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THERMOPHYSICAL ESTIMATIONS OVER TIME
North-facing cavity wall: East-facing cavity wall:



RELEVANCE TO POLICY MAKING

QUICK à Benchmark characterisation of the building stock.

ROBUST à Actual characterisation of the thermal performance of 
buildings:

- in their environment and state of conservation;

- from short & seasonal-independent monitoring.

INSIGTHS à The reliable characterisation of the thermal performance of
the building stock enables to:
- inform guidelines and policies (e.g., on performance gap);

- issue tailored energy-saving-oriented incentives;
- evaluate the cost-effectiveness of different strategies.



RELEVANCE TO INDUSTRY

QUICK à In-situ tests may be widely performed (different seasons) for:
- quality assurance of new built;
- characterisation of the base-case performance before
retrofitting (even if structure is unknown).

ROBUST à Improvement of the overall quality of the building process
by quickly feeding the lessons learned back into the system.

INSIGTHS à Characterisation of the thermal structure of the building:
- improve thermal comfort;
- inform tailored retrofitting & heating / cooling strategies;
- evaluate the cost-effectiveness of different solutions.



RELEVANCE TO ACADEMIA

NOVEL à Novel statistical based (Bayesian) method to enhance the use
of in-situ measurements.

ROBUST à Valid thermophysical estimates from data collected over
different seasons and temperature ranges:

- quantification of errors & uncertainties (acceptable range);
- objective comparison of the probability of different models.

INSIGTHS à - Characterisation of heat transfer at both sides of elements;

- Inform high-quality in-situ monitoring & data analysis;
- Development of new concepts & aspects of heat transfer  
modelling (e.g., new stabilisation criteria).
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Blower	Door	Test Co-heating	Test Heat	Flux	
measurements



Energy	Demand

Gas	consumption

Electricity	consumption

Thermal	Comfort

Air	temperature
Black	globe	temperature
Humidity
Air	speed

Overheating

Air	temperature

Wall	surface	temperature



Policy
• Original	solid	wall	performance	is	better	than	assumed
• IWI	significantly	reduces	U-values	and	HLCs
• Improved	overheating	assessment	in	SAP	is	needed

Academia
• New	evidence	doesn’t	match	previous	studies
• Models	required	to	extrapolate	findings
• Further	field	work	required	to	inform	models

Industry
• Holistic	retrofit	needed	to	mitigate	overheating
• Overheating	in	building	regulations	needed

Insights



Questions?

Email:
Project	details:

Twitter:
LinkedIn:

v.tink2@lboro.ac.uk
lolo.ac.uk/people/vicki-tink/
@Vicki_Tink
Vicki	Tink
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Proposed	Research

Aim: Investigate new approaches to household appliance behaviour
modelling to generate realistic electricity demand profiles for
domestic appliance use that are based onmeasured data.

àMany	energy	system	models	on	a	national	or	international	scale	often	have	a	lack	of	
granularity	on	the	demand	side
à The	standardized/fixed	electrical	load	profiles	employed	in	many	of	these	models	
are	not	appropriate.

2
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Methodology

Nationally representative household sample: 
English Housing Survey 2013-2014

Appliance ownership model:
The number and the type of appliances are 
modelled. 
EFUS 2011 dataset is 

Cooker
Oven
Fridges
Freezers
TVs
Electric shower
Washing machine
Dishwasher

Appliance behaviour model and converting to 
power demand profiles:
Appliance behaviour metrics and power demand 
profiles are generated for the individual appliances.
HES 2011 is used to generates the profiles of:

• Number of switch-on events
• Switch-on times
• Duration and power demand 

profiles

Output: Daily electricity demand vs. time of the day
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Results
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Modelling	demand	response
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Insights	for	academia

• An	improved	understanding	of	the	occupant	appliance	behaviour	of	

household	appliance	use	in	UK	homes:

E.g:	Number	of	switch-on	events,	seasonality,	duration	of	usage,	

programme	of	choice

• Modelling	the	use	of	appliances	is	a	challenging	task.	

