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Executive summary 

The purpose of this project is to improve DECC’s understanding of UK air conditioning energy use, to 
reduce the uncertainties in their current air conditioning energy model and to identify areas of the stock 
where energy savings are more accessible.  

In particular the study addresses research questions relating to: 

• Stock estimates 
o Product and system lifetime (this is critical to the estimation of the stock from sales data). 
o Ownership by market sector. 
o Regional distribution of the air conditioning stock. 

• Derivation of annual consumption from installed stock figures  
o Actual operating hours (as opposed to the “engineering estimates” of the current model) 

• More detailed demand modelling 
o Monthly variations of energy consumption 
o Peak energy demands 

• System efficiency 
o Sizing 
o Operational practice 
o Potential for improvement 

We understand the importance of this work to DECC and the challenge it presents. We also note that 
improvements to the basic model and the analysis of market data are outside the scope of this study.  

An amendment to the original ITT issued by DECC divided the proposed work into two lots. Lot 1 includes 
a literature survey, assessment of air conditioning inspection reports, the provision of key inputs for 
modelling electricity demand and an algorithm to calculate peak and monthly demand as a function of 
degree days. It excludes the acquisition and analysis of monitored data. Lot 2 covers the acquisition and 
analysis of a significant sample of monitored data. Both Lots include the derivation of recommendations 
for improving the energy efficiency of the stock of air conditioning systems. 

We believe the contents of the Lots are closely inter-related; in particular, the monitoring, the data 
analysis and modelling inputs and the algorithms. We would have liked to have submitted a bid which 
covered both Lots but unfortunately were unable to produce a compliant bid which met the time and 
budgetary constraints set by the ITT. 

We have produced a proposal for Lot 1 which recognises that the analysis of monitoring data is crucial for 
updating DECCs current air conditioning model. Accordingly we have included provision for developing a 
procedure for analysing monitored data within our main proposal. 

We are aware that Cardiff University hold data on monitored buildings and we think that the datasets are 
sufficiently extensive to provide a suitable sample for this project.  Although the use of the Cardiff 
University databases would probably have provided a more robust solution; unfortunately the costs 
quoted by Cardiff for extracting the data have proven to be beyond the allocated budget. However, we do 
have direct access to some detailed UK monitoring data which relates mainly to offices and we propose 
to use this to develop and test the proposed analysis methodology.  
 
In compiling our bid we have assumed that monitoring data will be provided by the contractor who is 
awarded Lot 2. However, we acknowledge that this is not certain to happen and so we have constructed 
a methodology which could be implemented independently of Lot 2 and still provide answers to the 
research questions, although the answers obtained are likely to be slightly less robust. 

We have access to data for 23 mainly office buildings and intend to test our proposed analysis 
methodology using this data. As well as enabling the analysis methodology to be tested (and refined 
where necessary) this step should produce meaningful results for offices. If additional monitoring data is 
provided via Lot 2, then the analysis procedure could be rerun with the larger data sample to generate 
results for other sectors.   
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We propose a complementary route to extrapolate and/or check the analysis outputs from the monitored 
data. This involves combining less detailed, but more extensive energy consumption data with modelling 
studies. This route has the potential to strengthen the robustness of answers to the research questions 
posed in the tender and enable more comprehensive coverage of the stock than would be otherwise be 
possible.  
 
In addition to our main bid we offer three additional separately costed items which we think have the 
capability of improving the robustness of the research results. 
 
Option A identifies additional data sources; analysis and building modelling that would be needed to 
provide complementary information to feed into the modelling inputs and algorithm development and 
would identify the extent of the anticipated benefits that would arise if the analysis were carried out.  
Option A does not include the cost of any modelling and analysis.  

Option B is a telephone survey to complement the analysis of air conditioning inspection reports. This 
would generate an improved understanding of the take up of energy efficiency measures for buildings 
with and without air conditioning inspection reports. 

Option C offers BRE’s experienced HVAC systems monitoring team to investigate key gaps identified in 
the data sets by carrying out additional monitoring studies. An additional “per building” cost for collecting 
new monitored data in accordance with the project requirements is provided. 

A key requirement for the modelling inputs and algorithms rests on determining how energy consumption 
for cooling relates to outdoor temperature, expressed in terms of cooling degree days. Cooling degree 
days are quoted relative to a base temperature, which is the external temperature below which the 
building does not require cooling.  This base temperature will be different for each building type and is 
determined by a combination of occupant requirements and the characteristics of the building.  

In order to provide meaningful modelling inputs the procedure described in this proposal is to employ the 
use of building energy signatures which relate energy consumption to average daily temperature. The 
energy signatures will also be the basis for weighting consumption by month and for determining peak 
energy demand. Documented algorithms for these purposes will be delivered to DECC. We propose to 
carry out a high-level reality check by comparing the overall temperature sensitivity with that observed by 
National Grid electricity send-out analysis.  
 
The information obtained from monitoring will be supplemented by several other activities, including the 
analysis of inspection reports to be supplied by DECC. An important element of this analysis will be to 
determine which measures are most often recommended. This will be compared to similar information for 
previous European studies that the team has carried out. 
 
BRE is pleased to be able to offer a project team drawn from the personnel that have worked with DECC 
in previous projects and understand the research needs. The team have lengthy experience in dealing 
with extractions, analysis and modelling of energy use data in air conditioning systems.   

We have supplemented this team with staff drawn from across the BRE Group to enable us to meet the 
other technical objectives identified in the ITT. Specifically, this includes: 

• Practical experts on the design, installation, commissioning and performance of air conditioning 
systems. 

• Practical experts on the performance monitoring of air conditioning systems. 
• Staff with expertise in EPBD Air Conditioning inspections and the contents of the reports. 
• Statisticians who have dealt with electricity usage data before.  

Leading experts in the fields of Energy Forecasting, Air conditioning and energy efficiency in buildings 
will be used to perform quality assurance and ensure the outputs are of the highest quality 

BRE also have a range of software at their disposal to analyse both qualitative and quantitative data.  
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1. Understanding the requirement 

Energy use for air conditioning buildings in the UK has been rising for several decades, driven by 
increasing market penetration, especially in buildings other than dwellings. Ownership is still well below 
saturation levels seen in countries with similar climates but longer histories of air conditioning markets. 
The overall purpose of this research is to improve DECC’s understanding of electricity consumption for air 
conditioning in the UK.   

DECC’s current estimates of current consumption are based on modelling carried out by the Market 
Transformation Programme in 2009 1 2. This modelling generates an estimate of the installed stock of air 
conditioning which is then converted into consumption estimates using assumed system efficiencies and 
operating times. There are many uncertainties in this process.  

The purpose of this project is to reduce these uncertainties and to improve the granularity of the 
modelling. In particular it addresses research questions relating to: 

• Stock estimates 
o Product and system lifetime (this is critical to the estimation of the stock from sales data). 
o Ownership by market sector. 
o Regional distribution of the air conditioning stock. 

• Derivation of annual consumption from installed stock figures  
o Actual operating hours (as opposed to the “engineering estimates” of the current model). 

• More detailed demand modelling 
o Monthly variations of energy consumption. 
o Peak energy demands. 

• System efficiency 
o Sizing. 
o Operational practice. 
o Potential for improvement. 

 
The scope of the study is confined to “comfort cooling”: data centres, industrial processes (and dwellings) 
are excluded and the following building types are to be considered: 
 

• Offices (public sector and commercial). 
• Hotels and Catering. 
• Retail. 
• Sport and Leisure. 
• Warehouses. 
• Health. 
• Education. 

 
The outputs from the study therefore need to cover the existing stock of air conditioning units. 

We can see that the outputs from this study need to complement DECC’s existing Government 
programmes by: 
 

1. Supplementing the energy data collected by BEES (Building Energy Efficiency Survey) to provide 
information on energy use by air conditioning systems and the trends in air conditioning 
deployment 

 
2. Providing evidence to improve DECCs current energy demand model for air conditioning by:  

• Improving modelling inputs on usage by 

                                                      
 
1 http://efficient-products.ghkint.eu/spm/download/document/id/872.pdf 
2 http://efficient-products.ghkint.eu/spm/download/document/id/871.pdf 

http://efficient-products.ghkint.eu/spm/download/document/id/872.pdf
http://efficient-products.ghkint.eu/spm/download/document/id/871.pdf
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o Providing actual hours of use and energy demand to compare with the current 
assumptions. 

o Comparing actual energy use for air conditioning with calculations based on cooling 
degree days and the thermal properties and occupancies of buildings. 

• Improving the model to estimate monthly and peak demand by  
o Determining how usage demand varies as a function of (external) temperature. 
o Providing an understanding of the geographical deployment and usage of air 

conditioning. 
o Providing an algorithm which estimates peak and monthly electricity demand from air 

conditioning units as a function of degree days, Government Office Region and electricity 
price. 

 
We note that this is required to inform the 2017 revision of EU regulations on air conditioning units 
> 12 kW under the Eco-design Directive 

 
3. Assessing the EPBD Air-Conditioning Inspection Database 

• Estimating the proportion of air conditioning units that are optimally sized 
• Estimating the proportion of air conditioning units that are optimally operated and maintained 
• Identifying the most common recommendations to improve efficiency 

 
We can see that it will be important to ensure that the scope and categorisation of the air conditioning 
units and other parameters explored during the course of the study are consistent with those used in 
these research programmes where possible. We anticipate that these would be established with DECC at 
the inception of the project. 

We note that improvements to the basic model and the analysis of market data are outside the scope of 
this study.  

An amendment to the original ITT issued by DECC divided the proposed work into two lots. Lot I includes  
a literature survey, assessment of air conditioning inspection reports and the provision of key inputs for 
modelling electricity demand, together with an algorithm to calculate peak and monthly demand as a 
function of degree days; but it excludes the acquisition and analysis of monitored data. Lot 2 covers the 
acquisition and analysis of monitored data. Both Lots include the provision of recommendations for 
improving the energy efficiency of the air conditioning stock and reporting back to DECC. 

For the purpose of generating our bid we have assumed that monitoring data will be provided by the 
contractor who is awarded Lot 2. However, we acknowledge that this is not certain to happen and so we 
have constructed a methodology which could be implemented independently of Lot 2 and still provide 
answers to the research questions. 
 

2. Methodology 

2.1 Introduction  
In order to structure the project we have divided the project into a number of work packages. These are 
identified below:  

Work Package 0: Inception and project scoping phase. This defines the scope and categorisation of the 
air conditioning units and other parameters to be explored during the course of the study. It also 
establishes the structure of the current air conditioning model and the anticipated improvements. 
Work Package1: The Literature survey: This identifies and assesses existing information on energy use 
by air conditioning systems in buildings.  .  
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Work Package 2: Assessment of air conditioning inspection reports. This extracts and analyses 
information contained in the inspection reports on the condition of existing installations and on 
recommendations for improving energy performance. 
Work Package 3: Updating modelling inputs and developing a new algorithm for DECC’s existing energy 
model. This involves analysis of data from monitoring studies, information identified in the literature 
survey and the assessment of inspections reports (and potentially from other sources) to generate the 
values and relationships needed to update the model.  
Work Package 4: Recommendations for improving energy efficiency. This work package draws on the 
results of the previous packages to identify areas where there is scope for improving the energy efficiency 
of the air conditioning stock. 
Work Package 5: Reporting. This work package covers the synthesis of the research undertaken in the 
previous work packages to generate reports which encompass the methodology and the results in a clear 
and accessible form. 
Work Package 6: Meetings. This work package covers the inception meeting and the three-monthly 
project board meetings. 
Work Package 7: Project management, progress reporting and communication (with DECC and their 
contractors).  
A work flow diagram which identifies the key relationships between work packages and the outputs is 
provided in Figure 1. A full size version of the work flow diagram is in Appendix G. 

The major challenges presented by the project are identified in Section 5 along with a risk assessment. 

Overall Approach to Lot 1 

We believe that the contents of the two Lots are closely inter-related, in particular the monitoring, data 
analysis and modelling inputs and algorithms. Our proposal for Lot 1 is based on the assumption that 
additional monitoring data is obtained from either new or existing sources (Lot 2). Accordingly we have 
included provision for developing a procedure for analysing monitored data within our main proposal. 
However, we acknowledge that this is not certain to happen so we have constructed a methodology 
which could be implemented independently of Lot 2 and still provide answers to the research questions, 
although the answers obtained are likely to be less robust than would be the case if Lot 2 goes ahead. 

We intend to test our proposed methodology using a small sample of monitored data, mainly for offices, 
which we already have access to. As well as enabling the analysis methodology to be tested and refined, 
this step would also produce results for offices and, if additional monitoring data were to be provided, then 
the analysis procedure could be rerun with the larger data sample.   

We are aware that Cardiff University hold data on monitored buildings and we think that the datasets are 
sufficiently extensive to provide a suitable sample for this project.  Although the use of the data from the 
Cardiff University databases would probably have provided a more robust solution; the costs quoted by 
Cardiff for extracting the data have proven to be beyond the allocated budget. As a result we have not 
submitted a bid for Lot 2.  However, we think it will be difficult to obtain enough information to generate 
robust answers to the research questions for all significant sectors and system types without recourse to 
additional monitoring data, and that it is highly desirable to obtain such data in order to fulfil this function.  

There are several possible approaches to allocating annual cooling energy consumption to individual 
months, each with its own advantages and disadvantages. We propose to use a method using empirical 
energy signatures – described in Section 2.5 – for three reasons: 

• It requires fewer prior assumptions about the relationship between temperature and consumption 
• It has the ability to capture differences between system types which can amount to 40% of annual 

consumption (but do not apply to all systems) 
• It is easily extended to produce sub-hourly peak consumption values 

Quality Assurance 

We appreciate that quality assurance of the research and its outputs is of prime importance and in order 
to manage this we have put in place a team of experts with the skill sets to deal with specific issues.
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Figure 1:  Workflow Diagram 
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BRE will ensure rigour by putting in place the following measures to monitor, assess and assure the 
quality of the work being undertaken.   

• Shanti Majithia will act as a Quality Assurance reviewer for all Work Packages where data is 
produced and analysed. BRE will pass on the following items for review:  

o Proposed analysis plan including protocols established for dealing with potential issues such 
as missing data and outliers 

o Key assumptions and limitations for model arising from the new algorithms 
o Documentation of data availability and quality 
o Documentation of sensitivity and uncertainty analysis 

Shanti is former head of the Energy Forecasting Department of National Grid UK, and a world-leading 
energy forecasting specialist with over 30 years of experience in the energy related field.  He is a 
specialist in forecasting techniques and weather and climate impacts on energy use and in developing 
numerical models, including the relationships between weather and energy demand and undertaking 
modelling based impact assessments. He is experienced in the analysis of large quantity of data 
presentation and reporting and possesses detailed knowledge of characteristics of electricity usage 
demand curves. 

• BRE will work closely with: 

o The DECC’s model developers to elicit a clear understanding of the relationships between 
the model inputs and their limitations.  

o DECC in making key decisions about particular elements of the data analysis. 

• Expert judgement will be elicited on the true behaviour of the peak and monthly electricity demand 
from air-conditioning units and the agreement with the outputs from the model-forecasted 
behaviour using the new algorithms.  

• David Butler will review all aspects of: 

o The  literature search and engineering assessment of new technologies 
o Assessment of 500 EPBD air-conditioning inspection reports 
o Recommendations to improve the energy efficiency of the air-conditioning stock 

David is a leading expert in the field of HVAC engineering and has worked on Defra’s market 
transformation programme (MTP) and the UK’s Enhance Capital Allowances Scheme. Using his wealth of 
knowledge and experience he will peer review and give a reality check on all of the above outputs. 

• Paul Davidson will lead on Quality assurance for all of the deliverables and will ensure that the 
technical content of reports is sound and that written material is presented in a clear and consistent 
manner in line with DECC guidance. 

Paul is an internationally acknowledged expert in energy efficiency in buildings, particularly in the 
dissemination and promotion of information and guidance to all parts of the buildings sector. 

He is BRE’s Director of Sustainable Energy and is responsible for the delivery of a range of technical and 
policy support on energy efficiency in buildings to Defra, DECC, DCLG and the Carbon Trust. He is 
currently also responsible for leading key input to the UK’s implementation of the Energy Performance of 
Buildings Directive, to the revision of Part L of the Building Regulations and to DECC’s developing Green 
Deal policy 

The Q/A will be an on-going exercise rather than a one-off procedure to ensure that data, analysis and 
outputs are not drifting from their original objectives and that issues are highlighted as soon as possible. 
Thus minimising risk to the project in terms of wasted resources and slippage of timelines. 

This also ensures that the outputs from each work package are sufficiently robust and will fit in the project 
downstream; either when feeding into the next part of the project or when they may have to be transferred 
from the first Lot to the second. This may involve different contractors and is essential that they 



6  DECC Study on Energy Use by Air-Conditioning - TRN 874/09/2014 - LOT 1 Proposal Number: 136557
 

Commercial in confidence © Building Research Establishment Ltd 2014 
 
 

Proposal date: 12 November 2014 
Version: 1 

 

communicate with each other early in the process so the output from the first lot will input seamlessly into 
the second and vice-versa where appropriate. 

Specific tests and checks on the data inputs, intermediate results and final outputs are identified at 
relevant points within each work package. 

Additional Options 

The following options, which can be provided at additional cost, are also described in this Methodology 
section.  

Option A identifies additional data sources, data analysis and building modelling that would be needed to 
provide complementary information to feed into the modelling inputs and algorithm development in 
particular and would identify the extent of the anticipated benefits that would arise if such analysis were 
carried out.  Option A does not include the cost of any modelling and analysis.  

In Option B is a telephone survey to complement the analysis of air conditioning inspection reports. This 
would generate an improved understanding of the take up of energy efficiency measures for buildings 
with and without air conditioning inspection reports. 

Option C enables BRE’s experienced HVAC systems monitoring team to investigate key gaps identified in 
the data sets by carrying out additional monitoring studies. An additional “per building” cost for collecting 
new monitored data in accordance with the project requirements is provided. 

The remainder of this section provides a more detailed description of each work package. 

2.2 Work Package 0: Inception and scoping  
At the inception and scoping stage it will be important to ensure, in discussion with DECC, that the scope 
and categorisation of the air conditioning units and other parameters explored during the course of the 
study are consistent with those used in DECC’s research programmes where possible. The nature of the 
modelling inputs required will also need to be agreed.  

We can see that it will be important, in establishing the scope of the study at the outset to ensure that the 
research requirements of the various areas in DECC will be well served by the results of this work. In 
particular we can see that it will be important to liaise with DECC’s modelling contractors so we can 
establish the appropriate data and analysis structure to update the modelling inputs and algorithms. 
Assuming that a contractor is appointed for Lot 2, we think it will be important to establish 
communications early on in the process 

We understand that the scope of the study is confined to “comfort cooling” and that data centres, 
industrial processes and dwellings are excluded. The following building types are to be considered 

• Offices (public sector and commercial). 
• Hotels and Catering. 
• Retail. 
• Sport and Leisure. 
• Warehouses. 
• Health. 
• Education. 

We can see that the outputs from this study need to complement DECC’s existing Government 
programmes by: 

• Supplementing the energy data collected by BEES to provide information on energy use by air 
conditioning systems and on the trends in air conditioning deployment.  

• Providing evidence to improve DECC’s current energy demand model for air conditioning.  
• Assessing the EPBD Air-Conditioning Inspection Database. 
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We can see that it will be important to establish the characterisation categories for the non-domestic 
building stock and air conditioning system types at the outset of the project. For example to contribute to 
the review of the Eco-design Directive it will be necessary to separate out systems with a cooling capacity 
>12kW.  

DECC’s current model appears to include all fan energy in air conditioning systems and, for consistency; 
we anticipate that this should be the basis for the present study3.  For constant-flow systems annual and 
monthly consumption can be determined from the hours of operation and the flow rate, but for variable 
airflow systems detailed monitoring is desirable. 

Most large “air conditioning systems” also provide a heating and commonly a ventilation (outdoor air 
supply) service. The predominant demands for electricity in such systems are for the cooling generator 
(commonly a packaged chiller) and fans, with lesser demands for pumps and controls. (In some systems 
the cooling generator may also be reversible and able to provide heating). In packaged systems with 
integral fans the fan consumption is not normally distinguished from that for cooling - or heating: many 
packaged systems are reversible. 

The primary function of fans in most large systems is to provide a ventilation function: the fans operate 
even if there is no cooling (or heating) demand. It is therefore debatable whether or not electricity used by 
fans in order to provide a supply outdoor air should be attributed to cooling (as a service) although it is 
clearly part of the energy consumption of the system. (The provision of cooling slightly increases the fan 
energy consumption because the presence of a cooling coil increases the pressure rise that has to be 
provided by the fan.) 

In “all-air” systems, fans handle larger volumes of air, much of it recirculated,  since the air is used as a 
heat transfer medium to provide cooling. The electricity consumption of the fans for the additional air 
volumes is clearly part of the cooling function. In addition, all-air systems can provide “free cooling” in 
some circumstances, reducing the load on chillers. (However, this energy saving will often be less than 
the extra fan consumption by this type of system).  

We would like to confirm with DECC that energy use by fans for both ventilation and cooling functions 
should be included in the study. 

From previous experience we know that air conditioning systems often only service a proportion of the 
total building floor area and that it is very common to find more than one system within single building. We 
would also seek to agree with DECC how we should deal with these issues in the analysis. 

We would anticipate liaising with the DECC’s modelling contractors at an early stage in the project to 
establish how the existing model operates and the nature and format of the outputs required, for example 
any market segmentation employed. We would also want to confirm the nature of the price and 
Government Office Region relationships that are to be included in the model e.g., model long term rather 
than short term price impacts and whether the Government Office Region relationship should reflect 
temperature and/or stock differences.   

This will allow the project team to ensure that the data collection and analysis are structured to provide 
the information needed to generate modelling inputs and algorithms which can be incorporated into the 
existing structure of the DECC model. 

We note that improvements to the basic model and the analysis of market data are outside the scope of 
this study.  

