) 
Heritage Coast (HC) 
Area of Outstanding Natural Beauty (AONB) 
National Park (NP) 
 
 

Sawmills within 40km and annual waste arisings 

Mill Name Estimated Annual Waste (dte/y) Capacity (MW) 
Marley Head 1300 0.16 
Barton Saw Mill 400 0.05 

Total 1700 0.21 
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Annex C – Micro-scale technology modelling assumptions 
 
Note - for the purposes of modelling the economics of micro-scale technologies a price of 12p/kwh for 
electricity and 3.5p/kWh for natural gas has been used, which is in line with current energy prices. 
 

a) Small and micro-scale wind  
Two small scale turbines were modelled in relation to the wind resource at Derriford.  The Proven 6 
(6kW) wind turbine is the smaller of the two. It has a 5.5m blade diameter and standard installations 
are on a 15m tower. This turbine costs approximately £20,000 depending specific project details such 
as the quantities, site access, etc. 
 
The Eoltec Windrunner wind turbine is the larger with an 11m blade diameter and standard 
installations are on a 24m tower. This turbine costs approximately £70,000 depending specific project 
details such as the quantities, site access, etc. 
 
Due to potential noise and visual impact, small scale turbines will need to be installed some distance 
from planned/existing dwellings. They also require a certain amount of free space to install the towers. 
This effectively excludes the City Centre but there may be limited application within the Derriford area.  
 
The Derriford development area covers a range of wind speeds as shown in Annex B, Wind Resource 
Maps.  These different wind speeds have been extrapolated to the respective hub heights for each of 
the turbines. Electricity generation has been calculated for these wind speeds using a standard 
Weibull distribution of wind speeds and data provided by manufacturers. The north east area of the 
development site has the higher wind speeds and hence is best suited to their application. However 
there is unlikely to be much, if any space available, due to the limited land available and the size and 
quantities of the planned developments. 
 

Proven [6kW] Potential Generation in Derriford 

Average Wind Speed 
at hub height 

Annual Generation 
kWh/yr 

CO2 saving 
kg/yr 

Cost per tonne 
of CO2 saved 

Simple 
Payback 

6.69 13,078 7,023 -£0.03 12.7 

6.50 12,489 6,707 -£0.02 13.3 

6.19 11,443 6,145 -£0.01 14.6 

5.90 10,473 5,624 £0.01 15.9 

5.17 7,963 4,276 £0.09 20.9 

 

Eoltec Windrunner [25kW] Potential Generation in Derriford 

Average Wind Speed 
at hub height 

Annual Generation 
kWh/yr 

CO2 saving 
kg/yr 

Cost per tonne 
of CO2 saved 

Simple 
Payback 

6.76 81,283 43,651 -£0.19 7.2 

6.66 79,186 42,524 -£0.19 7.4 

6.36 72,773 39,081 -£0.19 8.0 

6.16 68,413 36,739 -£0.19 8.5 

5.47 52,886 28,401 -£0.18 11.0 

 

b) Ground source heat pumps  
Ground source heat pump efficiency is measured by the Coefficient of Performance (CoP) which is 
the ratio of heat output, divided by the quantity of electrical energy put in. A CoP of 3 to 5 is possible 
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giving good energy running cost savings.  For every unit of electricity used to pump the heat, 3 or 
more units of heat are produced.  For the purposes of modelling, a CoP of 4 has been assumed. Due 
to this, GSHP’s CO2 savings are restricted because of the high CO2 intensity of grid electricity. 
 
Current capital costs for installation vary from £700+/ kW of thermal output, with the smaller prices for 
larger systems due to the economy of scale. A large proportion of this price is required for the 
installation of a ground loop, whether this is trenched pipework or boreholes depending on the system 
configuration.  In order to size a system it is important to obtain accurate assessments of heating 
loads.  To reduce capital outlay, systems are often sized to supply a proportion of the total heat load 
(~90%), with a back up system such as electrical heating to meet peak loads.  
 
To accurately size heat pumps and estimate their savings a detailed study covering heat loads, 
ground types, patterns of heat use in the building, floor area, type of heat pump, loop trench or 
borehole, and project financing is required.  As an industry standard rule of thumb heat-pumps can be 
sized at 50W/m2.  A breakdown of typical costs, outputs and savings for the range of residential 
buildings considered are shown below. . 
 

Typical Domestic GSHP Installations 

Dwelling type 2 x Flats Mid-terraced End-terraced Semi-detached Detached 

Total floor area 121.8 78.8 78.8 88.8 104 

GSHP Rating kW 4 3 3 4 4 

Slinky Required 1 x 40m 1 x 40m 1 x 40m 1 x 40m 1 x 40m 

Slinky Installed Cost £4,750 £4,400 £4,400 £4,750 £4,400 

Borehole Required 1 x 65m 1 x 50m 1 x 50m 1 x 65m 1 x 65m 

Borehole Installed Cost £6,150 £5,800 £5,800 £6,150 £6,400 

Average Installed Cost £5,660 £5,310 £5,310 £5,660 £5,700 

Generation (kWh/yr) 4,086 2,009 2,604 3,081 4,006 

Elec Req (kWh/yr) 1,022 502 651 770 1,001 

CO2 Saving (kg/yr) 293 144 187 221 287 

CO2 Saving* 7% 6% 7% 8% 8% 

£/tonne of CO2 saved £1,217.48 £2,386.57 £1,825.36 £1,637.51 £1,252.49 

Payback period 277 529 408 367 285 

*reduction on Part L 2006 emissions 
 
The average assumed cost is based on only 35% of dwellings being suitable to slinky (trenched pipe) 
systems.  This reflects the likelihood of high densities within the residential developments.  CO2 
savings on 2006 emissions are low due to the large improvement of energy efficiency in space 
heating; however GSHP’s do have the potential to be combined with solar water heating and hence 
gain greater savings. 

City Centre 
Within the city centre there will be little or no space available for the application of ground loops, and 
therefore boreholes would be required to collect heat. This results in higher installed costs, and hence 
£900/kW has been used as a rule of thumb to reflect the need for boreholes. The application of heat 
pumps within dwellings has not been considered as dwellings within the city will be high density flats.  
Sufficient ground loop space to meet the high heat load density is therefore unlikely.  For the non-
residential buildings heat-pumps and their CO2 savings are given below: 
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Development Type 
Heating 
MWh/yr 

Parasitic 
Electricity 

MWh/yr 

Net CO2 
Savings 

tonnes/yr 
CO2 

Reduction* 

Cornwall Street Retail 4,636 1,159 333 3.2% 
Office 431 108 31 3.2% 

Colin Campbell Court Retail 509 127 37 3.2% 
Morley Court Health 93 23 7 22.0% 

Civic Centre 
Retail 226 57 16 3.2% 
Office 207 52 15 3.2% 
Hotel 151 38 11 23.0% 

Bretonside 
Retail 129 32 9 3.2% 
Office 323 81 23 3.2% 
Hotel 118 29 8 23.0% 

North Cross 
Office 2,914 728 209 3.2% 
Retail 259 65 19 3.2% 
Hotel 639 160 46 23.0% 

Total - 10,635 2,659 763 2.8% 

*reduction on Part L 2006 emissions 
 
As can be seen GSHP’s only provide significant savings in the health and hotel facilities (22% and 
23% respectively). These have therefore been sized and costed in the table below. 
 

