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1. Foreword  

 

Mark Robinson, CEO of Scape System Build Limited 

 

 

Scape are very pleased with the results of this project. We feel it is crucial 

to the future of the Scape Technology system that we have a viable method 

of achieving zero carbon performance in use for primary schools and 

secondary schools. 

The current regulatory framework ties us into a commitment to achieve 

zero carbon performance on all public sector building projects well within 

the next decade so we are delighted that we are now ôahead of the gameõ 

and can offer this as a standard package to all of our clients. 

Scape would like to acknowledge the contribution of EMDA and their 

Grant for Research and Development, funded by the ERDF. This was 

crucial in enabling us to carry out this project.  

 

Mark Robinson, CEO of Scape System Build Limited 
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Scape Zero Research Project 

2.  Synopsis 

Overview  

This report describes how three model educational designs that use the Scape Technology building system 

were developed in order to achieve true ôzero carbon in useõ (ZC) performance. This includes their 

architectural and structural design, their projected total energy usage (including heating, cooling, 

ventilation, lighting, IT, catering, small power ð regulated and operating energy), renewable energy 

requirements in order to achieve ZC (such as photovoltaics to provide electricity, biomass boilers to 

provide heating, CHP units to provide electricity and heating) and detailed cost information. There are 

two primary school models (a 1FE and a 2FE design) and a secondary school teaching block.  

 

Primary Schools  

The 1FE and 2FE primary schools, named ôPebbleõ and ôDevelopõ respectively, are single storey and 

minimise energy use by featuring highly insulated fabric, maximising natural ventilation and daylight 

(without allowing excessive solar gain) and including highly energy efficient heating, lighting, electrical and 

catering equipment. The resultant energy is then offset by roof mounted photovoltaics to provide a totally 

onsite solution. The Feed-in-Tariff initiative means that this solution is financially viable, with an annual 

return on investment of approximately 12%.  

Internal temperature models, ventilation rate calculations and daylight studies have also been carried out 

to make sure that internal conditions are of a high standard that comply with all necessary performance 

requirements. Analysis of all these factors in relation to both projects revealed them to be to be carbon 

negative over the course of the modeled year.  

 

Secondary Schools  

The teaching block, named ôFacultyõ, is three storey and is designed to be part of a larger educational 

campus ð secondary school, college of FE, university etc. A similar process has been followed to minimise 

energy use. More IT provision has been included but there is no requirement for catering in this model. 

The resultant energy is then offset by roof mounted and south wall mounted photovoltaics, solar hot 

water panels as well as a gas fired CHP unit that will provide heat and electricity to the new building and 

also, at times, to the wider campus, in order to provide a fully ZC building. Due to the size of the building 

and the proportional area available to PVs, it is not possible to make the building ZC with these alone. As 

above, Feed-in-Tariffs are available for the electricity provided by the PVs and the CHP and there may also 

be return provided for the heat under the Renewable Heat Incentive that will be initiated in 2011. 
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Internal modeling of conditions has also been carried out as above.  

Faculty was found to be minimally carbon negative over the course of a year. The inclusion of the energy 

exported to the surrounding campus is crucial in order to make this equation work.  

 

Site Monitoring / Investment  

If any of these model designs are utilised, a site monitoring package will be offered, to monitor the energy 

used in the completed building and work with the client and users to review and improve the energy use 

and production further. 

Investment options for the renewable technologies are varied. Investment can be provided totally by the 

public sector body, private sector or a mixture of the two. The higher the public sector investment is, the 

higher the potential financial rewards are but also the higher the risks involved. 

Illustrative calculations for the potential financial returns from the Pebble and Develop PV installations are 

included. 

 

Further Work  

As a result of this work, further information will be developed that will offer these model approaches to 

public sector clients. This will also be marketed through our extensive national and regional contractor / 

consultant frameworks and also potentially through a ôsustainability frameworkõ that would enable clients 

to quickly access sustainable / renewable technology suppliers without going through an individual 

tendering exercise for each project.  
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Scape Zero Research Project 

3. Introduction  

Outline  

Scape provides a unique, component-based building system that is used for many public sector education 

projects. The main aim of this research project was to investigate the technical and commercial feasibility 

of a truly ôzero carbon in useõ (ZC) version of the building system which we have named ôScape Zeroõ.  

 

This report describes a fully integrated package that contains information on three model designs, their 

energy usage, renewable energy requirements and building cost data. There are two primary school 

models (a 1FE and a 2FE design) and a secondary school teaching block. From this report, we will develop 

a ôbrochureõ that will offer public sector clients a pre-designed and approved method of achieving ZC 

status for their new build projects. Furthermore, it will provide a mechanism for ensuring ZC is achieved 

during occupation. 

 

Context  

The previous government set a date of 2016 for all new school buildings to achieve ZC. The school 

building program has been reduced by the current government but is still significant and will become 

increasingly fragmented. Individual projects are usually delivered by individual design teams delivering 

individual technical solutions. Also, for each project, the collaboration required between individual 

disciplines (e.g. architects, engineers, cost consultants) and the co-ordination of the different aspects of 

the building (overall cost, educational methods, fabric performance, heating strategy, electrical usage) that 

are required to achieve ZC performance are extraordinarily difficult to achieve, especially in terms of the 

time and financial resource available.  

 

This ready-to-use package will be attractive to public sector organisations who are keen to show their sustainability 

credentials and under pressure to reduce their carbon footprints but who simply do not have the time, money and 

resource available to achieve this using a ôtraditionalõ design processes. 

 

Report Structur e 

The report sets out the various parameters and assumptions made (for example the chosen definition of 

ôzero carbonõ) in the design development stages and then sets out the design solutions, energy use and 

cost information for each model design. This is a summarised version of the information. All the detailed 

work is contained in the appendices. 
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There are also then sections on plans for monitoring the energy use in the completed buildings, 

investment options for the renewable technologies and finally an outline of how this work will be further 

developed and brought to market in 2011. 
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4.  Scape Technology Description  

Outline  

Scape Technology is a steel framed, component-based building system that is used for many public sector 

education projects. It has been continuously developed over a period of 50 years, with its roots in the 

CLASP system. The general principles are to maximise resources wherever possible (reduce section sizes, 

floor depths etc) and to maximise the benefits of standardisation throughout the whole design and 

building process. 

 

Scape Technology comprises of a large body of standard drawing details and NBS specifications that are 

regularly updated. The main structure is highly standardised with a semi-rigid concrete raft foundation that 

is able to cope with most site conditions. The steel frame is planned on a structural grid (1.8/3.6m) and 

comprises of small section, hot rolled steel members. For example, columns are generally 120x120mm 

SHSs. Single storey spans can be up to 21.6m, structure supporting upper floors can span 10.8m. Buildings 

can be up to 4 storeys high.  

 

There are many options in terms of massing and wall and roof claddings that can either be highly 

prefabricated or more ôtraditionalõ ð for example brickwork or rendered blockwork. Clients are given 

free reign in terms of internal finishes and fittings. M & E services are not currently included within the 

system approach but this project could herald the start of a more integrated approach where services will 

be more closely specified by Scape. This is likely as servicing aspects are becoming ever more important in 

the achieving of environmental performance, as well as heavily influencing the total building cost and 

aesthetics.  
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Below are some examples of Scape projects that demonstrate its flexibility: 
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The key benefits of using Scape Technology can be summarised as: 

 

Improved Efficiency  ð The design team is provided with comprehensive documentation to enable the 

initial design and full working drawing / specification package to be prepared quickly and to a high 

standard. 

 

Speed of construction  ð The use of a steel frame, pre-finished components and an emphasis on dry 

construction techniques leads to a short construction period. 

 

Value for money  ð Scape offers value for money for clients and building owners. The cost is refined and 

constantly under examination while quality is maintained at a high standard. Components are selected for 

their low maintenance costs ensuring that value for money is enjoyed throughout the life of the building. 

Scape has been refined in detail and specification to maximise value in the finished project. 

 

Poor ground  ð The structural design features of the system allow buildings to be constructed on sites 

with low bearing pressures. This enables these sites to be developed without resorting to expensive 

ground treatments. 

 

Quality and r eliability  ð At the design stage, on site and in use, quality and reliability are prime 

considerations in the design of the system. Repeated uses which feed back to incremental development of 

the details gives the system proven performance. 

 

Sustainability  ð less waste of materials by using prefabrication, ôdryõ techniques and efficient layouts. 

Steel weight and use of materials generally is minimised. However, there is still considerable thermal mass 

in the concrete floors that can be used to regulate internal temperatures. The provision of high levels of 

natural daylight and ventilation is possible and actively encouraged. Lifecycle costs are considered in the 

specification of materials. Ambitious fabric U value standards and air-tightness performance levels have 

now been set to minimise energy in use. A process of monitoring building energy performance has also 

been commenced. 

 

Meeting the Building Regulations  ð Scape has an LABC Type Approval for many model structural 

solutions (single to four storey) as well as for all of the drawing details and specifications which covers 

many aspects of the Building Regulations. This can greatly simplify the structural design and approval 

process. 
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Design Flexibility  ð Using the system properly involves embracing a rigorous approach but there is 

potential for enormous variation in the design concept and execution of the building. Complex plan 

shapes and building forms can be accommodated but simplicity is usually the key in terms of detailing and 

overall economy. ôNon-Scapeõ elements can easily be incorporated alongside standard elements. 
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5. Scape Zero Definition  

 

5.1 Introduction  

 

There are a variety of understandings of what a zero carbon school means.  These definitions affect both 

how much energy exchange is permitted with the grid supplies and also what items of energy consuming 

equipment are covered in the ôZero carbonõ calculation and which are excluded. 

 

The following sections expand on some of the definitions and conclude by giving the interpretation and 

reasoning adopted by the Scape Zero team. 

 

5.2 Off Grid Zero C arbon  

 

The concept of off grid zero carbon is perhaps the purest definition in that a building will provide for all its 

energy requirements from a zero carbon source without the need to connect to the existing energy 

networks.  This idealist definition brings with it a number of technical and commercial difficulties.   

 

There are significant periods during both a 24 hour daily cycle and the seasonal yearly cycle when energy 

is being consumed but not generated.  The delivery of an off grid zero carbon solution will require 

substantial energy storage over a prolonged period, which is difficult to deliver technically because of the 

large spatial requirements and has a substantial cost. 

 

Commercially, because of the costs of storage and the large sizing of renewable technologies to harvest 

adequate power when little resource is available, such a solution does not deliver good value for money in 

terms of carbon saved for expenditure.   

 

In terms of carbon performance such a solution may have a larger lifetime carbon footprint due to the 

embodied energy in the storage and oversized renewable plant. 