                                                      
 
3 The availability of fan energy measurements one of the criteria included in the selection procedure we 
propose for selecting any additional monitored data that might be obtained under Lot 2. Our proposed 
sampling procedure is provided in Appendix F. 
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2.3 Work Package 1: Literature search  
The first stage of the literature search will comprise two elements, a formal search by a professional BRE 
information specialist augmented by “grey” (unpublished or informally published) information of which the 
project team is aware.  

The search terms will be agreed with DECC and will cover the bullet points listed in the detailed task list 
in the original ITT, specifically. 

• Comparisons of actual electricity use versus that expected from calculations (e.g. from cooling 
degree days) for a range of non-domestic premises. 

• The variation of air-conditioning usage with external temperature. 
• The geographical variation of air-conditioning installations and operation. 
• Assessment of trends with time. 
• Assessment of new technologies and their possible contribution to efficient cooling. 

And, in order to answer the research questions we propose to expand the scope to address  

• The extent to which electricity price affects energy consumption  
• The lifetime of air conditioning systems and components. 
• Equipment usage e.g., annual full load hour equivalents. 

The literature search will be primarily based on UK sources and data for the past 10 years but will not be 
confined to this range: we believe that there are pertinent studies relating to other countries. 

Following the listing of documents, copies will be obtained of those that appear to have the most 
relevance to this study. These will be reviewed by the study team to identify information that is directly 
pertinent to the research questions. If necessary, the methodology proposed below will be reviewed in the 
light of the literature search. 

We are already familiar with much of the existing literature relating to energy use of air conditioning in the 
UK. We think there are a number of data sources (aside from sales data) which can be used to inform our 
understanding of the air conditioning stock in non-domestic buildings, its energy use and the potential for 
reducing emissions 

With regard to product lifetimes, we have empirical estimates of lifetimes derived from our previous 
modelling of air conditioning markets across Europe in support of the Ecodesign Directives. These are 
probably more reliable than “engineering estimates” since they emerge from a curve-fitting fitting process 
linked to relatively long runs of market research data. We will also review the literature with respect to 
product lifetimes. 

We will also review the literature for the impact of electricity pricing on air conditioning usage. We will first 
need some discussion with the modelling contractor in order to obtain a better understanding of how the 
current model addresses the pricing issue. Our current belief is that the main impact of general changes 
of energy price in the non-residential market is its long-term impact on the choice of more energy-efficient 
products and systems. 

The European iSERV and Harmonac studies, which one member of the project team participated in, 
provide information on the potential savings. The Harmonac project included 400 air conditioning surveys 
and reported inter alia the frequency and estimated potential energy savings of each identified 
improvement measure. The project also compared these results with the potential improvements that 
were identified by detailed analysis of 42 buildings, finding that inspection identified 37% of the potential 
savings that were found from detailed monitoring and analysis. The iSERV project included an additional 
62 inspections. 



9  DECC Study on Energy Use by Air-Conditioning - TRN 874/09/2014 - LOT 1 Proposal Number: 136557
 

Commercial in confidence © Building Research Establishment Ltd 2014 
 
 

Proposal date: 12 November 2014 
Version: 1 

 

The output from this will be an internal study report listing documents identified, summarising the degree 
and nature of relevant information obtained and identifying relevant information sources that could be 
used to feed into updating DECCs energy model and recommendations for increasing energy efficiency. 

The report will identify the extent to which the results are applicable across the UK air conditioning stock 
is terms of; 

• economic sector  
• system type 
• system size 
• usage hours 
• regional deployment  
• age 

The categories will be aligned with those used in DECC’s other air conditioning research programmes as 
far as possible. It will also identify areas where information is lacking. 

For all the data sources identified we will assess the quality of information provided against a set criteria. 
We anticipate that the criteria will address the following aspects (where applicable); 

• data collection methodology 
• sample size 
• primary or secondary data source 
• measured or estimated, and   
• applicability to the UK situation 

2.4 Work Package 2: Assessment of Air Conditioning Inspection Reports  

We will analyse the 500 air-conditioning reports from the Air Conditioning Inspection Certification register 
to be supplied by DECC and have allowed £20,000 within our budget for their purchase. We are familiar 
with the aims and processes of the inspections since one of the project team was the lead author for the 
current version of the CIBSE guidance for the inspections. In particular, as called for, we will analyse the 
reports for information on the frequency of comments relating to: 

• Are air-conditioning systems sized for optimum performance? 
• Are they operated and maintained correctly? 
• Is there any information on refrigerant leakage rates? 
• What are the most common recommendations made by air-conditioning inspectors for improving 

efficiency? 
We note that the reporting template does not explicitly ask for market sector, but does ask for “building 
type” which we will record. In addition we will collate information on reported specific fan powers and 
system types, as a shortage of information in these areas is a significant uncertainty for air conditioning 
stock modelling.  

We understand that the reports will be provided in a pdf format and will need to be transcribed into a data 
file format to enable analysis to be carried out. Queries will then be devised to generate responses to the 
research questions identified above. We will also provide indications of the levels of variation observed in 
the sample.  

We will try to determine whether the recommendations of the assessors have been followed up, but think 
that this will be only be possible if we are able to have access to the building managers.  

The results of this assessment will be provided in separate report. 
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2.5 Work Package 3: Update key inputs for DECCs existing model and generate peak 
demand algorithm  
Here the information sources identified during the literature survey and from the detailed monitoring data 
(plus any additional data analysis which is carried out) will be used to provide key inputs to DECCs 
existing model for calculating energy consumption from the UK non-domestic air conditioning stock and to 
develop a new algorithm to calculate peak and monthly demand as a function of degree days, 
Government Office Region and electricity price 

We will have already established the structure of the existing model and the revised output requirements 
at the inception stage of the project and anticipate that additional liaison with the DECC’s modelling 
contractor will be required during this work package to ensure that the modelling inputs and algorithm can 
be easily incorporated into the existing model. 

The methodology will first be applied to a sample of 23 (mainly) office buildings which BRE already has 
access to. The methodology will be refined, where necessary and, if additional monitoring data is made 
available to the project, will be rerun on the larger sample of monitored data.   

We think it will be difficult to obtain enough information to generate the robust answers to the research 
questions for all significant sectors and system types without recourse to additional monitoring data, and 
that it is highly desirable to obtain such data in order to fulfil this function.  

The analysis methodology which we are proposing for the monitored data is outlined in detail below. 

Monitoring Data 

We are aware of existing data sources held by third parties which we think would be sufficient to provide 
a suitable sample of 70+ buildings which could be used to determine the modelling inputs based on 
empirical information. We had extensive discussions with these third parties to agree a cost for providing 
the data in an appropriate format. However, the costs that they were quoting were too high as including 
them within the bid would have exceeded the budget limit. We think that part of the reason for the high 
cost quoted is down to uncertainty regarding the precise data requirements 

BRE already has a limited amount of monitored data, mainly for offices which we propose to use to test 
the methodology and to provide initial results which could be improved upon if this sample were 
augmented to include additional monitored data. The additional data could be provided by the Lot 2 
contractor, or it may also be possible to return the existing sources we have identified with a more precise 
data specification and negotiate access to the data a cost which falls within the overall project budget. An 
advantage of this approach is that it potentially enables the methodology to be tested and the format for 
any additional data collection to be refined.  

The potential number of combinations of sectors and system types is large. We suggest that initial 
prioritisation be by sector: for example, offices, hotels, retail. This is likely to constrain the number of 
system types in each sector sample, but we would aim to represent the most common types: probably 
chiller/fan coil unit; chiller/variable air volume, variable refrigerant volume, single splits.  

A procedure for selecting a suitable sample from these, or any other datasets that are made available to 
the project is outlined in Appendix F. 

Details of the BRE dataset and the other potential data sources are outlined below 

There are three existing data sets that we are aware of: 

• Measurements made by members of the project team (BRE, University of Cardiff, National Grid) in 
32 air conditioned office buildings in the UK between 2001 and 2003 as part of the Building Air 
Conditioning Energy Demand (BACED) project. BRE has access to data on 23 of these buildings. 
The project collected sub-hourly energy consumptions for more than one year per building. The 
sample consisted of five different types of air conditioning systems. The project had two aims: to 
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examine whether there are systematic differences in annual energy consumption associated with 
different types of air conditioning system in similar buildings and to examine the temperature 
sensitivity of air conditioning energy demand. The data from this project could be imported from 
spread-sheets into the database developed by K2n for the iSERV project (see below). 

• Data from over 300 buildings collected throughout Europe by the European iSERV project, mostly 
in 2012/13. The monitoring data includes sub-hourly consumptions from major (and sometime 
minor) components of air conditioning systems, much of it for more than one year (data collection is 
continuing at some sites). The data covers a range of different building types, including offices, 
retail, education and leisure premises. The data is already held on the “HERO” database 
developed by K2n for the project. The project’s focus was on the energy benchmarking of air 
conditioning and automatic detection of energy wastage and the database is already linked to 
analysis software, which could be extended for the purposes of the current study.  

• We are also aware of data for 40-60 existing building which is currently being collected for existing 
commercial monitoring studies and which could potentially be obtained.  

Energy Signatures 

A key feature of our approach to Work Package 4 is to use energy signatures, rather than cooling degree 
days, to determine the relationship between average daily temperature and cooling demand.  

There are several possible approaches to allocating annual cooling energy consumption to individual 
months, each with its own advantages and disadvantages (See Table 1). We propose to use a method 
using empirical energy signatures for three reasons: 

• It requires fewer prior assumptions about the relationship between temperature and consumption 
• It has the ability to capture differences between system types which can amount to 40% of annual 

consumption (but do not apply to all systems) 
• It is easily extended to produce sub-hourly peak consumption values 

 
 

Method Summary Advantages Disadvantages 
Published cooling 
degree-days. 
  

• Linear relationship 
between 
temperature and 
consumption 

• Arbitrary base 
temperature 

• Degree-day figures 
readily available 

• Non-linearities 
related to system 
type introduce 
significant errors 

• Arbitrary parameter 
values introduce 
uncertainty 

Tailored degree-
day calculation  

• Linear relationship 
between 
temperature and 
consumption 

• Parameter values 
based on 
consumption data 

• Parameter values 
extracted from 
consumption data 

• Could be extended 
to peak 
consumptions 

• Non-linearities 
related to system 
type introduce 
significant errors 

• Requires analysis 
of consumption 
data 

Utilisation factor 
calculation 

• Calculation method 
from CEN standard  

• Produces results 
very similar to 
tailored degree-day 
calculation 

• Non-linearities 
related to system 
type introduce 
significant errors 

• Requires detailed 
building-level 
information 

• Cannot be 
extended to peak 
consumptions 
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Empirical energy 
signature 

• As described in this 
proposal 

• Includes empirical 
non-linearities 
related to system 
type  

• Easily extended to 
produce sub-hourly 
peak consumption  

• Requires analysis 
of consumption 
data 

Table 1: Approaches to Allocating Annual Cooling Energy Consumption  

Degree days (properly “accumulated temperature” expressed in units of degree-days) are derived from a 
particular form of energy signature which reflects the cumulative temperature above a defined base 
temperature.   

The degree-day concept is based on there being a linear relationship between outdoor temperature and 
energy demand for heating or cooling. For energy calculations it is necessary to know the “base 
temperature” (the outdoor temperature below which heating is required - or above which cooling is 
required) and the temperature sensitivity. These are not easy to determine reliably from first principles for 
air-conditioned buildings (for monitoring and targeting purposes they can be determined empirically). The 
linearity assumption is unsatisfactory for many larger air conditioning systems, but is reasonable for some 
types of air conditioning system, and for most heating systems.  

Figure 2 below, showing measured daily consumptions of the chillers in a large air conditioning system 
illustrates why. It can be seen that: 

• The temperature sensitivity is not linear: above a (daily mean) outdoor temperature of 18 C the 
temperature sensitivity is 80% greater than below that temperature. 

• There is an energy demand even at relatively low outdoor temperatures (the base temperature is 
much lower than would be expected from simple balance-point calculations). 

These features are characteristics of systems with supply air “tempering” – which is a common practice in 
large systems. “Tempering” is a system feature whereby cold outdoor air is warmed to a temperature that 
will not cause thermal discomfort such a draughts when it is introduced into a room. In well-insulated 
buildings, or rooms with high internal heat gains from equipment, there may be a cooling demand even in 
cool weather. In the absence of the limitation on supply air temperature, this could be met without the use 
of the chiller – tempering has the effect of extending the range of outdoor temperatures when the chiller 
operates. Systems which fall into the “all-air” category do not need to use tempering since they mix the 
outdoor air with recirculated air. They can also provide “free cooling” – without chiller operation (at the 
expense of significantly increased fan energy consumption), which results in a different but also non-
linear energy signature.  A linear energy signature is expected for packaged units such as split systems 
or VRF systems. 
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Figure 2: Daily Chiller energy consumption as a function of outside temperature. 

Figure 2 also illustrates that the relationship between consumption and temperature is different on 
weekdays and weekends. 

Therefore, we propose to use a more generalised version of the concept by using the average daily 
temperature which takes account of specific features of air conditioning system operation.   

Analysis of Monitored Data 

A key part of this work involves the statistical analysis of monitored data. This work will be carried out by 
a specialist statistician, Lorna Hamilton, to ensure that the results are not biased by the expectations of 
the technical experts.  

It is proposed that the methodology is initially tested using the 23 BRE buildings to identify the most 
appropriate analysis options to be applied to any additional monitoring data provided the project. 

Whilst outputs will be produced for the testing phase, the level of uncertainty associated with them will be 
too high to be used directly to inform modelling improvements, but should provide an indication of the 
nature of the relationships that exist and the relative importance of certain parameters. This information 
could be used to modify the sample selection process. Another output from the testing phase would be a 
precise data requirement specification. 

The statistical analysis will be conducted in two phases:  

Phase I will be exploratory in nature and seeks to check the quality of the data and determine the 
characteristics of the data sample.  

Phase II is the main analysis and seeks to answer the following research questions as specified in the 
Invitation to Tender:  

• How does actual air-conditioning use compare with modelled use? 
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• What is the peak electricity demand for air-conditioning, as a function of outdoor temperature? 

• What is the monthly variation in the electricity demand for air-conditioning? 

• How should the current model of electricity demand be revised? 

Analysis: Descriptive Statistics 

Assuming Lot 2 goes ahead, it is anticipated that data will be provided on air-conditioning systems on up 
to 100 non-domestic buildings. Although this is not an insignificant number of buildings, the sample may 
not big enough to conduct certain analyses with an acceptable level of confidence. In addition, it is 
possible that the data will not follow a Normal distribution.  In either case, the limitations of the dataset will 
be documented and appropriate non-parametric / small-sample statistics will be used. This will also apply 
to the smaller “test” sample of 23 buildings. 

It is not considered that missing data will pose a substantial issue for the success of the proposed 
analysis. However, if there are substantial missing data or partial observations in variables, BRE will 
agree with DECC an approach to dealing with it. The proposed method for determining energy signatures 
is inherently tolerant of some data gaps. Potential approaches include carrying forward the last 
observation, replacing missing observations by the mean of the variable or creating an extra category for 
the missing variable. As part of the data quality check the proportion of missing data in key variables will 
be stated clearly, and possible reasons discussed.  

A further consideration for the success of the analysis is the treatment of outliers. While the likelihood of 
outliers occurring is small, it is not impossible. If present, we would seek to determine if the outliers were 
due to chance, measurement error, are indicative of skewed distribution or of the presence of multiple 
populations. If the data are skewed, appropriate non-parametric analysis techniques would be used. 
Where there is evidence to suggest multiple populations, these could be disaggregated and each 
population treated separately. In the case of outliers deemed to be caused by measurement error, we 
would agree a set of protocols with DECC that determine their inclusion or exclusion from further 
analysis.  

The analysis techniques that will be used in the main analysis will be finalised upon receipt of the data in 
agreement with DECC, however, in principle they are likely to be Correlation, F-tests, ANOVA and the 
associated Post Hoc tests. We also envision the use of segment regression analysis and Monte Carlo 
analysis.  

Analysis: Temperature Related Variations: Determining monthly energy consumption 

Since the relationship between temperature and consumption is non-linear and system-dependent, it is 
difficult to predict with confidence, and we propose to determine it empirically from the data, including 
chiller and fan energy consumption. Fundamentally, the energy signature is the mean daily consumption 
at each daily mean outdoor temperature. This will be determined by segment regression. Initially we will 
identify any significant differences between working and non-working days (typically weekdays and 
weekends) for each building and expect that separate weekday and weekend signatures will be needed.  

The data will be analysed to test for statistical differences with sector, system type, region and price. If no 
significant differences are found, data from the buildings will be aggregated and treated as a homogenous 
group.  If differences are observed, the buildings will be classified by the differences and further analysis 
carried out on the resultant groups. Depending on the samples sizes achieved, the relationships between 
factors, e.g. sector and days of the week, will also be investigated.  

It is also straightforward to use the energy signature to calculate monthly consumptions (per building or 
by group) by applying monthly temperature distributions to the signature. These will be converted to 
monthly weighting factors for a standard year for application to DECC’s current model, 
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The range of histograms and scatter plots to compare actual consumption with modelling results will be 
agreed with DECC. 

Segment regression analysis will be used to produce the algorithms for peak demand and the weights for 
monthly demand. The regression residuals will be analysed to determine the goodness of fit of the 
models.  It is intended that a quantity of the demand data collected is held back for the purposes of model 
corroboration. However, this will reduce the amount of data available for the analysis itself. It would be 
preferable if the model developers could provide a small sample of data that could be used for this 
purpose.  

The final stage of the analysis is investigating the sensitivity of algorithms based on the analysis 
outcomes will be evaluated using Monte Carlo Analysis. This will provide an indication of the degree to 
which the model outputs are affected by changes in selected input parameters and assumptions.  

The outputs from this element of the work will be algorithms that enable the annual cooling (and, if 
agreed, fan) energy consumption to be apportioned between months for given sets of outdoor air 
temperature, together with measured clustered and individual building parameter values from the 
monitored sample. This algorithm also forms the basis of the algorithm for the estimation of peak 
consumption which is described below. 

Analysis: Temperature Related Variations:  Peak energy demand 

Superimposed on the systematic variation of daily consumption with temperature, there are additional 
hour to hour (and day to day) variations. This distribution of hourly deviations from the daily energy 
signature is needed to determine peak demand.   We propose to determine the maximum demand as the 
sum of the daily demand at a defined outdoor temperature and a relatively extreme observed hourly 
deviation (for example the upper 90%ile value) from the daily mean consumption. The distribution of 
hourly deviations does not show significant differences from month to month, but this cannot be ruled out 
for highly solar-driven buildings. We will therefore check for such seasonal variations. The values of the 
temperature and probability of deviation will be determined by the level of risk to be considered, which will 
be agreed with DECC. This information will be compared to the rated cooling power to assess sizing.    

However carefully constructed, a sample of less than 100 buildings cannot be guaranteed to be fully 
representative of the stock as a whole. We propose to carry out a simple “reality check” by comparing the 
expected stock-level temperature sensitivity to the values observed by National Grid. We will scale up the 
temperature sensitivities determined from the monitoring to match the estimates of installed air 
conditioning stock and compare the result with observed temperature sensitivity of electricity send-out in 
warm weather.  

The principal output from this element of the analysis will be an algorithm that extends the monthly 
consumption algorithm to determining peak consumption of the cooling element of systems. 

Analysis:  Including price impacts in the algorithm 

We doubt that it will be possible to discern the impacts of price on energy consumption from analysis of 
monitored data. This is because the variations in price structure are very large compared to the expected 
size of the impact. Furthermore, based on the reference to DECC energy price projections in the tender, 
we assume that the model is concerned with long term price impacts, and the timeframe of the monitored 
data will be too short to capture this. 

We will first need some discussion with the modelling contractor in order to obtain a better understanding 
of how the current model addresses the pricing issue. Then, as part of the literature review, we will 
identify existing research on the impact of electricity pricing on air conditioning usage. Our current belief is 
that the main impact of general changes of energy price in the non-residential market is its long-term 
impact on the choice of more energy-efficient products and systems.  
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In principle, the structure of price contracts may influence short-term consumption patterns. The structure 
of electricity supply contracts for larger buildings can be complex and is not transparent, but may include 
maximum demand charges or “triad” charges relating to periods when the electricity supply system is 
under most stress. In the UK, this is currently on a cold winter weekday afternoon rather than at times 
when air conditioning is likely to have a major impact. However, the growth in air conditioning demand is 
already causing local summer peak problems (related to distribution capacity rather than generating 
capacity). Further growth could conceivably result in distribution charges with higher costs for summer 
peaks, though we are not aware of such contracts. If these were introduced – or the generation system 
became summer-peaking - these costs could be ameliorated by short-term thermal energy storage or by 
a temporary relaxation of comfort conditions. For most commercial businesses, the cost of energy is a 
small component of total outgoings and the risks of staff complaints and possible loss of productivity tend 
to outweigh the possibility of financial savings. We are aware of on-going UK research on the 
acceptability of higher indoor temperatures.  

We have observed in previous studies that the sales figures for air conditioning equipment follow a 
market diffusion curve that can be fitted empirically to existing data, but that deviations from the (national) 
trend lines are partially explicable by variations in GDP. There is scope to investigate this further but this 
would be outside the scope of this study.   

The output from this element of the methodology will be a report summarising the information and 
highlighting any outstanding gaps. 

Analysis: Including Government Regional Office impacts in the algorithm 

We anticipate the majority of the relationship between the energy consumption of air conditioning systems 
between Government Office Regions arises from temperature differences. If this proves to be the case 
then we will derive relationships for the GORs based on the average temperature differences between the 
regions.  

We will seek to clarify the role and expected nature of the GOR location on energy use with the modelling 
contractor.  

Updating key modelling inputs 

In addition to developing algorithms to augment the current DECC air conditioning energy model, we will 
update two key inputs to the model, usage and lifetime. 

Updating key modelling inputs: Usage 

There are several ways of considering energy usage of air-conditioning systems. These include 

• Operation hours – the times when the unit is switched on. 

• Running hours – the times when the unit is providing cooling (or moving air in the case of fans). 

• Operational load – The extent to which the equipment is operating at full capacity. 

