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1. Setting the scene 
 

This document highlights key issues related to establishing a system and set of policies for a 

low carbon school sector. It complements CIBSE response to the DCSF consultation 

document on carbon management strategy for schools.  

It was Winston Churchill who once famously remarked that: ñWe make our buildings, and 

afterwards they make usò. Although there is only limited research on the design of historic 

schools in terms of their suitability as learning environments, it is conceivable that in the 

minds of the architects of these buildings there was a link between outward expressions of 

grandeur and the importance of the learning that was going on within. Designing schools in 

order to make some kind of architectural statement is as important today as ever. However, 

instead of grand architectural gestures, modern schools have to show the extent to which the 

Government takes seriously its commitment to transform the UK into a knowledge based, low 

carbon economy. 

To transform the UK into a knowledge based economy the Government has committed to a 

massive programme of rebuilding and refurbishing schools in England and Wales in the 

foreseeable future . The aim of this programme entitled óBuilding Schools for the Futureô 

(BSF) is to óbuild facilities for 21
st
 century at the scale not being seen since Victorian timesô. 

Although low carbon school buildings were not mentioned in the BSF launch document, in the 

three years since then the issue has risen to the top of the political agenda.  

From the energy perspective, UK schools are responsible for 15% of the energy used in 

public and commercial buildings. Therefore, if the Government is to meet a target of at least 

80% reduction against 1990 baseline emissions, and if it intends to set an example and firmly 

embed the principles of a low carbon economy in the hearts and minds of future generations it 

clearly has to address the issue of schools' carbon emission. However, although well 

intended, the BSF programme does not seem to take into account the fact that the science of 

designing learning environments is currently remarkably under developed.  

For example, a recent post-occupancy evaluation of five low energy BSF schools carried out 

by Buro Happold and Brunel University has showed that four of the schools evaluated emitted 

more carbon emissions than the median UK building, meaning that the challenge of requiring 

all new schools to be carbon neutral is substantial, not least because, as yet, not even one 

school in England is carbon neutral. To add to complexity of the problem, there is an urgent 

need to address the impact of climate change issues on school buildings in detail which would 

enable us to establish which systems are most affected by the predicted changes.  

Even if we did have the answers to all the relevant technical questions, a school may then be 

built to the most advanced sustainable standards, but if the occupants are not using the 

buildings appropriately, then the benefits may not be apparent. Apart for offering better 

incentives to the schools to ensure schools are maintained and operated in a sustainable 



 

2 
 

 

way, the various topics which would educate pupils how to be more environmentally 

responsible should be incorporated in the curriculum. 

Ultimately, a sustainable school is not defined by looking at the school building only. A 

sustainable school is a complex built environment system that needs a sustainable 

transportation and energy infrastructure to support it in the right manner. 

This document is based on research dissertations of postgraduate students at UCL and 

mostly focuses on the issues highlighted in the current consultation management plan 

document. However, the author  of this chapter strongly believe that we need a more holistic 

approach to building design and management and that we need to develop innovative 

engineering and regulatory tools which would address the following issues simultaneously 

(see óThe Way Forwardô): 

 

 health and wellbeing: i.e. the provision of acceptable thermal comfort for pupils and 

teachers and good indoor air quality while maintaining adequate (day)lighting and 

indoor ambient noise levels 

 adaptability to climate change and urban heat islands: i.e. improving the capacity of 

buildings to operate successfully under various climate change scenarios and urban 

settings 

 operational performance of buildings: i.e. post occupancy evaluation of various 

aspects of school building design including an integrated approach to indoor 

environmental quality.  

 

In order to successfully deliver the BSF programme we need to challenge the ósilo mentalityô 

approach to school building design. This would involve a radical restructuring of the existing 

relevant regulatory framework. There are more then 30 Building Bulletins focusing on school 

buildings. The author strongly recommends that this disparate approach to school building 

design be urgently transformed via the use of just two Building Bulletins: (a) Building Bulletin 

No 1 ï a brief document which would summarise all technical requirements of importance to 

design of school buildings and grounds, and (b) Building Bulletin No 2 ï technical guidance 

based on an integrated approach to school building design. Work at UCL is already underway 

on such a framework 

I hope that the sections that follow will contribute to the aims and objectives of your Task 
Force. 

 

Dr Dejan Mumovic 

Lecturer in Environmental Design and Engineering 
Complex Built Environment Systems (CBES) Research Group 
The Bartlett School of Graduate Studies 
University College London (UCL) 
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2. A Roadmap to Zero Carbon Schools ï Design Issues 

2.1. Introduction 

With a view to achieving Zero carbon schools by 2016 the Department for Children, Schools 

and Family created an advisory Task force. In order to create a set of pointers for designing 

zero carbon schools, the Task Force until now, has conducted two consultations with the 

industry. This chapter critically analyzes these pointers, while identifying the barriers, 

limitations and the future scope of work associated with realizing them. 

