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Most future national low energy and low carbon scenarios incorporate considerable 
reduction in energy demand through large-scale planned demand reduction 
programs.
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(DDPP, 2014)



Delivering this transformation requires effective technology and policy interventions. 
Interventions to reduce energy demand require comprehensive empirical evaluation.
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Much of this transition has to come through energy 
and carbon reductions in the built environment



Health Research

Epidemiology

PsychologyPhysiology



Energy 
Epidemiology

(population)

Behavioural

Science

(people)

Energy & 
Building 
Science

(buildings)

Energy & Building Research



Case/Control studies

Cohort & Cross sector 
Studies

Field Trials

Statistics

Qual and quant 
Social Science

Economics

Communities of 
practices

Community based 
social marketing

Thermodynamics

Modelling and 
Laboratory 

Methods and Disciplines

8



Energy Epidemiology: the study of energy use in the population

• Energy research is relatively new and unstructured 
applied area compared to health.

• Health research is structured under physiological, 
psychological and epidemiological research.

• Most energy demand research has been application of 
thermodynamics' – analogous to physiology.

• Energy epidemiological approach, i.e. examining and 
helping to understand energy use of the population, 
performance of systems and effectiveness of 
interventions, via national data and field trials etc. 



Epidemiology

• epi = upon  demos=people logia=study

• Defined as the study of: 

– ‘the distribution and determinants of health-related states or 
events in specified populations, and application of this study to 
the control of health problems’

•John M. Last, ed., A Dictionary of Epidemiology, 3d ed. (New York: Oxford 
University Press, 1995)

• Data driven, emphasis is on empirical evidence, distribution of a 
condition, understanding of factors: what is affecting the spread 
and severity of a condition, implications for policy  

– origins in the impact of the built environment, building services



Mid-19th Century London

• Industrial Revolution
– technological
– economic
– social transformation

• Great Exhibition 1851
– Paxton’s Crystal Palace
– first modern building



Soho, central London

• A neighbourhood of mostly 
overcrowded poor, streets of 
filth, and squalor

• Asiatic cholera arrived in 1831

– 1853 outbreaks in Newcastle & Gateshead as well as 
London outbreaks led to 10,675 dead

– believed spread by a “miasma” (gaseous agents, 
airborne transmission)

The Ghost Map: The Story of London's Most Terrifying Epidemic--and How It Changed Science, Cities, and the Modern 

World. Johnson, S. 2006. 

Summers, Judith. Soho -- A History of London's Most Colourful Neighborhood, Bloomsbury, London, 1989, pp. 113-117.



Dr John Snow (1813-1858)

Reverend Henry Whitehead (1825-
1896)



•Snow's hypothesis was that cholera was a 

transmitted via polluted water supplies, not 

miasma

•1854 Soho outbreak of cholera
– Within 3 days, 127 dead, 11 days, 500 dead

–Neighbourhoods in Soho were serviced by street 

pumps with water drawn directly from the Thames 

river
– Snow plotted every mortality (in the midst of the outbreak), identified each water 

pump in the area, and drew a boundary to mark the equidistant walking path 

between pumps to identify the area that a particular pump serves



John Snow’s map of cholera 

deaths in Soho

Shown in grey: equidistant 
boundary between pumps.



Findings and Policy impact

• Policy outcome: 
– water pump handle was removed

• Only years later was contaminated water 
accepted as the vector for cholera transmission

• The Great Stink (1858) in London (outside the parliament) for the sewage 
issue to be finally addressed

• 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)



The Research Council UK Centre for 
Energy Epidemiology's (CEE) vision is:

To precipitate a paradigm shift in 
the way we understand energy 
demand through the development 
of new research methods and tools

- specifically, application of 
epidemiological methods to large, 
linked data sets on energy demand 
across sectors, people, energy 
systems and infrastructure.
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Aims of the RCUK Centre for Energy Epidemiology:

• Undertake world leading research into energy use in buildings and transport 
through the analysis of novel combinations of empirical data;

• Improve the collection of empirical energy demand and related data;

• Help combine and curate relevant data sets;

• Help researchers, industry and policy makers use energy data and the results of 
data analysis via securing open access to data, and providing a bureau service. 