Development Type 
Area 
m² 

Capacity 
kW 

Installed 
Cost 

Payback 
years 

£/tonne of 
CO2 saved 

Morley Court Health 2,949 147 £132,702 285.3 £1,994.13 
Civic Centre Hotel 4,181 209 £188,129 248.7 £1,866.67 
Bretonside Hotel 3,252 163 £146,322 248.7 £1,866.67 
North Cross Hotel 17,652 883 £794,321 248.7 £1,866.67 
Total - 28,033 1,402 £1,261,474 1951.3 - 

 

Derriford 
Due to the building area splits within each of the different non-domestic areas not being known, a cost 
estimate of £850/kW has been used. This price reflects the likely requirement for borehole based 
systems due to limited space and the heat pumps providing heating and cooling.  Heat pumps for 
Derriford’s non-residential areas are given below. 
 

GSHPs for Derriford Non-Residential Buildings 

Development Area 
Area 
m² 

Rating 
kW 

Installed 
Cost 

Generation 
MWh/yr 

Electricity 
MWh/yr 

Payback 
years 

NWQ Site 5,300 265 £225,250 676 169 67 

Tamar Science Park Site 25,000 1,250 £1,062,500 2,639 660 81 

Hawkin's Trust Site 114,250 5,713 £4,856,050 11,100 2775 87 

PIBP & Derriford Business 
Park Site 129,900 6,495 £5,520,750 11,763 2941 94 

Airport Site 4,000 200 £170,000 422 106 81 

Marjon's Site 22,100 1,105 £939,250 1,133 283 166 

Derriford Roundabout Site 4,100 205 £174,250 438 109 80 

Derriford Hospital Site 25,000 1,250 £1,062,500 2,105 526 101 

SWW / B&Q Site 8,670 434 £368,900 1,274 318 58 

Total 338,320 16,917 £14,379,450 31,550 7,887 91 
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The table below gives the potential carbon savings for the Derriford area and as can be seen the 
reductions are low due to the 25% energy efficiency backstop. 
 

Development Area Building 
Heating 
MWh/yr 

Parasitic 
Electricity 

MWh/yr 

Net CO2 
Saving 

tonnes/yr 

Proportion 
of 

Reduction* 

NWQ Site 

Food Retail 23.2 5.8 1.7 3.5% 
Non food retail 83.5 20.9 6.0 3.5% 
Employment 111.3 27.8 8.0 5.2% 
Food and Drink 13.9 3.5 1.0 3.5% 
Community 92.8 23.2 6.7 5.2% 
Healthcare 39.4 9.9 2.8 2.7% 

Tamar Science Park Site Employment 2319.6 579.9 166.4 5.2% 

Hawkin's Trust Site 

Employment 7422.7 1855.7 532.5 5.2% 
Environmental Education 
Centre 116.0 29.0 8.3 4.3% 
Community Hall 116.0 29.0 8.3 5.2% 
PCC 1577.3 394.3 113.2 2.7% 
CCE 788.7 197.2 56.6 2.7% 
GP Practice 39.4 9.9 2.8 2.7% 

PIBP & Derriford 
Business Park Site 

Office - research and Dev 7422.7 1855.7 532.5 5.2% 
Food and Drink 4.6 1.2 0.3 3.5% 
Primary 895.4 223.8 64.2 4.3% 
Healthcare 2405.4 601.4 172.6 2.7% 

Airport Site Office + light ind 371.1 92.8 26.6 5.2% 

Marjon's Site 
Community 129.9 32.5 9.3 5.2% 
Primary 895.4 223.8 64.2 4.3% 
Sport / Recreation 0.0 0.0 0.0 0.0% 

Derriford Roundabout 
Site 

Employment 371.1 92.8 26.6 5.2% 
Food and Drink 5.1 1.3 0.4 1.5% 

Derriford Hospital Site Employment 463.9 116.0 33.3 5.2% 
Healthcare 1577.3 394.3 113.2 2.7% 

SWW / B&Q Site 
Food Retail 237.3 59.3 17.0 1.5% 
Non food retail 128.6 32.1 9.2 1.5% 

Employment 139.2 34.8 10.0 5.2% 
Total   27790.8 6947.7 1993.9 4.1% 

*reduction on Part L 2006 emissions 
 
Whilst GSHPs can provide small savings in the non-residential sector, they are more applicable to 
dwellings.  The table below indicates savings using the typical installations modelled previously. 
 

Typical Domestic GSHP Installations 

Dwelling type 2 x Flats Mid-terraced End-terraced 
Semi-

detached Detached Total 
Quantity 952 1031 259 1065 253 3560 
Installed Costs  (£ million) 5.39  5.47  1.38  6.03  1.44  19.71  
CO2 Saving (tonnes/yr) 278.93  148.59  48.38  235.39  72.71  784.01  
CO2 Saving* 6.84% 5.88% 7.24% 7.70% 8.46% 6.78% 

*reduction on Part L 2006 emissions 
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c) Biomass heating  

City Centre 
Biomass boilers for the Derriford non-residential buildings are sized below using a 65Watt/m2 loading 
and an average estimated installed cost of £400/kW. 
 

Development Type 
Area 
m² 

Capacity 
kW 

Installed 
Cost 

Generation 
MWh/yr 

Cornwall Street Retail 99,934 6496 £2,598,275 5,152 
Office 9,297 604 £241,712 479 

Colin Campbell Court Retail 10,976 713 £285,377 566 
Morley Court Health 2,949 192 £76,672 103 

Civic Centre 
Retail 4,877 317 £126,813 251 
Office 4,459 290 £115,943 230 
Hotel 4,181 272 £108,697 168 

Bretonside 
Retail 2,787 181 £72,464 144 
Office 6,968 453 £181,161 359 
Hotel 3,252 211 £84,542 131 

North Cross 
Office 62,802 4082 £1,632,864 3,238 
Retail 5,574 362 £144,929 287 
Hotel 17,652 1147 £458,941 710 

Total - - 15321 £6,128,389 11,819 

 
The annual fuel costs for each of the two modelled biomass fuels (wood pellets and wood chips) for 
the Derriford non-residential buildings are given below. 
 

Biomass Boiler Fuel Requirements 
    Wood Chips Wood Pellets 
    tonnes/yr cost payback tonnes/yr cost payback 

Cornwall Street Retail 2,061 £103,033 33.6  1,087 £173,869 403.5  
Office 192 £9,585 33.6  101 £16,175 403.5  

Colin Campbell Court Retail 226 £11,316 33.6  119 £19,097 403.5  
Morley Court Health 41 £2,069 49.4  22 £3,491 593.0  

Civic Centre 
Retail 101 £5,029 33.6  53 £8,486 403.5  
Office 92 £4,598 33.6  48 £7,759 403.5  
Hotel 67 £3,365 43.1  35 £5,678 516.9  

Bretonside 
Retail 57 £2,874 33.6  30 £4,849 403.5  
Office 144 £7,184 33.6  76 £12,123 403.5  
Hotel 52 £2,617 43.1  28 £4,416 516.9  

North Cross 
Office 1,295 £64,750 33.6  683 £109,266 403.5  
Retail 115 £5,747 33.6  61 £9,698 403.5  
Hotel 284 £14,207 43.1  150 £23,974 516.9  

Total - 2,981 £149,052 - 1,572 £251,525 - 

 
As can be seen the wood pellet systems have unviable payback periods. It is essential if wood chip 
boilers were chosen that a supply of fuel at an acceptable cost were secured to ensure successful 
economics. Biomass boilers have the potential to make contributions to meeting CO2 reduction 
targets by installing them in the City Centre’s non-residential buildings as seen below.  
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Biomass Boiler Feasability Analysis 