For annual energy calculations, the relevant “operating hours” metric is the annual load factor, expressed 
in equivalent hours of full-load operation. This will be obtained by dividing the annual consumption by the 
installed cooling capacity.  This can be determined from the energy signature(s) for a building. A 
temperature-normalised annual consumption figure will be generated by applying a standard distribution 
of daily air temperatures. 

Updating key inputs: Lifetime 

We have empirical estimates of lifetimes derived from our previous modelling of air conditioning markets 
across Europe in support of the Ecodesign Directives. These are probably more reliable than 
“engineering estimates” since they emerge from a curve-fitting process linked to relatively long runs of 



17  DECC Study on Energy Use by Air-Conditioning - TRN 874/09/2014 - LOT 1 Proposal Number: 136557
 

Commercial in confidence © Building Research Establishment Ltd 2014 
 
 

Proposal date: 12 November 2014 
Version: 1 

 

market research data. We will also review information related to product lifetimes identified in the 
literature search and recommend appropriate lifetimes for air conditioning system types and components 
based on these sources. We note that product lifetime may be related to usage. 

The outputs here will be usage and lifetime values to update the current air-conditioning model 

2.6 Work Package 4: Recommendations for improving energy efficiency  

We will produce a report with recommendations for reducing UK energy consumption by air conditioning. 
This will be based on the information gathered from the literature review and from the assessment of 
EPBD air conditioning inspection reports.  

The report will identify areas where the savings potential is expected to be significant. Savings measures 
are expected to fall into two broad categories 

• Improved technical efficiency, which may be achieved by  

o choosing more efficient models, 
o choosing a more appropriate system type (the most efficient system type will vary depending 

on the cooling demand and characteristics of the building)  
o replacing systems and system components early 

• Better system operation and maintenance 

o Improved controls.  
o Behavioural changes e.g., adjusting set points and timers. 

• Load Reduction 

o E.g. reducing internal and solar gains. 
o The report will also incorporate the findings of a detailed study we have previously carried out 

for the whole of Europe4. This study assessed potential reduction for each country but the 
results have only been publicly reported at a European level.  It quantified estimates of the 10-
year potential savings across Europe. This study specifically included consideration of new 
European Ecodesign requirements for air conditioning products and also of policies that could 
be implemented for the two areas identified above, and also for load reduction measures.  

For this study we will extract and review the potential savings for the UK and compare our modelling 
assumptions (such as annual load factors) with data obtained from the each part of the present study.  

This proposal does not include calculating the potential savings with new data – but will provide 
quantitative information where it has already been calculated, or simple approximation can be made. 

The output from this task will be a report summarising our findings.  

2.7 Additional Options 

Additional Option A: Identification of complementary data analysis and modelling 

We think there are some alternative routes for obtaining additional information to support updating of 
DECC’s current air conditioning model and the development of algorithms which might be explored to 
plug any data gaps. This would involve identifying other data sets which could potentially be used in 
combination with building energy modelling studies to generate the information required to update 
DECC’s current energy model. For example, we think that DECs and EPCs could potentially yield 
information on the system types and building types which use air conditioning and analysis of DEC 
                                                      
 
4 Realisable 10-year Reductions in European Energy Consumption for Air Conditioning 
Roger Hitchin, Christine Pout, and David Butler: EDDAL 2013.  
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energy ratings for similar building types with and without air conditioning could be used to estimate 
energy use for air conditioning. If it were possible to access building files for EPCs, it would be possible to 
identify the prevalence of different system types across the building stock. The potential benefits of 
various outputs that could be generated from additional information sources will be assessed based on 
the extent to which they could contribute to answering the research questions and the anticipated levels 
of uncertainty associated with the outputs. This would be summarised in a report. This option could be 
particularly advantageous in the event that no additional monitoring data collection goes ahead under Lot 
2 where it could be used to extrapolate the findings from the sample of offices to other sectors and 
system types. 

The costs for suggesting alternative options for obtaining information to fill the data gaps are not included 
in our base price for the bid, but provided as an additional option.  NB. The costs for this additional option 
exclude any additional data acquisition, and the implementation of any of the analysis or modelling 
studies that may be suggested. 

Additional Option B: Telephone survey uptake of energy efficiency measures 

We think another route for obtaining information about the take up of measures (more widely rather than 
just as a consequence of recommendations from the air conditioning inspection reports) would be to carry 
out a telephone survey of contacts provided from the BEES study, to ascertain the general level of take-
up. The survey would identify whether properties have undergone air conditioning inspection. 

The costs for carrying out this survey are not included in the base price for the bid, but the additional 
costs for this option are provided separately. If this option is adopted the methodology and results will be 
provided as an annex to the assessment of the Air Conditioning Inspection Reports. 

Additional Option C: Additional Data Collection 

BRE has an experienced monitoring team who specialise in HVAC systems and, where key gaps are 
identified in the data set, BRE would be able to carry out additional monitoring studies. An additional “per 
building” cost for collecting new monitored data in accordance with the project requirements is provided. 
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3. Management and Delivery 

3.1 The BRE team and its structure   
Andy Lewry will act as the overall Project Manager. He is PRINCE2 qualified and has 15 years varied 
technical, marketing and management experience within the Carbon and Energy Management Industry 
preceded by similar experience within various parts of the Environmental and Construction Sectors. He 
will draw upon his considerable experience in coordinating the input of a number of BRE staff, associates 
and contractors in support of specific customer programmes and projects. 

He will be responsible for all project management issues including reporting to the client; planning; 
specification; production, sequencing and delivery of outputs; management of resources; contractual 
issues; and convening and chairing project team meetings. He will be supported in this role by BRE’s 
robust and reliable project management and financial systems to monitor, manage and report on projects. 
He has also had experience of being a Research Managing Agent (RMA) being seconded to Defra to 
manage large projects, so understands the processes behind managing such large government 
contracts. He will be the first port of call for the client and in his absence Deborah Morgan will act as his 
deputy.  

The project will be under the overall supervision of Paul Davidson, Director of Sustainable Energy. He is 
an internationally acknowledged expert in energy efficiency in buildings, with long experience in 
managing projects for government clients in the energy field. He will also lead on Quality assurance for all 
of the deliverables. 

The technical director will be Roger Hitchin who has many years’ experience of co-ordinating the 
technical outputs of such large projects. Roger is a leading UK expert on the energy efficiency of 
buildings and air conditioning and has participated in a number of European and UK projects of relevance 
to this study. He also represents the UK on EBPD concerted action.  

Our team structure is illustrated in Figure 3 below and their roles are captured in Table 2.  A summary of 
the core team’s relevant experience and skills is contained in Table 3 within Section 4, followed by 
expertise summaries of each team member. 

 

Name Project Team Role Area/s of responsibility  

Paul 
Davidson 

Project Director   Responsible for maintaining project overview, 
reviewing quality plan and ensuring quality 
objectives are met.   

Andy Lewry Project Manager,  Management of the project and the programme 
of work; point of contact for contractual matters; 
ensuring work is completed to schedule and to 
required quality.  

Deborah 
Morgan 

Deputy Project 
Manager.  

Deputising for and assisting the Project Manager 
as required. Ensuring reports are drafted to 
schedule and to required quality. 

Roger Hitchin  Technical director  Responsible for maintaining project technical 
overview, reviewing outputs and ensuring 
research objectives are met.   
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Table 2: BRE team roles and responsibilities

Christine 
Pout 

Deputy Technical 
director, Task leader 
and Technical 
expert 

Deputising for and assisting the Technical 
Director as required. Working on  Literature 
search; Updating key inputs for DECCs existing 
model and generating peak demand algorithm; 
and Recommendations for improving energy 
efficiency. 
Option A - Task leader and Technical expert 

Shanti 
Majithia 

QA reviewer Quality Assurance reviewer for all Work 
Packages where data is produced and analysed. 
Liaison with National Grid 

David Butler QA reviewer Quality Assurance reviewer for all Work 
Packages where engineering data and 
specifications are produced and analysed. 

Alan Abela Task leader and 
Technical expert  

Analysis of EPBD inspection reports 

Lorna 
Hamilton 

Technical expert Update key inputs for DECCs existing model and 
generate peak demand algorithm; and 
Recommendations for improving energy 
efficiency. 

Susanne 
Woodman 

Literature review 
task input 

Undertaking structured literature review. 

Margaret 
Minton 

Admin Support Support for Project Manager & Project Director 
ensuring that Milestones met and Deliverables 
supplied to required quality and on time 

Mick 
Swainson 

Task leader and 
Technical expert 

Option B plus back-up resource. 

Arron Perry Task leader and 
Technical expert 

Option C plus back-up resource. 
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Figure 3:  Project Team Organogram 
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3.2 Quality Assurance: Management Procedures and Deadlines 

Proposed quality plan 

The purpose of our proposed Quality Plan is to define and implement the means by which the services 
we provide for this project are fit for purpose.   

We will prepare and maintain a Project-specific Quality Register for the duration of this contract.  It will be 
used to summarise all the quality management activities that are planned or have taken place, and 
provide information for reports.  The register will be available for review by DECC. 

We are committed to providing our clients with independent, authoritative, practical advice of the highest 
quality within the scope of the contract – In Use Factor review.  

To this end: 

• We will comply with all relevant statutory and regulatory requirements. 
• We work only in areas in which we have expertise, and this is supported by thorough knowledge 

and access to all relevant source documents. 
• We operate in accordance with our management system which is approved to BS EN 

ISO9001:2008. 
• Our procedures and administration are non-discriminatory, administered in a non-discriminatory 

manner. 
• Our policies and procedures enable us to avoid all conflicts of interest between our activities and 

those of other businesses within the BRE Group so as to enable us to preserve our impartiality. We 
will not engage in activities that may endanger our clients' confidence in our independent 
judgement and integrity. 

• We make all efforts to ensure that all staff are free from any commercial, financial and other 
pressure which might influence our decisions. 

• In addition to scheduled meetings with our clients, we will regularly solicit their views on our 
performance as part of a process of continuous self-improvement. 

Independence and impartiality 

Our core values are:  

• Independence and scientific objectivity. 
• Maximising benefit to our clients. 
• Making a difference. 
• Doing the right thing. 

These values ensure that we remain independent and impartial.  As a research and education charity for 
public benefit the BRE Trust (the owner of BRE) has as its overriding activity ‘to commission and support 
research, education, innovation and communication in science, engineering, economics, management 
and information technology connected with the built environment’. 

The Trust uses its assets to carry out this activity (and is forbidden by law to use its assets in any other 
way). It employs the income and reserves resulting from the gift-aid received from its subsidiary 
companies to fund PhD scholarships, research chairs at university centres of excellence plus research 
and education projects. And as the owner of BRE - the UK’s principal built environment research 
organisation - the Trust uses this unique resource to assist in the delivery of its charitable objectives. 

All staff are given training in professional conduct and ethics; and required to adhere to our Code of 
Conduct.  This gives guidance in areas including the maintenance of competence and skills; paying due 
regard to safety and wellbeing of others; acting with integrity; and the avoidance of conflicts of interests 
and situations that may give rise to perceived conflicts of interest.  
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Scope of work 

This quality plan includes the proposed work to be carried out in our tender proposal n° 136557, 
November  2014 to the Department of Energy and Climate Change regarding their invitation to tender 
874/09/2014regarding the contract ‘Energy Use by Air-Conditioning ’. 

The project starts with an inception meeting where we envisaged the brief and terms of reference being 
clarified along with project management procedures and processes. This is also an opportunity to flesh 
out the deliverables address any other details. 

The outcome of this meeting would then be crystallised into a summary inception report which would also 
contain a more comprehensive project plan. 
 
There are also quarterly project board meetings every 3 months to present progress, any changes to the 
project plan and any further recommendations for changes to the project scope etc. – see section 3.3. 

Variations to work programme 

Variations proposed by DECC to the scope or content of the Contract shall be confirmed in writing to the 
Project Manager. The Project Manager will have the responsibility to communicate this to the relevant 
members of the project team.  If necessary, the Contract and Quality Plan will be amended accordingly. 

Variations proposed by BRE to the scope or content of this work and items requiring prior approval by the 
Commission shall be communicated by the Project Manager in writing to DECC. The variations shall be 
incorporated into the work programme following written confirmation to the Project Manager that the 
proposed amendments are acceptable to DECC.  

Completed approvals records shall be held on file in hard copy by BRE. 

Deliverables 

The deliverables will be as agreed between DECC and BRE, as outlined in section 3.3.The progress 
made on their delivery will be shown in the bi-weekly email reports, which are also deliverables.  The 
general format and level of detail of the bi-weekly reports will be agreed at the inception meeting.  

The Project Manager will be responsible for the timely delivery of outputs of a quality which DECC  has 
confirmed meets its needs  and which are technically robust, policy aware, and within agreed budget.  

Project work progress 

The main method of informing DECC of the progress of the work will be through the weekly reports 
whose content, format and level of detail will be confirmed with DECC at the beginning of the contract. 
Other communication arrangements will also be agreed at the outset. 

Contract and project documentation 

The Project Manager will be responsible for ensuring the systematic storing of electronic and paper files 
of all project documentation, and making available to DECC, on request, any document/file relating to 
work undertaken as part of the contract.  The project documentation includes: 

• Contract management/administration documents, i.e.: 
All requests and replies for changes in contracts, invoicing matters, milestone reports, progress 
reports on deliverables, notes on progress and review meetings, complaints, consequential actions, 
etc. 

• Day to day communications and working documents, i.e.  
All communications and working documents undertaken in the course of this contract shall be 
systematically filed, electronically or as paper copies.  This will include reports, working papers, 
correspondence, briefings, minutes of meetings, reports of significant telephone conversations, etc.   

All individual items of project documentation shall be in files that are appropriately marked with the 
Contract Number and relevant dates.  They shall be collectively and systematically stored (archived) to 
enable easy retrieval by task and deliverable. Unless otherwise agreed, all records concerning projects 
carried out under this contract shall be retained by BRE for the full period of the contract.   
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Information exchange with DECC 

Exchange of information will be by meetings, telephone, post, email, fax and telephone. Copies of all 
deliverable reports will be provided as an electronic copy emailed to DECC, and where required, paper 
copies will be supplied to DECC.    

Security and confidentiality of data 

Regarding security of electronic data, the Project team will follow general BRE Trust policy and 
procedures. The Project Manager will be responsible for ensuring that the security of data policy is 
adhered to by all project team staff, including any contracted staff.  All DECC electronically filed 
documents will be: 

• Backed-up according to BRE Trust's internal procedures/ recommendations, i.e. ‘Quick guide to 
using the BRE Desktop and Laptop backup facilities’ – copy available on request.  Currently, 
centrally stored files are backed up each working day, and working files held on PCs and laptops 
should be backed up at least weekly. 

• Password protected as individual documents and/or held on servers/hard drives whose contents 
are generally only available to the project team whose passwords change at least every three 
months. Laptops containing project information will be password protected. Memory sticks will be 
similarly protected where appropriate.  

Regarding items of particular confidentiality, e.g. items subject to legal proceedings, then DECC shall 
inform the Project Manager in writing of necessary additional confidentiality and security arrangements.  It 
is for the Project Manager to communicate these agreed measures to all relevant staff and ensure they 
are adhered to.  

Conflicts of interest 

All BRE staff are required to operate under a set of governance arrangements, including codes of 
conduct, which are set out in depth in the BRE Group Management System. Of relevance to this topic, 
one requirement is for all staff to: 

Avoid conflicts of interest and situations which may give rise to a perceived conflict of interest. Where 
such conflicts may arise, agree how to deal with them with an appropriate Manager.  

In the context of In Use Factors, any potential conflicts of interest are most likely to revolve either: 

• BRE’s existing roles in advising government on the same or related topics 
• If BRE or any members of staff had commercial interests in products for which In Use Factors are 

being reviewed.  

It is important to note that BRE has been set up in a manner that ensures that such conflicts of interest 
should not occur. When BRE was privatised in 1997 the senior management team at the time recognised 
the possible dangers and undertook a conflict risk assessment to identify the most appropriate way in 
which to establish the new organisation. This had to be done in such a way that it retained the impartiality 
and independence for which it has always been known and respected, and which has always been key to 
the trust that it commands.  

The solution identified (see Appendix E “About BRE” for more details) was an arrangement whereby BRE 
is owned by the BRE Trust - a research and education charity for the public benefit, registered by the 
Charity Commission (registered charity number 1092193).  BRE Trust owns a number of other 
companies, all of which contribute their profits to supporting the Trust’s mission “to champion excellence 
and innovation in the built environment”. The companies themselves are distinct and separate entities. 
So, for example, BRE is quite separate from BRE Global (a company that deals primarily with certification 
issues) and BRE Training (who offer energy assessor, among other training courses).  

This arrangement ensures that the risk of potential conflicts of interest is extremely low. However, in the 
highly unlikely event that a potential conflict of interest did arise this would be immediately referred to 
senior management so that they could take action to put in place corrective measures. DECC would, of 
course, be informed and consulted if such a situation should occur. 

At the present time, there are no issues giving rise to conflicts, nor are any envisaged. 
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Performance review and reporting 

The Project Director will seek a discussion with DECC around the midpoint of the contract, specifically to 
review contract performance and to ensure that DECC’s requirements are being met.  This will also 
inform BRE’s own staff review process. 

DECC complaints 

Complaints relating to the operation of the contract can be made in writing, fax, e-mail or by telephone 
and should be directed to the Project Manager first, when the following steps will be taken: 

• The complaint will be recorded and placed on file. 
• It will be resolved as soon as is practically possible. 
• The root cause of the complaint will be determined and the appropriate action determined to 

ensure that the cause for complaint does not reoccur. DECC will be informed of this and the matter 
discussed with them. 

• Any action required will be implemented. 
• The Project Director will be informed and will review all corrective actions taken.  

Expenses 

Travel and subsistence (T&S) will be claimed when submitting invoices, at the agreed rates.  

Staff resource planning Tasks 

The responsibility for planning resource availability for each Task will be with the Project Manager.  
Project team members will be expected to identify any resource related problems to the Project Manager 
at the earliest possible date. 

Staff competence and training 

The Project Manager will: 

• Select and confirm the names of individuals responsible for specific Tasks under the contract, in 
consultation with DECC and the Project Director. 

• Ensure that only suitably qualified and trained staff are employed and that they are adequately 
supported/mentored in their Tasks. 

• Ensure that the staff working on the Tasks are aware of the importance and relevance of their 
work, and hence how they contribute to the achievement of the quality objectives. 

Project organisation, staffing and responsibilities 

The staffing, activities and responsibilities will involve the following: 

• The Project Director 

The Project Director will maintain an overview of the project and in particular: 

o Receive copies from the Project Manager of the quality plan and approve it.  Thereafter ensure 
that the quality plan is carried out and that the quality objectives are met. 

o Review the quality plan to ensure its continuing suitability, adequacy and effectiveness, and 
assess opportunities for improvement. 

o Receive copies from the Project Manager of the weekly reports. 
o Receive written copies of any DECC complaints and the Project Manager’s analysis and 

recommendations for actions as agreed with DECC, and ensure these are carried out. 
o Agree with the Project Manager the staffing for the Tasks, and any changes to the staffing and 

for what reasons. 
o Discuss at least annually with DECC, either in a meeting, or over the telephone or by email, the 

progress of the project and the performance of the Project Team, and any issues DECC wish to 
raise regarding the project.  

• The Project Manager: 

The Project Manager, or, when appropriate, the Deputy Project Manager, will: 
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o Ensure that only suitably qualified and trained staff are employed on the project, that they fully 
understand their responsibilities and authorities and that they have the opportunity for 
development and a variety of work experience.   

o Monitor the quality and timeliness of the outputs and take overall responsibility for the 
satisfactory delivery of the project. 

o Act as primary contact point between DECC and BRE, and agree variations to the contract; 
o Write the weekly report and ensure that it is: 

- Delivered within 5 working days of the end of the quarter and  

- The achieved work programme addresses the tasks set out in the Contract and agreed 
documents; 

o Ensure that the invoice and supporting documents are accurate and according to the contract, 
and that they are delivered in a timely manner and to DECC’s satisfaction.   

o Ensure that the Project Quality Plan is implemented. 

• Project Staff: 

Project Staff will: 

o Be given delegated day to day responsibility for complete Tasks or substantial sub-tasks with 
call on support and advice from the Project Manager on matters that they are unfamiliar with, or 
believe to be beyond their current competence to decide.  

o Inform the Project Manager of issues that they foresee may cause problems with the work, the 
project as a whole, or the best interests of DECC.  Issues include possible delays in achieving 
the task on time and within resources, intelligence information that could affect future actions of 
the DECC and so on. 

o Support other members of the team on other Tasks  
o Inform the Project Manager with information for inclusion in the weekly report. 

Key Performance Indicators and monitoring the quality of the service  

We will monitor and evaluate the quality of the service we provide in accordance with BRE’s Quality 
Management system which is certified to meet ISO9001:2008.  This certification demonstrates our ability 
and commitment to consistently monitor and provide services that meets clients’ requirements (inclusive 
of any relevant statutes and regulations, if applicable).   

We would expect to conduct this monitoring principally through the weekly progress reports and meetings 
with DECC. Progress reporting will focus upon: Issues; Changes to the Risk Register; Milestones and 
Deliverables.  In addition, BRE’s Management and Quality Department monitor and evaluate the quality 
of service through customer feedback process and internal audit programmes.  Qualified auditors carry 
out internal audits to planned programmes across all areas of the business to ensure that quality of 
service is being continuously achieved. 

BRE’s Customer Satisfaction process applies to all projects. We ask customers for in-depth feedback – 
through structured questionnaires and face-to-face reviews - on how well we met their needs, levels of 
service, value for money, timeliness, quality of communication, staff helpfulness etc. The process enables 
us to monitor and measure results whilst also seeking crucial opportunities for improvements.  All results 
are monitored by our Quality Assurance team and reported to top management.  Furthermore, results are 
included in the mandatory six monthly ‘QMS Management Review’ which is subject to surveillance by 
LRQA to ensure we continuously meet our clients’ requirements in adherence to our ISO 9001:2008 
certification.  

3.3 Deliverables  
Inception meeting and report 

We envisage the inception meeting having the purpose of: 

• Clarifying the brief and terms of reference; 
• Putting procedures and processes into place regarding delivery and finances; 
• Fleshing out the specifications of the deliverables; 
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• Ironing out any other details. 
 