 

A better value and lower life time carbon solution can be obtained by permitting exchange of energy with 

the local off site energy infrastructure.  
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5.3 Zero N et Carbon  

 

The principle of Zero net carbon is based upon this exchange.  It accepts the import of grid supplied 

energy to meet demand when there is no generation, but exports a matching amount of energy to the 

grid when on-site generation is at its peak.   

 

The imported energy is assumed to have been generated by the mix of generation in the UK, and will 

have involved the use of some carbon.  However, when the renewable energy is exported from the 

building, it displaces power elsewhere within the grid, causing less energy to be produced at the power 

stations.  Over a year the carbon saved by the displacement caused by exported energy balances that 

consumed during the import.  This principle is illustrated in the chart below, which is based upon how a 

Photovoltaic array would supply the 2009 electrical consumption figures for Herbert Strutt primary 

school (Belper, Derbyshire). 

 

 

  

The Net Zero carbon approach takes advantage of the huge consumption of fossil fuel in the UK to act as 

a swing against the varying load on site.  Even with the proposals for deep cuts in UK CO2 emissions, 

there will be sufficient fossil load for the approach to remain completely valid for the life of the installed 

plant.  This permits the most economic size of renewable plant to be installed within the building 

concerned. 

 

Energy Exported 

Energy 

Imported 

Energy 

Imported 

Energy generated and used on site 
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The zero net carbon approach can also be used to mitigate quantities of gas that would be required for 

catering, together with the small total carbon loading in the production of biomass fuels .  The carbon 

produced by the use of the gas can be balanced by additional renewable energy generation which when 

exported displaces the same amount of carbon from the UK grid. 

 

5.4 Regulated Energy  

 

Regulated energy is a definition which has arisen from the 2006 Part L building regulations, and is the 

energy used in the operation of the building itself.  It comprises: 

 

1. Fuel used in boiler plant for heating and domestic hot water 

2. Electrical energy used for lighting 

3. Electrical energy used for cooling 

4. Electrical energy used in pumps, fans and auxiliary plant associated with the main heating or 

cooling plant. 

 

Regulated energy is concerned only with energy directly associated with the building itself and takes no 

account of energy used in running the activities within a building.  The continuing improvements of the 

building regulations part L2A in 2006 and 2010 are only in terms of carbon performance which is 

associated with regulated energy. 

 

5.5 Operating Energy  

 

Operating energy is the energy associated with the operation of the activity within the building and would 

include: 

 

Small power to run IT and equipment 

Catering 

Lifts 

Server rooms 

Process equipment and plant 

 

Not all of these are relevant to primary and secondary schools.  Operating energy contributes to the 

overall carbon footprint of a facility.  
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5.6 Carbon Factors  

 

The carbon factors used for the analysis of Scape Zero are taken from the carbon values published by the 

Department of Energy and Climate Change (DECC) in October 2010 as used for Carbon reporting of 

businesses.  This figure includes not just the CO2 generated at the point of consumption but also the CO2 

generated in the extraction and transmission losses of the fuel.  These figures are: 

 

Electricity ð  0.61707 kg CO2/kWh 

Gas ð 0.20322 kg CO2/kWh 

Biomass Pellet Fuel - 0.04 kg CO2/kWh 

Biodiesel Fuel ð 0.17239 kg CO2/kWh 

 

5.7 Scape Zero P hilosophy  

 

The Scape Zero philosophy on carbon is to account for both regulated and operating energy in the 

assessment.  The whole operation of the school will then be seen to be zero carbon.  This approach is 

directly comparable with the highest Level 6 standard in the Code for Sustainable Homes. 

 

Carbon will be calculated using the DEFRA/DECC Greenhouse gas conversion factors for annual 

reporting.  Therefore, a correctly operated Scape Zero building will not show any additional carbon 

footprint in the returns. 

 

The factors used are taken from the 2010 guidelines.  The factors used in Scape Zero are the total 

greenhouse gas figures emissions from source to use.  These incorporate the Carbon associated in the 

production of the fuel as well as that produced directly by consumption. 

 

Scape Zero is designed to operate connected to the national energy grid and to take advantage of this to 

balance out carbon throughout the year.  This allows for the most cost effective use of resource in Scape 

Zero.  Legislation has recently been changed to permit local authorities to export energy to the grid 

which makes this practical and economical approach viable. 

 

The models used to produce Scape Zero are based upon producing a net Zero Carbon School.  Data is 

available from the National calculation method and from existing facilities which allow the energy use of 

the school functions to be modeled.  Some schools are being used for variable amounts of community use.  

The quantity of this is completely variable and in many instances none.  The basic Scape Zero model has 
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been based upon no community use but the principles involved in the energy and carbon balance could be 

extended to cover an identified quantity of use in a detailed design. 
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6. Low and Zero Carbon Technology Discussion  

6.1 Parame ters affecting Scape Zero choices  

 

One of the key parameters affecting the selection of the low and zero-carbon technology for Scape Zero 

has been the deliverability of the overall package.  It is important that when a commission for a Scape 

Zero Carbon School is undertaken that the school can be built and clearly seen to be delivering as a Zero 

Carbon package from the outset.  Whilst the use of off site renewables was considered, their use poses 

problems of delivery and validation.  As a result the aim of Scape Zero has been to achieve a clear zero 

carbon solution on site. 

 

Planning is a key parameter that can affect a development.  Certain renewable installations, such as wind 

power on any meaningful scale are liable to attract negative local comment and considerable resistance 

through planning.  Whilst this solution may be delivered in some locations, it is unlikely to be easily 

delivered in a large majority.  Scape Zero has adopted solutions that can be delivered on virtually all sites, 

allowing the advantage of the system build to be gained. 

 

The form of the Scape Zero buildings has also been an important influence.  The single storey primary 

school buildings fit onto new sites and have relatively extensive roof areas, providing an opportunity for 

photovoltaics.  There is only a finite amount of energy to harvest on a site, and this has set a bounding 

design parameter in the case of the primary schools on the amount of energy that they can consume.  In 

these cases it has been possible to engineer the energy use within the building to be within the energy 

available from roof mounted arrays. 

 

By contrast, faculty is designed as a compact block to fit into an existing secondary or tertiary educational 

campus and has a compact multi-storey form.  As the floor area is three times the available roof area, the 

density of energy use exceeds that which can be harvested by PVs.  In this case it has been necessary to 

look at much more compact sources of energy such as Combined Heat and Power (CHP) to supplement 

the direct energy harvest. 

 

Financial deliverability of renewables has been a major constraint in the past but this has been alleviated by 

the provision of the ôFeed-in tariffõ for electricity which commenced in 2010, and the ôRenewable Heat 

Incentiveõ for heat which will start in April 2011.  These schemes look to balance the additional costs of 

renewable installations by giving a guaranteed additional payment for electrical power or heat generated.  
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Scape Zero takes advantage of these and the recent permissions for local authorities to export power to 

make the renewable solutions affordable. 

 

In accordance with the energy hierarchy, all the Scape Zero buildings have been designed holistically to 

maximise the passive opportunities, use the most efficient energy conversion processes and to provide 

architectural solutions that work with the renewable energy sources selected.   

 

6.2 On site Wind  

 

Whilst micro wind power has very limited effectiveness, if the size of turbines is increased to mid- range 

units that would provide sufficient power for Scape Zero, the effectiveness significantly increases.  As with 

all wind power, the turbines will work best with clear uninterrupted airstreams, which will require high 

masts to keep them clear of the worst disturbed airstreams of the buildings.   

 

If wind power was used, it is anticipated that the approximate size of turbines required would be a 14m 

diameter, 3 bladed rotor for Pebble and a 19m diameter, 3 bladed rotor for Develop.  Whilst the 

presence of a wind turbine makes a very positive statement about the sustainable intent of the school, 

these are large machines which would have a substantial local impact. 

.    

As primary schools are located within communities, these machines will effectively be erected within 

residential areas.  As such their size is likely to provoke opposition through planning in terms of visual 

amenity and acoustic interference.  Such a planning issue would substantially delay the approval of the 

school.  If lost it would force delivery of an alternative design, and even if won the issue could poison the 

relationship between the school and its community. 

 

On-site wind is not an appropriate solution that can be delivered on most sites where Scape Zero would 

be built and is not proposed as a standard design solution.  It may be possible for smaller units to be 

installed which would deliver a small fraction of power as part of an educational facility and visual 

sustainability statement by the school. 
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6.3 Off site Wind Generation  

 

At large scale, wind power becomes much more economic but at these scales can only be deployed in 

remote locations.  It would be possible for the Scape Zero projects to be tied to the development of a 

wind farm located remotely within the area of the particular local authority.  

 

The development of such a resource would require a specialist partner in the generation field.  This 

partner would deliver the parallel energy development.  However, for new Scape Zero buildings to be 

truly carbon zero with off site generation, their new matching renewable capacity must be additive to that 

which has already been planned.  Tying an energy development to Scape Zero projects may reduce the 

economic viability for the wind farm developer who could otherwise sell power to the open market at a 

higher price.  A payment or subsidy may be required to secure the source. 

 

Onshore wind farm development regularly encounters significant opposition through the planning process, 

which could delay or prevent its construction.  A delay that causes the off site energy source to be 

unavailable when required by the Scape Zero schools programme would compromise the delivery of the 

zero carbon school.  In addition the construction of Scape Zero schools will probably be uneven, leading 

to a discontinuous construction of the wind farm which increases costs to the energy developer. 

 

With the use of off site renewable generation, the demonstration of the zero carbon nature of the school 

becomes more tenuous.  In addition it places the delivery of the zero carbon school at the mercy of a 

third party development over which the Scape Zero team would have no control.  For this reason it has 

been decided to seek on-site solutions for Scape Zero. 

 

On site solutions have an overall sustainability advantage as well.  There is only a finite amount of wind 

resource that can be developed within the UK.  By not using any of this resource, Scape Zero will enable 

a greater long term carbon reduction for the country as a whole. 

 

6.3 Photovoltaics  

 

The generation of electricity by photovoltaics (PV) has been undertaken for many years, and extensive use 

is made of the technology on the continent, particularly in Germany, where a preferential feed in tariff has 

encouraged substantial take up.  
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Photovoltaics generate DC electricity directly from sunlight which is converted to power suitable for 

connection to the 400/230V AC building electrical system by an inverter.  The power is used first to 

supply any loads within the building; any surplus is then exported. 

 

There are three types of silicon array used: polycrystalline, monocrystalline and amorphous.  

Monocrystalline has the highest efficiency but is the most expensive.  Amorphous cells are less efficient in 

conversion of light to electricity but respond to scattered light more efficiently and will not lose so much 

output in non-ideal orientations.  Research work is looking at other materials but commercial PV in 

current use is silicon based. 

