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Why is Australia better than the UK at building 
energy efficiency?  

(Energy World, Magazine of the Energy Institute January 2017) 

• “Melbourne’s best buildings are using three times less 
energy on a like for like basis than London’s best performing 
new buildings” 

• Reasons include, in the UK: 
– A design for compliance culture  
– Analysis at design stage ignores HVAC  
– Monitoring and evaluation skills gap 
– HVAC performance not measured and rated. 
– A blurring of responsibilities for HVAC control between landlord and 

tenants  
– Market does not value energy performance  
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Theory does not reflect practice in the UK residential sector 

(Kelly, Crawford-Brown et al. 2012) 
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If only the construction industry built VW cars! 



‘epidemiology’ 
epi = upon            
      demos = people 
              ology = logic, study 
 
Term hijacked by the medics! 
 

John Snow founding father of 
epidemiology discovered that 
Cholera spread via a water pump 
in Soho (1849 to 1854). Worked at 
University College     
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Published in The Builder, 1855: 
an Illustrated Weekly Magazine for the Architect, Engineer, 

Archeologist, Constructor, Sanitary–Reformer and Art Lover. 
London. 

Now titled: Building (building.co.uk) 



Health Research 
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Epidemiology 

Psychology Physiology 



Energy & Building Research 

Energy 
Epidemiology 
(population) 

Behavioural 
Science 
(people) 

Energy & 
Building 
Science 

(buildings) 
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The UK has had 40 years of 
domestic energy efficiency 
programmes. 
  
So what has happened to UK 
Domestic Energy Demand over 
the last 40 years and how has 
this changed compared to what 
we thought might happen?    



Caution: What I am about to present may be wrong!  
 
This is NARRATIVE not FACT 
 
Despite spending £billions on domestic energy efficiency we 
do not know exactly what has happened   

• Key data has not been collected historically, what data we 
have has unquantified uncertainty! 

• Much is inferred/modelled with unsubstantiated 
assumptions.  

• There are few cases of replication of key results. 
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Source DUKES 2015 

Space heating is thought to 
account for 60-70% of 
dwelling energy use over the 
last 4 decades  



What have the historic ages delivered and how? 
1970’s Scenario choices and actual transitions 

Source: Energy scenario choices: Insights from a retrospective review of UK energy futures, by Evelina 
Trutnevyte, Will McDowall , Julia Tomei , Ilkka Keppo, UCL Energy institute presented at  UKERC General 
meeting 21st of March, 2016, 



 
 
  
Source: DECC 2012: The Energy Efficiency Strategy: The Energy Efficiency Opportunity in the UK 



Useful  

Delivered 

DELIVERED  ENERGY =  USEFUL ENERGY 
                                                EFFICIENCY 

USEFUL ENERGY =  the service provided e.g. Useful Heat 
When this is reduced some people refer to it as behaviour change 
or energy conservation  
 
EFFICIENCY = Fabric and Energy Conversion Technologies 
 
DELIVERED ENERGY or ENERGY DEMAND 
 



y = 0.0004x2 - 1.441x + 1452.2 

y = -2E-05x3 + 0.121x2 - 240.41x + 159232 
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Delivered 

= 

Service (useful energy) 

Efficiency (fabric & service) 



Efficiency (fabric & service) 

Heating System Efficiency 

Dwelling heat loss (W/C) 



Building age, and energy demand: how reality diverges from our model 

Predicted demand has 
a steep slope 

Actual demand has a 
shallow slope 



Diversity in U-values of solid wall  
Solid walls are 27% of stock  

Normative U-value  
2.1 Wm-2K-1 (R value 0.48) 

Measured mean  
U-value  
1.3 Wm-2K-1 

(R-value 0.77) 

R=2.5 

http://en.wikipedia.org/wiki/File:BrickWall.jpg


Stamford Brook  

Interventions Average¥ 

Actual 
Change  

from 2005 

Actual 
Savings 

(from 
trend) 

Modelled 
Savings+ 

All 2005 17,567 - - - 
No efficiency† 2007 16,243 -7.5% - - 
Boiler only* 2007 14,501 -17.4% -9.9% -20.0% 
Loft & Boiler only* 
2007 14,494 -17.6% -10.0% -25.2% 
Cavity & Boiler only* 
2007 14,172 -19.4% -11.8% -41.1% 

Multiple sources of performance gap evidence 
Source: Jez Wingfield & Ian Hamilton   



Bayesian analysis of UK energy 
data 
shows regulation impact 
By 2050 savings equivalent to 6 years of 
CO2 emissions (370MT CO2) 
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Regulation Works, if! 
It is easy to police 
 
Impact of 2005 Condensing 
Boiler Regulation 
 



Old floor standing boiler and hot water tank (2m2 floor space) 
replaced with wall hung condensing combi boiler – value of floor 
space saved £4,400 



Service (useful energy) 

Mean Internal Temperature (C) Number Dwellings Floor Area (m2) 



Figure from: Energy Follow-Up Survey 2011 Report 6: Conservatories, December 2013 

Increase in non-traditional spaces 
Conservatory, Man Cave/Shed  



External temperature risen 
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Why has  
Mean Internal Temperature 

Risen? 