The outcome of this meeting would then be crystallised into a summary inception report which would also 
contain a more comprehensive project plan. 

Reporting  

• Inception report containing the agreed plan for the project 
• Quality assurance plan, including details of who will sign off outputs, and their role within the 

contractor’s organisation. 
• Email updates of an agreed minimum frequency of 2 weeks and a phone update each month. 

Project Board presentations 

• Project board meetings every 3 months where we will present progress to date in PowerPoint for 
use by DECC; this will include any changes to the project plan implemented and any 
recommendations for changes to the project scope etc. 

Outputs 

• A literature review, which specifically addresses the issues of operational patterns of air-
conditioning systems in the UK non-domestic stock, trends in deployment and new technologies 
which may impact electricity demand from air-conditioning. 

• A report on the assessment of the air-conditioning inspection reports in the EPB Register, including 
details on the range of systems and buildings inspected, the most common conclusions regarding 
efficiency and operation, the most common improvements recommended by the inspectors and 
whether these recommendations were implemented. 

• Report on data collection procedures, including: methodology; instruments; assessment of bias in 
sample and approach taken to this in drawing conclusions  

• Monthly updates on percentage of data collection 
• Interim findings report  
• Presentation of results 
• Summary of the main findings from the examination of the air-conditioning inspection reports in the 

EPB Register 
• An algorithm to estimate the peak electricity demand and monthly from air-conditioning a function 

of degree days, GOR and electricity price. DECC’s projections of electricity prices should be used 
as an input.  

• Draft report, including summary of methodology  
• Final report in the DECC template for publication 
• Technical report/annex, to include (for quantitative data) assessment of uncertainty in results 
• A presentation of summary findings in PowerPoint for use by DECC  
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3.4 Delivery Plan  

Gantt chart shown below, full size version is in Appendix G. 

 

Dec-14 Jan-15 Feb-15 Mar-15 Apr-15 May-15 Jun-15 Jul-15 Aug-15 Sep-15 Oct-15 Nov-15 Dec-15

1 2 3 4 5 6 7 8 9 10 11 12 13

0.1 Inception steering group meeting for project

0.2 Review project methodology

1.1 Agree search criteria

1.2 Formal literature search

1.3 Grey literature collection

1.4 Select which references to purchase

1.5 Review and report

2.1 Agree process

2.2 Extract information from 500 reports

2.3 Analyse and report

3.1 Define energy signatures for each building and day of week

3.2 Test for differences between days

3.3 Agree standard year assumptions

3.4 Calculate standardised annual consumptions

3.5 Test for separate populations (sector, system type, location…)

3.6 Calculate monthly weights for each population

3.7 Extract hourly residuals for each building

3.8 Combine residuals within populations

3.9 Test hourly residuals for temperature trends

3.10 Agree criteria for peak hourly demand

3.11 Calculate peak demands per population 

3.12 Define and write up algorithms

3.13 Produce update usage and lifetime inputs

3.14 Scale up temperature sensitivity to national value

3.15 Obtain actual figures of temeprature sensitivity from electricty sendout

3.16 Compare and report

3.17 Extract hours of operation 

3.18 Estimate product lifetimes: from previous BRE studies etc.

3.19 Compare with literature review and report

3.20 Clarify price influence and other aspects of current DECC model

3.21 Review literature search for price influences and report

4.1 Extract UK results from previous European Study 

4.2 Analyse parameter values from this study

4.3 Report

5.1 Draft Final Report, technical report and presentation of findings

5.2 Final Report, including recommendations and technical report agreed

5.3 Presentation of final results to DECC

6.1 Project board meetings and presentations

7.1 Progress updates by phone or email

7.2 On-going Q/A 

7.3 Liaison with Lot 2 contractor (if required)

7.4 Q/A of outputs

D1 Inception steering group meeting for project D

D2 Inception report   D

D3 Literature review of air-con usage patterns complete D

D4
Assessment of EPBD air-conditioning inspection reports complete and report 
delivered D

D5
Algorithm for estimating peak and monthly electricity demand and variation with 
electricity price complete and model delivered to DECC D

D6 Draft Final Report, technical report and presentation of findings D

D7 Final Report, including recommendations and technical report agreed D

D8 Progress updates by phone or email     D     D     D     D     D     D     D     D     D     D     D     D     D

D9 Project board meetings and presentations     D     D     D     D

D10 Presentation of final results to DECC     D

MONTHS

DELIVERABLES (D)

WP4: 4.1.f Making recommendation to improve efficiency of the air-conditioning stock

WP 3 - 4.1.e Updating key inputs to modelling and development of new algorithm to estimate 
peak and monthly electricty demand  from air condtioning

WP2 - 4.1d Analysis of Air-conditioning inspection reports.

WP6: 4.1.g Meetings

WP0 - Inception and scoping

WP1 - 4.1a Literature search

WP7: 4.1.g Project Management, Progress updates and Communication

WP5: 4.1.g Reporting
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3.5 Resource Input  

Resource input shown below, full size version is in Appendix G. 
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WP0 Inception and scoping

0.1 Inception steering group meeting for project 2.00         1.00               -           0.50         -         1.00       -         -         -         -       -       -       -             4.50

0.2 Review project methodology 1.00         1.00               -           -           -         2.00       -         -         -         -       -       -       -             4.00

WP1 Literature search

1.1 Agree search criteria -          -                 -           -           -         -         -         -         -         -       1.00      -       -             1.00

1.2 Formal literature search -          -                 -           -           -         -         -         -         -         -       4.00      -       -             4.00

1.3 Grey literature collection -          1.00               -           -           -         3.00       -         -         -         -       -       -       -             4.00

1.4 Select which references to purchase -          -                 -           -           -         1.00       -         -         -         -       1.00      -       -             2.00

1.5 Review and report -          1.00               -           -           -         3.00       -         -         -         -       -       -       -             4.00

WP2 Assessment of Air-Conditioning Inspection Certificates

2.1 Agree process -          1.00               -           -           -         -         -         -         -         -       -       -       -             1.00

2.2 Extract information from 500 reports -          -                 -           -           -         -         -         25.00     -         -       -       -       -             25.00

2.3 Analyse and report -          -                 -           -           -         -         -         2.00       -         -       -       -       -             2.00

WP3 Update key inputs for DECCs existing model and generate peak demand algorithm

3.1 Define energy signatures for each building and day of week -          -                 -           -           -         -         -         -         -         4.00      -       -       -             4.00

3.2 Test for differences between days -          -                 -           -           -         -         -         -         -         3.00      -       -       -             3.00

3.3 Agree standard year assumptions -          1.00               -           -           -         -         -         -         -         -       -       -       -             1.00

3.4 Calculate standardised annual consumptions -          -                 -           -           -         -         -         -         -         3.00      -       -       -             3.00

3.5 Test for separate populations (sector, system type, location…) -          -                 -           -           -         -         -         -         -         3.00      -       -       -             3.00

3.6 Calculate monthly weights for each population -          -                 -           -           -         -         -         -         -         3.00      -       -       -             3.00

3.7 Extract hourly residuals for each building -          1.00               -           -           -         -         -         -         -         1.00      -       -       -             2.00

3.8 Combine residuals within populations -          -                 -           -           -         -         -         -         -         2.00      -       -       -             2.00

3.9 Test hourly residuals for temperature trends -          -                 -           -           -         -         -         -         -         2.00      -       -       -             2.00

3.10 Agree criteria for peak hourly demand -          1.00               -           -           -         -         -         -         -         -       -       -       -             1.00

3.11 Calculate peak demands per population -          -                 -           -           -         -         -         -         -         1.00      -       -       -             1.00

3.12 Define and write up algorithms -          -                 -           -           -         3.00       -         -         -         2.00      -       -       -             5.00

3.13 Produce update usage and lifetime inputs -          -                 -           -           -         3.00       -         -         -         -       -       -       -             3.00

3.14 Scale up temperature sensitivity to national value -          1.00               -           -           -         1.00       -         -         -         -       -       -       -             2.00

3.15 Obtain actual figures of temeprature sensitivity from electricty sendout -          -                 -           -           -         -         -         -         -         -       -       -       2.00           2.00

3.16 Compare and report -          -                 -           -           -         -         -         -         -         -       -       -       1.00           1.00

3.17 Extract hours of operation -          -                 -           -           -         -         -         -         -         2.00      -       -       -             2.00

3.18 Estimate product lifetimes: from previous BRE studies etc. -          1.00               -           -           -         -         -         -         -         -       -       -       -             1.00

3.19 Compare with literature review and report -          -                 -           -           -         1.00       -         -         -         -       -       -       -             1.00

3.20 Clarify price influence and other aspects of current DECC model -          -                 -           -           -         1.00       -         -         -         1.00      -       -       -             2.00

3.21 Review literature search for price influences and report -          -                 -           -           -         1.00       -         -         -         1.00      -       -       -             2.00

WP4 Recommendations for improving energy efficiency

4.1 Extract UK results from previous European Study -          1.00               -           -           -         2.00       -         -         -         -       -       -       -             3.00

4.2 Analyse parameter values from this study -          1.00               -           -           -         1.00       -         -         -         10.00    -       -       -             12.00

4.3 Report -          -                 -           -           -         2.00       -         -         -         1.00      -       -       -             3.00

WP5 Reporting

5.1 Draft Final Report, technical report and presentation of findings -          2.00               -           -           -         9.00       -         -         -         3.00      -       -       -             14.00

5.2 Final Report, including recommendations and technical report agreed -          3.00               -           -           -         4.00       -         -         -         1.00      -       -       -             8.00

5.3 Presentation of final results to DECC 1.00         1.00               0.50         -           -         2.00       -         -         -         1.00      -       -       -             5.50

WP6 Meetings

6.1 Project board meetings and presentations 6.00         1.00               1.00         -           -         4.00       -         -         -         -       -       -       -             12.00

WP7 Project Management, Progress updates and Communication

7.1 Progress updates by phone or email 5.00         2.00               -           0.50         -         5.00       -         -         -         -       -       -       -             12.50

7.2 On-going Q/A 3.00         2.00               2.00         0.50         1.00       -         -         -         -         -       -       -       1.00           9.50

7.3 Liaison with Lot 2 contractor (if required) 2.00         1.00               -           -           -         3.00       -         -         -         1.00      -       -       -             7.00

7.4 Q/A of outputs -          -                 6.00         -           5.00       -         -         -         -         -       -       -       3.00           14.00

7.5 Contract Management -          -                 -           1.00         -         -         -         -         -         -       -       4.00      -             5.00

20.0 24.0 9.5 1.5 6.0 52.0 0.0 27.0 0.0 45.0 6.0 4.0 7.0 202.0

887 887 1,122 684 887 887 684 887 887 887 887 887 887

17,740 21,288 10,659 1,026 5,322 46,124 0 23,949 0 39,915 5,322 3,548 6,209 181,102

Purchase of copies and reprints (WP1)

Purchase or inspection reports (WP2)

Travel and expenses (WP6)
205,302

Option A Identify additional sources modelling and analysis 1.0 0.0 0.5 0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 6,327

Option B Telephone survey: uptake of energy efficiency measures 1.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 11.0 0.0 0.0 0.5 0.0 11,649

Possible limited additional monitoring (per building) 1.0 0.0 0.0 0.0 0.5 0.0 6.0 0.0 0.0 0.0 0.0 0.5 0.0

Equipment for possible extra monitoring  and Travel and Expenses 
(per building) 2,500

1,500

20,000 24,200

Total Days

Daily Rate

2,700

TOTAL COST PER TEAM MEMBER

Other 
Costs

Option C 8,378

Total Staff and Other Costs

Options

STAFF RESOURCES
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4. Skills and expertise 

Our proposed team and its structure are described earlier in Section 3.1. It is drawn from the personnel 
that have worked with DECC in previous projects and understand the research needs. The team have 
lengthy experience in dealing with extractions, analysis and modelling of energy data.   

We have supplemented this team with staff drawn from across the BRE Group to enable us to meet the 
other technical objectives identified in the ITT. Specifically, this includes: 

• Practical experts on the design, installation, commissioning and performance of air conditioning 
systems. 

• Practical experts on the performance monitoring of air conditioning systems. 
• Staff with expertise in EPBD Air Conditioning inspections and the contents of the reports. 
• Statisticians who have dealt with electricity usage data before. 

BRE also have a range of software at their disposal to analyse both qualitative and quantitative data. In 
addition to the use of MS Office software to an expert level, the following specialist software is used:  

• SPSS 22 (for statistical analysis and modelling). 
• R version 3.1.1 (for statistical analysis). 
• GPOWER version 2.0 (for power calculations and sample sizing). 
• AMOS 16.0 (for structural equation modelling). 
• NVIVO (for qualitative analysis). 
• OR software tools e.g. modelling, decision analysis. 

 
In addition, in order that all reports meet DECC’s needs, we have included staff who will perform a 
continuous QA review. Shanti Majithia was formerly the head of the Energy Forecasting Department of 
National Grid UK, and is a world-leading Energy (Gas and Electricity) forecasting specialist. Paul 
Davidson has extensive experience in managing large government and commercial contracts; and is very 
familiar with DECC’s overall policy requirements in this area having lead the acquisition of robust 
evidence on energy using products and systems and the creation of stock models in support of UK and 
European product policies. Finally, David Butler has worked extensively within the field of Air Conditioning 
having over 30 years’ experience designing and undertaking practical investigations into the performance 
of heating, ventilation and air conditioning systems within buildings, both laboratory based and on site. He 
is a recognised national expert having worked on the Market Transformation Programme (MTP) and 
Enhanced Capital Allowances (ECAs) programmes. 
 
To facilitate assessment of staff expertise we have created a simple table (see Table 3) that summarises 
all of the team’s expertise in the core areas identified by DECC in their ITT and further detail is provided 
in the subsequent expertise tables. 
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Project Management üü üüü ü

Designing and undertaking electricity or gas monitoring 
projects

üü üüü üü üü üüü üüü üüü üü

Ability to manage data quality procedures and to analyse 
electricity demand data

üü üü üüü üüü üüü

Understanding of the engineering aspects of air-
conditioning

ü ü üüü ü üüü üüü üüü üüü

Understanding of the requirements of the EPBD air-
conditioning inspection procedure

ü üü üüü üü üü üü üü

Understanding of heat loss and cooling demand of 
buildings

üü üü üüü üüü üüü üüü üüü üüü

An understanding of the current Eco-design 
requirements for small air-conditioning (< 12 kW)

üü üüü üüü üüü üü üüü

A demonstrated understanding of and proven experience 
in the application of good practice in building models.  
This needs to include:

• applying sound quality assurance processes and 
procedures to minimise modelling and input errors 
and to ensure model outputs are robust;

ü ü üü üüü üüü

• producing clear documentation of model logic, 
procedures for updating and producing outputs, 
assumptions, data sources and quality assurance 
checks;

ü ü üü üüü üüü

Clear reporting and presentation skills. üüü üüü üü ü üüü üü üü üüü üüü üüü üüü üü üü

ü Meets the requirement
üü Significantly exceeds the requirement
üüü Recognised expert  

Table 3: BRE team experience and skills 

Paul Davidson 

PROJECT ROLE –  Project Director 

QUALIFICATIONS: MA, PhD, FInstP 

PEN PORTRAIT:  

Paul is an internationally acknowledged expert in energy efficiency in buildings, particularly in 
the dissemination and promotion of information and guidance to all parts of the buildings 
sector.He is BRE’s Director of Sustainable Energy and is responsible for the delivery of a range 
of technical and policy support on energy efficiency in buildings to the UK government and other 
clients. He is currently responsible for leading key input to the UK’s implementation of the 
Energy Performance of Buildings and Energy Efficiency Directives. For many years he 
supervised BRE’s contribution to the UK’s Market Transformation and Sustainable Products 
programmes, leading the acquisition of robust evidence on energy using products and systems 
and the creation of stock models in support of UK and European product policies. 
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PROJECT RELEVANT KNOWLEDGE AND SKILLS 

PROJECT REQUIREMENTS EXPERIENCE/EXPERTISE 

Project Management 30 years’ experience in project and programme 
management for UK and international clients, 
including government and the EU. 

Understanding of the engineering aspects 
of air-conditioning 
 

High level understanding of the engineering 
principles of air-conditioning and other HVAC 
systems, through the management of 
government programmes (such as the Energy 
Efficiency Best Practice programme, the Market 
Transformation Programme and the Energy 
Technology List) and the development of 
calculation tools for energy performance.  

Understanding of the requirements of the 
EPBD air-conditioning inspection 
procedure 

 

Currently project director for an EBRD project 
providing assistance to countries of the Western 
Balkans in implementing the EPBD. This requires 
a good knowledge of all requirements of the 
recast EPBD, including those on inspection of air-
conditioning systems. 

Understanding of heat loss and cooling 
demand of buildings 

Over 30 years’ experience in the field of energy 
efficiency in buildings, including calculation 
methodologies. This has led to a thorough 
understanding of the principles of calculating heat 
loss and cooling demand in a wide range of 
building types. 

An understanding of the current Eco-design 
requirements for small air-conditioning (< 
12 kW) 

 

Not at the detailed level. 

A demonstrated understanding of and 
proven experience in the application of 
good practice in building models.  This 
needs to include: 

Paul has supervised the development and 
delivery of various models for government. These 
include stock/energy models of the housing and 
non-domestic UK building stock and the two UK 
energy calculation methodologies, SAP and 
SBEM. They also include smaller models for 
product and building scenarios, created for 
DECC, Defra and the Carbon Trust. 

 • applying sound quality assurance 
processes and procedures to 
minimise modelling and input 
errors and to ensure model 
outputs are robust; 

 

Has routinely put in place processes to test and 
QA models as they are developed, using both 
internal and external resources. 

 • producing clear documentation of 
model logic, procedures for updating 
and producing outputs, assumptions, 
data sources and quality assurance 
checks; 

Supervised such activities on many different 
projects. 

Clear reporting and presentation skills.  
 

Long experience of producing clear, concise and 
readable reports and publications – tailored to the 
particular target audience. Very experienced and 
respected speaker at events of all sizes and 
audiences.  
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Andy Lewry 

PROJECT ROLE –  Project Manager 

QUALIFICATIONS: B.Sc. (Hons), DIC, Ph.D, MIMMM, CENG, MSocEnv, CENV 

PEN PORTRAIT:  

Andy Lewry would be responsible for the Project Management and delivery components of the 
BRE Team. He is PRINCE2 trained and has 17 years varied technical, marketing and 
management experience within the Carbon and Energy Management Industry preceded by 
similar experience within various parts of the Environmental and Construction Sectors. He will 
draw upon his considerable experience in coordinating the input of a number of BRE staff, 
associates and contractors in support of specific customer programmes and projects. 

PROJECT RELEVANT KNOWLEDGE AND SKILLS 

PROJECT REQUIREMENTS EXPERIENCE/EXPERTISE 

Project Management PRINCE2 trained and has extensive 
management experience within the Carbon and 
Energy Management Industry. 

Understanding of the engineering aspects 
of air-conditioning 
 

Acted as a Technical Director on the UK 
Government’s Enhanced Capital Allowances 
(ECA) scheme responsible for 10-15 research 
projects including different forms of air 
conditioning and its control. This included 
describing the technology, how it was used and 
setting (with industry) best practice performance 
criteria. 
He was also the Technical manager directly 
responsible for projects on HVAC controls and 
Demand Control Ventilation.  

Understanding of the requirements of the 
EPBD air-conditioning inspection 
procedure 

 

Currently, Andy is managing a team delivering 
technical assistance on Energy Performance of 
Buildings Directive (2010/31/EU) transposition in 
the countries of the Western Balkans. This 
technical assistance is delivered through 7 “Work 
Packages”. One of these work packages is the 
development of inspection schemes for heating 
and cooling systems; which requires in-depth 
knowledge of the legislation and its 
implementation including accreditation and 
certification schemes. 

Understanding of heat loss and cooling 
demand of buildings 

Andy has considerable knowledge of this area 
through his use of the Simplified Building Energy 
Model (SBEM). This includes adaption of the 
software to the climate and services (AC) in the 
Republic of Mauritius which is being used to 
underpin their Energy Audit Management 
Scheme.   

An understanding of the current Eco-design 
requirements for small air-conditioning (< 
12 kW) 

 

When acting as a Technical Director on the UK’s 
ECA scheme he was responsible for research 
projects on Heat pumps - air to water, low GWP, 
units under 12KW and dehumidifiers.  
This required in-depth knowledge of the Eco-
design and Non-Domestic Building Services 
Compliance guide requirements. 

A demonstrated understanding of and 
proven experience in the application of 
good practice in building models.  This 

He was the Technical manager for the Energy 
Performance Certificate (including the Part L 
Competent Person) Scheme for iSBEM in 
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needs to include: England and Wales. Interface to Simplified 
Building Energy Mode (iSBEM) is the default 
energy performance calculation software tool that 
delivers the compliance checking for the building 
regulations as well as EPCs. The scheme 
covered the iSBEM tool and other software 
interfaces to SBEM such as Hevacomp. This role 
encompassed all technical input for the scheme 
(including the production of the exam – both 
papers and computer files), marking and 
process/quality control.  

 • applying sound quality assurance 
processes and procedures to 
minimise modelling and input 
errors and to ensure model 
outputs are robust; 

 

Andy is a competent person himself and also 
QAs any consultancy using these tools. In 
addition, he managed a project that produced 
EPCs for the whole of the BRE site (50+ 
buildings) as part of a larger Master planning 
programme. As a Prince 2 qualified Practitioner 
he applied its principles and methodology to this 
project to ensure accurate and robust results 
were produced.  

 • producing clear documentation of 
model logic, procedures for updating 
and producing outputs, assumptions, 
data sources and quality assurance 
checks; 

Andy also carried out a similar role in Scotland 
(Section 6 compliance) and EIRE (Irish Part L 
compliance and BER – the Irish equivalent of 
EPCs). Here, he produced certification scheme 
guidance (including code of practice for 
assessors, data requirements both input and 
assumptions, QA procedures), training and exam 
guidance   Andy also carried out training on 
EPCs/ISBEM, which included the delivery of 
Advanced (Level 4) training and production of 
training materials for Scotland. 