Because PV will only work during the day, it cannot generate all the power needed in a school all of the 

time without storage.  However, a sufficiently large array will allow a building to become carbon neutral, 

with the exported zero carbon energy in periods of excess (which is used by others and displaces carbon 

elsewhere) balancing the imported carbon based energy overnight.  This approach to carbon neutrality 

will work effectively on the macro scale with a considerable penetration of PV in the overall UK energy 

balance.  

 

Although current capital costs for PV are relatively high, the introduction of the feed in tariff in 2010, 

which pays the generator a significant premium for each unit of electricity generated has completely 

changed the economics.  The subsidy is designed to give a return of around 7% on the PV installation, 

which makes them much more economically viable.   

 

PV has significant advantages in the context of Scape Zero in that it is contained within the footprint of 

the building, and will form a part of the appearance and roof line of the buildings at planning.  The 

deliverability of the zero carbon solution is completely within the control of the Scape Zero design team.  

For this reason, PVs are chosen as the means of electricity generation for the primary schools, and to 

meet a significant part of the power requirement of the Faculty design. 

 

This arrangement also opens up a further business opportunity in the finance and provision of the PV 

units.  Given that a fixed payment, giving a good rate of return for 25 years has been granted, the PV 

installation could be funded by and leased from a third party, with the Feed-in tariff being claimed by or 

paid to them.  Leasing in such a manner would reduce the capital cost requirement of the school to the 

local authority.  Given the size of market available to Scape, it could either seek a strategic partner, or 

look to fulfil the business opportunity itself. 
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6.4 Combined Heat and Power  

 

Combined Heat and Power looks to use existing fossil fuels very efficiently.  The latest all scopes carbon 

factor for electricity from the current fleet of power generation is 0.61707 kg CO2/kWh.  As an 

alternative, gas can be burned in a CHP unit to produce electrical power (the premium product) and the 

heat captured and used elsewhere.  The carbon footprint for the production of the heat and power by 

this means is significantly lower than if electricity for power and gas for heat were obtained individually. 

 

In order to get the best economics for a CHP unit, it should be run for over 5000 hours per year.  

However, it is possible to run such units for shorter periods and still have a viable unit, especially if the 

driver behind the installation of CHP is related to carbon saving rather than cost.  The key to long running 

periods is the availability of the heat load. If a CHP is forced into a position where it must dump the heat 

it produces rather than have a use for it, both the carbon performance and financial viability rapidly 

reduce. 
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CHP units provide a very compact source of electrical and thermal energy and are therefore a good 

potential source for constrained sites, provided that adequate heat load can be found. 

 

Whilst it is possible to run CHP units on biodiesel, there is less choice of unit and they tend to have 

higher maintenance and capital costs, and require additional facilities such as a fuel tank.  Biodiesel is 

manufactured by a number of different routes, each of which having different carbon loadings.  However, 

the October 2010 carbon factors published by DECC and DEFRA now attribute biodiesel with an 

aggregated life cycle carbon factor which converts to 0.17239 kg CO2/kWh.  The all scopes figure for gas 

is 0.20322 kg CO2/kWh.  The difference is small, and does not justify the use of biodiesel due to the 

additional difficulties accompanying the fuel.  The consumption of both biodiesel and gas will create a 

carbon footprint that needs to be matched by carbon savings elsewhere in the energy network, in order 

to be carbon zero in application, as defined by the Scape Zero project. 

 

The high energy density of a CHP unit makes it a good energy source for Faculty where there is a 

constrained site and the three storey form limits the relative opportunity for use of PV compared to the 

building floor area.   

 

Faculty is designed as an extension to an existing school which is likely to have an existing carbon 

consumption from a conventional electricity and fossil fuel power train.  By making Faculty an energy 

exporter of both heat and power to the existing school, the application of CHP will produce a reduction 

of the carbon footprint of the existing school.  Scape Zero will use this reduction to offset the carbon 

being used in the CHP unit so that the construction of the faculty block does not add to the carbon 

footprint of the whole school.  The carbon saving from the power and heat exports from Faculty matches 

the use of fossil fuel within the new building. The unit is intended to supply heat and power throughout 

the heating season. 

 

6.5 Ground source heat pumps  

 

Ground Source Heat Pumps (GSHP) are a low carbon technique and based on well proven technology.  

The system comprises a refrigerant circuit, which is used to pump heat between the ground and the 

building.  Although generally used for heating, there are units that will pump heat both ways allowing 

cooling in the summer. 

 

For the unit to function efficiently, the heat produced is at a relatively low temperature.  This is used in 

conjunction with underfloor heating which can operate with temperatures in the mid 30 degrees Celsius.  
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If the output temperature of the unit is raised its efficiency falls quickly.  This can pose problems for the 

production of Domestic Hot water which must have some form of temperature top up.   

 

The ground connection of the system is made either via vertical boreholes, or use of shallow loops laid in 

trenches.  

Although the heat pump uses electricity as a fuel source, it does this in an efficient way, generating 

typically 4 to 5 units of heat for each unit of electricity consumed.  The Carbon footprint is typically about 

half the value of a conventional condensing boiler plant. 

 

One significant disadvantage of underfloor heating which is combined with ground source heat pumps is 

the lack of control due to the slow response.  Schools have a transient but dense occupation which 

results in large changes to the heat demand within the classrooms.  Underfloor heating cannot respond to 

this quickly.  For example, the floor slab will be warmed up prior to occupation time to pre heat the 

room and bring it up to temperature.  When the room is occupied the heat will continue to be emitted at 

this rate as the slab slowly cools down in addition to the metabolic and equipment heat now within the 

room.  The energy balance in section 7 shows how little extra heat is required to keep the room at 

temperature.  The result of the slow response from the underfloor heating is that the classroom will start 

to overheat which is usually countered by opening windows to increase the ventilation rate and results in 

an associated energy loss. 

 

For Scape Zero, there is a tight budget on power from the available on site renewable generation, and the 

power budget is not available to run the heat pumps.  This is demonstrated in practice by Herbert Strutt 

school which is a Scape 1FE primary.  This uses ground source heat pumps for heating and has an 

electrical energy consumption of around 100,000kWh/year.  The budget for Pebble is just over half of this. 

 

The combination of built-in overheating with the design and electrical energy consumption have resulted 

in ground source heat pumps being rejected as the baseline solution for Scape Zero. 

 

6.6 Air source heat pumps  

 

In response to the previous changes in Part L1A of the building regulations in 2006, which made direct 

electric heating in apartments unattractive, new Air Source Heat Pumps have been produced by the air 

conditioning industry as a potential solution.   The concept has now grown beyond the original residential 

applications to larger applications such as small commercial buildings and schools.  Air Source Heat Pumps 

use a unit similar to a conventional air conditioning outdoor unit to heat water from air. 
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As with the ground source heat pump, the heat produce is low temperature, and has to be used in 

conjunction with underfloor heating.  Pumping heat from air is less efficient than from the ground, so air 

source heat pumps need much more electricity to generate the same amount of heat.  This places them 

even further outside the available electricity budget for Scape Zero buildings. 

 

6.7 Biomass Thermal  

 

Biomass thermal in the context of Scape Zero is the combustion of wood fuel in a specialised boiler for 

the production of heat.  Although relatively recent in the UK, wood fuel has been used on the continent 

for many decades and the technology is well developed. 

 

The basis for biomass fuel being carbon zero in combustion is that the wood fuel is harvested from 

sustainable forestry, where the replanting of new trees matches the consumption.  The trees growing 

within the forest absorb carbon dioxide from the atmosphere (through photosynthesis) at the same rate 

across the year that it is being released by the consumption of wood fuel. 

 

Wood fuel used in the scale of boilers for the schools comes in two principle forms -  Chip and Pellet. 

 

Wood chip fuel is produced by passing the timber through a graded chipper.  Various sizes of chip are 

produced depending upon the type and size of boiler.  A disadvantage of chips is that the fuel quality can 

often be variable, particularly in terms of moisture content. The calorific value of the fuel, which 

determines its energy content is very largely affected by moisture content.   

 

All wood fuel requires automated mechanical handling from the bunker to the boiler.  However, that 

serving wood chip fuel must also deal with the complication that it is not a free flowing material. 

 

Wood Pellet is a manufactured fuel, produced by reducing dried wood to sawdust and then compressing 

it to form the pellets.  The resins within the wood bind it into the formed shape.  As the fuel is 

manufactured to a standard, wood pellet is generally of much better consistency than chip.  The standard 

for pellets requires moisture contents of less than 10% and due to the compression process, makes a 

much denser fuel which gives wood pellets approximately 2½ to 3 times the energy content for the same 

stored volume as wood chip.  Pellets are also free flowing which eases the handling. 
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Pellets are often produced as a by product from sawmills and the timber trade but as they involve more 

processing of the wood they have a higher embodied energy than wood chip.  It is regarded as a premium 

fuel by comparison to chip and commands a higher price. 

 

Biomass thermal has been shown to be very cost effective in terms of carbon saving achieved for capital 

expenditure, which has led to significant use in proposals for lower carbon schools. 

 

For Scape Zero primary schools, biomass thermal with wood pellet fuel makes a good match.  The most 

effective designs of biomass system use a small boiler running at a high load factor in conjunction with a 

thermal store and this approach will be used in the Scape Zero primary schools.  Because of the higher 

energy content, wood pellet fuel will require much less storage on site.  Due to the free flowing nature it 

is generally a more reliable plant ð important in a small primary school with limited support.  These 

benefits and the low overall wood fuel consumption from delivery of an efficient building make pellet a 

much more attractive option than wood chip. 
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6.8 Solar Thermal  

 

Solar Thermal is a well proven technique, using heat from solar collectors to produce Domestic Hot 

Water (DHW).  Flat collectors have been available for many years but more recently evacuated tube 

collectors have become available.  These are more efficient collectors of solar radiation, and extend the 

time of the year through which some heat can be recovered.  

 

The technology is virtually carbon free in running, with only a small pump being required to circulate 

water between the collection array and the storage tank, consuming a small amount of electricity.  There 

is effectively no added operational carbon as such a primary circulation pump would be required with a 

conventional boiler plant in any case.  

 

The solar thermal array is usually sized to provide all the domestic hot water in the summer with some 

preheat at other times of the year.  Provision of larger arrays will enable hot water to be produced at 

other periods of the year with a greater carbon saving but the system would then need to be matched to 

a heat dump to prevent overheating of the water storage in summer, particularly during the school 

holiday.   

 

Pebble and Develop already have a very low carbon source of heat in the form of biomass thermal wood 

pellet fuel and there is very little carbon benefit in using solar thermal.  The cost of such an installation is 

not justified on carbon grounds for them and is not included in the base build solution for the Scape Zero 

primary schools.  However, dependent upon the current and projected fuel costs at the time of a detailed 

design, there may be a case to install solar thermal on a spend to save basis. However, the anticipated 

higher Renewable Heat Incentive paid for biomass plant compared to solar thermal will make this an 

unlikely outcome. 