Development 
Area Building 

Capacity 
Req kW 

Generation 
MWh/yr 

CO2 reduction 
tonnes/yr 

CO2 target* 
% met 

£/tonne of CO2 Saved 
Chips Pellets 

Cornwall Street Retail 6,496 5,152 1061 10.07% £90.41 £157.15 
Office 604 479 99 10.07% £90.41 £157.15 

Colin Campbell 
Court Retail 713 566 117 10.07% £90.41 £157.15 

Morley Court Health 192 103 21 70.31% £167.05 £233.80 

Civic Centre 
Retail 317 251 52 10.07% £90.41 £157.15 
Office 290 230 47 10.07% £90.41 £157.15 
Hotel 272 168 35 73.37% £136.28 £203.02 

Bretonside 
Retail 181 144 30 10.07% £90.41 £157.15 
Office 453 359 74 10.07% £90.41 £157.15 
Hotel 211 131 27 73.37% £136.28 £203.02 

North Cross 
Office 4,082 3,238 667 10.07% £90.41 £157.15 
Retail 362 287 59 10.07% £90.41 £157.15 
Hotel 1,147 710 146 73.37% £136.28 £203.02 

Total - 15,321 11,819 2,435 - - - 

*reduction on Part L 2006 emissions 

Derriford 
Biomass boilers for the Derriford non-residential buildings are sized below using a 65Watt/m2 loading 
and an average estimated installed cost of £400/kW. 
 
 

Biomass Boilers Sized for Derriford 

Development Area 
Area 
m² 

Capacity 
kW 

Installed 
Cost 

Generation 
MWh/yr 

NWQ Site 5,300 345 £137,800 475 

Tamar Science Park Site 25,000 1,625 £650,000 2,964 

Hawkin's Trust Site 114,250 7,426 £2,970,500 13,927 

PIBP & Derriford Business Park Site 133,650 8,687 £3,474,900 15,318 

Airport Site 23,300 1,515 £605,800 2,066 

Marjon's Site 2,800 182 £72,800 390 

Derriford Roundabout Site 4,100 267 £106,600 480 

Derriford Hospital Site 25,000 1,625 £650,000 3,273 

SWW / B&Q Site 8,670 564 £225,420 584 

Total 342,070 22,235 £8,893,820 39,477 

 
The annual fuel costs for each of the two modelled biomass fuels (wood pellets and wood chips) for 
the Derriford non-residential buildings are given below.
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Biomass Boiler Fuel Requirements 

Development Area 

Wood Chips Wood Pellets 

tonnes/yr cost payback tonnes/yr cost payback 
NWQ Site 190 £9,505 19.3 100 £16,040 232.0 

Tamar Science Park Site 1,186 £59,278 14.6 625 £100,032 175.4 

Hawkin's Trust Site 5,571 £278,531 14.2 2,938 £470,021 170.6 

PIBP & Derriford Business Park 
Site 6,127 £306,356 15.1 3,231 £516,975 181.5 

Airport Site 826 £41,320 19.5 436 £69,727 234.6 

Marjon's Site 156 £7,794 12.5 82 £13,152 149.5 

Derriford Roundabout Site 192 £9,598 14.8 101 £16,197 177.7 

Derriford Hospital Site 1,309 £65,464 13.2 690 £110,470 158.9 

SWW / B&Q Site 234 £11,688 25.7 123 £19,723 308.6 

Total 15,791 £789,533 - 8,327 £1,332,337 - 

 
As can be seen the wood pellet systems have unviable payback periods. It is essential if wood chip 
boilers were chosen, a supply of fuel and cost were secured to ensure successful economics. 
Biomass boilers have the potential to make a significant contribution to meeting CO2 reduction targets 
by installing them in Derriford’s non-residential buildings as seen below.  
 
 

Biomass Boiler Feasability Analysis 

Development Area 
Capacity 
Req kW 

Generation 
MWh/yr 

CO2 
reduction 
tonnes/yr 

CO2 target* 
% met 

£/tonne of CO2 Saved 

Chips Pellets 
NWQ Site 345 488 101 15.8% £18.57 £85.32 
Tamar Science Park Site 1,625 2,964 611 19.1% -£1.84 £64.90 
Hawkin's Trust Site 7,426 13,927 2869 17.0% -£3.79 £62.96 
PIBP & Derriford Business 
Park Site 8,444 15,170 3125 17.3% -£0.77 £65.98 
Airport Site 260 474 98 19.1% -£1.84 £64.90 
Marjon's Site 1,437 1,981 408 21.3% £21.03 £87.78 
Derriford Roundabout Site 267 480 99 18.5% -£0.93 £65.82 
Derriford Hospital Site 1,625 3,273 674 14.0% -£8.55 £58.20 
SWW / B&Q Site 564 584 120 6.1% £52.02 £118.77 
Total 21,991 39,342 8104 16.7% - - 

*reduction on Part L 2006 emissions 
 

d) Solar photovoltaics (PV)  
 
A typical PV panel has been formed for assessing the potential contributions this technology can 
have. This has been based on information from Energy Saving Trust guides and recent market 
research carried out by WAI. This assumes the low installed prices due to the large orders which 
would be placed if this option was chosen. The details of the assumed panel are given below: 
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Solar PV details 
Area 1 m² 

Rating 0.14 kW 

Cost £700 (installed) 

Generate 100 kWh/yr 

Simple Payback 58.3  yrs 

CO2 Saving 53.7 kg CO2/yr 

 
Although PV could potentially meet the CO2 targets, it requires significantly more investment than 
macro solutions. CO2 savings would cost approximately £211/tonne per year. 
 

City Centre 
Whilst PV panels are expensive they do have potential to meet some, or even all of targets, providing 
there is enough installation space available. In the table below details are given on how many panels 
are required to meet a 10% reduction in CO2 emissions. 
 

Development Type 
Area of panels required to achieve 

10% CO2 saving* (m²) 
Installed 

Cost 

Cornwall Street 

Retail 19,620 £13,734,000 

Residential 3,762 £2,633,400 

Office 1,826 £1,278,200 

Parking 5 £3,500 

Colin Campbell Court Retail 2,155 £1,508,500 

Residential 729 £510,300 

Morley Court 
Residential 885 £619,500 

Health 57 £39,900 

Parking 7 £4,900 

Civic Centre 

Retail 958 £670,600 

Residential 262 £183,400 

Office 876 £613,200 

Hotel 88 £61,600 

Leisure 7 £4,900 

Bretonside 

Retail 548 £383,600 

Office 1,368 £957,600 

Hotel 69 £48,300 

Parking 6 £4,200 

North Cross 

Leisure 2,803 £1,962,100 

Office 12,330 £8,631,000 

Retail 1,095 £766,500 

Hotel 372 £260,400 

Residential 913 £639,100 

Total - 50,741 £35,518,700 

*reduction on Part L 2006 emissions 
 

Derriford 
Whilst PV panels are expensive they do have potential to meet some, or even all of targets, providing 
there is enough installation space available. In the table below details are given on how many panels 
are required to meet a 10% reduction in CO2 emissions. 
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Type 
Area of panels required 

to achieve 10% saving* (m²) 
Installed 

Cost 

NWQ Site 5,564 £5,007,600 
Tamar Science Park Site 5,940 £5,346,000 
Hawkin's Trust Site 36,107 £32,496,300 
PIBP & Derriford Business Park Site 36,810 £33,129,000 
Airport Site 4,183 £3,764,700 
Marjon's Site 6,160 £5,544,000 
Derriford Roundabout Site 1,832 £1,648,800 
Derriford Hospital Site 10,211 £9,189,900 
SWW / B&Q Site 10,953 £9,857,700 