Clear reporting and presentation skills.  
 

Andy has many years’ experience of providing 
management reports for large projects giving 
clear and concise information on the state of play 
and the options going forward. 
He has given numerous board room level 
presentations on business cases and projects.  
In addition, Andy has produced a large volume 
and variety of presentations and articles on 
energy efficiency, enhanced capital allowances 
and low carbon technologies. Most recent 
examples include producing publications and 
articles on building controls; then delivering 
presentations on this subject at ESTA events, 
Eco Technology Show, Energy & Environment 
Expo, 5th Romanian Conference on Energy 
Performance of Buildings, Sustainability Live, 
Building Controls show and CIBSE ASHRAE 
Technical Symposium. 

Deborah Morgan 

PROJECT ROLE –  Deputy Project Manager 

QUALIFICATIONS: MEng Civil Engineering 

PEN PORTRAIT: 
Deborah has experience, working in research, consultancy and testing across a number of 
departments across the BRE Group including building products, structures and energy.  
This includes experience of conduction research, stakeholder engagement, developing 
standards and managing project delivery.  
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Her experience on the energy performance of buildings includes; interpreting and applying 
methodologies, running SAP and SBEM models, developing and adapting calculations tools, 
and dynamic modelling.  
Recent projects include the development of energy assessment tools for use in several different 
countries and include the implementation of the EPBD. 

PROJECT RELEVANT KNOWLEDGE AND SKILLS 
PROJECT REQUIREMENTS EXPERIENCE/EXPERTISE 

Project Management Experience of managing and supporting the 
management of project delivery. 

Understanding of the engineering aspects 
of air-conditioning 
 

Engineering degree studies involved 
understanding and design projects for the internal 
environment of buildings. 

Understanding of heat loss and cooling 
demand of buildings 

Engineering degree studies included energy use 
in buildings. Work role includes use of energy 
calculations for buildings both domestic and non-
domestic.  

A demonstrated understanding of and 
proven experience in the application of 
good practice in building models.  This 
needs to include: 

 

 • applying sound quality assurance 
processes and procedures to 
minimise modelling and input 
errors and to ensure model 
outputs are robust; 

 

Undertaken modelling using a variety of software 
tools for energy performance. Regularly 
responsible for developing and testing energy 
performance and compliance calculation tools as 
they are adapted / updated.  

 • producing clear documentation of 
model logic, procedures for updating 
and producing outputs, assumptions, 
data sources and quality assurance 
checks; 

Role includes writing user guides and 
specifications for tools. Produced clear 
documentation for the translation of calculation 
methodologies into tool applications. 

Clear reporting and presentation skills.  
 

Variety of report writing experience including 
technical research, client and test reports 
including for government clients.  

Roger Hitchin 

PROJECT ROLE –  Technical Director 

QUALIFICATIONS: B.Sc (Physics), C.Eng 

Diploma in Building Services Engineering (specialising in air conditioning) from the National 
College of Heating, Ventilation, Refrigeration and Fan Engineering (now London South Bank 
University). 

Member of the Chartered Institution of Building Service Engineers, Institution of Gas Engineers 
and Managers, British Institute of Energy Economists. 

PEN PORTRAIT:  

Roger Hitchin is a private consultant and part-time Associate with the UK Building Research 
Establishment (BRE), having previously been a Technical Director at BRE dealing with building 
energy issues including technical and regulatory issues. A physicist by initial training, before 
joining BRE he worked in a number of areas and in a number of roles relating to energy use in 
buildings: in university research, as a consultant design engineer, in industrial research and in 
the assessment of overseas energy markets. 

He has worked in technical research and development areas covering theoretical, laboratory 
and field studies of energy use in buildings and the performance of HVAC systems, and also on 
policy-related and economic issues. His work has often involved international collaboration, 
notably including European research projects on the energy performance of air conditioning 
products, Ecodesign requirements for such projects, the effectiveness of air conditioning 
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inspections and the modelling of air conditioning markets, including the scope for reducing 
energy consumption. He has a wide range of formal and informal links with the HVAC industry.  

At BRE, he has worked on the implementation of Energy Performance Certificates in the UK 
and several other European Union countries and is currently involved on supporting 
implementation in a number of non-EU countries. He continues to be involved with Europe-wide 
EPBD implementation issues through a number of projects, and the revision of supporting 
European standards.  

He has published over 30 technical papers, made countless formal and informal presentations 
to a wide range of audiences and written a large number of reports. While working in the gas 
industry he was frequently involved with technical and management training programmes, both 
as session leader and as participant. 

PROJECT RELEVANT KNOWLEDGE AND SKILLS 

PROJECT REQUIREMENTS EXPERTISE 

Designing and undertaking electricity or 
gas monitoring projects 

 

• Involved in the design and analysis of gas 
heating field trials and test house monitoring 
projects in British Gas R&D. 1975 – 1991. 

• Managed and coordinated BACED air 
conditioning energy monitoring study jointly 
carried out by BRE, Cardiff University and 
National Grid. 2001-3 

• Member of the iSERV team which monitored 
and analysed the energy consumption of a 
large number of air conditioning systems 
across Europe. 2011-2014 

Ability to manage data quality procedures 
and to analyse electricity demand data 

 

• Analysis of experimental data during 15 
years in British Gas R&D.  

• Energy signature analysis of detailed air 
conditioning data from BACED project. 

• Assessing carbon impact of electricity-saving 
energy conservation measures, using 
country-level electricity generation profiles. 

Understanding of the engineering aspects 
of air-conditioning 
 

• Theoretical background from studies at 
London South Bank University.  

• Practical knowledge from seven years of 
HVAC design consultancy. 

• Member of CIBSE (and silver medal holder) 
• Member of European standards relating to 

air conditioning systems. 
• Chairman of the revision committee for 

CIBSE Guide B “HVAC Systems” 
Understanding of the requirements of the 
EPBD air-conditioning inspection 
procedure 

 

• Lead author for the current version of CIBSE 
TM44 – the UK official guidance to meeting 
the requirements. 

• Member of the CEN Working Group revising 
the relevant European standards 

• Participant in European projects Harmonac 
and Auditac, both which were primarily 
concerned with the impact and value for 
money of inspection procedures. 

• Delegate to the EPBD Concerted Action 
programme since its inception 

• Currently involved in providing guidance to 
Balkan countries on EPBD implementation 

Understanding of heat loss and cooling 
demand of buildings 

• Three years monitoring and analysing the 
thermal performance of a passive solar 
school 
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• Seven years designing heating, ventilation 
and cooling systems 

• Fifteen years researching the energy needs 
and performance of buildings. 

• Managed aspects of the Energy Efficiency 
Best Practice programme dealing with HVAC 
systems and emerging technologies 

• Collaborative research projects on air-
conditioning in the UK and Europe 

• A number of published papers on the subject 
An understanding of the current Eco-design 
requirements for small air-conditioning (< 
12 kW) 

 

• Member of the team that produced the 
Preparatory Study on which the Regulation 
was based. (Also the Preparatory Study for 
the proposed Regulations for products over 
12kW cooling power) 

A demonstrated understanding of and 
proven experience in the application of 
good practice in building models.  This 
needs to include: 

• Long history of application energy modelling 
to individual buildings 

o Part of team that produced a pre-digital 
analogue energy model 

o Adapted, restructured and applied early 
German digital simulation model, including 
assessment of uncertainty in outputs 

o Early user of later simulation models: 
extensive use for research purposes, 
especially to identify important modelling 
expectations for testing in the field. 

o Specification and analysis of tightly 
controlled experimental measurements for 
comparison with simulation results.  

o Member of CEN Working group revising 
European standards on HVAC system 
modelling.   

• Modelling of aggregate demand 
o Produced the first Market Transformation 

Programme model of UK air conditioning 
energy consumption 

o Helped to develop the application of market 
diffusion models to air conditioning markets 
across Europe, and developed curve-fitting 
procedures for their practical application 

 • applying sound quality assurance 
processes and procedures to 
minimise modelling and input 
errors and to ensure model 
outputs are robust; 

• An integral part of the work described above 

 • producing clear documentation of 
model logic, procedures for updating 
and producing outputs, assumptions, 
data sources and quality assurance 
checks; 

• An integral part of the work described above 

Clear reporting and presentation skills.  
 

• Extensive experience of report writing and 
informal and formal presentations, including 
reporting to and writing presentation for 
senior executives and board-level Directors. 

Christine Pout 

PROJECT ROLE –  Deputy Technical Director, Task Leader and Technical Expert 

QUALIFICATIONS: B.Sc (Chemistry with Mathematics and Physics), D Phil 
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PEN PORTRAIT:  

Christine is Manager of the Strategy Assessment and Evaluation Team at BRE. Since joining 
BRE in 1990 she has been responsible for developing and applying a technically disaggregated 
model of the UK building stock and its energy use. The Non Domestic Buildings Energy and 
Emissions Model (N-DEEM) is a database model with associated energy simulation capabilities. 
This tool was, until recently, extensively used to assess the potential for reducing carbon 
emissions in the UK.  
She has been involved in a number of modelling projects relating specifically to air conditioning 
energy use and the potential for energy efficiency savings. She is also an expert on carbon 
emissions factors of fuels and their application.  
She also developed the methodology used to award credits for energy use for BREEAM in use 
for non-domestic buildings 

PROJECT RELEVANT KNOWLEDGE AND SKILLS 

PROJECT REQUIREMENTS EXPERTISE 

Designing and undertaking electricity or 
gas monitoring projects 

 

• Led a project for CLG which included the 
collection of detailed building survey data 
and annual and ½ hourly consumption data.  

Ability to manage data quality procedures 
and to analyse electricity demand data 

 

• Study for DECC to analyse the impact of 
potential changes in electricity supply and 
demand (including cooling demand) on daily 
and monthly peak demand. 
 

• Extensive experience in analysing data 
relating to energy use in non-domestic 
buildings.  

Understanding of the engineering aspects 
of air-conditioning 
 

• Theoretical background from building energy 
modelling and CPD studies. 

Understanding of the requirements of the 
EPBD air-conditioning inspection 
procedure 

 

• Contributed stock level information to the 
policy impact assessment. 

Understanding of heat loss and cooling 
demand of buildings 

• Worked on developing a dynamic lumped 
parameter building energy model to assess 
the potential for energy efficiency savings 
associated with the simultaneous application 
of energy efficiency measures  

• Developed methodology for climate 
adjusting energy benchmarks based on 
heating and cooling degree days.  

An understanding of the current Eco-design 
requirements for small air-conditioning (< 
12 kW) 

 

• Member of the team that produced the 
Preparatory Study on which the Regulation 
was based. (Also the Preparatory Study for 
the proposed Regulations for products over 
12kW cooling power) 

A demonstrated understanding of and 
proven experience in the application of 
good practice in building models.  This 
needs to include: 

• Developing a technically disaggregated 
model of energy use for UK  non-domestic 
buildings and the development of scenarios 
to explore the technical and economic 
potential associated with groups of 
measures 

• Modelled potential impact of implementing 
range of energy savings policy measures in 
air conditioning systems across Europe. 

• Contributed to the development of earlier 
versions of the Market Transformation 
Programme model of UK air conditioning 
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energy consumption. 
 • applying sound quality assurance 

processes and procedures to 
minimise modelling and input 
errors and to ensure model 
outputs are robust; 

• An integral part of the work described above 

 • producing clear documentation of 
model logic, procedures for updating 
and producing outputs, assumptions, 
data sources and quality assurance 
checks; 

• An integral part of the work described above 

Clear reporting and presentation skills.  
 

• Extensive experience of report writing and 
informal and formal presentations, mainly for 
Government Clients. 

Shanti Majithia 

PROJECT ROLE –  QA Reviewer 

QUALIFICATIONS: Fellow of Royal Statistical and Royal Metrological Society  

PEN PORTRAIT:  

Formerly the head of the Energy Forecasting Department of National Grid UK, Shanti is a 
world-leading Energy (Gas and Electricity) forecasting specialist with over 30 years of 
experience in the energy related field. His extensive detailed knowledge of characteristics of 
electricity usage demand curves, previous work with members of the bid team on monitoring air 
conditioning energy consumption and his experience in the analysis of large quantity of data 
presentation and reporting are of particular relevance to this study   

He is a specialist in forecasting techniques, and weather and climate impacts on energy 
demand. He is experienced in the development of numerical models in these areas and in 
undertaking modelling based impact assessments and studies for a range of issues with 
organisations such as Engineering Research Council and various Universities based projects. 

PROJECT RELEVANT KNOWLEDGE AND SKILLS 

PROJECT REQUIREMENTS EXPERIENCE/EXPERTISE 

Designing and undertaking electricity or 
gas monitoring projects 

 

Led the National Grid input to the BACED air 
conditioning energy monitoring project 

Ability to manage data quality procedures 
and to analyse electricity demand data 

 

This was a major part of his responsibility on 
National Grid for many years  

Understanding of heat loss and cooling 
demand of buildings 

Principally as these affect energy demand at all 
time scales 

Clear reporting and presentation skills.  
 

Very extensive experience of reporting and 
presenting at strategic and technical levels 

 David Butler 

PROJECT ROLE –  QA Reviewer 

QUALIFICATIONS: BTech (Science and Society), MSc (Computer Science), 

PEN PORTRAIT: 

David Butler has over 30 years’ experience designing and undertaking practical investigations 
into the performance of heating, ventilation and air conditioning systems within buildings, both 
laboratory based and on site. More 15 years’ experience monitoring and investigating the 
performance of air conditioning systems in the field as part of publicly funded research and also 
consultancy for commercial clients including building owners and operators. More than 15 
years’ experience of testing and investigating the performance of air conditioning and ventilation 
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systems and equipment through full scale laboratory mock-ups of a wide variety of buildings 
and AC types ranging from offices, trader rooms to large art galleries.  

Previous experience as air conditioning sector PAM for DEFRA’s Market Transformation 
Programme and Technical Expert for various refrigeration related technologies for the 
Enhanced Capital Allowances Scheme. This including stock modelling air conditioning 
equipment in the UK and analysis of air conditioning system trends. 

PROJECT REQUIREMENTS EXPERIENCE/EXPERTISE 

Designing and undertaking electricity or 
gas monitoring projects 

 

Over 15 years’ experience of monitoring air 
conditioning systems in buildings and monitoring 
electricity and gas energy consumption buildings.  

Understanding of the engineering aspects 
of air-conditioning 
 

Has expert knowledge of the engineering aspects 
of air conditioning including small packaged 
systems through to large central plant systems 
providing full air conditioning. Has field 
experience of investigating performance and 
installation aspects of these systems, testing 
individual components and full scale air 
conditioning and ventilation mock-ups. Has under 
taken air conditioning technology review and 
written many papers and technical journal 
articles.  

Understanding of the requirements of the 
EPBD air-conditioning inspection 
procedure 

 

Familiar with the fundamental basis of the AC 
inspection procedure. 

Understanding of heat loss and cooling 
demand of buildings 

Has in-depth understanding and knowledge of 
heating and cooling demand of buildings. 

An understanding of the current Eco-design 
requirements for small air-conditioning (< 
12 kW) 

 

Familiar with the basic requirements. 

Clear reporting and presentation skills.  
 

Over 30 years’ of experience in presenting 
technical information to different audiences 
including Expert Witness reports and reports for 
government and commercial clients and for 
publication (for example BRE, NHBC, CIBSE, 
Institute of Refrigeration). Experience of working 
as a PAM for DEFRA’s Market Transformation 
Programme, and as a Technical Expert for the 
Carbon trust on refrigeration related technologies. 
Experienced in presenting at conferences and 
some experience of delivering training courses 
(Air Conditioning Systems Inspection). 

Alan Abela 

PROJECT ROLE –  Task Leader and Technical Expert 

QUALIFICATIONS: BMechEng (Hons), MSc (Air Conditioning and Refrigeration), PhD (Energy 
Certification of Residential Buildings in the Mediterranean Climate) 

PEN PORTRAIT: 
Alan Abela has over 20 years’ experience designing and operating heating ventilating and air 
conditioning systems within commercial and industrial buildings.   
Involved in the development of the necessary measures to ensure Malta’s compliance with the 
EPBD and the recast.  This included selection and development of the appropriate 
methodologies for energy certification of both residential and non-residential buildings, as well 
as preparation of the report for cost optimisation of the national minimum performance 
requirements for buildings.  Considerable experience in the monitoring and optimisation of air 
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conditioning systems in the field and recent experience of testing air-to-water heat pumps in 
BRE’s environmental test facility.  
Recently provided technical assistance to the Permanent Representation of Malta to the 
European Union to install a BMS for the remote operation and monitoring of the HVAC system 
in the nine storey multi-tenanted office building in Brussels. 

PROJECT RELEVANT KNOWLEDGE AND SKILLS 
PROJECT REQUIREMENTS EXPERIENCE/EXPERTISE 

Designing and undertaking electricity or 
gas monitoring projects 

 

Experience in monitoring performance of air 
conditioning systems for commercial clients to 
ensure design recommendations and energy 
performance targets attained.  Recent experience 
in monitoring residential air conditioned 
properties in the Mediterranean as part of PhD 
studies. 

Understanding of the engineering aspects 
of air-conditioning 
 

Specialised in air-conditioning and refrigeration 
with a post graduate qualification from King’s 
College, University of London. 

Understanding of the requirements of the 
EPBD air-conditioning inspection 
procedure 

 

Was responsible for organising compliance with 
all EPBD requirements for both the original 
directive and the recast. 

Understanding of heat loss and cooling 
demand of buildings 

Over twenty years’ experience in cooling load 
calculation procedures, equipment selection, and 
project management of air conditioning 
installations. 

An understanding of the current Eco-design 
requirements for small air-conditioning (< 
12 kW) 

 

Several years’ experience of the air-conditioning 
market including compliance requirements for all 
sizes of units. 

A demonstrated understanding of and 
proven experience in the application of 
good practice in building models.  This 
needs to include: 

 

 • applying sound quality assurance 
processes and procedures to 
minimise modelling and input 
errors and to ensure model 
outputs are robust; 

 

The focus of my PhD was a comparative analysis 
of national energy performance certification 
methodologies, which were verified against each 
other, against dynamic thermal analysis software, 
and against measured data. 

 • producing clear documentation of 
model logic, procedures for updating 
and producing outputs, assumptions, 
data sources and quality assurance 
checks; 

The procedure was documented to present the 
logic for the selection of the research method, the 
assumptions made, reliability of the data and 
sensitivity analysis.  

Clear reporting and presentation skills.  
 

Considerable experience in report writing for the 
Government of Malta and National Authorities. 

Lorna Hamilton 

PROJECT ROLE –  Technical Expert 

QUALIFICATIONS: BSc Applied Statistics, Postgraduate Certificate in Social Sciences 
Research Methods , Postgraduate Module in Advanced Experimental Design and Analysis 

PEN PORTRAIT: Lorna Hamilton is a Senior Statistician within BRE and currently leads on 
quantitative analysis aspects in BREs Social Research Team. She has experience of analysing 
and modelling a wide variety of data and specialises in the application of Generalised Linear 
Models for correlated data. Other modelling procedures include Logistic regression analysis, 
Probit analysis, Monte Carlo methods and Time Series Forecasting. She has worked with both 
large and complex data sets for a variety of Government, European Commission and 
commercially funded projects. 
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PROJECT RELEVANT KNOWLEDGE AND SKILLS 
PROJECT REQUIREMENTS EXPERIENCE/EXPERTISE 

Ability to manage data quality procedures 
and to analyse electricity demand data 

 

As the current Data Protection Officer for the 
BRE Social Research Team and in-team ethical 
reviewer and with 20 years of experience in 
analysing and modelling data, Lorna is very 
experienced in managing data quality 
procedures. Having developed procedures for  
and overseeing the data collection, storage, 
validation and processing for a variety of local, 
national and international projects including: 
HOPE (Health Optimisation Protocol for Energy-
efficient buildings), DCLG Lifetime Homes 
Standard Policy Option Analysis and ETI 
Optimising Thermal Efficiency of Existing 
Housing. 

Understanding of heat loss and cooling 
demand of buildings 

Basic understanding of heat loss and cooling 
demand of buildings from OCDEA training and 
work on other projects, e.g. DECC Research to 
provide better estimates of solid wall insulation 
savings through improved understanding of heat 
losses. 

A demonstrated understanding of and 
proven experience in the application of 
good practice in building models.  This 
needs to include: 

An experienced developer of models for both 
Government and commercial clients, Lorna is 
adept at all steps inherent in model development 
from model conceptualisation through to 
documentation.  

 • applying sound quality assurance 
processes and procedures to 
minimise modelling and input 
errors and to ensure model 
outputs are robust; 

 

As a statistician, Lorna has spends a vast amount 
of time is spent in both checking data quality and 
processing data. She has vast experience in 
assessing the quality quantitative and qualitative 
data inputs and outputs. With an excellent 
knowledge of a variety of modelling techniques 
she is well able to develop robust and 
parsimonious models. 

 • producing clear documentation of 
model logic, procedures for updating 
and producing outputs, assumptions, 
data sources and quality assurance 
checks; 

With many years of experience in developing 
models and modelling tools Lorna is well used to 
producing both operational and developer 
documentation for end users. The need to share 
final datasets for analysis with other 
organisations means that Lorna is also very 
experienced in documenting data cleaning 
processes. 
Lorna is the current Data Protection Officer for 
the BRE Social Research Team and in-team 
ethical reviewer. 

 Clear reporting and presentation skills.  
 

Over 15 years’ of experience in presenting 
technical information clearly and concisely to both 
different audiences in a number of formats. 
Experienced in presenting at technical 
conferences and workshops, technical report 
writing, proposal writing and developing and 
delivering training courses.  

Susanne Woodman 

PROJECT ROLE –  Literature review task input 

QUALIFICATIONS: B.A. (Hons.) Classics 
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Chartered Member of the Chartered Institute of Library and Information Professionals 

PEN PORTRAIT: Susanne has over 30 years of experience in information provision at BRE 
and previously in government departments and in higher education. She is currently 
responsible for obtaining information and publications for BRE staff and for reviewing drafts of 
BRE publications before they are published by BRE Press. In 2013 she edited for clarity and 
consistency a long multi-author literature review on solid wall insulation commissioned by the 
Department of Energy and Climate Change. 