 

For Faculty, the CHP unit will require a constant thermal load in order to be effective.  It is unlikely to 

obtain this outside of the heating season due to the highly fluctuating nature of domestic hot water 

demand throughout the day.  It is proposed to use solar thermal to provide all the heat for domestic hot 

water within Faculty outside the heating season, and to provide some pre-heat of water within it.  This 

will both enable the CHP unit to operate against a good heat load when it can be most effective, and 

further reduce the energy demand of Faculty. 
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Scape Zero Research Project 

7. Scape Zero Project Method  

Introduction  

 

Scape Zero has adopted an integrated approach between the architecture and building physics of the 

design.  The process has built upon the Scape design principles and work already undertaken in developing 

the Herbert Strutt primary school, which has a high environmental performance, and designs within Scape 

for classroom blocks. 

 

There has been an iterative approach with architecture and engineering working alongside each other to 

develop the Scape Zero designs.  This has been a holistic approach to deliver a building with the best 

educational potential as well as carbon zero performance.  It has not only looked to meet and exceed 

environmental criteria such as those in BB87, but considered the impact that the environment can have 

upon learning. 

 

The development and modelling undertaken for the Scape Zero buildings is discussed in each of the 

sections below.  This seeks to break the interactive design into key packages 

 

7.1 Thermal requirements  

 

Building Bulletin 87 sets down basic requirements in terms of the internal environmental performance of 

education buildings.   

 

The minimum winter temperature requirements for schools are set down in the Schools Premises 

Regulations, but BB87 states that these are absolute minima and are not intended for design.  The design 

criteria for wintertime heating are taken from CIBSE guide B.  

 

The external ambient design values are dependant upon the location of the building, but for the purposes 

of the Scape Zero development the building has been assessed upon a generic Midlands location, and using 

the appropriate data from the CIBSE model year. 

 

In respect of fresh air for ventilation, BB87 recommends that in all teaching accommodation, medical 

examination or treatment rooms, sick rooms, isolation rooms, sleeping and living accommodation, should 
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receive a minimum of 8 litres per second of fresh air for each of the usual number of people in those 

areas when such areas are occupied. 

 

All other areas, such as corridors, halls and circulation spaces, should be ventilated to a minimum of 3 

litres per second of fresh air for each of the maximum number of persons the area will 

accommodate. 

 

There is a known degradation of work performance with elevated temperatures, in addition to comfort 

being compromised.  BB101 - Ventilation of School Buildings - sets performance standards for 

summertime overheating in compliance with Approved document L2 for teaching and learning areas.  

 

These are: 

 

a) There should be no more than 120 hours when the air temperature in the classroom rises above 28°C 

 

b) The average internal to external temperature difference should not exceed 5°C (i.e. the internal air 

temperature should be no more than 5°C above the external air temperature on average) 

 

c) The internal air temperature when the space is occupied should not exceed 32°C. 

 

In order to show that the proposed school will not suffer overheating two of these three criteria must be 

met.  

 

7.2 Lighting for education  

 

A high standard of lighting is essential when it comes to creating a suitable learning environment. All pupils 

from primary school through to university level need to be able to concentrate fully on their work, 

without fatigue and eyestrain affecting their performance. 

 

 The starting point for the lighting of all school buildings should always be daylight. All current guidelines 

and research point towards the use of daylight being a major source of light within the classroom. The 

Building Bulletins and BREEAM for schools both set targets for daylight. Research has proven that learning 

rates are significantly improved in classrooms with high daylight factors. The current biological effects of 

light also indicate that a significant exposure to natural light has a positive effect on our well-being. All 

these factors serve to emphasise the importance of good daylight in school buildings. 
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Energy consumption is also a vital consideration given present concerns over global warming and ever-

rising fuel costs. The true value of any lighting solution must ultimately hang on its impact on the 

behaviour and performance of pupils.  

 

When designing a lighting scheme for any area, assumptions are made as to the relative reflectance of 

different surfaces. Typically these are 70% for ceilings, 50% for walls and 20% for floors, as is the case with 

Scape Zero. When considering the lighting needs of the classroom it is important to remember that the 

lighting requirements differ from that of offices. Luminaires designed for office applications are often 

unsuitable for smaller areas such as classrooms, although broadly similar illuminance level is sought in both 

cases, the design objectives differ greatly between the office and the classroom. In an office environment 

the user occupies the space for far longer periods of time. It is important to understand the way in which 

teachers and pupils interact. Education is not a 2 dimensional activity and careful consideration needs to 

be given to all teaching surfaces, namely walls, white boards and desk surfaces. This is why the cut-off 

angles considered as part of LG3 and LG7, although highly commended in office lighting design, are less 

important in the classroom.  

 

Glare Modelling  

 

As part of the IES daylight model for Scape Zero, the most suitable teaching wall has been ascertained to 

minimise the amount of glare throughout the year.  

 

7.3 Sample Classroom Thermal Modelling  

 

The increased use of IT with the classroom environment, including whiteboards and projectors, coupled 

with the improved building fabric standards, reduced ceiling heights from Victorian schools and potential 

for summertime solar gain has led to summertime overheating being a major design concern for schools.   

Careful design of the section can enable good passive ventilation strategies to remove excess summertime 

heat and appropriate fenestration will keep out large amounts of solar gain, which is one of the two 

predominant heat sources. 

 

Daylight is the highest quality light source.  The high colour temperature assists with detail work and 

acuity and also improves with the ôcircadian rhythmõ and reducing afternoon tiredness.  Good daylight will 

improve the quality of the space and also permit artificial lighting to be dimmed or switched off in 

response, thereby reducing energy consumption.   
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Good daylighting requires larger areas of fenestration, which also causes more solar gain.  Shading 

introduced to control solar gain also impacts upon daylight levels.  In south facing aspects, there is a clear 

conflict in the passive design between daylighting and summertime temperature. 

 

In order to explore the phenomena, a sample Scape Zero primary classroom was constructed and placed 

in a South west/North East orientation ð this is the orientation which is known historically to give the 

most challenging conflict between the two parameters.  The basic section was developed on further from 

that used at the Herbert Strutt school (Belper).  Differing heights of Clerestorey fenestration were used 

to increase the available daylight at the rear of the classroom and also to assess the impact on solar gains 

with both the external fenestration and the clerestorey facing South west.  The aim was to understand the 

solar gain profile of the classroom whilst obtaining the best daylight. 

 

Limiting the solar gain not only improves the overall performance of the classroom to meet BB87 

requirements but also improves the comfort of seats close to the window where direct radiant heat can 

become uncomfortable.  Two techniques to control gains were used in combination.   

 

High performance glazing was used in the southwest facing elevation of the model.  The glass was based 

upon Pilkington Suncool which has a solar heat gain co-efficient of 0.468.  The impact of this is to reduce 

the peak but not to alter the diurnal profile.  The total quantity of heat entering the classrooms in kWh is 

the area of the diurnal profile graph.  With the change in value of gain at any given time of day, and the 

total daily heat gain are proportional to the Solar Heat Gain Coefficients of the glazing used as the 

geometry of the openings in unaffected.  High performance glazing will reduce the direct radiant effect 

wherever the sun in penetrating the windows. 

 

The second technique was to use deep reveals on the windows; these require the sun to be further to the 

west before the solar gain starts to enter the glazed area of the window.  After the radiant heat has begun 

to enter the room, the reveal still provides additional partial protection until the sun is due southwest and 

shining directly at the window.  This would not occur until 4pm in the afternoon during the summer.  The 

impact of deep reveals is to both reduce the quantum of the peak solar gain and to shift this to later in the 

day by altering the diurnal profile.  The delay of the direct sunlight penetration also improves the glare 

performance of the classrooms. 

 

Scape Zero will use both glazing and shading techniques to provide excellent performance against 

summertime overheating criteria and these are developed in the whole building modelling section below.  

The interaction between building modelling and architectural form allowed the solar geometry and 
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aesthetic appearance to be optimised.  The window width was determined as 900mm which is a whole 

divisor of the standard perimeter module, coupled with 300mm reveals.  The reveals would take the form 

of vertical fins in line with the window mullions.  In south facing elevations the reveals would be horizontal 

to protect against high angle sun and would be lined up with the window transoms. 

 

The modelling shows the output profiles of solar gain for plain glazing without reveals, high performance 

glazing without reveals and the combination of high performance glazing with reveals used as the solution 

in Scape Zero. Very good control is obtained by the combination method. 

 

This good solar performance results in a notable drop in the internal temperatures within the space in 

summer as shown by the figures. A typical sample graph from the modelling is shown below. 
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7.4 Whole Building Modelling  

 

Following the iteration of the lighting, glazing and summertime temperature conditions using a simple 

classroom model which permits quick iteration, a virtual model has been built of the complete buildings.  

These have been done using the IES Virtual environment software.  The completed virtual school has then 

permitted the modelling of many environmental parameters using the software on a whole building basis. 

 

This includes the following parameters: 

 

Summertime over-temperature taking into account shading design 

Wintertime dynamic thermal load taking into account the internal gains (see section 7.6 below) and 

overall energy consumption 

Daylight available in the classrooms (see section 7.6 below) 

Energy consumption of artificial lighting given daylight and presence/absence detection (see section 7.7 

below) 

Glare modelling (See section 7.8 below) 

 

The model requires a number of key parameters to be set.  These have been selected to provide a good 

economic approach with current technology and standards of construction. 

 

U values of fabric: 

 

Walls   0.15W/m2K 

Roof   0.15W/m2K 

Floors   0.15W/m2K 

Glazing  1.2W/m2K ð Argon filled 

 

Solar Heat Gain Coefficient 

 

Clear Glazing   0.9 

Solar protective glazing  0.468 

 

Air Permeability   5m3/hr/m2 at 50 Pa overpressure 
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Occupancy The National Calculation method gives a profile within the software, that for primary 

schools is shown below: 

 

 

 

7.5 Temperature modelling  

 

The dynamic thermal modelling capability of the IES software is used to predict the summertime and 

wintertime thermal performance of the building.  The software models the behaviour of the building on an 

hour by hour basis against a sample year of weather. 

 

The weather data used for the modelling is published by CIBSE and includes hour by hour data on 

external dry and wet bulb data, together with solar irradiances and cloud cover which affect the actual 

irradiance received.  The data is published based upon particular climatic data from weather stations 

around the UK.  For the modelling of Scape, the data for the Midlands area is taken. 
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The modelling takes into account the following factors in determining the internal temperature and 

thermal losses/gains at any given time, and calculates the space temperature in each room throughout the 

year.  