Insulated buildings 
 cool down slower  

Central heating means we  
heat most the house MIT +4C (?)  

Falling energy prices make  
higher temperatures affordable 
+/- 1.3C  

& people can afford 
to heat them more 



George Orwell 
 “The Case for the Open Fire”  
Evening Standard, December 8, 1945 

“To one side of the fireplace sits Dad, reading the evening 
paper. To the other side sits Mum, doing her knitting. On the 
hearthrug sit the children, playing snakes and ladders. Up 
against the fender, roasting himself, lies the dog. It is a comely 
pattern, a good background to one’s memories, and the 
survival of the family as an institution may be more dependent 
on it than we realise.” 



 

Source 2014-15 EHS headline report  



Quantifying comfort and monetizing the health benefit of 
household energy efficiency improvements HIDEEM for DECC 
– National Household Model 
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Observations from history  

• The UK buildings and energy efficiency sector can and 
have moved at glacially slow paces. 

• Little historic concern about systemic actual 
performance – theory is much more interesting  

• Any energy efficiency  problem is mostly going to be 
fixed over the next 30 years by the same technology 
we have now, the exception is controls and monitoring. 

• Many new systems are more complex than existing    
 



What are the known –unknowns  

• Actual ventilation rates  
• Size of domestic properties 
• The percentage of floor area that is heated in a 

home  
• The amount of wasted energy -  heat generated 

but not used. 



What next?  
• Demand reduction + plus supply transition, achieves faster 

progress at lower overall cost 
• Need to achieve reduction in demand achieved over the last 

decade but without condensing boilers or fuel price rises 
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Challenges facing future  

• Law of diminishing return (many technologies are reaching laboratory 
theoretical performance limits) 

• Coconut uptake – (5th Carbon Budget 13% uptake of heat pumps/DH 
and 1.5M solid walls) coconuts are more complex, less cost effective, 
bulkier, etc. 

• Poor field efficacy and unintended consequences 
• Thermal comfort saturation – limited co-benefits of further energy 

efficiency – although cooling is the elephant in the room 
• Existing markets prevent upstream benefits of energy efficiency being 

valued 
• Timescales challenging for significant deployment – historically 20 to 

50 years 
• Increased demand for service (more homes)     



This is rocket science 

confidential source via R. Lowe  



Opportunities  

• New IT can reduce gap between useful and used energy 
• Upstream and other co-benefits when costed make 

coconuts attractive 
• Experience of what works. 
• Government Industry and Innovation agenda  
• New research methods facilitate more rapid evaluation and 

feedback. 



Summary of Conclusions/Reflections   
• Energy Efficiency in buildings is a long game,  
• most technologies around  last 50 years and some remain critical for 

next 50 years. They will evolve and get better! 
• Significant cost effective energy efficiency potential as well as potential 

to increase heating and cooling, much driven by design as by direct 
occupant demand.  

• Move towards Power and Energy 
• Used not just useful energy 
• Decarbonizing energy supply at the same time as energy efficiency 

interventions 
• Installers must take responsibility for energy performance not just 

comfort – complexity of installing in existing buildings       

 



Research: Speeding up innovation, uptake and efficacy  
• Research needs to be planned for the long game. 
• More strategic thinking not necessarily more money. Good 

theory (models) must be matched by good empirical data 
from, lab, trial and population (need longitudinal population 
based monitoring)  

• In the real world almost everything is socio-technical (hence 
multi-disciplinary), in the real world. The problem is 
constrained by the laws of thermodynamics! 

• Good collaboration between academics, government, 
utilities and industry. 

• Action based research approach?  
• Utilize the benefits of slow role out of policies and 

technologies  
 



IEA Annex 70: Building Energy Epidemiology  
15 Countries 20 organisations  



 
 

Can the health benefits of energy efficiency be greater than 
the energy cost savings? Empirical evidence and modelling 
 
Impact – DECC Fuel Poverty Team, DECC National 
Household model, global negotiations,  Paris COP   

 

1.8 million downloads in the first 6 days! 983 unique 
media coverage BBC World, ABC, TIME, Financial 
Times and Wall Street Journal. 4th highest ever 
published by the Lancet. Briefings to the White House, 
UK Cabinet Office and DECC. Presentations on the 
Commission are planned to impact on COP21 in Paris.  

Case Study: Energy Demand and Health 



Thank You 

 

Thank You 
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