Introduction to energy epidemiology

“Move towards standards 
of research which can 
match those in the health 
sector”



Energy epidemiology draws on the established
methodological and analytical framework of epidemiology
developed in the health sciences

Energy epidemiology for buildings adopts and adapts the 
epidemiological approach in order to:

• Describe and measure the distribution of energy demand
at the population level, from the individual, household 
level to an apartment block or even city block; 

• Explain the distribution by its determinant factors: 
physical, environmental, social, behavioural and 
economic;

• Support models that predict the changes expected in the 
distribution due to interventions, particularly energy 
efficiency and behavioural control measures.
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• Provide an evidence basis for informing policy and practice related to the 
management of end-use energy demand.

• Identify the relationship between factors and their influence on the distribution of 
energy demand, for instance in terms of trends in demand over time or in specific 
building and household types.

• Energy epidemiology provides an over-arching approach for difference disciplines
involved;

• Findings from large-scale studies inform energy policy and provide context for 
conventional small-scale studies 

• Empirical data analysis provides insights for predictive models.

Introduction to energy epidemiology – cont’d



• High uptake rate (vs a low rate) is associated with low incomes, owner-occupied houses, and fewer flats
• Programmes targeting lower-incomes are associated with higher benefits receipt and older households.

Examining Energy Efficiency Trends in England – 2000-2007, provides context and the 
pathways from which to move forward

2000 2001 2002 2003 2004 2005 2006 2007

Year

0

250,000

500,000

750,000

1,000,000

1,250,000

1,500,000

E
ff

ic
ie

n
c
y
 m

e
a

s
u

re
 i
n

s
ta

lla
ti
o

n
s
 p

e
r 

y
e

a
r

Draught proofing

Cavity insulation

Heat system* install

Condensing boiler install

Loft insulation

*Heat system includes: Condensing and standard boiler, and hot water cylinder replacement and solar hot water

Example:



Centered on dwelling age (1965-1974)
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d Actual demand†

Actual 95% CLM

Predicted demand*

Predicted 95% CLM

*Representative sample of British dwellings with predicted 2007 gas primary space and water heating N=13,000

†Representative sample of British dwellings with actual 2007 gas meter readings N=50,000

• Modelled demand needs to be improved
• Need to dramatically improve energy demand in both old and new dwellings

Predicted demand has 

a steep slope

Actual demand has a 

shallow slope

Change in energy demand trends and retrofits Example:



Develop detailed models of the building stock
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2007 post-boiler replacement* + cavity insulation

2007 post-boiler replacement* + loft insulation

2007 post-boiler replacement*

2007 no boiler replacement*

2005 pre-boiler replacement*

Group: 2005 median 17,567 kWh/yr Sample N= 134,914

No-boiler: 2007 median 16,243 kWh/yr Sample N= 120,194

Boiler: 2007 median 14,501 kWh/yr Sample N= 11,347

Boiler+Loft: 2007 median 14,494 kWh/yr Sample N= 1,956

Boiler+Cavity: 2007 median 14,172 kWh/yr Sample N= 1,417

*Boiler replacement in 2006

‘Reducing’ energy demand could focus 
on this group, e.g. above median users

Improving comfort 
could focus on low 
users

Focusing policyExample:



RCUK Centre for Energy Epidemiology

http://www.energy-epidemiology.info



Building energy 
epidemiology

IEA EBC Annex Proposal



The importance of energy and buildings data is recognized in the EBC Strategic Plan 
2014-2019 by the identification of ‘real building energy use’ as a high priority theme. 

R&D Items within the Strategic Plan include:

• R&D on real data and validation of energy use of buildings;

• R&D on knowledge of metrics relevant for environmentally friendly energy 
efficiency measures;

• Development of monitoring / assessment protocols.

Within the Plan it is recognized that:

R&D products include not only evaluation tools directly applied in the 
implementation of policies such as regulations, but also guidelines and tools for 
practitioners, which support more advanced voluntary measures for higher 
energy performance.

Relevance to the EBC Implementing Agreement



Why international collaboration?

Opportunities:

• To identify the building stock data collecting activities within member countries.