PROJECT RELEVANT KNOWLEDGE AND SKILLS 
PROJECT REQUIREMENTS EXPERTISE 

Clear reporting and presentation skills.  
 

Reviewing and editing BRE reports and other 
publications to make them clear, unambiguous 
and comprehensible by non-specialists. 

Margaret Minton 

 Project Role – Admin Support   

With nearly forty years’ experience in managing a wide range of financial and management 
support roles at BRE. 

 Mich Swainson 

PROJECT ROLE –  Task Leader and Technical Expert 

QUALIFICATIONS: BSc (Building), MSc (Energy and the Build Environment), PhD (Evaluation 
of the Potential of Solar Chimneys to drive Natural Ventilation in Non Domestic Buildings) 
Lectures (Building Services) at Cranfield University 
PEN PORTRAIT: 
Michael (Mich) Swainson has over 20 years’ experience designing and undertaking practical 
investigations into the performance of heating, ventilation and air conditioning systems within 
buildings, both laboratory based and on site. 
Experience of site evaluation through monitoring and visual inspection of air conditioning 
systems in a range of non-domestic buildings. This has included gas and electricity 
consumption and analysis against system type, occupancy and weather. 
Lectures at MSc course covering Building Services at Cranfield University. 

PROJECT RELEVANT KNOWLEDGE AND SKILLS 
PROJECT REQUIREMENTS EXPERIENCE/EXPERTISE 

Designing and undertaking electricity or 
gas monitoring projects 

 

15+ years of managing research, testing and 
consultancy projects investigating the 
performance of HVAC systems in a wide range of 
buildings. All investigations have required logging 
of electrical and sometimes gas use. Cross 
reference made to utility readings and BMS data 
as available. 

Ability to manage data quality procedures 
and to analyse electricity demand data 

 

As above – data handled within MS Excel to 
determine performance and identify performance 
shortfalls. 

Understanding of the engineering aspects 
of air-conditioning 
 

15+ years of managing research, testing and 
consultancy projects investigating the 
performance of HVAC systems in a wide range of 
buildings. Most recently this has tended to be in 
single and multi-occupancy residences. 
Currently lecture at MSc level on HVAC systems 
in low energy building design. 

A demonstrated understanding of and 
proven experience in the application of 
good practice in building models.  This 
needs to include: 

 

 • applying sound quality assurance 
processes and procedures to 

Responsible for implementing EN15316-4-2 as 
the calculation procedure for SPF for SAP 
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minimise modelling and input 
errors and to ensure model 
outputs are robust; 

 

calculations. Currently evaluating alternatives and 
suitability of prEN15316-4-2. 

Clear reporting and presentation skills.  
 

Over 15 years’ of experience in presenting 
complex technical information to different 
audiences including Expert Witness reports and 
reports for government and commercial clients 
and for publication (for example BRE, NHBC). 
Experienced in presenting at conferences and 
also lecturing to MSc students. 

Name Arron Perry 

PROJECT ROLE –  Task Leader and Technical Expert 

QUALIFICATIONS: BEng (Hons) & HND in Engineering with Environmental Studies 
PEN PORTRAIT: 
Over 16 years’ experience of designing and undertaking of physical mock-up tests, laboratory 
testing and site investigations into the performance of building conditioning systems. This has 
included conventional HVAC systems and low energy and passive systems and domestic heat 
pumps and ventilation strategies.  
Has considerable hand-on experience of laboratory and site-based HVAC related 
measurements, including fluid flow rate, temperature, heat flux measurement, co-heating tests, 
Thermographic imaging, building airtightness pressure testing. Has experience of carrying out 
short and long term monitoring in both commercial and residential buildings and dwellings. 
As Laboratory Manager of BRE’s HVAC test laboratories has extensive practical experience of 
designing, constructing and operating specialist HVAC test rigs for testing HVAC components 
and systems to BS EN UKAS/ MCS standards. Designed and built portable training simulators 
to train installation engineers in the correct way to fit monitoring equipment for the RHPP heat 
pump field trials. 

PROJECT RELEVANT KNOWLEDGE AND SKILLS 
PROJECT REQUIREMENTS EXPERIENCE/EXPERTISE 

Designing and undertaking electricity or 
gas monitoring projects 

 

Experience in monitoring air conditioning systems 
for commercial clients and monitoring residential 
properties. Undertook the initial building audits for 
the base model of the Energy Assessment and 
Reporting Methodology (EARM) (TM22). 

Ability to manage data quality procedures 
and to analyse electricity demand data 

 

Responsible for HVAC Labs Instrumentation 
Calibration in accordance with ISO 9001 and 
UKAS requirements, contributed to the 
preliminary work on the database tool for 
assessing the information from building audits 
using the EARM procedure. 

Understanding of the engineering aspects 
of air-conditioning 
 

16 years’ experience in designing and building 
test rigs to test the performance of Building 
services installations and building components. 

Understanding of the requirements of the 
EPBD air-conditioning inspection 
procedure 
 

Has undertaken building monitoring and site 
investigations along with guiding course 
attendees around plant rooms to identify plant for 
the practical section of BRE’s EPC training 
course. 
 

Understanding of heat loss and cooling 
demand of buildings 

16 years’ experience in designing and building 
test rigs to test the performance of Building 
services installations and building components. 
Onsite measurements using Heat flux meters to 
measure insulation effectiveness and co-heating 
testing of domestic dwellings. 

 



45  DECC Study on Energy Use by Air-Conditioning - TRN 874/09/2014 - LOT 1 Proposal Number: 136557
 

Commercial in confidence © Building Research Establishment Ltd 2014 
 
 

Proposal date: 12 November 2014 
Version: 1 

 

 

5. Challenges and Risks 

4.1 Challenges  
 
A research project such as this presents a large array of challenges that need to be tackled. We have 
described many of the technical ones and how we propose to address them in the methodology section 
(Section 2).  

DECC in the ITT has identified a series of headline challenges: 

• Locating a representative sample of buildings and obtaining consent for monitoring 

• Locating existing sources of data that can be re-analysed. 

These will be dealt with by the contractor carrying out the work in lot 2, if this is progressed. However as 
part of project communication with the lot 2 contractor we will pass over our knowledge of the current 
datasets which we think will provide a representative sample.  

In analysing of our office based dataset and any data received from the lot 2 contractor, we will, as part of 
our continuous Q/A we will be monitoring the following: 

o The statistical representativeness of the sample sizes – is the sample size too small? 
o Variable overload – are there too many? 
o Is variation too large? 

In addressing these challenges we have produced options A and C within the methodology section. 
 

Other challenges we expect are: 
 

• Timescales. We feel that we have an experienced team who are very familiar with the project and 
all of the data sources so it will be able to commence work very quickly with no need for 
familiarisation. Finally, as noted above, we do not feel that the data processing and computing 
arrangements will have an impact on delivery timescales. 

• Reporting. To ensure written reports meet DECC’s needs we have carefully selected the lead 
authors and QA reviewers from the Project team, to ensure that reports and other deliverables will 
be of high quality. We are aware of and used to producing reports in accordance with DECC report 
writing guidelines.  The QA reviewers will focus mainly upon the accuracy of technical content.  In 
addition, Susanne Woodman will carry out a further review to ensure that the reports are well 
written (grammatically correct, minimal use of jargon, technical terms and acronyms explained, 
etc.) and meet DECC guidelines for structure and style.  This is a role she has carried out for many 
years on BRE publications. Table 4 summarises this for each Deliverable: 

 
  Deliverable Lead Author Co-Author QA Reviewer 

PM
 D2 Agreed plan for the project, including 

scoping and quality assurance plan. 
 

Andrew Lewry Christine Pout 
Roger Hitchin 
 

Paul Davidson 

 

D3 Literature review of air-con usage 
patterns complete. 
 

Christine Pout Roger Hitchin 
Susanne Woodman 

Paul Davidson 

D4 Assessment of EPBD air-conditioning 
inspection reports complete and report 
delivered. 
 

Alan Abela Roger Hitchin 
 

David Butler 

D5 Algorithm for estimating peak and 
monthly electricity demand and 

Christine Pout Roger Hitchin 
Lorna Hamilton 

Shanti Majithia 
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variation with electricity price complete 
and model delivered to DECC 

D6 Draft Final Report, technical report and 
presentation of findings. 
 

Christine Pout Roger Hitchin Paul Davidson 
David Butler 
Shanti Majithia 

D7 Final Report, including recommendations 
and technical report agreed. 
 

Christine Pout Roger Hitchin Paul Davidson 
David Butler 
Shanti Majithia 

C
om

m
un

ic
at

io
n 

D1 Inception steering group meeting for 
project. 
 

Andrew Lewry Christine Pout 
Roger Hitchin 
 

Paul Davidson 

D8 Communication with DECC - Email or 
telephone updates (format to be agreed 
with DECC) of an agreed minimum 
frequency of 2 weeks. 
 

Andrew Lewry Christine Pout Paul Davidson 

D9 Project board meetings (allow 4 over 
course of project). 

Andrew Lewry Christine Pout 
Roger Hitchin 
 

Paul Davidson 

Pr
es

en
ta

tio
ns

 

D9 Presentation of finding to DECC project 
board (allow 4 presentations across the 
project). 
 

Christine Pout 
 

Roger Hitchin 
Andrew Lewry 

Paul Davidson 

D6 A presentation of preliminary summary 
findings in PowerPoint for use by 
DECC. 
 

Christine Pout 
 

Roger Hitchin 
Andrew Lewry 

Paul Davidson 

D10 A presentation of final results in 
PowerPoint for use by DECC. 

Christine Pout 
 

Roger Hitchin 
Andrew Lewry 

Paul Davidson 

Table 4:  Deliverables, author and reviewer  

• Policy needs. Many of the team have worked on related projects for DECC for many years and so 
are familiar with their policy requirements.  

• Quality of analysis and interpretation. The team has experts across all the technical areas 
required on this project, including air conditioning knowledge, modelling, statistics, programming 
and analytical skills. For further details please see Section 4. 

4.2 Risks 
 
We recognise that proper assessment and management of risks is an important aspect of this research 
work. We believe that our proposal offers reduced overall risks and will provide a high level of confidence 
that the review will be carried out robustly and recommendations will be sound. 

We have a strong highly experienced project team proposed, many of whom are already known to DECC, 
that have an excellent track record of successfully delivering research, including on many closely related 
topics. We have developed a risk register and scoring system, shown in Table 5, identifying issues that 
could potentially impact on the contract and what mitigating actions/controls will be available.  It will be 
personally maintained by the Project Manager, and reviewed as a standing item for project update 
meetings. Building our on track record and drawing from our experience of delivering current and 
previous work over many years we do not anticipate significant risks. However, the risk register covers 
the areas of management, technical, financial and stakeholder relations, with proposed mitigations 
actions, or controls.  
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Risk Register  

 

RISK 1 

 

LIKELIHOOD2  IMPACT2 RISK 
RATING3  

RISK 
MANAGER 

MITIGATION/CONTROLS4 

Management Risks 

Project start is delayed 

 

2 5 10 Project 
Manager 

BRE are committed to speedy completion of 
the contract negotiation stage and will 
provide resources as required. 

Lack of continuity of expertise due 
to key staff leaving. 

2 2 4 Project 
Manager 

BRE has a strong project team who have 
extensive experience in this area.  Hence, if 
any team member left or was unavailable we 
would have sufficient staff resources to cover 
the tasks.  This is illustrated by the range of 
people and expertise in the project team.  

Stakeholder Relations 

Conflicts of interest 1 5 5 Project 
Manager 

One of BRE’s core values is ‘beyond 
reproach’ and our reputation for 
independence and impartiality is well known. 
As a result we do not anticipate any conflicts 
of interest. If any are identified this will be 
raised with the Project Director and DECC 
for discussion of how to preclude any bias.  

Financial 

Financial Failure 

 

1 5 5 Project 
Director and 
Project 
Manager 

The risk of BRE failing is small. It has a long 
record of delivering work, and is currently 
financially viable.  



48  DECC Study on Energy Use by Air-Conditioning - TRN 874/09/2014 - LOT 1 Proposal Number: 136557
 

 

RISK 1 

 

LIKELIHOOD2  IMPACT2 RISK 
RATING3  

RISK 
MANAGER 

MITIGATION/CONTROLS4 

Requirement for data analysis and 
other project work exceeds 
available budget 

3 4 12 Project 
Director and 
Project 
Manager 

We will address this risk by maintaining high 
levels of project monitoring and reviewing 
progress on a weekly basis with the DECC 
Project Officer, identifying options, and 
agreeing actions, should the issue arise.   

Technical 

Inability to deliver within DECC’s 
timetable. 

 

2 3 6 Project 
Director and 
Project 
Manager 

The team will review timescales and 
responses and highlight to DECC potential 
problems at an early stage. 

The statistical representativeness 
of the sample sizes – is the sample 
size too small? 
 

3 5 15 Project 
Director and 
Project 
Manager 

The team will carry out continuous Q/A and 
highlight to DECC potential problems at an 
early stage. Possible mitigation through 
options A and C. 

Variable overload – are there too 
many? 

3 5 15 Project 
Director and 
Project 
Manager 

The team will carry out continuous Q/A and 
highlight to DECC potential problems at an 
early stage. Possible mitigation through 
options A and C. 

Is variation too large? 3 5 15 Project 
Director and 
Project 
Manager 

The team will carry out continuous Q/A and 
highlight to DECC potential problems at an 
early stage. Possible mitigation through 
options A and C. 

AC inspection reports do not have 
enough information especially on 
take up of measures 

3 5 15 Project 
Director and 
Project 
Manager 

The team will carry out continuous Q/A and 
highlight to DECC potential problems at an 
early stage. Possible mitigation through 
option B. 
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RISK 1 

 

LIKELIHOOD2  IMPACT2 RISK 
RATING3  

RISK 
MANAGER 

MITIGATION/CONTROLS4 

Possible issues with fit from data 
from lot 2 (if it goes ahead) 

2 5 10 Project 
Director and 
Project 
Manager 

The team will engage with the other 
contractors early on in the projects and then 
on a continuous basis to ensure that outputs 
are compatible. 

   Table 5:  Risk Register 

1 = Specify if HSE/Privacy/Data Protection Risk; specify degree of knowledge or certainty; Risk cause. 

2 = On scale of 1-5. 

3 = Likelihood x impact; 1-5 = Risk not judged as material; 6-10 = Risk to be managed within project Team; 11-25 = Risk kept under close 
observation by Project Manager and DECC regularly updated. 

4 =Specify precautions and actions to reduce Risk 
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6. Pricing 

Part A – Staff/project team charges 
Set up Costs – please specify  
 
Expenses   
 

*Grade/level of 
staff 

Daily rate  
(ex VAT) 

No. days offered 
over course of 

contract 

Tasks to be 
undertaken on 

this project 

Total price 
offered per staff 

member 
F (Director) £1,122 9.5 Project Director   £ 10,659 

E (Principal) £887 191 Project Manager 
Technical Director 
Deputy Technical 
director 
Task leader 
Technical expert 
QA reviewer 
Literature reviewer 
Admin Support 

£ 169,417 

D (Senior) £684 1.5 Deputy Project 
Manager 

£ 1,026 

Sub-total   £ 181,102 
[*Suppliers should also include sub-contractors]   
Part B – Non-staff/project team charges 
 

Item No. of items Price per item  
(ex VAT) 

Total price per 
offered 

 
Purchase of copies 
and reprints 

Work package 1 £1,500 £1,500 

Purchase of AC 
inspection reports 

Work package 2 £20,000 £20,000 

Travel and expenses  Work package 0 and 
6 

£7,500 £2,700 

Sub-total  £24,200 
 
Part C – Full price offered 
 
Sub-total (Part A + Part B) £ 205,302 
VAT £ 41,060 
TOTAL (Sub-total + VAT) £ 246,362 
 
 

7. Conflicts of interest 

Declaration 3: Conflict of Interest has been completed, signed and is contained within Appendix A. 
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Appendix A: Mandatory Forms 

Declaration 1: Statement of non-collusion 

Declaration 2: Form of Tender 

Declaration 3:  Conflict of Interest 

Declaration 4: Questions for tenderers 

Declaration 5: Code of Practice 
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Appendix B: Curricula vitae of project team 

NAME ANDY LEWRY 

CURRENT POSITION Principal Consultant  

ACADEMIC QUALIFICATIONS B.Sc. (Hons), DIC, Ph.D 

PROFESSIONAL QUALIFICATIONS MIMMM, CENG, MSocEnv, CENV (MRSC, 
CCHEM left Jan. 2012) 

SPECIALISATIONS Project and contract management  (Prince 2 
Practitioner level ), Energy efficiency in the Built 
Environment, Energy Management and  auditing, 
Building Regulations and Codes, Building controls 
and energy management systems, SME’s, 
Environmental and Construction sectors, 
Sustainable construction, BREEAM, Knowledge 
management. 

 
CAREER SUMMARY 

A Chartered Engineer, Dr Andy Lewry is currently working on the following projects in the Balkans: 

• Rolling out the Energy Performance of Buildings Directive (EPBD). 

• EcoShopping - EE refurbishment of retail malls. 

He has, over the last 12 months, authored and published publications on energy surveys and building 
controls. These were joint publications with ESTA, the Energy Services and Technology Association, 
which is the UK’s leading Energy Management industry association (http://www.esta.org.uk/): 

• Energy surveys and audits - A guide to best practice. 

• Understanding the choices for building control (sponsored by Siemens). 

• Operating BEMSs A Practical Guide to building energy management systems, (sponsored by 
Schneider Electric).  

Additionally, he has managed a project which involves setting up a Framework for Energy Efficiency and 
Energy Conservation in Industries. This was for the Mauritian government with the aim of promoting 
energy efficiency and energy conservation in industries by enabling and capacity building. This project 
involves a number of activities including: 

• Drafting guidelines for the energy auditing of industrial energy systems and processes.  

• Drafting a Code of Good Practice in Energy Management. 

• Developing a Software Tool for the energy auditing of industrial energy systems and processes. 

• Conducting on-site training course in energy auditing for Industry Trainees. 

• Conducting a course on energy management and systems and how to implement them. 

Previously, Andy was the author of a publication which aimed to provide over-arching guidance and clear 
sign posting to energy management practitioners. This publication crystallises BRE’s knowledge in to a 
single publication which is aimed at Board level to operational staff that need practical guidance on how 
to implement energy management within their organisation.  

http://www.esta.org.uk/)
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As an expert in the field of sustainable construction and energy auditing he has delivered courses both 
internationally and for professionals in the UK. In addition he is the project manager for a project to 
develop a new regulatory framework for the implementation of an Energy Audit Management Scheme in 
the Republic of Mauritius. The role also requires extensive dealings with the Government of Mauritius and 
the United Nations, who are the joint client base, including the drafting of legislation and the design of a 
fiscal support mechanism. 

Andy is qualified at Practitioner level for Prince 2 and was the Project manager for the MTP project PS11 
Support to Bldg Regs and Codes. This was particularly focused on the construction products procurement 
with particular reference to sustainable products; and the development of construction product 
specifications for Buy Sustainable Quick Wins for refurbishment projects that are aligned with Green 
Public Procurement (GPP) and Ecolabel criteria. The main output being a review of GPP against UK 
Government sustainability targets, including an analysis of proposed GPP standards (including 
PassivHaus) and those already used in the UK – for example BREEAM excellent for non-dwellings and 
the Code for Sustainable Homes (CSH) level 3 for dwellings.  

He was also the Technical manager for the Energy Performance Certificate (including the Part L 
Competent Person) Scheme for iSBEM in England and Wales. ISBEM is the default energy performance 
calculation software tool that delivers the compliance checking for the building regulations as well as 
EPCs. The scheme currently covers the iSBEM tool but has covered other software interfaces to SBEM 
such as Hevacomp. This role encompasses all technical input for the scheme (including the production of 
the exam – both papers and computer files), marking and process/quality control. Andy is a competent 
person himself and also QAs any consultancy using these tools. In addition, Andy carries out a similar 
role in Scotland (Section 6 compliance) and EIRE (Irish Part L compliance and BER – the Irish equivalent 
of EPCs). Andy also carries out training on EPCs/ISBEM, this includes the delivery of Advanced (Level 4) 
training and production of training materials for Scotland. 

He also acted as a Technical Director on the UK’s Governments ECA scheme responsible for 10-15 
research projects including Boilers - hot water and Gas Fired Condensing Water Heaters; Heat pumps - 
air to water, low GWP, units under 12KW and dehumidifiers; Waste Energy to Electricity and solar 
thermal. He is also the Technical manager directly responsible for projects on HVAC controls, Hot Water 
Systems Optimising controls, Condensate Pumping equipment, Portable AMT equipment, Pipework 
insulation and Demand Control Ventilation. In addition, he has provided technical editorial on the majority 
of the ECA Technical Information Leaflets.  

Previously, for the Carbon Trust he was Programme Manager for the Enhanced Capital Allowances 
(ECAs) Scheme as well as Delivery Owner for the Knowledge Base (Product Development) and Network 
programmes. In his technical role he has responsibility for Industrial Buildings, Transport and 
Communications, Agriculture/Horticulture and Retail Sectors as well as the areas of pipe and fabric 
insulation plus office equipment. A few years ago he was seconded to the Carbon Trust in the capacity of 
Enhanced Capital Allowances Manager for a period of 18 months. 

In his role as Knowledge Base manager he was responsible for mapping out the services, people, tools 
and publication within the Environment Division. This has led to the development of an IT tool which 
promotes internal communication; essential in cross-discipline projects and in the production of bids. 

For seven years previously, Andy was a Programme Manager under the Energy Efficiency of Buildings 
Performance programme (EEBPP), responsible for the management of the Environment and Energy 
Helpline, the Small and Medium sized Enterprise (SME) programme, Devolved Administrations 
(DA)/Regions and Agriculture sectors. In addition he managed the BRE team providing technical input to 
the Government’s ECA scheme.  