 

Solar Gains through fenestration 

Equipment gains from lighting and IT equipment 

Metabolic gains from occupants 

Heat losses through building fabric 

Energy to warm up infiltrating air due to building leakage 

Energy to warm up fresh air introduced for ventilation 

 

 

 It presents this is graphical form which is illustrated below for the summer period and also the peak day.  

The software will calculate compliance with the summertime overheating parameters and advise that they 

have been met.   

 

Summertime profile from June to August 
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7.6 Daylight Modelling  

 

The IES virtual environment software will calculate the amount of daylight falling at each point on the 

working plane level, based upon the geometry of the windows and space.  It should be noted that daylight 

calculations and daylight factors use only diffuse light from the sky and do not include direct sunlight.   

 

There are various standard ôskiesõ that are used for the daylight analysis.  That selected for Scape is the 

CIE (Commission Internationale de lõEclairage) sky.  This has increasing brightness of sky from horizon to 

zenith and is a more accurate reflection of actual daylight.   

 

For each classroom, the daylighting has been calculated, and can be displayed as a visual output shown in 

the diagram below.  It will be noted that the high level clerestorey on the opposite side to the perimeter 

fenestration gives a large area of reasonably uniform daylight across the classroom.  There is an expected 

area of high brightness close to the window due to the large included angle of sky that can be observed at 

this point.  There is a darker area behind the clerestorey. 

 

 

 

 

 

 

Corridor side 

Window side 
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Scape Zero looks to attain high levels of daylight with good uniformity across the space.  This will give a 

high quality working environment and also give the opportunity to reduce lighting running costs by 

improving the savings from daylight linked dimming.  

 

7.7 Lighting Modelling  

 

The level and availability of natural light / daylight varies with time, weather conditions and season which is 

quantified in terms of ôdaylight factorõ. This is a measurement of the amount of daylight that reaches the 

working plane in a given space. The preferred amount of daylight illuminance for a particular task is the 

same as that for artificial lighting.  

 

An average daylight factor of 2% generally makes a room look dull and artificial lighting will be used more 

frequently. A daylight factor of 5% or more will ensure an interior that looks substantially daylit. 

To achieve a daylight factor of 5% in a typical classroom, with a single external wall requires a glazed area 

that covers the entire window wall from desk height to the ceiling. The downside to this is an imbalance 

in the day lighting. To counteract this, light can be brought in through the high level clerestory windows. 

This will also aid natural ventilation. The best results in terms of natural ventilation, acoustics & lighting 

require a minimum of 3m floor to ceiling height. The section being used in Scape Zero builds upon work 

already carried out at Herbert Strutt school, and the daylight and ventilation iterated at the single room 

model stage. 

 

Electrical lighting has improved dramatically in recent years in terms of lamp and overall luminaire 

efficiencies but when considering the energy usage and carbon emissions, the lighting installation in a 

typical school building still represents a fairly high percentage of overall consumption. 

 

Efficient design  

The first step to reducing energy consumption due to lighting is to ensure that the physical luminaires 

used are efficient, suitable for the application, installed in the right numbers and in the right place to 

provide the correct illumination levels without daylight.  A variety of software is available to test various 

lighting designs.  Scape Zero artificial lighting was initially designed using the Relux software with fitting 

types chosen to give both up and downlighting to obtain a high quality lit environment and high energy 

efficiency. 
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Light Emitting Diodes  

Light Emitting Diodes (LEDs) are semiconductor light sources of potentially high efficiency.  However, 

current technology has limitations in terms of light quality and relatively high cost.  Although there have 

been great advancements in recent years, the technology for linear fittings suitable for classroom lighting 

is still in development and efficiencies are at the same level as current alternatives, and they are not 

currently suitable for general lighting within Scape Zero. 

 

However, in detail design terms, they could have appropriate use in particular applications.  These include 

downlighters or wall washers in the lobby and circulation areas for attractive, energy efficient and 

aesthetic effects. Externally they can be incorporated with traditional security lighting to enhance the 

building approach and increase the sense of safety without increasing the carbon footprint of the building. 

  

Lighting Control  

Once the preferred lighting scheme has been designed the next step is to ensure it is correctly controlled.  

 

Occupancy control 

Local movement detection, by means of Passive infra red (PIR) or microwave detection is used to control 

the luminaires in some areas of the building when occupants are present. This can take the form of 

occupancy or absence detection. 

 

Presence control 

Presence control switches the lighting on and off automatically. After the last presence has been detected 

with a maximum of 15 minutes delay the lighting is automatically turned off. The preferred areas within 

the building for this form of lighting control are circulation areas, storage and toilets. 

 

Absence control 

Absence control prevents the lighting from automatically switching on. The lights have to be manually 

switched on when required. After the last presence has been detected (with a maximum of 15 minutes 

delay) the lighting will automatically switch off. The preferred areas within the building for this form of 

lighting control are the general areas for most teaching and non-teaching areas. 

 

Dimming and Daylight Control 

Correctly specified, modern dimmable regulation ballasts enable lamp output to be varied easily between 

typically 10-100%. Within reason, as output is reduced, so the input power also reduces roughly 
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proportionately, subject to base control gear and lamp losses. Hence if the light output of a luminaire is 

varied downwards, then energy is saved. 

 

If the occupant is able to comfortably work under natural light then there is little need for artificial 

lighting. If the total luminous flux on a surface due to daylight is not adequate, it is possible to dim the 

lighting to meet the exact output needed to provide the design illuminance (Lux) on the working plane. 

 

Daylight sensors are available which if connected to regulating ballasts and suitably calibrated will vary 

lamp output depending on natural light available, effectively clamping the illuminance to a preset level 

(Figure 1). The process is continuous, so lamp output will vary throughout the day according to the 

natural lighting available.  This approach allows for the minimum of energy to be used to obtain a lighting 

level in a space.  The dimming of the lamps is undertaken in rows parallel to the windows, so that full 

benefit can be taken of higher daylight levels closer to the windows.   

 

 

Figure 1 ð Daylight linking 

 

Scape Zero will use a combination of good daylight design, high efficiency lighting, occupancy and daylight 

controls to obtain the lowest possible energy requirement for the designs. The graph below shows a 

weekly plot from the CIBSE design year demonstrating how the power to run the lighting (shown in 

yellow) responds to the illuminance within the room (shown in blue).  This is based upon the south west 

classroom, and allows for both daylight and direct sunlight giving the afternoon peak within the model. 
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Activating light/Bio dynamic lighting  

 

Circadian rhythm  

For years we have considered rods and cones within the eye to be the only photoreceptor cells in the 

eye, cells that turn light energy into electrical impulses. Many cells in the eye and brain respond to light, 

because they are linked to the cones and rods via complex nervous system. It has in recent years been 

discovered that there is a third type of photoreceptor in the retina, (see figure 2)  
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Figure 2 ð Third Photoreceptor 

 

It works by turning light energy directly into brain signals without passing through the eyeõs rods and 

cones. These cells provide a vital role in setting the circadian rhythm to match day and night (biological 

clock) as illustrated in figures 3 & 4 

 

 

 

Figure 3 - Spectral colour sensitivity of the receptors in the human eye 
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Figure 4 ð Circadian Rhythm 

 

Research shows that the blue part of the light spectrum (430-460 nm) is more effective at suppressing the 

sleep hormone Melatonin and boosting the Cortisol hormone that promotes alertness. Because the 

Circadian rhythm is regulated by the natural changes in light, by varying the intensity and colour 

temperature of artificial lighting it is believed that it will produce an increase in alertness at specific times 

of the day and can contribute to a feeling of well being. This proves to be beneficial in all areas of lighting 

design whether itõs Educational, Industrial, Commercial or Healthcare. 

 

In tests, people working under blue lighting have assessed productivity has increased by approximately 

10% and incidence of headaches have decreased. It has also been established that people leaving an 

environment in which blue light is being utilised into conventional lighting return immediately to their 

normal melatonin production cycle. 

The responsible receptors in the eye essentially react to light from the visible blue spectrum and a little of 

the green. If we want to emphasis natural light daylight conditions during the day, then we have to utilise a 

high blue component into the artificial lighting. 

 

Consideration firstly should be given to providing as much natural daylight as possible in the morning and 

early afternoon within the teaching areas. Where this isnõt possible, biologically optimised lighting could be 

added during these time periods.  In order to provide the nearest match to daylight, artificial light could 
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feature a high blue component, and lamps selected with higher colour temperatures.  This has to be 

conducted across the building to avoid sharp discrepancies in colour temperatures between areas which 

can be distracting.   

 

The process of varying light level and colour temperature throughout the day has been termed 

biodynamic lighting, and both simple light level and more complex colour temperature control is available 

from some manufacturers.  The level of lighting and colour temperature changes throughout the day 

controlled by a typical algorithm are shown below. 

 

 

Figure 5 ð Bio-Dynamic Lighting Technology 

 

Various trials have taken place, initially in Holland in conjunction with Groningen University, and 

subsequently in the UK. 

 

The latest research showed that there is a definite benefit in learning when light levels are increased first 

thing in the morning and after lunch, using the standard dimming lamp arrangements, but with an 

additional control algorithm to vary the minimum light levels throughout the day. 

 

However the results from changing raising the colour temperature (which requires more complex 

controls for the lighting showed inconclusive additional benefits.  

 

Lamps with a very high colour temperature lighting 6500K (which matches daylight), are less efficient and 

have at least a 10% energy penalty.  This is an important consideration for Scape Zero. 

 

Scape Zero is seeking to provide a high quality environment which will support high levels of learning 

attainment by the pupils.  To this end it is proposed to use lamps with a colour temperature of 4000K, 
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which provide a cool lighting appearance and are a standard item without an energy penalty.  Daylight 

dimming lighting will be used, and so it is proposed to provide the additional algorithms to provide 

elevated lighting levels in the morning and after lunch. 

 

The change in colour temperature requires additional control gear and a second dimming circuit in each 

fitting.  This has significant cost and inconclusive additional benefit, and so will not be pursed. 

 

7.8 Glare Modelling  

 

Glare can have a large detrimental impact upon the ability of the pupils to read information on 

whiteboards and the learning wall.  It arises when direct sunlight falls upon the wall giving very bright spots 

which overpower the darker adjacent areas and make it difficult or impossible to read information. 

 

The design team have been aware of this effect and have subsequently sought to reduce the glare be the 

means of solar control devices used to prevent excessive solar gains and prevent overheating, and also by 

modelling using the virtual school model in IES Virtual Environment. 

 

The modelling software will allow the bright spots within the classroom to be calculated at any point 

during the year by geometrical analysis of the Scape school and the sunpath.  For each orientation and 

type of classroom this has been undertaken to validate a selection of teaching wall made by the design 

team. 