2.2. Summary of the chapter 

The results of a questionnaire sent to the members of the CIBSE School Design Group are 

analysed and discussed. These members represent UK based professionals who have been 

working or researching in the field of low/zero carbon building design and have specific 

interests in the education sector.  

The main findings of the survey are:  

Á Low carbon designs presently do not have any increased design funds or design time 

allocated, to reflect the effort required to develop them.  

Á People controlling the cost plans (including clients) are unaware of the benefits of life 

cycle costs of low carbon designs and tend to base their judgements on capital costs.  

Á Design guidelines are often misinterpreted, imposing rigid constraints on designs often 

leading to carbon intensive solutions in order to avoid litigation.   

Á Specifications within contracts also increase the tendency towards mechanical and 

energy intensive solutions to meet the rigid criteria specified.  

Á Design briefs are not adequately developed to give a realistic picture of the 

consumptions. 

Á Design tools adopt a conservative approach and do not incorporate possibilities 

incorporating potential technologies on larger scales.   

Á There is a skill shortage of professionals to carry out low carbon designs to the 

required scale and standards. 

Á The task force needs to incorporate commissioning, handover and training of 

operations, which are critical especially in the case of ZCS.  

Á There is a lack of availability of information regarding successful low carbon designs, 

their commissioning and operation.  

Regarding regulating excessive consumption or wastage of energy in schools: 
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Á Poor behavioural patterns and misuse may lead to the energy consumed in a school 

building being up to 45% higher than predicted. 

Á Schools tend to use more equipments than what is accounted for in initial design 

briefs. 

Á Misuse occurs due to negligence and complexity of facilities.  

Á There is a popular opinion amongst professionals that school staff can be trained to 

handle BMS systems. Educationistsô are of the view that although teachers could be 

trained to handle BMS systems they most often do not want to be involved with them 

in addition to their schedule of works.  

Á Smart metering & Sub metering act as incentives to preventing energy wastage but 

implications of their wide-scale implementation have been identified.  

Moreover, regarding sharing energy supply, the survey substantiates that: 

Á Low carbon energy networks in new schools should be integrated with other 

community facilities to prevent wastage of energy during non-functional periods.  

Á At present, knowledge and skills available in the industry is not adequate to realize low 

carbon energy networks.  

Á Feed-in tariffs are being believed to be an incentive to the process but more research 

is needed to validate it and identify the barriers and limitations for the same.  

2.3. Methodology followed 

The online questionnaire was divided into 5 sections as per the Zero Carbon Pointers, the key 

categories that were identified by the Task Force for the design of Zero Carbon Schools 

(ZCS). This was done to establish a clear set of issues with respect to them. The 

questionnaire consisted of 30 multiple choice questions, which would be quick to answer thus 

encouraging a larger sample set.  

The survey was launched online. A short introductory email was attached to the survey to 

familiarize the recipients with the nature of the research. This method allowed for an easy and 

systematic collection of large data.  

For the calculation of the discrepancy between the predicted and actual energy use, a school 

building was modelled in Energy Plus. Using this model, a Differential Sensitivity Analysis 

(DSA) was carried out in order to estimate the influence of the uncertainty of some design 

parameters on the energy consumption.  

2.4. Reducing Energy 

Reducing energy in schools refers to two aspects: Firstly reducing the energy demand of the 

school and secondly preventing excessive consumption or wastage of energy. The literature 
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review identifies the main barriers associated with reducing energy wastage as: efficient 

monitoring of energy consumption, facility management and behavioural aspects related to 

energy use. The Task Force in its consultation papers stated: ñTo make progress towards 

reducing energy, the Task force believes that there needs to be better management of school 

facilitiesò (DCSF 2008) and later ñA comprehensive programme of carbon standards, post 

occupancy evaluation, smart metering, behavioural change and refurbishment programmes 

could deliver a reduction in carbon emissions of between 53% and 59% by 2020.ò (DCSF, 

July 2009). Each of these aspects is discussed here.  

Issues with BMS/energy management systems arise when continuously changing technicians 

are ultimately replaced by the school staff, most of whom are unaware of the way the system 

functions. Although the survey indicates that the staff can be trained to handle BMS systems 

(Figure 1), POEs have shown that such schools are mostly found to have a poor level of 

performance. These could though be attributed to lack of adequate training, confused 

definition of roles and responsibilities, or complexity of the BMS systems itself. Nevertheless, 

it could be possible to motivate and train certain members of the staff to handle BMS 

systems, if the process could be appropriately approached. At present care-takers are being 

found to replace facility managers, who have no scientific understanding or bent of mind to 

handle the same.  

 

Figure 1. Chart showing opinion regarding Ability of School staff being trained to 
handle BMS/ energy systems 

In order to assist the energy management systems it is also important to incorporate 

appropriate methods of metering energy consumption. The survey discussed the success of 

two metering systems: smart-metering and sub-metering.  