BT Site 1,320 £1,188,000 

Total 119,080 £107,172,000 

*reduction on Part L 2006 emissions 
 

e) Solar water heating (SWH)  
 
 

Solar Thermal Panel details per Dwelling 

Dwelling type 
Top floor 

flat 
Mid-

terraced 
End-

terraced 
Semi-

detached Detached 
Panel Quantity 2 2 3 3 3 

Saving kWh/yr 1800 1800 2700 2700 2700 

Installed Cost £2,400 £2,400 £3,600 £3,600 £3,600 

Hot Water Demand kWh/yr 64.00% 55.80% 83.60% 79.10% 71.80% 

Dwellings’ energy demand met 21.30% 19.10% 26.70% 24.10% 20.40% 

CO2 saving (kg/yr) 370.8 370.8 556.2 556.2 556.2 

CO2 saving (proportion)* 17% 15% 22% 19% 16% 

*reduction on Part L 2006 emissions 
 
For non residential buildings it is assumed that 70% of hot water demand can be met through the 
optimum use of panels.  

City Centre 
Solar hot water panels are unsuited to the city centre. The dwellings within this area will be in the form 
of flats and hence it is very difficult to plumb the systems in or have enough available roof space. The 
non-residential buildings have minimal/no hot water demands and therefore there is no saving to be 
made. 

Derriford 
The optimum installations for the Derriford area are given below: 
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Derriford Non-Residential Solar Hot Water Installations 

Development Area 

Hot Water 
Demand 
MWh/yr 

Panels 
required 

CO2 Saving 
tonnes/yr 

Installed 
Cost 

NWQ Site 83 133 24.7 £159,600 

Tamar Science Park Site 387 614 113.8 £736,800 

Hawkin's Trust Site 2,749 4364 809.1 £5,236,800 

PIBP & Derriford Business Park Site 3,250 5159 956.5 £6,190,800 

Airport Site 62 99 18.4 £118,800 

Marjon's Site 245 390 72.3 £468,000 

Derriford Roundabout Site 62 99 18.4 £118,800 

Derriford Hospital Site 1,005 1596 295.9 £1,915,200 

SWW / B&Q Site 23 37 6.9 £44,400 

Total 7,866 12,491 2315.8 £14,989,200 

 
 
Summarising residential and non residential installations for the Derriford area, this technology has 
the potential of meeting approximately 37% of CO2 targets. The full breakdown and optimum 
requirements are shown below. 
 
 

Derriford Potential for Solar Hot Water Installations 

Development Area 
Panels 

Required 
CO2 Saving 
tonnes/yr 

CO2 
reduction* 

Cost 
£million 

NWQ Site 1,744 323 10.8% £2.1 

Tamar Science Park Site 614 114 3.6% £0.7 

Hawkin's Trust Site 6,080 1,127 5.8% £7.3 

PIBP & Derriford Business Park Site 6,339 1,175 5.9% £7.6 

Airport Site 1,294 240 10.7% £1.6 

Marjon's Site 1,340 248 7.5% £1.6 

Derriford Roundabout Site 399 74 7.5% £0.5 

Derriford Hospital Site 2,057 381 7.0% £2.5 

SWW / B&Q Site 2,733 507 8.6% £3.3 

BT Site 490 91 12.8% £0.6 

Other Domestic Energy Loads 23,090 4,281 6.7% £27.7 

Estover Community College Expansion - - - - 

Whitleigh Campus Expansion - - - - 

Total 24,992 4,634 37.1% £30.0 

*reduction on Part L 2006 emissions 
 
 
As can be seen this technology has the potential for partially meeting carbon reduction targets, but 
cannot meet them on their own. This technology can however be used in conjunction with heat pump 
technology. 
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Annex D – Macro-scale technology modelling assumptions  

a) City Centre CHP options  
 
Five plant options were examined  

• A 3.5MWe steam turbine fuelled with waste wood or RDF with 22% adsorption cooling 
(2.72MW) 

• A 4MWe gasifier fuelled with waste wood with 14% adsorption cooling (1.73MW) 

• A 4MWe gasifier fuelled with virgin wood (50% moisture) with 14% adsorption cooling 
(1.73MW) 

• A 6MWe Stein gasifier fuelled with waste wood or RDF   with 11% adsorption cooling 
(1.36MW) 

• A 3.5MWe natural gas fuelled genset with 14% adsorption cooling (1.73MW) 
 
All have been sized to meet the peak heating and cooling loads whilst also meeting the annual 
electrical demand. 
 
The following prices are assumed for revenue streams: 

• 2p/kWh for heat 

• 6p/kWh for electricity sold plus 4.5pence per ROC awarded 

• 5p/kWh for cooling 
 
Fuel costs/gate fees are assumed to be as follows: 

• Virgin wood/clean waste wood £45/dte 

• Contaminated wood/RDF £0/dte 

• Gate fees £0/tonne 
  
The City Centre district heating and cooling network assumes: 

• £500/meter of distribution pipe 

• £375/meter of branch pipe 

• £250/meter of cooling pipe 

• £10,000 per heat exchanger 

• An average branch pipe length of 10m 

• 10% project management costs and 5% contingency 
 
As there are not yet any detailed specifications for any of the buildings, it has been assumed that 200 
connections will be required and there will be 1,561m of distribution and cooling pipework as shown in 
Annex G. This results in the following costs for the network: 
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Distribution piping £780,300 

Cooling piping £390,150 

Branch piping £750,000 

Heat exchangers £2,000,000 

Project management £392,045 

Contingency £196,023 
Total £4,508,518 

 
A financial appraisal of all of the potential options for the City Centre follows using a Discounted Cash 
Flow (DCF) methodology.  A 25 year project life was assumed along with a 15% discount rate.  This is 
typically the minimum hurdle rate required by plant developers or an ESCo.  
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3.5MWe Steam Turbine       4MWe Gasifier (waste wood)     

             

Operational Hours  8000 hours  Operational Hours  6500 hours 

Plant Capacity  3.5 Mwe  Plant Capacity  4 Mwe 

Heating/Cooling Capacity 10.5 MWth  Heating/Cooling Capacity 8 MWth 

       Gasifier  £5,280,000   

       Gas Engine  £2,200,000   

       Transfer Conveyor  £480,000   

       Equipment balance  £500,000   

Adsorption Cooler(s) £315,000    Adsorption Cooler(s) £240,000   

       Electrical Connection £1,200,000  

       Emissions clean up  £1,500,000   

Total Capex  £15,323,518    Total Capex  £15,908,518   

             

Fuel |type  waste wood/RDF    Fuel |type  
Contaminated 
waste wood   

Fuel Input  2.5 tonnes/hour  Fuel Input  3.3 tonnes/hour 

Fuel cost  £0 /tonne  Fuel cost  £0 /tonne 

Annual fuel requirement 28,000 tonnes  Annual fuel requirement 21,450 tonnes 

Annual fuel costs  £0 /year  Annual fuel costs  £0 /year 

Electrical Generation 28,000 MWh/yr  Electrical Generation 26,000 MWh/yr 

Electrical Revenue  £4,200,000    Electrical Revenue  £3,900,000   

Heat Generation  78223 MWh/yr  Heat Generation  47799 MWh/yr 

Heating Requirement 14673 MWh/yr  Heating Requirement 14673 MWh/yr 

Heating Revenue  £293,458    Heating Revenue  £293,458   

Spare Heat  57,774 MWh/yr  Spare Heat  28,925 MWh/yr 

             