 

The picture below shows the appearance of a south west facing classroom at the winter and summer 

solstices throughout the day.  The changing position of the direct sunlight throughout the day can be seen, 

together with the very much deeper penetration of the sunlight from the low angle at the winter solstice.   
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Winter Solstice ð South West Facing Classroom 
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Summer Solstice ð South West Facing Classroom 
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These images demonstrate that the south east wall is virtually free from direct sunlight throughout the 

year, suffering only from a thin high angle strip at the summer solstice at the extreme edge of the wall.  It 

is proposed that this would be adopted as the teaching wall.  If the small period of glare was a problem, it 

could be mitigated by blinds on the first metre or so of windows, still permitting the majority of sunlight 

into the classroom.  

 

Each room in Scape Zero is assessed to select the best teaching walls. 

 

7.9 Winter Energy Balance  

 

One of the key passive opportunities in winter is to make use of the heat that is already within the 

classrooms.  Thermodynamics dictate that all energy ultimately degrades to heat in conversion processes 

and by considering the energy flows within a room these heat sources can be identified and used in a 

thermal balance.  There are two generic sources of heat gain within the classroom.  In the summer they 



      11/1/2010 

 

Scape Zero  |   48 

 

 

add to the problem of thermal gains within the room but in winter they can supply part of the heat 

requirement of the space. 

 

Electrical equipment.  The electrical energy put into the lighting and the IT equipment will result in them 

becoming hot and emitting heat.  In the case of the lighting part of the energy is converted to light, but 

this is eventually absorbed within the room by the surfaces, raising the temperature very marginally and 

then being re-emitted as heat.  Effectively all the electrical energy put into the room could contribute to 

the heat requirement. 

 

For Scape Zero the following figures apply: 

 

IT equipment    250W per classroom including a whiteboard and projector. 

Lighting    9W per m2, calculated from the suggested lighting installation 

For a 60m2 classroom, this is 540W (the lighting being mostly on during the heating season) 

 

Metabolic Heat. The chemical processes that generate energy within the human body also generate heat 

and raise the body temperature above ambient.  This then results in a continuous loss of heat to the 

environment.  The heat can be used to contribute to the heating requirement of the room 

 

For Scape Zero the following figures apply, taken from the CIBSE guide A for moderate office work: 

 

1 Staff member    70W sensible gain per adult 

30 pupils   Allowing 2/3 value 47W sensible gain per child; total 1410W 

 

 

The total thermal gains within the classroom will be 2200W. 

 

The heating requirement of the building will also comprise two components. 

 

Ventilation load.  Fresh air which is brought into the classroom will be at the external ambient dry bulb 

temperature and must be heated up to the temperature of the room.   

 

Given CO2 control of the ventilation, the ventilation requirement to maintain the room at 1500ppm 

concentration is 84l/s.  This will represent the mean ventilation requirement, 
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Based upon an external ambient temperature of -1oC and an internal temperature of 21oC, the heating 

requirement for the fresh air is 2.25kW. 

 

Fabric Losses.  With high specification modern fabric the losses are very low, and principally arise 

through the fenestration. These will be approximately: 

Fenestration  700W 

Fabric  450W 

 

The total thermal losses within the classroom will be 3350W. 

 

At design conditions of -1oC externally, 2/3 of the thermal requirement of the room is available as waste 

heat generated within the room.  This external temperature will only be observed for a short period 

throughout the year, and for the vast majority of the year the classrooms will heat themselves, with only a 

small top up required during coldest periods.  

 

However, the equipment and metabolic heat is not available during the warm up period and so the 

biomass boiler and thermal store combination must be capable of serving this peak requirement. 

 

7.10 Energy Modelling  

 

Artifici al Lighting Energy Consumption  

The amount of illumination from daylight will vary throughout both the day and the year.   The occupancy 

patterns will also affect the amount of time that the lighting is used.  The dynamic modelling function of 

IES has been used to assess the amount of energy required to run the artificial light.  This calculation takes 

into account the following parameters, taking data from the CIBSE model year: 

 

Quantity of natural light available. 

Degree of cloud cover shading in octals 

Electrical lighting design 

Occupancy pattern taken from the NCM (national calculation method) for schools (this includes school 

holidays in a sample year) 

 

The software will give an energy requirement to run the lighting.  This has been aggregated on a monthly 

and yearly basis. 
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General Electrical Energy Consumption  

The general electrical energy consumption has been derived from a bottom up model, listing the major 

energy users and assessing their hours of use and diversity throughout the day.  This has been estimated 

for both school days and weekend/holidays, allowing profiles of use to be inserted to match that of the 

lighting by assigning the relevant number of teaching and weekend/holiday consumptions in each calendar 

month to match the National Calculation method school year profile. 

 

In achieving the Zero Carbon school, it is important that all users make their appropriate contribution.  

To this end the use of laptop computers with their lower energy use is part of the energy strategy for the 

building, together with the use of off site servers in central or semi-centralised local authority facilities 

which is becoming commonplace to reduce carbon footprint. 

 

The items assessed included: 

Projector and laptop in each classroom 

Additional laptops in common areas and staff room/office 

Office Equipment 

Cleaning 

Staff kitchenette 

Plant and ancilliary items 

 

Catering Electrical and Gas Consumption  

Catering electrical consumption is in two components.  The first of these relates to a continuous year 

round load arising from the use of fridges, freezers and built in cold stores to store food.  The second 

relates to the use of equipment during the actual preparation, serving and clearing away of meals. 

 

There has been significant publicity surrounding the provision and quality of school meals, with a move 

towards better quality food prepared in on-site kitchens. 

 

Information on catering is published in the teachernet resource, and gives information on levels of 

equipment required for different numbers of covers. 

 

For Pebble (210 pupils) it is assumed that the number of diners will be between 100 and 200; 

For Develop (420 pupils) it is assumed that the number of diners will be between 200 and 300. 

 

The recommended equipment is scheduled below. 
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Item  

  

Covers  

101-200 201-300 

Deep Fat Fryer 1 1 

Six Burner Range 2 2 

Six Grid Combi Oven 1  

10 Grid Combi Oven  1 

1700 Watt microwave 1 1 

20 quart food mixer 1 1 

Stainless steel Bench 2 3 

Hand Wash Basin 1 1 

Single Prep Sink 1 1 

Double Wash sink 1 1 

Vegetable Peeler 1 1 

Food Processor 1  

Veg Prep Machine  1 

Meat Slicer  1 

21cu ft fridge 1 door 1  

45 cu ft fridge 2 door 1 1 

21cu ft freezer 1 door 1 1 

45 cu ft freezer 2 door 1 2 

Fly killer 40 sq m 1 1 

3 tier GP trolley 2 2 

Pan rack 1 1 

6 slice toaster 1  

Conveyor Toaster  1 

Vent canopy 1 1 

Dishwasher 30 racks 1  

Dishwasher 40 racks  1 

Inlet table 1  

Outlet table 1 1 

Condense Canopy 1 1 

Crockery Racking 1 1 

   

 



      11/1/2010 

 

Scape Zero  |   52 

 

 

For the freezers and fridges, data is published by manufacturers on the efficiency of their equipment and 

the amount of electricity used in 24 or 48 hour periods.  Refrigeration is a very significant power user and 

part of the overall contribution to the ScapeZero performance will be the use by the school of high 

efficiency ranges of equipment.  These may also qualify for Enhanced Capital Allowances.  Data on the 

appropriate size of equipment was obtained and built into the overall power consumption spreadsheet as 

a constant load. 

 

For other catering equipment, data was obtained on the electrical loads required, or the gas input 

required to ranges and these were built up using estimates of the length of time the kitchen would be 

operational during the typical school day.  Details of the load assumptions are in the relevant building 

sections in part 9 and include an allowance for the breakfast club.  

 

Responsible control of the catering consumption in use is a key part of Scape Zero, and the design is 

based upon equipment being used as required and not switched on in large part by catering staff as soon 

as the kitchen is occupied. 

 

Biomass Fuel Consumption  

 

The biomass fuel is used to provide residual heating and domestic hot water.  These have been calculated 

separately and aggregated to provide the associated fuel consumption. 

 

Domestic Hot Water  

 

CIBSE Guide G ð Public Health - gives guidance on consumptions of hot water within schools, together 

with the typical consumption profile throughout the day.  Based on the average consumption within 

schools of 6 litres/pupil/day, the profile has been generated based upon a one form entry primary school 

such as the Pebble design, and would be expected to scale linearly for the two form entry Develop design.  

The thermal energy required to heat the water for catering and for service use has been calculated 

 

Domestic hot water systems have associated standing losses from the storage and distribution systems.  

Data is available from Herbert Strutt school to indicate that the level of losses in the 210 primary school 

would be around 1.2kW.  This figure has been taken forward into the Pebble and scaled for the Develop 

designs. 
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The standing losses and consumption profiles have been added together to create the daily domestic hot 

water profile for a school day as shown below.  The ratio of heat actually used to heat drawn off water to 

the total heat used gives a system efficiency of 73% across a school day. 

 

 

 

 

In order to obtain the annual profile, the daily draw off profile and the standing loss profile on unoccupied 

days have been aggregated into months based upon the school year used in the National Calculation 

Method (NCM). 

 

Because of the standing losses during weekends and holidays, the annual efficiency of the system is lower 

than the school day efficiency and stands at 59%.  It should be noted that this efficiency could be improved 

if the Domestic Hot Water was turned off for the major holidays to save energy; this would be subject to 

the correct risk assessments and subsequent operational procedures during the restart. 
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Heating  

 

The dynamic thermal modelling undertaken on the building has been used to generate the amount of heat 

required to heat the building across the year.  The software calculates this on an hourly basis and then 

aggregates it into monthly totals.   

 

Total Thermal Requirement  

 

The total thermal requirement in kWhs of heat is obtained from the aggregation of the two components.  

It is intended that this capacity will be delivered by using a wood pellet biomass boiler plant which is a 

very low carbon source. 

 

The total thermal requirement is assessed below.  It is then used to calculate the fuel consumption in 

month. 

 

 



      11/1/2010 

 

Scape Zero  |   55 

 

 

 

 

7.11 Carbon Modelling  

 

The final aspect of the Scape Zero process is deriving the carbon model from the design data.  As 

previously discussed, Scape Zero will exchange energy with the grid so whilst it will use carbon loaded 

fuel in the winter, in the summer it will displace the same quantity of carbon being used elsewhere in 

electrical generation by exporting power. 

 

The carbon model has been calculated on a month by month basis, obtained by multiplying the kWhs of 

fuel used by the DEFRA/DECC whole carbon factor.  These factors have been chosen as they represent, 

so far as is possible at present, the full carbon loading of the fuel including exploitation or growth, 

transportation, conversion of form and use at the end point.   