ñSmart meters would enable school building managers to gain access to much more 

accurate, real time data about energy use and could provide information to help schools to 

reduce emissions by over 65,000t CO2e by 2020.ò  (DCSF, July 2009) 

Almost 47% (Figure 2) of the people in the survey strongly agreed that smart metering of 

energy demands is important part of reducing energy in low carbon buildings, while almost 
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45% of the people agreed to an extent to the same. Similarly, sub-metering is critical to 

access right data and can provide sufficient information and guidance to reducing energy in 

schools (Figure 3).  

 

Figure 2. Chart showing opinion 
regarding smart metering being an 

important part of low carbon buildings. 

 

Figure 3. Chart showing opinion 
regarding sub metering providing 

sufficient information and guidance to 
reduce energy consumption 

Once schools have the right data they also need the people with the right tools, skills and 

incentives to use it and drive efficiency and promote behavioural changes. Behavioural 

changes towards energy consumption are largely determined by awareness and motivation 

towards them. The Task force addresses these by incorporating teaching and learning about 

environment and energy as a part of the daily school activities. The survey indicates an 

almost equal proportion of people agreeing for and against training being adequate to handle 

behavioural issues (Figure 4), indicating a need for further research in this field. 

 

Figure 4. Chart showing opinion regarding training sessions being enough to trigger 
behavioral changes 

The importance of facility management and behavioural aspects related to energy use has 

been demonstrated in the study of a school building in London.  
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Sensitivity Analysis using simulation software showed that the discrepancy between predicted 

and actual energy ranged from -31% to 45% and that it derived mostly from the way the 

building was used, while uncertainties in the heating system efficiency and the 

thermophysical properties of the materials had a much smaller influence. The main 

parameters causing it were the heating set points, heating schedules and the daytime 

ventilation rates (Figure 5). 

-100
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126.8 kWh/m2.a

 

Figure 5. Percentage variation of the annual energy consumption for a school building 
in North London 

2.5. Sharing Energy 

For schools to be truly zero carbon, it is imperative that low carbon energy resources be used 

for energy generation. However, schools do not have a year round demand for energy and 

environmental conditions may not always be well suited to exploit renewable resources. Thus 

in order to take maximum advantage of low carbon resources it is suggested that they be 

shared across local communities. Thus, for many new schools it might be appropriate to 

include sharing of community/ district energy, especially where they are a part of wider scale 

new development (Figure 6, Figure 7). However, the use of energy networks cannot be 
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standardized for all schools. There will be a variation in the models of the rural schools from 

that of the urban ones, making a óone size fits allô solution inappropriate in this regard. More 

research and Knowledge transfer partnerships could help gain specificity and clarity in the 

subject.  

 

Figure 6. Chart showing opinion 
regarding low carbon energy networks 

using renewable energy being 
integrated into new schools 

 

Figure 7. Chart showing opinion 
regarding low carbon energy networks 

in schools being integrated with 
community facilities 

As indicated in the literature review, there is little clarity regarding the implementation and the 

resulting barriers to sharing energy with local communities. The survey was used to identify 

certain barriers. One of the important concerns refers to information regarding specific 

availability of potential low carbon resources to a region for community sharing. 52.51% 

agreed that designers and advisors had most often little information regarding the same. 

31.84% did not know about the extent of information available (Figure 8). This indicates that 

there is an extensive uncertainty regarding the subject. There needs to be more integration of 

local authorities, designers and specialist consultants having expertise in the field. Though 

this is not adequate within itself to promote sharing of energy supplies, it could be used as a 

knowledge bank to supplement the process.  

 

Figure 8. Chart showing whether local 
authorities and their designers/ 
advisors have access to information 
about the availability of low carbon 
energy sources 
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Figure 9. Chart showing whether the 
collaboration between planners, 
engineers and architects is adequate 
enough to promote sharing of energy 
supplies 

The other barriers identified by the survey include planning constraints, supply chains in 

accessing renewable energy especially biomass and ownership of generators (Figure 10, 

Figure 11, Figure 12). These issues stem from a lack of clarity in the sector regarding the 

possibilities of sharing energy. Renewable energy has been further discussed in ñExploring 

Technologiesò section of this chapter. Extensive work is still required before any conclusive 

decisions can be made regarding implementing sharing energy techniques.  

 

Figure 10. Chart showing opinion of 
planning constraints being a barrier to 
accessing low carbon energy supplies 

 

Figure 11. Chart showing opinion about 
supply chain for biomass being a 

barrier to using it

According to the BERR energy statistics of 2008 only 2% of UKôs energy comes from 

renewable sources. The biggest challenge for renewable energy is to make the cost of clean 

energy competitive with the conventional energy. The feed in tariffs were introduced to make 

renewable energy viable. 52% of the survey sample set agrees that feed-in tariffs are an 

incentive to schools generating their own electricity (Figure 13).  






























































































