• To learn from those activities to assist in:

• Developing high-quality data;
• Improving accessibility and increasing the value of data for:

• Government 
• Industry
• Academia / Research

• To undertake international comparisons of:
• Energy and buildings data uses,
• Gaps and data quality,
• Energy demand and energy performance gaps,
• Stock model data inputs.



Benefits:
Undertaking international comparisons allows for differences between contexts to 
be better understood and provides opportunities for collaborative learning.

Why international collaboration?



Proposal for an international annex of energy epidemiology

To address the challenges of collecting, describing and using high quality data on 
energy use and buildings in order to inform national development and low carbon 
pathways, this proposed annex will focus on: 

• Availability, collection methods and structure of energy and building stock data; 

• Comparisons of actual and predicted energy performance in buildings; 

• Methods of empirical data analysis of populations of energy and buildings; 

• Data structures for national building stock modelling; and 

• Government and industry engagement in using energy and buildings data. 



Proposal for an international annex of energy epidemiology
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Proposal for an international annex of energy epidemiology

To support employing an energy epidemiological approach to the study of energy 
demand in buildings and communities, the proposed Annex will seek to:

• Compare across the national approaches to developing building stock data sets, 
building stock models, and energy performance gap to identify lessons that can be 
shared;

• Establish best practice in the methods used for gathering and analysing real 
building energy use data; and,

• Evaluate the scope for using real building energy use data at scale to inform 
policy making and to support industry in the development of low energy and low 
carbon solutions.



Proposal for an international annex of energy epidemiology

The scope of the Annex will comprise five parts:

• Research associated with empirical building and energy use data;

• Addressing both the residential and non-residential building stock;

• Developing best practice guidance for undertaking surveys and reporting building 
and energy use data;

• Undertaking comparative studies of national buildings and energy use;

• Engaging with stakeholders (government, industry and technology 
manufacturers) in order to identify user requirements for data and information 
upon which future strategy and policy can be based.



Proposal for an international annex of energy epidemiology

We propose the following main subtasks and activities (to operate in parallel):

• Subtask A: Data availability and comparative international analysis
• A.1: Survey of building stock data and energy data
• A.2: Identify existing stock data collection methods
• A.3: Database of national energy and building stock data
• A.4: International comparison of national energy use in buildings
• A.5: International comparison of energy performance gap

• Subtask B: Methods and best practice for data collection, reporting and access
• B.1: Survey of methods on energy and building data collection
• B.2: Recommendations on best practices for conducting and reporting data
• B.3: Recommendations on best practices for using stock data in modeling

• Subtask C: User engagement (needs and provisions)
• C.1: Survey of energy and building stock data users (strengths and weaknesses)
• C.2: Review of stakeholders’ needs of data and best practices
• C.3: Reporting lessons learned and needs from stakeholder engagement



Proposal for an international annex of energy epidemiology

The main outputs/products will include:

• Database on national building stock surveys and models (e.g. ‘Observatory’);

• Series of reports on international comparisons;

• Report on the recommendations on methods of energy and building stock 
survey and field trial collection and reporting;

• Report on the recommendations for meeting stakeholder needs.



Timeline for developing a full proposal
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15Total Responses

Australia

Austria

Belgium

China (x2)

Denmark

Germany

Japan

Republic of Korea

Singapore

Spain (x2)

United Kingdom (x2)

USA 

Responses received from:



Q15: What building types does the model cover?

Answered: 13    Skipped: 2



Q17: What type of energy use data is used in the modelling?

Answered: 13    Skipped: 2



Q21: What type of information is used to describe the different categories of 

buildings?

Answered: 13    Skipped: 2



Q23: Is the building stock model used to inform national or regional energy policy 

making?

Answered: 13    Skipped: 2



Q25: Is the building stock model used by industry to analyse market opportunities 

for their products?

Answered: 13    Skipped: 2



Q64: Which of the following building types in the residential sector does the data 

describe?

Answered: 10    Skipped: 5



Q65: What information is available in the residential dataset?

Answered: 11    Skipped: 4



Q66: Which of the following building types in the non-domestic sector does the 

data describe?

Answered: 6    Skipped: 9



Q67: What information is available in the non-residential dataset?

Answered: 6    Skipped: 9


