
 
 

 
 

 
 
PHD RESEARCH PROJECT PROPOSAL  
Centre for Doctoral Training in Energy Resilience and the Built Environment  
  
This template has been created to capture the essential elements of PhD research project proposals. The 
project proposed will be offered to students in the ERBE Centre for doctoral research. If you have more than 
one project to propose, use a separate template for each one.  

The template is intended as an aid to those proposing projects to ensure a complete description. Please ensure 
you complete all sections in a way that draws students’ attention to the value of the project to them and to 
others. 

All ERBE CDT PhD projects need to address a matter related to at least one of the ERBE three themes: 

• Flexibility and Resilience 
• Technology and System Performance 
• Comfort, Health and Wellbeing 

 
Please complete all sections in Arial 11pt. Allow text boxes to expand as needed. 
PROJECT TITLE: Assessing the accuracy of in-use measurements and the potential to 
reliably assigning EPC bands: With specific reference to the reliable measurement of in-use 
HTC.   

 
POSSIBLE SUPERVISORS (usually the project proposer and A N Other):  
Chris Gorse, David Alinson, Ben Roberts 
 
Work and outputs to be dovetailed with international partners, making use of the relationship 
established between Catalina Giraldo-Soto, Aitor Erkoreka and Koldo Martin – University of 
the Basque Country – through the Basque Countries Global Talent  / Visa supported by the 
Royal Academy of Engineering. 

 
CONTEXT (what is the wider social, political and technical context that leads to this work., why is it 
important): 
 
The Climate Change Act and Net Zero Strategy have enacted a legal commitment to reduce 
and remove carbon from the built environment. In addition to decarbonising energy supply, 
this will be met by reducing energy demand through a programme of thermal upgrades and 
establishing minimum energy efficiency standards.  These include rented homes meeting 
EPC Band C by 2028 and all private homes meeting EPC Band C by 2035, where practical 
(HM Gov, 2021).   
 
Emphasis through legislation and working groups such as the Construction Leadership 
Council and the workstream developed by the Green Construction Board has been placed 
on reliably thermally upgrading the building stock. More so than before, as a result of the 
ramifications of Hackett report and subsequent 2022 Building Safety Act HTC.  The guidance 
and legislation mandates a ‘Golden Thread’ of information to be associated with all building 
works. It is incumbent on construction sector to ensure that buildings perform as expected 
and that flaws in designs and construction are corrected.  Although the ‘performance gaps’ 
between measured energy performance and the designed performance isn’t always 
correlated with faults in design and construction, in the many cases research has, through 
forensic analysis, found underperformance to be associated with inadequate detailing, 
incorrect assembly, poor sequencing and defects (Gorse et al., 2017).  In some cases, the 
thermal performance defects are also associated with failure to adequately compartmentalise 

https://erbecdt.ac.uk/our-programme/


building element leading to significant concerns regarding the integrity of the structure and 
standards of fire safety (Littlewood and Smallwood, 2017).      
 
Methods of measuring whole building heat loss through building enclosures, and thus 
calculating the thermal resistance offered by the building fabric, within research are relatively 
well established.  Such measurements are increasingly important as attempts are made to 
design energy efficient enclosures and to determine the thermal reliability of the design when 
realised in the as-built form.  Although methods for measuring whole building thermal 
performance exist, their ability to be used for regulation and commercially as compliance 
tools has been questioned.  
 
Research based field tests are resource intensive and time consuming, and the Smart in-use 
methods have achieved variable levels of success when compared with field tests. 
Notwithstanding this there is considerable momentum and emphasis being placed on the 
development of smart reliable methods of measuring whole building performance. Where 
reliable measurement tools can be developed, the industry can move from a solely design 
led approach, using assumed values of thermal performance, to one where real building 
performance metrics can be used as feedback for research and compliance. 
 
Current methods of building assessment and measurement. 
The measure of the effectiveness of the building enclosure thermal resistivity and ability to 
limit heat loss is termed the Heat Transfer Coefficient (HTC).  The HTC of a building is 
defined as the “heat flow rate divided by temperature difference between two environments” 
as in ISO 13789:2017. A dwelling’s Heat Transfer Coefficient is used within Standard 
Assessment Procedure Calculations to determine the energy efficiency rating of a dwelling. 
The calculation is then used to provide an Energy Certificate Rating (EPC) for the building. 
 
Traditionally, the EPCs have been calculated through the Standard Assessment Procedure 
based on assumed building performance metrics.  Such calculations are heavily criticised as 
being inaccurate and failing to represent the real performance of the building fabric.  The  
performance gap between as-design and as-built is well established.  And, although 
research-based field tests exist, consumers have little interest in their use.  This is due to the 
costly and obtrusive research implications of field test. For example, the excessive time 
required to perform such tests in unoccupied buildings causes considerable disruption for 
tenants and landlords (Deb, et al., 2021).  Even where sufficient time and resource is allowed 
the reliability and validity of field tests and analysis methods has been questioned (Senave, 
et al., 2017).   
 
Through a recent collaboration between the University of the Basque Country and 
Loughborough University the analysis methods for both in-use and unoccupied 
measurements have been advanced.  The research programme has a full year remaining, 
however, to address the accuracy and robustness of the methodology there is a need to 
further develop the method and analysis against different building occupation, operation 
modes and boundary conditions.   
 