• New	modelling	approach	is	shown	to	have	advantages	than	previous	

efforts	in	modelling	the	variations	in	appliance	occupant	behaviours.
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Insights	for	industry

• The	amount	of	flexible	demand	available	is	of	interest	for	utility	
companies:

E.g:	Ovens	have	the	highest	absolute	decrease	of	the	electricity	
consumption	from	the	peak	period	followed	by	tumble	dryers	
and	dishwashers.

• Risk	of	additional	peak	demands.
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Insights	for	policy

• Bottom-up	modelling	identifies	the	contribution	of	each	

appliance	to	total	consumption	or	peak	load.

• Target	groups	or	appliances	for	demand	response	can	be	

identified.	

E.g.:	Convincing	only	40	%	of	the	households	to	shift	their	

dishwashers	or	tumble	dryer	can	lead	to	same	decrease	for	

households	with	ovens	where	20	%	of	the	households	

agrees	to	shift	their	ovens.	
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Implications for industry

Reduce the gap between reality and daylight simulation outputs, by
helping designers make evidence-based daylight modelling assumptions.✔
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Evaluation of the retrofit 

decision making process of  

post-war office buildings (1945 ̴1980) 

by applying  dynamic energy simulations to 

representative building models 

in order to create a guidance optimising;

• Energy reduction

• Thermal comfort

• Costs

INTRODUCTION

UK commercial and public sector energy 
consumption by sub-sector (Pout et al. 2002)

Total floor area percentage of age profiles 
of office buildings in UK (DCLG, 2005b)
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Forming exemplar; UA / SA
 Min Base Max 
Occupant density 3.04% 

 
-2% 

Lights -1.45%  1% 
Equipment -3.13%  3% 
Infiltration -6.02%  6% 
Heating setpoint -9.35%  11% 
Heating setback -1.70%  4% 
Heating start time 2.41%  -2% 
Room depth 3.82%  0% 
Storey height -3.61%  0% 
    
Uncertainty range 18%  19% 
Demand range 115.9 133.9 152.9 
Consumption range  165.6 191.3 218.4 
 

Parametric study 

STAGE 1

STAGE 2

Detailed analysis

Final evaluation

STAGE 3

STAGE 4
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METHODOLOGY
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POLICY

- Rent increase as a result of retrofit
The building sector is driven by profit. Results show cost benefits are high only when the building is let 
to tenant and  if there is a rent increase as a result of retrofit. This increase could be supported by 
policies.

- Overheating in future weather
Part L applications without a combination of passive cooling interventions or mixed mode ventilation 
will result in overheating. Standards could be extended requiring passive cooling interventions.

- EnerPHit
EnerPHit reduces the heating demand close to zero but passive cooling alone fails providing the 
thermal comfort. Addition of active cooling results in higher energy consumption and costs. EnerPHit is 
advisable when there is a rent increase as a result of certification and for the prestige buildings

- Discomfort hour person 
Evaluation of discomfort based on only discomfort hours neglects the severity of the overheating. 
CIBSE criterion could be enriched in this regard.



INDUSTRY 

- The methodology suggests a staged decision making process; 
By using this methodology, a tool, implemented to BIM, using a library of exemplar buildings could be 
created which is beneficial for non-expert decision makers. 

- Long term implications of not considering passive cooling by the building sector;
UK is no more a ‘cold’ country. Retrofit projects which Part L standard is applied has to comprise of night 
ventilation and shading devices.

- Improvement in retrofit decision making process in building sector; 
Conventionally, in practice by applying heating and cooling set-points referring to standards is assumed 
enough to achieve thermal comfort. Energy efficiency measures are chosen based on experience and 
most of the time only investment costs driven. Both evaluation could be improved by using suggested 
methodology.



- Similar guidelines for other non-domestic building types could be the subject of 
further research

- Increment of productivity as a result of retrofit creates savings in the costs. 
In this specific case this increment is not significant. However, when only summer time in future weather is 
evaluated, productivity improved up to 40 %. The measurement of productivity, especially considering 
operative temperatures needs further research.

- There is no agreed protocol on the evaluation of building level thermal comfort.

- Implementation of sensitivity analysis to retrofit decision making tool;
Assumptions on future conditions inputs are significantly uncertain and there is a potential to get misleading 
outcomes.

ACADEMIA
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