 

The following table lists the types and roles of fuel imports and exports for each of the three schemes, 

which give carbon credits and costs. 
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Energy Exports ð Carbon Credited  

Fuel Role Pebble Develop Faculty 

Electricity Power to remainder of school   V 

Electricity Power to grid from PV V V  

Heat Heat to remainder of school   V 

 

 

Energy Imports ð Carbon Costs  

Fuel Role Pebble Develop Faculty 

Gas CHP Fuel   V 

Gas Catering V V  

Electricity General power in winter V V V 

 

 

For each design the carbon credits and costs have been assessed on a month by month basis.  These will 

be presented in both tabular and the graphical form sampled below.  The overall design will not add to the 

carbon footprint of the estate. 

 

 

 

The profile of the blue line shows the building generating with a nett use of carbon in the winter and a 

nett saving of carbon by displacement in the summer. 
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Scape Zero Research Project 

8. Carbon Hierarchy  

8.1 Be Lean, Be Clean, B e Gre en 

 

There is an established hierarchy in the design of truly sustainable buildings, which is encapsulated in the 

phrase ôBe Lean, Be Clean, Be Greenõ. 

 

Be Lean ð In the first instance a building is designed to use the minimum amount of energy (from 

whatever source).  This requires careful passive design to maximise the use of energy from the sun in the 

form of daylight and wintertime solar gains together with harvesting metabolic and other sources of 

internal heat within the building. 

 

Be Clean ð Make the energy consuming apparatus within the building is as efficient as possible, so that the 

amount of energy needed to run it is as low as possible. 

  

Be Green ð Once your building is consuming as little energy as possible, the energy it requires will be 

supplied from renewable sources.   

 

The approach is not only correct environmentally, but also brings cost benefits as renewable energy plant 

is generally more expensive.  Reducing the quantity required will reduce the size and cost of more 

expensive plant. 

 

8.2 Scape Zero Approach  

 

Scape Zero has followed this fundamental approach.   

 

Be Lean. -  In the first instance the buildings have been designed with high levels of insulation and 

airtightness to limit the thermal requirements.  Careful studies have been conducted to give good levels of 

daylight, particularly in the primary schools, where both side and clerestorey windows are used.  A 

thermal balance has been undertaken of the wintertime energy flows in classrooms.  This has 

demonstrated that the metabolic heat from the occupants, combined with the heat coming from lighting 

and projectors, is adequate to meet the normal heating requirements of the classroom. 
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Be Clean ð The energy consuming plant is to be as efficient as possible.  High efficiency light sources used 

in conjunction with daylight and occupancy controls to deliver the appropriate amount of light given the 

available daylight and use of the building which reduces consumption by a significant amount over a 

conventional installation.  It is intended that a briefing pack is used by the school in the purchase of their 

own equipment also seeking energy efficiency to ensure that the operational energy is also kept to an 

absolute minimum. 

 

Be Green ð The residual energy requirements of the school are met by an energy system that delivers a 

zero carbon solution. 

 

8.3 Carbon Modelling  

 

Scape Zero has undergone an extensive period of carbon modelling, using dynamic thermal simulation 

with the IES Virtual Enviroment software.  The model contains full details of the building fabric, the 

proposed ventilation rates and openings, the number of occupants and the internal thermal gains arising 

from equipment and lighting.   

 

It uses this data and calculates the building performance on an hour by hour dynamic basis against the year 

of weather data produced by CIBSE.  The output will give both internal conditions, which are set to 

achieve the requirements of BB87 and the CIBSE guide B, together with the amount of energy required to 

heat the building. 

 

The energy profile has been aggregated across the year on a month by month basis to determine the fuel 

requirements.  The fuel requirements have been multiplied by the appropriate DECC carbon factor to 

obtain the CO2 produced by the heating fuel. 

 

For electricity, the power consumed by lighting has been determined from the same software model.  

This will take the amount of daylight available during the occupied hours from the annual weather data 

and calculate the amount of artificial light required.  The efficiency and effectiveness of the lighting 

installation can be used to calculate the energy consumption.  The model takes full account of the varying 

amounts of light and daylight hours throughout the year. 

 

For other loads a bottom up approach has been used by analysing the connected loads during term time 

and holiday/weekend periods.  This has produced consumption profiles for the two types of day which 

have been applied to match the nominal school year in the CIBSE data.   
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The profile across the year has been aggregated and multiplied by the appropriate DECC carbon factor to 

obtain the CO2 produced by the electricity. 

 

The energy production from the Photovoltaics in all the Scape Zero Designs has been profiled across the 

year and again multiplied by the appropriate DECC carbon factor to obtain the CO2 saved by the 

electricity generated.   

 

A similar but more complex calculation has been produced to determine the carbon saved in other plant 

on the site from the low carbon electricity and heat exported by Faculty to the remainder of the campus.   

 

By profiling on a month by month basis, the overall carbon performance of the building can be seen.  This 

shows where it is importing and consuming carbon and where it is exporting low and zero carbon energy 

and saving carbon elsewhere.  Across the year these balance out giving a nett Zero Carbon solution ð 

Scape Zero. 

 

The details of the modelling and assumptions made are discussed later. 
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Scape Zero Research Project 

9. Scape Zero Energy Solutions  

 

9.1 Scape Zero Energy Solutions: Pebble 

 

9.1.1 Description  

The Pebble is a 1FE (210 place) primary school that meets all the requirements of BB99. It is single storey 

which gives more opportunity for using natural daylight than in multi-storey buildings. This also makes all 

areas easily accessible without having to use stairs / lifts. The layout is basically triangular with the corners 

rounded off by using a standardised curving structural module. This shape forms a fully enclosed internal 

courtyard which provides a vital resource for the school in terms of secure external teaching and play 

areas. It is also a wonderful, landscaped feature for the building users as they move around the school and 

helps to identify where they are within the layout and what activities are going on in other areas. 

 

Plan layout 
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Although this layout would be difficult to extend significantly without forming a distinct block, there is 

some room to expand the layout by approx 54m2 within the current footprint. The cross section of the 

teaching areas has been tailored to provide high levels of daylight and natural cross ventilation. Various 

external shading solutions have been developed to eliminate glare and unwanted solar gain. This is 

required because, due to the shape of the design, windows face in all orientations. 

 

Typical classroom section 

 

The main entrance is closely arranged with the school office and head teacherõs office as well as being 

adjacent to the hall which makes out-of-hours community use simple to facilitate. In terms of educational 

arrangement, classrooms are paired around shared cloakroom / wc ôpodsõ. These facilities are then closely 

in reach of all students. Walls between the classrooms and corridor are built using glazed, demountable 

screens. These allow a lot of visual transparency, increase light levels and can be relocated to provide 

additional practical teaching area outside of the classroom in future if required. Overall circulation is 

reduced as it is arranged around the inner radius of the curved modules. 
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View of internal courtyard 

 

Aerial view with roof removed 

 

Regarding materials, foundations are a concrete raft slab, the Scape steel frame is used with purpose-

designed trusses to clear span the 10.8m building depth. Wall cladding is to be a rainscreen finish (eg 

acrylic thin coat render on a board) on timber-based SIPS panels which are highly insulating and airtight. 

Roof cladding is a highly insulated proprietary aluminium standing seam roof with a high performance 

vapour / airtight membrane, all windows and rooflights are aluminium framed double glazing. All internal 

walls are metal framed, plasterboard lined.  
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9.1.2 Shading Design  

 

The initial model of the primary classrooms of the Scape Zero design was used to investigate the solar 

gains and daylighting balance in each of the eight cardinal and ordinal orientations ð North, North East, 

East, South East, South, South West, West, North West. 

 

An iterative process was used to develop shading design in conjunction with the architectural form.  The 

final form of shading developed between the architects and engineers in the Scape Zero team is described 

below. 

 

The process showed that the use of 300mm deep vertical fins at 900mm centres on easterly and westerly 

facing windows was effective in both reducing the magnitude and time of exposure of the classroom to 

solar gains.  The vertical interval was selected to coincide with the mullions of the fenestration. This form 

of shading will be used for windows facing between North East and South East and between North West 

and South West in conjunction with solar protective glazing.  Similar mullion mounted shading and glazing 

will also be used on the clerestorey windows of the same orientations. 

 

 

 

Vertical fin shading for Easterly and Westerly elevations 
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For southerly elevations, horizontal shading extending 300mm from the window transoms would give 

good protection.  Whilst a second fin lower down would improve the shading, it compromises the ability 

to open windows easily and the overall architectural form.  It should be noted that the geometry of the 

roof overhang provides solar protection to the fanlight.  The combination of solar protective glazing with 

the single fin still gave adequate protection to meet the Building Bulletin requirements.  This form of 

shading will be used for windows facing between South East and South West in conjunction with solar 

protective shading. 

 

 

Horizontal shading fin to the transom on south elevation 

 

 

Because of the top hung lights required to open for the summer ventilation strategy, the detailed form of 

the clerestorey south facing shading would need to be different to protect the clerestorey windows, but 

retaining the same geometry.  The fins would be independently supported clear of the opening swing of 

the light.  The illustration also shows the improved performance available from multiple fins. 
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Horizontal fin shading to the south facing Clerestorey. 

 

For glazing facing between North West and North East there is no significant solar gain, and the windows 

and clerestorey of this facing will utilise plain glazing without shading. 

 

9.1.3 Whole Building Modelling  

 

A virtual model has been built of Pebble, using the IES virtual environment software.  This permits the 

whole building performance to be analysed and its performance modelled as output for the Scape Zero 

study.  A visual model of the South west corner of the school from the software is presented below, 

showing the change from vertical to horizontal solar protection. 
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The complete building model appears as below, shown from the North West. 

 

 

 

The model has been used to analyse the following parameters: 

 

Summertime temperature taking into account shading design (section 9.1.4 below) 

Daylight available in the classrooms (section 9.1.5 below) 

Artificial Lighting and Energy consumption of artificial lighting given daylight and presence/absence 

detection (see section 9.1.6 below) 

Glare modelling and teaching wall (section 9.1.7 below) 

Wintertime dynamic thermal load taking into account the internal gains and overall energy consumption 

(see section 9.1.13 below). 

 

9.1.4 Temperature modelling  

 

The dynamic thermal modelling capability of the IES software is used to predict the summertime and 

wintertime thermal performance of the building.  The software models the behaviour of the building on an 

hour by hour basis against a sample year of weather.  The analysis has been conducted on a room by 

room basis for the classrooms and hall within Pebble. 
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Appendix B contains a room datasheet for each of the major room types and orientations in Pebble.  A 

predicted temperature profile, based upon modelling the building performance against the CIBSE weather 

year, has been generated and is presented for each room datasheet.  In addition, the day with the peak 

internal temperature has been expanded from the summer long profile and presented for each room.  It 

should be noted that the worst case may not occur on the same day for each room because the CIBSE 

weather year and modelling is conducted on an hour by hour basis.  Cloud cover and shading can vary 

throughout a day, giving differing solar intensities on different elevations when the sun is facing them. .. 