Cooling Generation  5,777 MWh/yr  Cooling Generation  3,676 MWh/yr 

Cooling Revenue  £288,838    Cooling Revenue  £183,806   

             

O&M Variable  £15 Per MWh/yr (electrical)  O&M Variable  £15 Per MWh/yr (electrical) 

O&M Fixed  £300,000  (Cont. overleaf)  O&M Fixed  £400,000  (Cont. overleaf) 
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 3.5MWe Steam Turbine (cont)      4MWe Gasifier (waste wood) (cont)    

ESCo Costs  10% of revenue  ESCo Costs  10% of revenue 

ESCo Costs  £406,230    ESCo Costs  £358,726   

Net Revenue  £3,656,067 per annum  Net Revenue  £3,228,538 per annum 

CO2 Saving  21,161 tonnes/yr  CO2 Saving  18,959 tonnes/yr 

CO2 Saving  -£137 per tonne saved  CO2 Saving  -£128 per tonne saved 

CO2 Saving  78%    CO2 Saving  70%   

Year Net Capital     Year Net Capital    

0 -£15,323,518     0 -£15,908,518    

1 -£11,667,451     1 -£12,679,980    

2 -£8,011,384     2 -£9,451,442    

3 -£4,355,318     3 -£6,222,904    

4 -£699,251     4 -£2,994,366    

5 £2,956,816     5 £234,172    

6 £6,612,882     6 £3,462,710    

7 £10,268,949     7 £6,691,248    

8 £13,925,016     8 £9,919,786    

9 £17,581,082     9 £13,148,323    

10 £21,237,149     10 £16,376,861    

11 £24,893,216     11 £19,605,399    

12 £28,549,282     12 £22,833,937    

13 £32,205,349     13 £26,062,475    

14 £35,861,415     14 £29,291,013    

15 £39,517,482     15 £32,519,551    

16 £43,173,549     16 £35,748,089    

17 £46,829,615     17 £38,976,626    

18 £50,485,682     18 £42,205,164    

19 £54,141,749     19 £45,433,702    

20 £57,797,815     20 £48,662,240    

             

Discount Rate  15%    Discount Rate  15%   

NPV  £29,934,523    NPV  £11,430,090   

IRR   22%    IRR   18%   
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4MWe Gasifier (virgin wood)      6MWe Stein Gasifier (waste)     

Operational Hours  8000 hours  Operational Hours  8000 hours 

Plant Capacity  4 MWe  Plant Capacity  5.97 Mwe 

Heating/Cooling Capacity 8 MWth  Heating/Cooling Capacity 5.80 MWth 

Gasifier  £5,280,000    Gasifier  £3,300,000   

Gas Engine  £2,200,000    Gas Turbines  £2,000,000   

Transfer Conveyor  £480,000    HRSG  £1,000,000   

Equipment balance  £500,000    Steam Turbine  £1,500,000   

Adsorption Cooler(s) £240,000    Air Cooled Balance  £400,000   

Electrical Connection £1,200,000    Equipment balance  £500,000   

       Adsorption Cooler(s) £174,133   

Total Capex   £14,408,518    Electrical Connection £1,200,000   

       Total Capex  £13,382,651   

Fuel |type  Wet Wood    Fuel |type  waste wood or RDF 

Fuel Input  3.3 tonnes/hour  Fuel Input  3.33 tonnes/hour 

Fuel cost  £45 /tonne  Fuel cost  £0 /tonne 

Annual fuel requirement 26,400 tonnes  Annual fuel requirement 26,640 tonnes 

Annual fuel costs  £1,188,000 /year  Annual fuel costs  £0 /year 

       S.T. Generation  2.24 MWe 

       G.T. Generation  3.73 MWe 

Electrical Generation 32,000 MWh/yr  Electrical Generation 47,787 MWh/yr 

Electrical Revenue  £4,800,000    Electrical Revenue  £5,017,600   

       HRSG  1.82 MWth 

       S.T. & Condensor  1.11 MWth 

       G.T. cooling  2.87 MWth 

Heat Generation  60324 MWh/yr  Heat Generation  43547 MWh/yr 

Heating Requirement 14673   Heating Requirement 14673 MWh/yr 

Heating Revenue  £293,458    Heating Revenue  £293,458   

Spare Heat  *41,975 MWh/yr  Spare Heat  25,986 MWh/yr 

 * approximately 30,000 MWh/y required for fuel drying         

Cooling Generation  3,676 MWh/yr  Cooling Generation  2,888 MWh/yr 

Cooling Revenue  £183,806    Cooling Revenue  £144,419   

O&M Variable  £15 Per MWh/yr (electrical)  O&M Variable  £15 Per MWh/yr (electrical) 

O&M Fixed  £500,000    O&M Fixed  £600,000   

Total O&M  £980,000   (cont overleaf)  Total O&M  £1,316,800    (cont overleaf) 
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4MWe Gasifier (virgin wood) (cont)    6MWe Stein Gasifier (waste) (cont)   

ESCo Costs  10% of revenue  ESCo Costs  10% of revenue 

ESCo Costs  £310,926    ESCo Costs  £413,868   

Net Revenue  £2,798,338 per annum  Net Revenue  £3,724,810 per annum 

CO2 Saving  22,181 tonnes/yr  CO2 Saving  30,236 tonnes/yr 

CO2 Saving  -£94 per tonne saved  CO2 Saving  -£121 per tonne saved 

CO2 Saving  81%    CO2 Saving  111%   

Year Net Capital     Year Net Capital    

0 -£14,408,518     0 -£13,382,651    

1 -£11,610,180     1 -£9,657,841    

2 -£8,811,842     2 -£5,933,032    

3 -£6,013,504     3 -£2,208,222    

4 -£3,215,166     4 £1,516,588    

5 -£416,828     5 £5,241,397    

6 £2,381,510     6 £8,966,207    

7 £5,179,848     7 £12,691,016    

8 £7,978,186     8 £16,415,826    

9 £10,776,523     9 £20,140,635    

10 £13,574,861     10 £23,865,445    

11 £16,373,199     11 £27,590,255    

12 £19,171,537     12 £31,315,064    

13 £21,969,875     13 £35,039,874    

14 £24,768,213     14 £38,764,683    

15 £27,566,551     15 £42,489,493    

16 £30,364,889     16 £46,214,303    

17 £33,163,226     17 £49,939,112    

18 £35,961,564     18 £53,663,922    

19 £38,759,902     19 £57,388,731    

20 £41,558,240     20 £61,113,541    

             

Discount Rate  15%    Discount Rate  15%   

NPV  £5,994,596    NPV  £44,567,755   

IRR   17%    IRR   27%   
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3.5MWe Gas CHP Engine     

    

Operational Hours  8000 hours 

Plant Capacity  3.50 MWe 

Heating/Cooling Capacity 7.00 MWth 

Adsorption Cooler(s) £210,000   

Total Capex  £7,343,518   

Fuel cost  £0.0234 /kWh of gas 

Annual fuel requirement 12,908,000 m³/year 

Annual fuel costs  £1,678,040 /year 

      

Electrical Generation 28,000 MWh/yr 

Electrical Revenue  £1,680,000   

      

Heat Generation  52324 MWh/yr 

Heating Requirement 14673  

Heating Revenue  £293,458   

Spare Heat  33,975 MWh/yr 

      