It is important to robustly evaluate the new methodology before it is presented to the 
government and potential clients.  Should the method be proven to be more reliable and 
accurate than existing methods then it is likely to disrupt the market and question earlier 
research. 
 
Particular focus within this research is the evaluation of analysis methods.  Many of the 
methods currently used ignore aspects of the classic heat balance equation.   For example, 
when assessing the Heat Transfer Coefficient (HTC) of a building envelope, based on 
measured steady state data, the linear regression slope is often forced through zero. Fitting 
the slope to the origin to zero is not considered good practice and is likely to lead to a 
misspecification of the regression. 



 
 

 
Through the partnership, the methods developed by the University of the Basque Country 
which obey physical laws can be further tested and developed. The averaged method – 
using decoupled and aggregated methods shows some encouraging results (Giraldo Soto, 
2021). 
 
The average method of analysis will be compared with:  
 

• linear regression – the method of analysis most commonly used for analysis of co-
heating data 

• bootstrapping – a recent development of the analysis method, used to assign a 
measure of accuracy (bias, variance and confidence intervals); however, the results 
are dependent on representative samples and maybe misleading. 
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PROJECT DESCRIPTION: 
 
The project will evaluate the reliability of methods used for assessing energy efficiency of 
domestic buildings: With specific reference to the reliable measurement of in-use HTC and 
its ability to provide accurate EPC bands.   
 

1. Evaluation of existing data: Existing in-use and quasi stead- state data sets will be 
reanalysed using the different analysis methods commonly used.  These will be 
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compared with methods recently developed.   The variability of results and degree 
that the analysis methods conform to law of physics / energy balance will be 
evaluated.  The sensitivity of the methods and their ability to contribute to reliable 
EPC assessment will be evaluated.  

2. Field test sensitivity analysis: The Loughborough test house will be used to 
determine the sensitivity of the experimental set up and further explore the 
uncertainty of measurements.   

3. The work will further advance in-use and steady state assessment of buildings.  
4. The work will revisit the ability to monitor buildings in use and the sensitivity and 

reliability of the HTC, specifically with the banding of EPCs. 
 
AIMS and OBJECTIVES: 
 
Aim: 
 
To evaluate the reliability of methods used for assessing energy efficiency of domestic 
buildings: With specific reference to the reliable measurement of in-use HTC and its ability to 
provide accurate EPC bands.   
 
Objectives: 

• Review and establish the validity and accuracy of current methods. 
 

• Determine the sensitivity of the analysis under different measurement and boundary 
conditions. 
 

• Determine the ability to of in-use metrics using the average method to calculate HTC 
to measure thermal performance below and above band C. 

 
• To determine the reliability of the method, within the test buildings to measurements 

performance at EPC band C and above. 
 

• Establish physical building boundary conditions that should be observed when 
measuring and analysing in use data.  

 
• Continue collaboration with the University of the Basque Country, developing reliable 

methods of assessment.  
 

 
METHODS: (Measurements, data sources, methods of analysis, etc) 
 

1. Simulated field tests performed in test houses 
2. Quasi – steady state methods – Unoccupied measurement using a Coheating 

experimental set up. 
3. Placement of sensors informed by research currently being undertaken in 

collaboration with the University of the Basque country  
4. QuBe – dynamic overnight measurements, using QUB kit or developing the  dynamic 

building measurement  
 
Analysis methods 

• Bootstap methodology – limitations non-parametric method for method for small 
samples 

• HLC estimation through average multilinear regression 
• HLC estimation through linear regression 

 
 
 



 
 

Experimental options 
• Undertake uncertainty analysis in heat chamber Loughborough and potentially mirror 

experiments undertaken in Spain  
• Test with blinds closed and open, 
• Windows open and closed. 
• Vents open and closed 
• Simulated occupancy patterns 

  
EXPECTED OUTCOMES: 
 
Establish an optimal method of reliably measuring the performance of buildings. 
 
To ensure that such metrics, can be used practically by tenants, homeowners and landlords 
as early warning of performance gaps and defects.  In the many cases the analysis and 
recognition of performance gaps serve as indicators of potential design, sequencing or 
construction issues. Such work will resonate with recent legislation.  
 

 
MULTIDISCIPLINARY ASPECTS (what different skills and knowledge will this project develop) 
 
The project will develop new methods of measurement, methods of adjusting monitoring and 
measurement for different boundary conditions. 
 
The work aligns well with BEIS strategy for the use of Smart meters to inform EPCs. 
 

 
BUDGET, STAKE HOLDER AND OTHER SUPPORT (Any financial or in-kind industry support offered, costs of 
T&S and materials if substantial): 
 
The methodology is closely aligned with Government agenda and research being undertaken 
by the National Research Laboratory.  As the work develops, it is likely to result in spin off 
funding from Smart Technology providers, social landlords and housing developers.    
 
Although the project is focused on the use of test facilities and data available to 
Loughborough University, the project could be aligned with other test facilities, should a 
suitable project sponsor become available. 
 
 

 
SKILLS and INTEREST REQUIRED OF STUDENT. 
 
Essential Skills  

• Experience in data science, data analytics 
• Ability to develop and set up field work and to analyse complex data sets 

 
Desirable  

• Interest in decarbonisation of the building stock 
 
 

 
POSSIBLE ROLE OF INTERN and INTERNATIONAL PLACEMENT (The ERBE Centre sees value in PhD students 
supervising and intern to assist them in their work where possible. Likewise time spent in an overseas 
research institution can enhance students’ perspective.): 
 

 