 

The summertime thermal response from each room has been assessed against the three criteria of BB101.  

The summarised results are presented in tabular form below. 

 

PEBBLE 

 

Room Data Sheet ð THE MAIN HALL 

 

Summertime Temperature Criteria BB101 

a) There should be no more than 120 hours when the air temperature in 

the classroom rises above 28°C 
Pass 

b) The average internal to external temperature difference should not 

exceed 5°C  
Pass 

c) The internal air temperature when the space is occupied should not 

exceed 32°C. 

 

Pass 

Room Data Sheet ð JUNIOR CLASSROOM No.1 

Summertime Temperature Criteria BB101 

a) There should be no more than 120 hours when the air temperature in 

the classroom rises above 28°C 
Pass 

b) The average internal to external temperature difference should not 

exceed 5°C  
Pass 

c) The internal air temperature when the space is occupied should not 

exceed 32°C. 

 

Pass 
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Room Data Sheet ð JUNIOR CLASSROOM No.2 

Summertime Temperature Criteria BB101 

a) There should be no more than 120 hours when the air temperature in 

the classroom rises above 28°C 
Pass 

b) The average internal to external temperature difference should not 

exceed 5°C  
Pass 

c) The internal air temperature when the space is occupied should not 

exceed 32°C. 
Pass 

Room Data Sheet ð JUNIOR CLASSROOM No.3 & 4 

Summertime Temperature Criteria BB101 

a) There should be no more than 120 hours when the air temperature in 

the classroom rises above 28°C 
Pass 

b) The average internal to external temperature difference should not 

exceed 5°C  
Pass 

c) The internal air temperature when the space is occupied should not 

exceed 32°C. 
Pass 

Room Data Sheet ð INFANT CLASSROOM No.1 

Summertime Temperature Criteria BB101 

a) There should be no more than 120 hours when the air temperature in 

the classroom rises above 28°C 
Pass 

b) The average internal to external temperature difference should not 

exceed 5°C  
Pass 

c) The internal air temperature when the space is occupied should not 

exceed 32°C. 
Pass 

Room Data Sheet ð RECEPTION 

Summertime Temperature Criteria BB101 

a) There should be no more than 120 hours when the air temperature in 

the classroom rises above 28°C 
Pass 

b) The average internal to external temperature difference should not 

exceed 5°C  
Pass 

c) The internal air temperature when the space is occupied should not 

exceed 32°C. 
Pass 
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9.1.5 Daylight Modelling  

 

The IES virtual environment software has been used to calculate the amount of daylight falling at each 

point on the working plane level.  Daylight calculations and daylight factors use only diffuse light from the 

sky, and do not include direct sunlight, so the level of illuminance is the same in all orientations.  The 

variations between individual classrooms are caused by the geometry of the solar shading (which will also 

reduce the proportion of sky visible from any point), and the solar protection on the glass (which will also 

lead to reduced light transmission as well as radiant heat transmission. 

 

Appendix B contains a room datasheet for each of the major room types and orientations in Pebble.   

The calculated daylight is shown in a visual form within the datasheet.  In these diagrams it will be noted 

that the high level clerestorey on the opposite the perimeter fenestration gives a large area of reasonably 

uniform daylight across the classroom.   There is a darker area behind the clerestorey line. 

 

The average daylight factors in each area are summarised in the table below. 

 

PEBBLE 

Room Data Sheets 

 Average Daylight factor on the reference plane 

THE MAIN HALL 4.56% 

JUNIOR CLASSROOM No.1 4.09% 

JUNIOR CLASSROOM No.2 4.47% 

JUNIOR CLASSROOM No.3 & 4 4.23% 

INFANT CLASSROOM No.1 3.73% 

RECEPTION CLASSROOM 3.17% 

 

 

9.1.6 Lighting Modellin g 

 

The artificial lighting was modelled to enable the amount of energy used within the room to be assessed.  

Two generic areas were considered ð a classroom and the hall ð as these have different styles of lighting. 
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Light fittings were selected to achieve a high performance and low energy consumption.  The overall 

energy consumption has been reduced further by the application of Daylight, Occupation and Absence 

control throughout the building. 

The lighting design for the classrooms produced the following design results, clearly meeting the Building 

Bulletin criteria, with a targeted light levels and good uniformity shown on the diagram below.  The energy 

requirement with all lighting switched on is 9.48 W/m² (2.48 W/m²/100lx), which is taken forward to the 

energy modelling. 
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Pebble Hall 

 

The hall has a multipurpose use as a possible teaching space, sports hall and dining hall.  The lighting is of 

different design to accommodate this flexibility.  The target light levels and uniformity are met. However, 

the flexibility results is a higher energy consumption, and the energy requirement with all lighting switched 

on is 14.13 W/m² (2.84 W/m²/100lx). 
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Lighting Energy Consumption 

 

Using the power loading from the lighting design, the model was run using the National Calculation 

Method occupancy data for schools (to assess the impact of occupancy and absence detection on the 

lighting) and the CIBSE weather year (to assess the impact of natural light upon the daylight sensing of the 

lighting. 

 

The energy consumed by the lighting in kWh is tabulated below.  This will be taken forward into the 

energy modelling. 

 

Month  kWh  

January 1,134 

February 872 

March 711 

April 849 

May 796 

June 681 

July 714 

August 57 

September 806 

October 919 

November 1,258 

December 1,221 

Total  10,017 

 

 

9.1.7 Glare Modelling and Teaching Wall  

 

The sunpaths have been modelled through the year, to assess their impact upon the various classroom 

walls.  As a result, proposals are made on the best wall(s) to use for the teaching within the classroom.  It 

is not always possible to obtain a perfect solution and in some cases supplementary blinds may be 

required on occasions. 

 

For this study, the Pebble design has been modelled with the hall facing south east.  At detail design stage 

the modelling would need to be repeated for the site orientation. 
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Glare model images have been included on each of the Room Data Sheets at Appendix B, with the 

proposed teaching wall shown on a yellow background.  The proposal for each classroom is listed below. 

 

Pebble Glare Modelling 

Classroom  External Elevation  Proposed Teaching Wall(s)  

Reception Classroom South West South East1 

Infants Classroom No.1  South West South East 

Infants Classroom No.2 South West South East 

Junior Classroom No.1  West South  

Junior Classroom No.2 North West South West 

Junior Classroom No.3 North  East or West 

Junior Classroom No.4 North  East or West 

 

Note: 1. The reception classroom will need to use a blind at the eastern end of the window to protect 

the teaching wall for some of the afternoon. 

 

9.1.8 Catering Energy Consumption  

 

Pebble is a single form entry primary school with 210 pupils.  The recommendation for school catering 

equipment is based in bands applying to a number of covers provided.  Pebble will be fitted with a kitchen 

for 100-200 covers, which represents a range dealing with a take up of between 48 and 95%.  It is 

assumed that actual take up would be around 50%. 

 

A bottom up model based on energy use of the recommended equipment and an assessed operating 

period and diversity has been constructed for the Pebble kitchen.  

 

There are two components.  A 24 hour component based upon cold storage in refrigerators and freezers, 

and a daily component reflecting the catering equipment used each school day the kitchen is in use.  The 

build up behind these is tabulated below. 
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24 hour equipment 

Item  Number  Equipment Load  Pebble 

  101-200 

Covers 

  kWh/day   
kWh gas 

/day 

kWh 

elec 

/day 

21cu ft fridge 1 door 1   1.86    1.86 

21cu ft freezer 1 door 1   7.4    7.4 

45 cu ft freezer 2 door 1   14.38     14.38 

       23.64 

 

Intermittent use equipment 

Item  Number  Equipment Load  Pebble 

  101-200 

Covers 

kW gas kW Elec 
Diversity 

Pebble 

kWh 

gas 

/day 

kWh 

elec 

/day 

            

Deep Fat Fryer 1   18 0.1   7.74 

Six Burner Range 2 12  0.15 15.48   

Six Grid Combi Oven 1   10 0.3   12.9 

1700 Watt microwave 1   1.7 0.1   0.731 

20 quart food mixer 1   0.15 0.1   0.0645 

Vegetable Peeler 1   0.15 0.1   0.0645 

Food Processor 1   0.15 0.2   0.129 

Fly killer 40 sq m 1   0.03 1   0.129 

6 slice toaster 1   1.5 0.1   0.645 

Conveyor Toaster     2.8      

Vent canopy 1   2.5 1   10.75 

Dishwasher 30 racks 1   22 0.15   14.19 

              

     Catering Pebble  

     

kWh 

gas 

/day 

kWh 

elec 

/day 

     15.48 47.34 
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The daily consumption of gas and electricity was converted to aggregated monthly and annual 

consumption figures.   

 

For 24 hour equipment this was assumed as continuous but for the intermittent use equipment the model 

provided data on school days in each month as assumed in the National Calculation Method and this was 

used to provide appropriate monthly multipliers. 

 

 

 

Pebble Catering Consumption  

Month  Days 
School  kWh  kWh  

days gas electric  

January 31 16 307 1,876 

February 28 15 288 1,733 

March 31 14 269 1,733 

April 30 21 403 2,209 

May 31 20 384 2,161 

June 30 19 365 2,066 

July 31 16 307 1,876 

August 31 0 0 733 

September 30 20 384 2,138 

October 31 16 307 1,876 

November 30 22 422 2,280 

December 31 16 307 1,876 

Total  365 195 3,744 22,556 
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9.1.9 General Electrical Consumption  

 

The bottom up model of general electrical energy usage in Pebble (excluding the lighting and catering 

which have separately assessed) yielded the following figures.  The load profile throughout the day has 

been calculated for both term-time schooldays and unoccupied days.  The individual elements have been 

aggregated to give the general power consumption per day. 

 

  

Pebble - General electrical Power 

Item 
Term Weekday Weekend/Holiday 

kWh/day kWh/day 

Classroom 11.0 0.0 

ICT Area 1.4 0.0 

Staffroom 4.6 1.1 

Office 3.2 0.0 

Cleaning 6.0 0.0 

External Lighting 1.5 1.5 

Ancillary 1.4 1.4 

Catering 71.0 23.6 

Plant 56.8 11.8 

Total  157.0 39.4 
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9.1.10 Typical Electrical Daily Profiles  

 

The electrical power model has been used to derive typical daily load profiles for Pebble, by adding 

together the profiles for general power, catering, and lighting (as determined by the IES Virtual 

environment model).  These use stacked bar charts to show the composition of load.  The principal 

difference between winter profile calculated using natural lighting data for January 10th from the CIBSE 

weather year, and the summer profile of May 3rd is the amount of electrical energy used for lighting. 

 

The profiles are presented below: 

 

 

 

 


























































































































































