Earlier in his career, as Senior Scientific Officer at BRE, Andy was involved in a range of projects, 
including: performance and protection of materials in contaminated land, a technical consultancy service 
to the building industry on the durability of natural slate, expert witness for clients; including court 
appearances. He has also served as a technical advisor, co-ordinator and delegation leader for both 
international and national standards committees on the durability and service life of building materials.  
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EXPERIENCE 

• Project and Programme Management – in the roles, outlined above, I have delivered outputs to the 
required standard, on-time and within budget. Qualified to Practitioner level for Prince 2. 

• Contract management – preparation of pre-tender and tender documents, including project briefs 
and specifications. Experienced in pre-tender and post tender briefings and negotiations plus 
management of contracts. 

• Leadership – provided the focus of the ECA scheme at the Carbon Trust and to the BRE team for 
the preceding 2 years and now again.  

• Coaching and Mentoring – promoting enthusiasm & ownership among project teams – training and 
developing staff – encouraging innovation and raising the commercial and market awareness.  

• Marketing and sector knowledge – in-depth knowledge of business and manufacturing sectors.   
• Commercial Awareness – have been extensively involved in the BRE business planning process 

and has run a specialist consultancy service. 
• Technical Knowledge – extensive knowledge of procedures and technologies with the Energy and 

Environmental sectors. 
• Knowledge of Government sensitivities and positioning – this includes regional and DA aspects. 
• A working knowledge of the UK tax system – especially in relation to Capital Allowances.  

 
PAPERS & PUBLICATIONS 

Dr Lewry has given radio and press interviews, and produced a large volume and variety of presentations 
and articles on energy efficiency, enhanced capital allowances and low carbon technologies. Delivered 
lectures and produced publications (60 since 1988) on various aspects of contaminated land, weathering, 
materials durability, service life and testing. 
Most recent examples are: 

A.J.Lewry, BRE IP 2/14, Operating BEMS - A practical guide to building energy management systems. 
Bracknell, IHS BRE Press, 2014. 

A.J. Lewry, BRE IP 1/14. Understanding the choices for building controls, Bracknell, IHS BRE Press, 
2014. 

A.J.Lewry, IP7/13, Energy surveys and audits: A guide to best practice, IHS BRE press, Bracknell, UK, 
2013. 

A.J. Lewry, Bridging the gap between operational and asset ratings the uk experience and the green deal 
tool, Proceedings of The 5th “Romanian Conference on Energy Performance of Buildings” (RCEPB-V), 
28th May 2013. 

A.J lewry, The five-step-plus approach, Facilities management April 2012 p20-21. 

A.J. Lewry et al, "Bridging the gap": A tool for energy auditing that encompasses both asset and 
operational parameters, Presented at the CIBSE ASHRAE Technical Symposium 2012, Imperial College 
London, 18 April 2012. 

A.J. Lewry, FB44: Energy management in the built environment - A review of best practice, HIS BRE 
press, Bracknell, UK, 2012. 

A.J. Lewry, Literature review on the use of forecasted energy and water prices in construction projects, 
Sustainable construction and Innovation through Procurement (SCI) - Network report 4.2, 2011. Available 
by download from http://www.sci-network.eu/resources/reports/. 

http://www.sci-network.eu/resources/reports/
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NAME Dr Paul Davidson 

CURRENT POSITION  Director, Sustainable Energy  

ACADEMIC QUALIFICATIONS  MA (Cantab) Natural Sciences 1976                         
PhD (Surrey) Civil Engineering 1980 

PROFESSIONAL QUALIFICATIONS Fellow, Energy Institute 2002 

 Fellow, Institute of Physics 2010 

 
CAREER SUMMARY 

Paul is an internationally acknowledged expert in energy efficiency in buildings, particularly in the 
dissemination and promotion of information and guidance to all parts of the buildings sector. 

He is BRE’s Director of Sustainable Energy and is responsible for the delivery of a range of technical and 
policy support on energy efficiency in buildings to Defra, DECC, DCLG and the Carbon Trust. He is 
currently also responsible for leading key input to the UK’s implementation of the Energy Performance of 
Buildings Directive, to the revision of Part L of the Building Regulations and to DECC’s developing Green 
Deal policy. 

 
EXPERIENCE 

• Supervision of BRE’s contribution to Defra’s Market Transformation and Sustainable Products 
programmes for many years, leading the acquisition of robust evidence on energy using products and 
systems and the creation of stock models in support of UK and European product policies 

• The management of the buildings part of the Government’s Energy Efficiency Best Practice 
programme (EEBPP), as head of BRECSU and subsequent provision of technical input to the Carbon 
Trust’s Delivery programmes 

• Leadership of the teams developing the UK’s national building energy performance calculation tools 
(SAP and SBEM) 

• Leadership of the team developing and exploiting  models for domestic and non-domestic energy use 
and emissions from the UK building stock  

• Representing the UK government in international collaborative programmes on demand side 
management and energy using products 

• Promoting energy efficiency to all parts of the building community over more than 30 years. 

• The original development of BRE’s unique capability on programme Impact Assessment 

• Management of one of the first OPETs under the EU Thermie programme, promoting energy 
efficiency in buildings within the EU and in central and eastern Europe 

 
PAPERS & PUBLICATIONS 

Paul has produced many publications relating to energy efficiency in buildings, including: 

‘Insulation for the 1990's’ - A series of 12 articles in Building Today journal, Jan - Apr 1990. 
‘Improving energy efficiency in housing’ - BRE Information Paper, IP24/89, 1989. 
‘The Energy Efficient Office of the Future’ - Building Services, Feb 1991. 
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NAME DEBORAH MORGAN 

CURRENT POSITION Consultant 

ACADEMIC QUALIFICATIONS MEng Civil Engineering, 2012 

SPECIALISATIONS Research and testing 
 

 
CAREER SUMMARY 

Deborah joined BRE in 2012 on the BRE Group’s Graduate Scheme, working across various departments 
within the BRE Group; including consultancy, certification, research and testing. Currently working in the 
Building Energy Modelling team Deborah’s work focuses on energy performance of buildings, within this 
team her responsibilities include; interpreting and applying methodologies, running SAP and SBEM 
models, research and dynamic modelling. 

During the scheme to date, Deborah has conducted structural testing, undertaken research studies, fire 
investigation and fire safety work, and has worked on the development of a new sustainability assessment 
methodology (BREEAM Infrastructure).  

Prior to joining the BRE Group, Deborah had experience of building design consultancy through structural 
engineering and façade engineering. 

 

EXPERIENCE 

• Responsible for carrying out various roles for material, products and whole structures testing 

• Research into innovative structural monitoring techniques through a balanced scorecard approach 

• Fire investigation inquiry and reporting on behalf of Department for Communities and Local 
Government 

• Responsible for the development of an app for fire safety calculations based on BSI standards  

• Research and production of content for BREEAM core technical standard  

• Involved in organisation and delivery of industry stakeholder workshops for the development of 
BREEAM in infrastructure  

 

PAPERS & PUBLICATIONS 

Pesce, G.L., Morgan, D., Odges, D., Henry, A., Allen, M., & Ball, R.J. (2013) Consolidation of weathered 
limestone using nanolime. Proceedings of the ICE – Construction Materials, Volume 166, Issue 4, 01 
August 2013.  
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NAME ROGER HITCHIN 

CURRENT POSITION Associate 

ACADEMIC QUALIFICATIONS BSc 

PROFESSIONAL QUALIFICATIONS C.Eng, MCIBSE, MIGEM 

SPECIALISATIONS Building Services and New Technologies, Strategic 
Energy Market Assessment, 

 
CAREER SUMMARY 

A Chartered Engineer, Roger has worked for BRE since 1997 and is currently Programme Manager 
responsible for work relating to the introduction of new carbon-saving technologies into the market; to the 
evaluation of the impact of possible policy measures on carbon emissions from air-conditioning; and for a 
number of international liaison activities.  

A physicist by initial training, Roger has worked in a range of areas relating to energy use in buildings: in 
university research, as a consultant design engineer, in industrial research (with British Gas), and at BRE.  
Much of this work has been technical design, research and development but there has always been a 
thread of policy-related and economic aspects. In particular, when in the British Gas R&D Division, one of 
his major internal customers was the Economic Planning Division – addressing such questions as the 
long-term impact of technical and social trends in gas use on future aggregate demand and seasonality. 
During the run-up to privatisation, he was seconded to the company’s Economic Planning Division to 
carry out a study of energy efficiency regulatory issues in the USA. 
He later worked as Business Research manager in the Global Gas part of the business, carrying out – 
amongst other studies – strategic analyses of potential overseas gas markets and economic 
supply/demand matching. During this period he spent several short periods working overseas.  
 
EXPERIENCE 

• Impact of policy measures on carbon emissions 
• Promotion of energy efficiency in buildings 
• Strategic business analysis of energy markets  
• Practical building services design and building energy analysis 
• Industrial research on gas heating systems and building energy use 
• Academic research on passive solar energy 
• Formal and informal presentations to a wide range of audiences  
• Membership of national and international committees 
 
 
PAPERS & PUBLICATIONS 

18 published papers, mainly on building energy issues. 
Contributed to design guidebooks and drafted speeches for senior management  
Guest editor of “Building and Environment” in 1992. 
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NAME DR CHRISTINE POUT 

CURRENT POSITION Principal Consultant,  

 Manager, Non-Domestic Energy Team 

ACADEMIC QUALIFICATIONS BSc, DPhil 

SPECIALISATIONS data analysis, energy use and climate change 
policy, modelling energy use 

 

CAREER SUMMARY 

Since joining BRE in 1990 Christine has been responsible for developing a disaggregated model of the UK 
building stock and its energy use. The resultant Non Domestic Buildings Energy and Emissions Model (N-
DEEM) is a database model with associated energy simulation capabilities. This tool is extensively used to 
assess the potential for reducing carbon emissions in the UK.  

 

EXPERIENCE 

• Responsible for resource and technical management of the work carried out in the Non-Domestic 
Energy Modelling Team 

• Extensive knowledge of issues related to energy use in buildings and the evaluation and application 
of energy efficiency measures. 

• Expert in data analysis, database compilation, and data modelling techniques. 

• Knowledge of data collection methods and statistical techniques and energy simulation modelling of 
non-domestic buildings. 

• BRE’s Emissions Trading Group representative, contributing to measurement and reporting protocols 
and carbon credit project advisory groups of the UK Emissions Trading Scheme. 

 

PAPERS & PUBLICATIONS 

Pout C, Mackenzie F and Bettle R, “Carbon Emissions from Non-Domestic Buildings: 2000 and Beyond”. 
BRE Report, 2002, CRC, London. 

Pout C, “N-DEEM: The National Non-Domestic Building Energy and Emissions Model”, Environment and 
Planning B: Planning and Design. Vol. 27, p.11, 2000. 

Hitchin, ER and Pout C, “Local Cooling: Global Warming?”, presented at the annual CIBSE Conference, 
Dublin, 2000. 

Pout C H, Moss S A, Davidson P J, Mortimer N D, "Non-Domestic Building Energy Fact File”, BRE 
Report. January 1999, CRC London. 
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NAME SHANTI MAJITHIA 

CURRENT POSITION BRE Associate  

QUALIFICATIONS Fellow of Royal Statistical and Royal Metrological 
Society 

 
CAREER SUMMARY 
 
Formerly the head of the Energy Forecasting Department of National Grid UK, Shanti is a world-leading 
Energy (Gas and Electricity) forecasting specialist with over 30 years of experience in the energy related 
field.   
 
A specialist in Forecasting techniques, Weather Wind Energy and climate impacts on Energy Industry 
Experience and in developing numerical models, including the relationships between weather and energy 
demand, and undertaking modelling based impact assessments and studies for a range of issues with 
organisations such as Engineering Research Council and various Universities based projects. 
 
Experience in the analysis of large quantity of data presentation and reporting. Extensive detailed 
knowledge of characteristics of electricity usage demand curves.  
 
Part of the European wide project on In Integration renewable energy. Part of the users group for the 
publication of the UK Climate Prediction 09. Working on design and implementing a bespoke flood 
warning system for the risk mitigation on asset management. 
 
Presentation of papers internationally at various conferences.  Publication of some of the work completed 
is listed below.   
 
 
RESPONSIBILITIES AND EXPERTISE: 

 
1. To investigate and develop new demand forecasting techniques through Research and Development - 
seek to continually improve the processes and techniques, as well as maintenance of existing 
mathematical modelling methods for all  time-scale requirements. 
 
2. To develop tools for risk management within Gas and Electricity energy requirements.  Identify future 
and evolving risks due to Balancing Services e.g. Gas/Electricity interaction.  These include Climate 
changes and Embedded Generation with a final outcome of providing solutions to mitigate against these 
risks.  
 
3.Provide all forecasting tools, including Wind Generation, to predict volatility, thus minimising uncertainty 
in wind energy and reducing costs in reponse and reserve area.  This will lay the foundations for 
identifying and analysing situations for the longer-term renewable increase of wind power on our power 
systems.  
 
4.To take the market information strategy forward through negotiation and discussion with external parties 
in order to formulate an  internal policy paper to drive efficiency and costs, and improve on service 
delivery. 
    
5. A joint  research programme between Energy company BRE and Cardiff University to monitor and get 
a fuller understanding of the cooling demand of both domestic and commercila customers.  
 
6. Represented  Energy Companies at regular meetings, with both internal and external customers, to 
discuss Market Information and forecasting issues. 
 
 
PROJECT ACHIEVEMENTS INCLUDE: 
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1. Delivery of the Scoping Study into 'The Impact of Climate Change on the Energy Industry’ - 16 week 
project, working with other Energy organisations and Met Office Headley Centre, focussing on 
common objectives.  In assessing and evaluating internal requirements in Transmission; Asset 
Management; Engineering; and Environment and Distribution, effective working relationships were 
established with key personnel.  One-to-One interviews were carried out to identify, in detail, Climate 
Change issues influencing short and long-term business adaptation processes.   

 2. Storm project - ‘Storm Threat to Overhead lines and Recovery Management.  My contribution as a 
member of the project team was to produce the icing map of the UK and the return periods on the gust 
wind speed.  This was to help the Engineers make an assessment, and work out a short and long term 
strategy on spare retention policy; manning levels during high storms; and risk assessment on the 
purchase of Transportable Transmission Towers.   

3. BRE and University lead research on monitoring and understanding the characteristics of cooling 
demand both for commercial and domestic load  

4. University lead Research and Development - I have been involved with various projects where funding 
has come from agencies like DEFRA, DTI, and NERC, with Reading, Southampton, London Business 
School, Bristol, and Loughborough universities respectively. The output has kept the National Grid up 
to date with new techniques (see attached list of published works).    

 
EXPERIENCE 

My experience to-date demonstrates a broad knowledge of UK energy markets and a sound 
understanding of the UK regulatory regime, industry codes and processes, and the political climate 
thereof.  I am extremely familiar with  the majority of power system analysis tools and software systems 
having created some of them.   
 
My ability to understand the inter-relations within projects that contribute to the bigger organisational 
picture is evident in my involvement and success of the numerous projects mentioned above.   
 
I possess the ability to analyse problems logically and distill information for business application as 
demonstrated in the projects in delivery  of  project work above. 
 
My achievements are axiomatic of my leadership and management skills, I have lead  teams whilst 
working within them to promote individual and group, professional and personal development, in order to 
achieve organisational goals whilst appreciating commercial risks. 
 
SKILLS 

• Good negotiating skills including the ability to make persuasive presentations to Management 
Teams 

• Highly Analytical  
• Team working & leadership 
• Contract management 
• Project management skills with excellent results 
• Decision making after careful assessment of risk management 
• Change management   
• High motivation - drive for achieving results 
• Sector specialist role providing guidance to colleagues and sharing knowledge using verbal and 

written   communication as appropriate 
      
KNOWLEDGE 

Considerable knowledge and experiecen  of working within organisation and external organistion, my 
knowledge of the working, structure, dynamics, market and the political agenda is unequivocal which is 
self-evident in the projects I have managed. 
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I am conscious of the need to think strategically, and assess and evaluate customer requirements and 
business objectives, design systems and internal support for continuous improvement, in order to develop 
and deploy organisation-wide improvement strategies. 
 

PUBLICATIONS  

Pezzulli, S., F. Patrizio, S. Majithia, S. Sabbagh, E. Black, R. Sutton and D. B. Stephenson, 2004: The 
seasonal forecast of electricity demand: a simple Bayesian model with climatologically weather generator 
APPLIED STOCHASTIC MODELS IN BUSINESS AND INDUSTRY.   

Hor C-L,Watson S J and Majithia S. “Analysing the Impact of Weather Variables on Monthly Electricity 
Demand” IEEE Transactions on Power Systems, Vol. 20, No.4, November 2005. 

Marashi, E., Davis, J.P. “A system-based approach for supporting discourse in the decision-making 
process”, to be issued to Civil Engineering and Environmental Systems journal in 2005. 

Hor C-L,Watson S J and Majithia S. “Statistical Modelling of the Extreme Events for Load Demand 
Forecasting” – Currently in preparation and expected to be submitted by January 2005. 

Hor C-L,Watson S J and Majithia S. “The Impact of Climate Change on Monthly Electricity Demand: 
Projection 2020s-2080s” – Currently in preparation and expected to be submitted by 
November/December 2007. 

Hor C-L,Watson S J and Majithia S. “Assessing Risk in Short Term Daily Load Forecasting using ARIMA-
GARCH models”. Abstract has been accepted into the 9th International Conference on Probabilistic 
Methods Applied to Power Systems (PMAPS), 11-15 June, 2006, Royal Institute of Technology – KTH, 
Stockholm, Sweden.  

IEEE transactions on power systems November 2005 volume 20 number 4 Shanti Majithia  

CIGRE SYMPOSIUM.  Synopsis for IGUACU, Brazil 3-6 December 2001.  GAS AND ELECTRICITY 
NETWORKS: COMPLEMENTARITY OR COMPETITION. Majithia Shanti 

I. A. Erinmez S. Majithia C. Rogers T. Yasuhiro S.Ogawa H. Swahn J. G. Kappenman* The National Grid 
Company, plc Chubu Electric Power Co OKG Aktiebolag Metatech Corp. (England) (Japan) (Sweden) 
(USA). Application of Modelling Techniques to assess geomagnetically induced current risks on the NGC 
transmission system 

Kevin Warwick, Arthur Ekwue, Raj Aggarwal. Power engineering series 22Artificial Intelligence 
Techniques in Power systems. Chapter 12 contribution by Shanti Majithia 

Chapter in of the book published following the 1st International Conference – Energy & Meteorology, 
Weather and Climate for the Energy Industry in Australia 2011 – www.icem2011.org following which his 
work has recently been published in Weather matters for Energy – Improving Resilience Challenges and 
Linkages of the Energy Industry in Changing Climate by Springer (New York) - ISBN 978-1-4614-9220-.7  
ieeexplore.ieee.org/.../0466...Institute of Electrical and Electronics Engineers by S Majithia -  2008 

 

 

http://www.icem2011.org
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NAME DAVID BUTLER   

CURRENT POSITION Associate Director, HVAC Engineering and Building 
Diagnostics 

ACADEMIC QUALIFICATIONS MSc BTech  

PROFESSIONAL QUALIFICATIONS Fellow of Institute of Refrigeration 

SPECIALISATIONS Physical mock-up testing, building diagnostics, site 
investigations and consultancy related to building 
services including heat pumps, ventilation and air 
conditioning. Advice and technical input to 
government programmes related to air conditioning 
and heat pumps. 

 
CAREER SUMMARY 

Over 25 years’ experience of designing and undertaking of physical mock-up tests, laboratory testing and 
site investigations into the performance of building conditioning systems. This has included conventional 
HVAC systems and low energy and passive systems and domestic heat pumps and ventilation strategies.  

 
EXPERIENCE 

Full-scale physical mock-up testing of internal environments, including air movement, ventilation, 
heating/cooling performance and thermal comfort.  

Led the development of test facilities at BRE for testing air and ground source heat pumps for MCS and 
SAP Appendix Q. 

Monitoring of building services systems and equipment in the field, including heat pumps, to assess 
system performance and building environmental parameters.  

Undertaken co-heating tests in a wide range of housing, including various Pathfinder projects, and 
currently undertaking research into optimising the co-heating test methodology.  

Building diagnostics and consultancy on overheating, air quality, control and energy efficiency related to 
building HVAC systems (in domestic and non-domestic buildings).  

Client advice and design guidance on passive and low energy cooling and air conditioning systems. 

Technical Expert and Consultant to the Carbon Trust for various refrigeration related technologies 
including chillers and close control air conditioning, and new technology reviews. 

 
PAPERS AND PUBLICATIONS 

Over 80 published papers and technical articles including: 

Butler DJG. Seminar presentation on Targeting packaged ac efficiency, RAC 2009, Birmingham NEC, 
2009. 
 
Butler DJG. Refrigeration for air conditioning buildings. Refrigeration: Optimising refrigeration systems for 
building services engineers, CIBSE, London 2008. 
 
Butler DJG.  Low Carbon Cooling Techniques, Carbon Trust Low Carbon Cooling Event,   Glasgow, 
2007. 
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NAME ALAN ABELA 

CURRENT POSITION HVAC Consultant  

ACADEMIC QUALIFICATIONS B.Mech.Eng. (Hons), M.Sc., Ph.D 

PROFESSIONAL QUALIFICATIONS MASHRAE 

SPECIALISATIONS Air conditioning and refrigeration,  Energy efficiency 
in the Built Environment, EPBD and Energy 
Certification, Building controls and energy 
management systems, Project management, 
Building services contracting, maintenance and 
commissioning. 

 
CAREER SUMMARY 

Highly qualified, board level Engineer with more than 20 years’ experience in general business 
management, consulting, training and business development for start up organisations, large corporates 
and government bodies. Technical specialisations in building services (HVAC) and building energy 
performance. Competent leader and project manager with focus on setting strategic direction, defining 
attainable goals, team building and delegation in order to achieve targets and deliver assignments on 
time and to budget.  Skilled researcher and experienced report writer with concurrent career in the 
development and delivery of educational courses at undergraduate level in Malta and the UK. 
 