Cooling Generation  3,676 MWh/yr 

Cooling Revenue  £183,806   

O&M Variable  £22 /operational hour 

O&M Fixed  £0   

Total O&M  £175,000   

ESCo Costs  10% of revenue 

ESCo Costs  £30,422   

      

Net Revenue  £336,728 per annum 

      

CO2 Saving  11,521 tonnes/yr 

CO2 Saving  -£24 per tonne saved 

CO2 Saving  42%   

     (Cont. overleaf) 
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3.5MWe Gas CHP Engine (cont)    

Year Net Capital   

0 -£7,343,518    

1 -£7,069,716    

2 -£6,795,914    

3 -£6,522,112    

4 -£6,248,310    

5 -£5,974,508    

6 -£5,700,706    

7 -£5,426,904    

8 -£5,153,102    

9 -£4,879,301    

10 -£4,605,499    

11 -£4,331,697    

12 -£4,057,895    

13 -£3,784,093    

14 -£3,510,291    

15 -£3,236,489    

16 -£2,962,687    

17 -£2,688,886    

18 -£2,415,084    

19 -£2,141,282    

20 -£1,867,480    

      

Discount Rate  15%   

NPV  -£36,869,869   

IRR   0   
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b) Derriford CHP options  
 
Five plant options were examined: 

• 2 x 2.4MWe natural gas fuelled gensets followed by a 6MWe Stein gasifier fuelled with waste 
wood or RDF 

• A 9MWe steam turbine fuelled with waste wood or RDF 

• A 9MWe natural gas fuelled genset 

• A 9MWe gasifier fuelled with waste wood 

• A 9MWe gasifier fuelled with virgin wood (50% moisture) 
 
All have been sized to meet the peak heating loads whilst also meeting the annual electrical demand 
as closely as possible. 
 
The following prices are assumed for revenue streams: 

• 2p/kWh for heat 

• 6p/kWh for electricity sold plus 4.5pence per ROC awarded 

• 5p/kWh for cooling 
 
Fuel costs/gate fees are assumed to be as follows: 

• Virgin wood/clean waste wood £45/dte 

• Contaminated wood/RDF £0/dte 

• Gate fees £0/tonne 
 
Derriford’s district heating network assumes: 

• £500/meter of distribution pipe 

• £250/meter of branch pipe 

• £10,000 per heat exchanger 

• An average branch pipe length of 10m 

• 10% project management costs and 5% contingency 
 
There are an assumed 200 connections required and 8,500m of distribution pipe, as shown in Annex 
G. This results in the following costs for the network: 
 

Distribution piping £4,250,000 
Branch piping £500,000 
Heat exchangers £2,000,000 
Project management £675,000 
Contingency £337,500 
Total £7,762,500 
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6MWe Stein gasifier plus 2 x 2.4MWe natural gas gensets 

Operational Hours  8000 hours  Operational Hours  8000 hours 

Plant Capacity  5.97 Mwe  Plant Capacity  4.80 Mwe 

Heating/Cooling Capacity 5.80 MWth  Heating/Cooling Capacity 9.60 MWth 

Gasifier  £3,300,000        

Gas Turbines  £2,000,000        

HRSG  £1,000,000        

Steam Turbine  £1,500,000        

Air Cooled Balance  £400,000        

Equipment balance  £500,000        

Electrical Connection £1,200,000        

Total Capex  £16,462,500   Total Capex  £9,262,500   

           

Fuel |type  waste wood     natural gas   

Fuel Input  3.33 tonnes/hour      

Fuel cost  £0 /tonne  Fuel cost  £0.02 /kWh of gas 

Annual fuel requirement 26,640 tonnes  Annual fuel requirement 17,702,400 m³/year 

Annual fuel costs  £0 /year  Annual fuel costs  £2,301,312 /year 

S.T. Generation  2.24 MWe       

G.T. Generation  3.73 MWe       

Electrical Generation 47,787 MWh/yr  Electrical Generation 38,400 MWh/yr 

Electrical Revenue  £5,017,600   Electrical Revenue  £2,304,000   

HRSG  1.82 MWth       

S.T. & Condensor  1.11 MWth       

G.T. cooling  2.87 MWth       

Heat Generation  46436 MWh/yr  Heat Generation  76800 MWh/yr 

Heating Requirement 0 MWh/yr  Heating Requirement 54442 MWh/yr 

Heating Revenue  £0   Heating Revenue  £1,088,832   

Spare Heat  46436 MWh/yr  Spare Heat  22,358 MWh/yr 

O&M Variable  £15 Per MWh/yr (electrical) O&M Variable  £15 /operational hour 

          (Cont. overleaf) 
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6MWe Stein gasifier plus 2 x 2.4MWe natural gas gensets (cont.) 
O&M Fixed  £600,000   O&M Fixed  £0   

Total O&M  £1,316,800   Total O&M  £120,000   

ESCo Costs  10% of revenue  ESCo Costs  10% of revenue 

ESCo Costs  £370,080   ESCo Costs  £97,152   

Net Revenue  £3,330,720 per annum Net Revenue  £874,368 per annum 

CO2 Saving  25,662 tonnes/yr  CO2 Saving  20,163 tonnes/yr 

CO2 Saving  -£98 per tonne saved CO2 Saving  -£20 per tonne saved 

CO2 Saving  40.13%   CO2 Saving  31.53%   

Year Net Capital    Year Net Capital    

0 -£16,462,500    0 -£9,262,500    

1 -£13,131,780    1 -£8,388,132    

2 -£9,801,060    2 -£7,513,764    

3 -£6,470,340    3 -£6,639,396    

4 -£3,139,620    4 -£5,765,028    

5 £191,100    5 -£4,890,660    

6 £3,521,820    6 -£4,016,291    

7 £6,852,540    7 -£3,141,923    

8 £10,183,260    8 -£2,267,555    

9 £13,513,980    9 -£1,393,187    

10 £16,844,700    10 -£518,819    

11 £20,175,420    11 £355,549    

12 £23,506,140    12 £1,229,917    

13 £26,836,860    13 £2,104,285    

14 £30,167,580    14 £2,978,653    

15 £33,498,300    15 £3,853,021    

16 £36,829,020    16 £4,727,389    

17 £40,159,740    17 £5,601,758    

18 £43,490,460    18 £6,476,126    

19 £46,821,180    19 £7,350,494    

20 £50,151,900    20 £8,224,862    

Discount Rate  15%   Discount Rate  15%   

NPV  £11,473,174   NPV  -£28,176,885   

IRR  18%     IRR  -2%   
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9MWe Steam Plant      9MWe Gas CHP plant     

             

Operational Hours  8000 hours  Operational Hours  8000 hours 

Plant Capacity  9 Mwe  Plant Capacity  9.60 Mwe 

Heating/Cooling Capacity 27 MWth  Heating/Cooling Capacity 19.20 MWth 

Total Capex  £34,762,500    Total Capex  £14,962,500   

Fuel |type  waste wood/RDF         

Fuel Input  9 tonnes/hour        

Calorific Value  16 Mj/kg        

Energy in  40.00 MW        

Fuel cost  £0 /tonne  Fuel cost  £0.02 /kWh of gas 

Annual fuel requirement 72,000 tonnes  Annual fuel requirement 35,404,800 m³/year 

Annual fuel costs  £0 /year  Annual fuel costs  £4,602,624 /year 

             

Electrical Generation 72,000 MWh/yr  Electrical Generation 76,800 MWh/yr 

Electrical Revenue  £10,800,000    Electrical Revenue  £4,608,000   

             

             

             

             