Having just completed his PhD, Dr Alan Abela is currently working on the following projects at the BRE 
 

• Performance testing and certification of air-to-water heat pumps. 
• Development of guidelines for the construction industry for the design of new non-domestic 

buildings for the minimisation of risks to the occupants from external contaminants 
 
He has, over the last 12 months, researched and published reports for the Government of Malta on the 
national greenhouse gases emissions inventory, and the development of cost optimal calculations for 
buildings in Malta in connection with the Energy Performance of Buildings Directive (recast) 
 
Additionally he has partipated in a successful Horizon 2020 bid, Remourban, for €20 million.  Alan’s input 
was related to the energy efficient refurbishment of an area of Nottingham, with a total project budget in 
the region of £4 million.   

 
EXPERIENCE 

Between 2009 and 2014 Alan worked as an engineering consultant with a focus on energy certification 
and building services. Projects and clients included: 

 
Government of Malta       

• Development of energy performance certification methodology and software to enable the 
Government of Malta to issue residential Energy Performance Certificates  

• Research, systems analysis, technical development, testing, and documentation 
 

Ministry of the Environment Malta                                 
• Development and delivery of energy performance certification training on behalf of the Ministry of the 

Environment  
• Specification of a training course for engineers and architects to be trained as energy performance 

assessors 
• Development of the teaching materials and course assessment procedures; Training Delivery 

 
Building Research Establishment UK                          
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• Technical support to the Building Research Establishment for development of SBEM Malta as an 
energy performance certification methodology for non-residential buildings 

• Liaison between the BRE and the Ministry of the Environment 
• Analysis of the differences between UK and Maltese non-residential buildings 
• Data collection and testing for the development of SBEM Malta 
 

Building services projects 
• Design of building services, preparation of tenders, tender evaluation, and project management of 

various building services projects including office blocks, commercial developments, industrial parks, 
and others, for private clients 

• HVAC and mechanical design 
• Tender evaluation and project co-ordination between client and selected contractors 

 
Between 2000 and 2009 Alan worked in a building services contracting firm in Malta, where he occupied 
the role of managing director. Projects and clients included: 
 
• Mechanical, electrical, ELV, and HVAC services for an aircraft maintenance hangar, offices and 

workshop at Luqa Aviation Park, Malta. (Project value €2 million) 
• Mechanical and ventilation services for apartments (circa 400) and car park at Portomaso Marina, 

Malta. (Project value €1.5 million) 
• Supply and installation of air cooled chillers, heat pumps, VRF systems, close control units for various 

hotels, offices, cinemas, data centres and bank branches 
 
From 1998 to 2000 Alan was the Principal Mechanical Engineer for SKANSKA Malta J.V. with the 
responsibility for the HVAC Design Management for an 800 bed general hospital project 

.  

 
PAPERS & PUBLICATIONS 

 
• Most recent examples are: 
•  
• Actual and Calculated Energy Performance of Residential Property in Malta, published in the 

proceedings of BS2013: 13th Conference of International Building Performance Simulation 
Association, Chambéry, France, 2013 

• Development of Cost Optimal Building Performance Requirements for Housing in a Mediterranean 
Climate, published in the proceedings of  the eceee Summer Study conference, France 2013 

• The Potential of Energy Performance Certificates in Residential Building Design and Refurbishment: 
A Mediterranean Perspective, published in the proceeding of  Clima2013, Prague, 2013 

• Legislation, standards and energy certificates in the Mediterranean, published in proceedings of the 
RCIS COBRA 2012 conference, Las Vegas, USA 

• An investigation into the practical application of residential energy certificates, published in 
proceedings of Sustainability in Energy and Buildings 2012, Stockholm 

• Development of National Benchmarks for Energy Certificates of Residential Property in Malta, 
published in proceedings of Defining Contributions Conference, 2012, Nottingham 

• A comparative analysis of implementation of the Energy Performance of Buildings Directive in the 
Mediterranean, International Journal of Law in the Built Environment, Vol 5, No 3, 2013, pp 222-240 
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NAME SUSANNE WOODMANN   

CURRENT POSITION Information Specialist 

ACADEMIC QUALIFICATIONS BA (Hons.) Classics 
Postgraduate Diploma in Librarianship and 
Information Science (Distinction) 

PROFESSIONAL QUALIFICATIONS Chartered Member of the Chartered Institute of 
Library and Information Professionals 

 

 
CAREER SUMMARY 

Susanne has over 30 years of experience in information provision at BRE and previously in government 
departments and in higher education. She is currently responsible for obtaining information and 
publications for BRE staff and acts as a reviewer for the BRE Trust publications programme. 

 
EXPERIENCE 

She has worked at BRE for 27 years, starting as Librarian at the Princes Risborough Laboratory and 
specialising in information about timber and other wood-based products. After the move of the laboratory 
to Garston, she widened her subject field to cover energy and the indoor environment. Her abstracts of 
the international scientific literature relating to construction were included in the BRE’s library database 
BRIX and the publicly available international construction database ICONDA.  

She has been involved in compiling extensive literature studies relating to indoor air pollution and the 
consequent health problems. This included reviews of the literature on health risks to aviation passengers 
that were commissioned by the British government and the European Commission. She has also edited 
bibliographies on green issues, e.g. building with earth, and co-authored a report for the Department of 
the Environment on companies’ environmental reporting. In 2013 she edited for clarity and consistency a 
long multi-author literature review on solid wall insulation commissioned by the Department of Energy and 
Climate Change. She ran the online bookshop www.BREbookshop.com for several years and was also 
responsible for compiling relevant FAQS on construction/environmental topics for the askBRE service. 

She is now responsible for  

• reviewing drafts of BRE publications for clarity before they are published by BRE Press 
• literature searches of bibliographic databases to find relevant papers to support research at BRE 
• signposting electronic resources via BRE’s intranet and training researchers to use them 
• providing news on specific topics (e.g. healthcare buildings, schools, renewable energy) to the 

respective BRE experts to keep them up to date 
• compiling a BRE ‘wiki’ containing information and web links relating to construction and 

environmental subjects 
• looking after the archive of BRE publications (BRE’s research into building began in 1921 – it was 

the first government-funded construction research organisation in the world). 

http://www.BREbookshop.com
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NAME MICHAEL SWAINSON 

CURRENT POSITION Principle Consultant 

ACADEMIC QUALIFICATIONS BSc, MSc, PhD. 

SPECIALISATIONS Practical experiment design and investigation of the 
performance of building HVAC and control systems. 
Testing HVAC components to BS Standards. 
Building thermodynamics 

 
CAREER SUMMARY 

Over 12 years’ experience designing and undertaking practical investigations into the performance of 
heating, ventilation and air conditioning systems within buildings, both laboratory based and on site. Prior 
to joining BRE, over 11 years’ experience serving in the merchant navy responsible for the maintenance 
and operation of a wide range of plant and systems. 

 
EXPERIENCE 

• An expert in mechanical ventilation and air conditioning systems with wide ranging experience of 
undertaking laboratory and site based investigations of building conditioning systems. 

• Responsible for the development and subsequent use of test methodologies within SAP 
Appendix Q for evaluating the performance of domestic mechanical extract and heat recovery 
ventilation systems and for heat pumps for domestic application. 

• Developed a standard methodology and test rig for testing boiler controllers for the Carbon Trust. 
This was undertaken to allow claims of reduced energy consumption to be verified through a 
repeatable, laboratory based method. 

• Experience of developing test rigs and undertaking testing to obtain high accuracy data for 
assessment of a wide range of water, refrigeration and air based building services components 
against existing BS EN standards and industry agreed test methodologies.  

• Undertaken a wide range of research and commercial projects assessing the potential of low 
energy water and air based space conditioning systems through both desk based studies, 
numerical modelling and physical mock-ups. 

• Experienced at undertaking building diagnostics investigations on a range of building types, both 
natural and mechanically ventilated and passively conditioned to full mechanical air conditioning.  

• Headed a team responsible for the design, development and production testing of a range of 
innovative energy efficient heat pipe enhanced dehumidifiers available internationally. 

 
OTHER ACTIVITIES 

Lectures at Cranfield University on the MSc. Energy Systems and Thermal Processes, in the areas of 
building services and energy auditing. 
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NAME ARRON PERRY   

CURRENT POSITION Senior Consultant and Laboratory Manager for the 
HVAC Engineering and Building Diagnostics Team 

ACADEMIC QUALIFICATIONS BEng (Hons) & HND in Engineering with 
Environmental Studies  

SPECIALISATIONS Physical mock-up testing, building diagnostics, site 
investigations, specialist test rig design and build 
and operation for heat pumps, ventilation and air 
conditioning. Instrumentation & Calibration 

 
CAREER SUMMARY 

Over 15 years’ experience of designing and undertaking of physical mock-up tests, laboratory testing and 
site investigations into the performance of building conditioning systems. This has included conventional 
HVAC systems and low energy and passive systems and domestic heat pumps and ventilation strategies.  

 
EXPERIENCE 

Manager of HVAC test laboratories and environmental test facility at BRE.  

Full-scale physical mock-up testing of internal environments, including air movement, ventilation, 
heating/cooling performance and thermal comfort.  

Has considerable hand-on experience of laboratory and site-based hvac related measurements, including 
fluid flow rate, temperature, heat flux measurement, co-heating tests, Thermographic imaging, building 
airtightness pressure testing and aircraft cabin environment monitoring. Has experience of carrying out 
short and long term monitoring in both commercial and residential buildings and dwellings. 

Has extensive practical experience of designing, constructing and operating specialist HVAC test rigs and 
testing HVAC components and systems to BS EN standards, for example extract fans, air admittance 
valves and hot water based heating systems, gas-fired boilers and domestic heat recovery ventilation 
systems. 

Designing and constructing an operating MCS Approved test rigs for Air to water, water to water Heat 
pumps. 

Responsible for the installation and calibration of all laboratory and site base instrumentation. 

Played a key role in the development and operation of an aircraft cabin environmental test facility (ACE) 
at BRE. Jointly responsible for the design and construction of a cabin and flight deck air conditioning and 
cooling system to emulate a wide range of in-flight environmental conditions. 

 
PAPERS AND PUBLICATIONS 

Butler DJG, MJ Swainson, A Perry. BRE Information Paper IP6/02. Free cooling with displacement 
ventilation. June 2002, BRE. 

 
Butler D, Perry A. Novel forms of refrigeration. Building services journal, February 1999. pp45-46. 
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Appendix C: Terms and conditions 

The Contract will be undertaken in accordance with DECC’s Standard Terms and Conditions of Contract 
for Services, (including Hire, Lease and Facilities Management) revised 10/12 (the “Terms and 
Conditions”) subject to the following amendment agreed with DECC being made to the Terms and 
Conditions: 
 
The words “be limited to a sum of £4,000,000” in clause 18 (7) (Indemnities and Insurance) be replaced 
by the words: “be limited to a sum of £2,000,000” ’. 
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Appendix D: Quality & Environment 

BRE is the pre-eminent centre for research in the built environment within the United Kingdom. Our 
Management System is approved to BS EN ISO9001:2008, ‘Quality Management Systems’ - certificate 
number LRQ 4001063, as well as to BS EN ISO14001:2004, ‘Environmental Management System -
certificate number LRQ 4001064. 

Our Management System is also closely aligned to ISO/IEC 27001:2005 Information Security 
Management Part 1 Code of Practice. 

BRE is a UKAS accredited testing laboratory, number 0578 and has been accredited at its main site for a 
range of tests against BS EN ISO/IEC 17025 (General requirements for the Competence of Testing and 
Calibration Laboratories). 

Our quality policy is to: 
• Comply with all relevant legislation 
• To provide authoritative and independent services and products that fully satisfy our clients’ 

requirements 
• Continually improve the effectiveness of the quality management system and the provision of our 

services and products 

The Chief Operating Officer is responsible for implementing the policy. 
This will be achieved by: 
• Establishing, implementing and maintaining a quality management system certificated against ISO 

9001:2008 
• Setting and reviewing measurable quality objectives and ensuring those objectives are met 
• Providing the necessary resources and ensuring responsibilities and authorities are determined and 

communicated within BRE 
• Reviewing the effectiveness of the quality management system and assessing opportunities for its 

continual improvement. 
• Seeking structured quality feedback from our customer. 

Our environmental policy is to: 
• Aim to comply with all relevant environmental legislation. 
• Continually improve our environmental performance. 
• Contribute to economic, environmental and social sustainability in the short and long term. 

The BRE Group Board is responsible for implementing the policy. 
This will be achieved by: 
• Maintaining an environmental management system, aligned to ISO 14001 and ISO 9001. 
• Setting objectives and targets to minimise the negative environmental impacts and maximise the 

positive environmental impacts of our operations. 
• Training our employees to achieve and maintain high standards of environmental performance. 
• Using products and processes that assist in reducing the environmental life cycle impacts of our 

activities and those of our clients and supply partners. 
• Communicating openly and consulting with stakeholders on environmental issues. 
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Appendix E: About BRE 

BRE www.bre.co.uk is an independent, research-based consultancy, testing and training organisation, 
offering expertise in every aspect of the built environment and associated industries. We help clients 
create better, safer and more sustainable products, buildings, communities and businesses, and we 
support the innovation needed to achieve this. 

BRE Group is a world-leading centre of built environment expertise, research and training, and includes 
BRE Global a third-party approvals organisation offering certification of products and services to an 
international market.  The BRE group of companies is wholly owned by the BRE Trust, the largest UK 
charity dedicated specifically to research and education in the built environment. Set up in 2002 to 
advance knowledge, innovation and communication for public benefit, the Trust uses all profits made by 
the BRE Group to fund new research and education programmes that will help to meet its goal of ‘building 
a better world together’.   

Please visit our BRE Group websites for more information about our products and services 

www.bre.co.uk/global  BRE Global is an independent, third-party approvals organisation offering 
certification of products, services and systems to an international market. BRE Global is responsible for 
the internationally renowned BREEAM and LPCB certification schemes 

www.bre.co.uk/ventures BRE Ventures brings together innovators, networks and funding streams and 
leverages these against the BRE Group’s world-class expertise and facilities to bring innovation to market 
quickly. 

www.bre.co.uk/innovationpark The BRE Innovation Parks (are world leading and ground breaking 
demonstration developments designed to give a glimpse of how the future delivery of sustainable 
buildings and communities can be achieved. 

www.breeam.org  The world's leading design and assessment method for sustainable buildings 

www.brebookshop.comThe BRE group bookshop 

www.GreenBookLive.com - GreenBookLive is the unique reference source and online listing of 
environmental products and services 

www.RedBookLive.com  Products, services and companies listed in the LPCB Red Book Database. 

The BRE Group headquarters is in Watford near London and offices in the UK and around the world.  For 
a full list of our offices and contacts please see our website.  

http://www.bre.co.uk
http://www.bre.co.uk/global
http://www.bre.co.uk/ventures
http://www.bre.co.uk/innovationpark
http://www.breeam.org
http://www.brebookshop.com
http://www.GreenBookLive.com
http://www.RedBookLive.com
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Nine things you might not know about BRE 
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Our services include: 

 

A 
Accreditation 
Acoustics 
Air conditioning 
Air quality 
Airtightness 
Alarms 
Approvals 
Approved certifier of design 
(ACD) 
Assisted living 
Aviation 

B 
BIM 
BRE National Solar Centre 
BREEAM 
BREMAP 
Building Regulations 
Building Research Housing 
Group 
Building services 

C 
Cables 
CALIBRE 
Carbon footprinting 
Carbon management and 
offsetting 
CE marking 
Certification 
Cladding 
Climate change 
Code for Sustainable Homes 
Composites 
Computational fluid dynamics 
Concrete 
Conservation 
Consultancy 
Continuing Professional 
Development (CPD) 
Corporate social responsibility 

D 
Dangerous Substances 
 

Daylighting 
Decent homes 
Deconstruction 
Demolition Design 
Disability and access 
Domestic energy assessor 
(DEA) 
DSEAR 
Dust testing 

E 
EcoHomes 
Embankment dams 
EMC testing 
Energy 
Energy efficiency and 
management 
Energy performance certificates 
(EPC) 
Energy Performance of Buildings 
Directive 
English House Condition Survey 
ENVEST 
Environmental assessment 
Environmental consultancy 
Environmental impact 
assessment (EIA) 
Environmental profiles 
Eurocodes 
English House Condition Survey 
ENVEST 
Environmental assessment 
Environmental consultancy 
Environmental impact 
assessment (EIA) 
Environmental profiles 
Eurocodes 
Events 
Expert witness 

F 
Facades 
Facilities management 
Fire consultancy 
Fire Detection 
Fire risk assessments 
 

Fire investigations 
Fire safety 
Fire testing 
Flooding 
Floors 
Foundations 
 

G 
Glass and glazing 
Green Book Live 
Green buildings 
Green Deal 
Green guide to specification 
Green Print 
Ground engineering 
 

H 
Health and safety 
Healthcare 
Heritage buildings 
Home Information Pack 
Housing 
Housing stock modelling 
HVAC 

I 
Indoor air quality 
Industrial 
Infrastructure 
Innovation 
Innovation Parks 
Intelligent buildings 
International 

L 
Lean construction (CLIP) 
Leisure 
Lighting 
Loss Prevention Certification 
Board (LPCB) 
Loss Prevention Standards 
(LPS) 
Low carbon buildings 
programme 
Low impact buildings 

M 
Masterplanning 
Materials 

S 
SAP 
SBEM 

T 
Testing 
Thermal performance 
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Microgeneration 
Modelling 
Modern Built Environment KTN 
Modern methods of construction 

N 
Noise 

O 
Occupant surveys (POE) 
Offices 
 

P 
Planning 
Pollution 
Prisons 
Procurement 
Product approval 
Product development 
Property protection 
Publications 

 

R 
R&D 
Radon 
REACH 
Recycling and re-use 
Red Book Live 
Refurbishment 
Renewables 
Resource efficiency 
Responsible sourcing 
Retail 
Risk assessment 
Roofs 

Schools 
Security 
Site Waste Management Plans 
(SWMP) 
SMARTWaste 
Smoke alarms 
Social research 
Solar shading 
Sprinklers 
Standards 
Stock condition surveys 
Structural engineering 
Sustainability 

Timber 
Training 
Transport 
T-zero 

U 
UKAS 

W 
Waste and recycling 
Water 
Whole life performance and cost 
Wind 

Z 
Zero carbon 
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Appendix F: Sample Selection Procedure  

The sample buildings for monitoring will be selected from the available sources by filtering against a 
number of criteria.  

We will agree the selection criteria with DECC and envisage that they will include: 

- Data quality and completeness 

o Our intention would be to only include buildings that meet or exceed the data collection 
requirements for energy consumption in section 4.3.1 of the ITT. 

o We believe that the key data are available but anticipate that some items may be difficult to obtain. 
Our suggested priorities are listed below. 

 The following items should be considered essential 

• Monitored electricity consumption of the air-conditioning unit, on a half hourly basis, or more 
frequently, for 1 year 

o  We believe that a full year’s data (possibly with small gaps) is necessary 

• Daily external temperatures (more detailed will be preferred) 

• .Internal temperatures 

•  Sufficient monitored data to be able to infer the hours of occupancy of the building 

• Data on the areas and uses of air conditioned space (including overall market sector) 

o We expect more detailed information about building and systems to be available for many 
buildings, though not necessary in the format of SBEM data sets. If the building has an Energy 
Performance Certificate (which is likely for recent buildings but less probably for older ones), and we can 
obtain the .nct files on which this is based, we can extract the SBEM dataset. 

• Type of air conditioning system 

 Highly desirable 

• Surveys of installed equipment and lighting 

o These are available for some of the proposed buildings 

• Age, type, model, rated kW, location and maintenance schedule of the air-conditioning 

o This information should be generally available. 

• Separate motoring of fans and cold generators 

o This will be available for most of the potential sample. 

• The air-conditioning inspection report for the air-conditioning equipment 

o May not be available for all buildings  

 Desirable but may be difficult to obtain 

• Floor plans (in addition to area of conditioned space) 
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o Should be available for most buildings 

• Records of actual occupancy levels 

o Unlikely to be available 

• An SBEM style survey of the building, to establish heat loss, solar gain 

o Taken literally this would mean the EPC data file (or equivalent for overseas buildings). Only about 
one third of UK commercial buildings currently have EPCs and there could be data protection issues. 
However, much of the information is likely to be available in other forms. 

• Information on refrigerant leakage. We will seek access to inspection reports (which should include 
qualitative information) and f-gas reports (recording gas replacement 

 The display energy certificate for the building 

• This will only be available for public buildings 

 An interview with the energy manager, specifically orientated around the use of air-conditioning 

• We will approach current building energy managers with a view to such interviews 

- UK or similar climate 

o However, we propose to temperature-correct all consumption data as described in section 2.5.2.3 
below   

- Representative of different market sectors 

o Our current analysis suggests that by far the largest sector by installed cooling capacity is offices, 
followed by leisure and hotels, retail and health. 

o In order to carry out meaningful inter-sector comparison it would be preferable to have roughly 
similar numbers of buildings from each of these sectors, enabling scaling up to mimic estimates of the 
distribution in the stock. 

- Representative of different types of system 

o Ideally all the systems types described in the ITT section 4.3.1.ii plus all-air systems (constant and 
variable flow), active and passive chilled beams, packaged rooftop units and possibly dual-duct and 
terminal reheat systems. From simulation studies and the BACED project we know that there are 
systematic differences in energy efficiency between different types of system, but also differences for 
systems of the same type. 

o We have previously estimated the proportion of different system types in the stock, by total cooling 
power. Chiller-based systems dominate but, although there are estimates of the installed stock of some 
components of such systems, there is no reliable information on the relative prevalence of different types 
of chiller-based systems. We have constructed an approximate distribution based on the historical 
reviews and similar sources. This general view has been confirmed by current and former practitioners 
who have seen it, but we cannot claim statistical robustness.  

  

The outputs from this element of the methodology are the selection of the sample and a spreadsheet of 
the static attributes of the selected buildings.  

We will discuss with DECC whether the sample is acceptable before extracting data to support the 
development of algorithms for monthly weightings and peak demands.  
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Appendix G: Project charts 

Workflow, Gantt and Resource charts. 

 

 