Heat Generation  216000 MWh/yr  Heat Generation  153600 MWh/yr 

Heating Requirement 54442 MWh/yr  Heating Requirement 54442 MWh/yr 

Heating Revenue  £1,088,832    Heating Revenue  £1,088,832   

Spare Heat  161,558 MWh/yr  Spare Heat  99,158 MWh/yr 

             

O&M Variable  £15 MWh/yr (electrical)  O&M Variable  £60 /operational hour 

O&M Fixed  £900,000    O&M Fixed  £0   

Total O&M  £1,980,000    Total O&M  £480,000   

             

ESCo Costs  10% of revenue  ESCo Costs  10% of revenue 

ESCo Costs  £990,883  (cont overleaf)  ESCo Costs  £61,421  (cont overleaf) 
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 9MWe Steam Plant (cont.)       9MWe Gas CHP plant (cont)    

Net Revenue  £8,917,949 per annum  Net Revenue  £552,787 per annum 

             

CO2 Saving  49,880 tonnes/yr  CO2 Saving  29,111 tonnes/yr 

CO2 Saving  -£144 per tonne saved  CO2 Saving  £7 per tonne saved 

CO2 Saving  78.01%    CO2 Saving  45.53%   

             

Year Net Capital     Year Net Capital    

0 -£34,762,500     0 -£14,962,500    

1 -£25,844,551     1 -£14,409,713    

2 -£16,926,602     2 -£13,856,925    

3 -£8,008,653     3 -£13,304,138    

4 £909,296     4 -£12,751,351    

5 £9,827,244     5 -£12,198,564    

6 £18,745,193     6 -£11,645,776    

7 £27,663,142     7 -£11,092,989    

8 £36,581,091     8 -£10,540,202    

9 £45,499,040     9 -£9,987,414    

10 £54,416,989     10 -£9,434,627    

11 £63,334,938     11 -£8,881,840    

12 £72,252,887     12 -£8,329,052    

13 £81,170,836     13 -£7,776,265    

14 £90,088,785     14 -£7,223,478    

15 £99,006,733     15 -£6,670,691    

16 £107,924,682     16 -£6,117,903    

17 £116,842,631     17 -£5,565,116    

18 £125,760,580     18 -£5,012,329    

19 £134,678,529     19 -£4,459,541    

20 £143,596,478     20 -£3,906,754    

             

Discount Rate  15%    Discount Rate  15%   

NPV  £89,523,467    NPV  -£75,299,017   

IRR   24%    IRR   0%   
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9MWe Gasifier (waste wood)      9MWe Gasifier (virgin wood)     

             

Operational Hours  7500 hours  Operational Hours  7500 hours 

Plant Capacity  9 Mwe  Plant Capacity  9 Mwe 

Heating/Cooling Capacity 18 MWth  Heating/Cooling Capacity 18 MWth 

Gassifier  £11,880,000    Gassifier  £11,880,000   

Gas Engine  £4,950,000    Gas Engine  £4,950,000   

Transfer Conveyor  £1,080,000    Transfer Conveyor  £1,080,000   

Equipment balance  £500,000    Equipment balance  £500,000   

Electrical Connection £1,200,000    Electrical Connection £1,200,000   

Emissions clean up  £6,000,000          

Total Capex  £33,372,500    Total Capex  £27,372,500   

Fuel |type  waste wood    Fuel |type  Wet Wood   

Fuel Input  7.4 tonnes/hour  Fuel Input  7.4 tonnes/hour 

Calorific Value  16 Mj/kg  Calorific Value  16 Mj/kg 

Energy in  32.89 MW  Energy in  32.89 MW 

Fuel cost  £0 /tonne  Fuel cost  £45 /tonne 

Annual fuel requirement 55,500 tonnes  Annual fuel requirement 55,500 tonnes 

Annual fuel costs  £0 /year  Annual fuel costs  £2,497,500 /year 

             

Electrical Generation 67,500 MWh/yr  Electrical Generation 67,500 MWh/yr 

Electrical Revenue  £10,125,000    Electrical Revenue  £10,125,000   

             

Heating Generation  135000 MWh/yr  Heating Generation  135000 MWh/yr 

Heating Requirement 54442 MWh/yr  Heating Requirement 54442 MWh/yr 

Heating Revenue  £1,088,832    Heating Revenue  £1,088,832   

Spare Heat  80,558 MWh/yr  Spare Heat  80,558 MWh/yr 

             

O&M Variable  £15 MWh/yr (electrical)  O&M Variable  £15 MWh/yr (electrical) 

O&M Fixed  £1,000,000    O&M Fixed  £600,000   

Total O&M  £2,012,500    Total O&M  £1,612,500   

 ESCo Costs  10%  of revenue   ESCo Costs  10%  of revenue 

   (cont. overleaf)     (cont. overleaf) 
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9MWe Gasifier (waste wood) (cont)    9MWe Gasifier (virgin wood) (cont)   

ESCo Costs  £920,133    ESCo Costs  £710,383   

Net Revenue  £8,281,199 per annum  Net Revenue  £6,393,449 per annum 

CO2 Saving  47,464 tonnes/yr  CO2 Saving  47,464 tonnes/yr 

CO2 Saving  -£174 per tonne saved  CO2 Saving  -£135 per tonne saved 

CO2 Saving  74.23%    CO2 Saving  74.23%   

             

Year Net Capital     Year Net Capital    

0 -£33,372,500     0 -£27,372,500    

1 -£25,091,301     1 -£20,979,051    

2 -£16,810,102     2 -£14,585,602    

3 -£8,528,903     3 -£8,192,153    

4 -£247,704     4 -£1,798,704    

5 £8,033,494     5 £4,594,744    

6 £16,314,693     6 £10,988,193    

7 £24,595,892     7 £17,381,642    

8 £32,877,091     8 £23,775,091    

9 £41,158,290     9 £30,168,540    

10 £49,439,489     10 £36,561,989    

11 £57,720,688     11 £42,955,438    

12 £66,001,887     12 £49,348,887    

13 £74,283,086     13 £55,742,336    

14 £82,564,285     14 £62,135,785    

15 £90,845,483     15 £68,529,233    

16 £99,126,682     16 £74,922,682    

17 £107,407,881     17 £81,316,131    

18 £115,689,080     18 £87,709,580    

19 £123,970,279     19 £94,103,029    

20 £132,251,478     20 £100,496,478    

             

Discount Rate  15%    Discount Rate  15%   

NPV  £76,237,722    NPV  £48,711,800   

IRR   23%    IRR   22%   
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Annex E – Extract of modelling results from Definition of Zero 
Carbon Homes and Buildings: Consultation (DCLG, Dec 2008) 
 
The following table has been compiled from Annex E of the above document, which presents a series 
of technology combinations modelled by Cyril Sweett/Faber Maunsell to achieve a range of carbon 
reduction targets on homes.  Shown here are four dwelling types modelled within an ‘urban 
regeneration’ scenario, which assumes a development of 750 dwellings with an overall average 
density of 160 dwellings per hectare.  The combinations shown below represent the least-cost 
combinations modelled in achieving each target reduction, apart from the ‘Zero C’ target (100% 
reduction on total emissions) where the modelled combination which achieved the highest CO2 
savings has been selected.  
   

 

Target 
CO2 

reduction 
(% 2006 

TER) 

Carbon 
reduction 
(vs Part L 

2006) 

Residual 
CO2 - 

elec (tpa) 

Residual 
CO2 - 
other 
(tpa) 

total 
residual 

CO2 
(tpa) 

Capital 
cost 

premium 

Base 
build 
cost 

(2006) 

Urban Regeneration - flat        

PV + BPEE 25% 27% 0.81 1.15 1.96 £3,392 £73,611 

Biomass heating 80% + BPEE 44% 68% 0.84 0.55 1.38 £4,938 £73,611 

Biomass heating 80% + PV + BPEE 70% 81% 0.66 0.55 1.21 £6,592 £73,611 

Biomass CHP 80% + BPEE 100% 118% 0.02 0.68 0.7 £7,916 £73,611 

Biomass CHP 80% + PV + BPEE Zero C 152% -0.46 0.68 0.22 £12,566 £73,611 

        

Urban Regeneration - mid-terrace        

PV + BPEE 25% 26% 1.02 1.23 2.25 £4,977 £65,825 

Biomass heating 80% + BPEE 44% 67% 1.04 0.59 1.62 £6,264 £65,825 

Biomass heating 80% + PV + BPEE 70% 79% 0.86 0.59 1.44 £8,330 £65,825 

Biomass CHP 80% + BPEE 100% 116% 0.16 0.73 0.88 £9,471 £65,825 

Biomass CHP 80% + PV + BPEE Zero C 173% -0.73 0.73 0 £18,499 £65,825 

        

Urban Regeneration - end-terrace        

PV + BPEE 25% 26% 1.04 1.34 2.38 £5,063 £71,816 

Biomass heating 80% + BPEE 44% 68% 1.04 0.63 1.66 £6,993 £71,816 

Biomass heating 80% + PV + BPEE 70% 79% 0.86 0.63 1.49 £9,043 £71,816 

Biomass CHP 80% + BPEE 100% 117% 0.05 0.78 0.83 £10,695 £71,816 

Biomass CHP 80% + PV + BPEE Zero C 166% -0.78 0.78 0 £19,231 £71,816 

        

Urban Regeneration - detached        

PV + BPEE 25% 25% 1.28 1.77 3.04 £5,964 £94,255 

Biomass heating 80% + BPEE 44% 68% 1.24 0.79 2.03 £9,065 £94,255 

Biomass heating 80% + PV + BPEE 70% 76% 1.06 0.79 1.85 £11,069 £94,255 

Biomass CHP 80% + BPEE 100% 118% -0.13 1 0.87 £14,205 £94,255 

Biomass CHP 80% + PV + BPEE Zero C 155% -1 1 0 £23,131 £94,255 

 
PV = photovoltaics 
BPEE = Best Practice Energy Efficiency 
Biomass heating 80% = 80% of heat load supplied by biomass heating plant 
Biomass CHP 80% = 80% of heat load supplied by biomass heating plant 
 



Plymouth City Centre and Derriford Sustainable Energy Study  
 

CSE and WAI Page 97 
 

 

Annex F – Technical overview of adsorption cooling and refuse 
derived fuel  
 
How Adsorption Cooling Works 

Like the compressor in an electric vapor compression cycle, the adsorption system uses its "thermal" 
compressor (consisting of the generator, absorber, pump and heat exchanger) to boil water vapor 
(refrigerant) out of a lithium bromide/water solution and compress the refrigerant vapor to a higher 
pressure.  Increasing the refrigerant pressure also increases its condensing temperature.  The 
refrigerant vapor condenses to a liquid at this higher pressure and temperature.  Because this 
condensing temperature is hotter than the ambient temperature, heat moves from the condenser to 
the ambient air and is rejected.  The high-pressure liquid then passes through a throttling valve that 
reduces its pressure.   Reducing its pressure also reduces its boiling point temperature.  The low-
pressure liquid then passes into the evaporator and is boiled at this lower temperature and pressure.  
Because the boiling temperature is now lower than the temperature of the conditioned air, heat moves 
from the conditioned air stream into the evaporator and causes this liquid to boil.  Removing heat from 
the air in this manner causes the air to be cooled.  

The refrigerant vapor then passes into the absorber where it returns to a liquid state as it is pulled into 
the lithium bromide solution (the adsorption process).  The diluted lithium bromide solution is pumped 
back to the generator.   Because lithium bromide (the absorbent) does not boil, water (the refrigerant) 
is easily separated by adding heat.  The resultant water vapor passes into the condenser, the 
absorbent solution returns to the absorber, and the process repeats.   
 

Simplified diagram of a single effect adsorption cycle 
 

 
 
Although the process is similar to conventional electric vapor compression systems, adsorption 
cooling substitutes a generator and absorber, called a thermal compressor, for an electric 
compressor.  Efficiency and lower operating costs are achieved through the use of a pump rather  
than a compressor and a heat exchanger to recover and supply heat to the generator.   Double-effect 
adsorption cooling adds a second generator and condenser to increase the refrigerant flow, and 
therefore the cooling effect, for a fraction of the heat input of a single-effect system. 
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Introduction into Refuse Derived Fuel (RDF) 
 
Refuse Derived Fuel (RDF) is a fuel produced by processing a range of waste streams.  A common 
waste to be processed into RDF is Municipal Solid Waste (MSW).  If the waste stream is mixed MSW, 
a good RDF processing technology will recover none combustible, hazardous, and valuable 
recyclable materials from the waste stream before the remaining materials are processed into a RDF. 
Material recovery is usually performed using Mechanical Biological Treatment (MBT) technology.  The 
recovered materials from the MBT process can contribute to recycling targets if the recovered material 
is diverted from landfill and used as a secondary resource.  
 
The remaining material is processed into RDF.  There are two main types of RDF processing 
techniques which are shredding and steam pressurised treatment.  Some systems may used a 
mixture of both processes. The final RDF product usually consists of a mix of un/recyclable waste 
plastics and biodegradable waste. Depending on the type of waste stream and processing 
technologies selected there can be a high degree of control over the final make up of the RDF to be 
produce a uniform calorific value by controlling the ratio of organic and non-organic materials in the 
RDF to suit supply chain requirements for powerplants.  
 
RDF can be produced to standards to meet Specified Recovered Fuel (SRF) standards.  SRF is 
distinguished from RDF in that it meets certain criteria for the ratio of organic and non-organic 
fractions. There are a number of methodologies being developed to verify and validate organic and 
non-organic content of RDF.  The biomass fraction of RDF can be used to report reductions in CO2 
emissions and depending on the ratio of organic to non-organic materials; powerplants may be 
eligible for Renewable Obligation Certificates.  
 
RDF processing facilities are normally located near sources of MSW, while combustion or gasification 
facilities can either be close to the processing facility or at a remote site.  The former is not always 
practical as sites designated for treating MSW may not be able to fully utilise the waste heat from 
electricity generation.  In this case RDF can really come into its own as it is stable and odourless, can 
be easily transported to other locations for combustion.  
 
RDF is a viable option in Plymouth and could provide a number of benefits.  The Waste Plan for 
Plymouth is still undecided.  Potential sites for dealing with MSW have been identified but it is 
believed that treatment strategies and technologies have not been decided.  This provides an 
opportunity to strategically link the development of the Waste Plan and renewable energy strategies 
for the City Centre and Derriford.  If an RDF strategy was considered it could provide a secure supply 
chain of combustible material for the study areas supporting the Waste Plan by refining the outline 
business case to focus on an RDF solution. To progress this option a feasibility study is needed to 
address economic, technical, environmental and perception issues.  
 
 

http://en.wikipedia.org/wiki/Municipal_solid_waste
http://en.wikipedia.org/wiki/Plastic
http://en.wikipedia.org/wiki/Biodegradable_waste
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Annex G – Potential routes for district heating networks 
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