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Today’s Talk

• Background to the Project

• Overview of the EnergyFlex Model

• Use Case: Studying Spatial Trends

• Use Case: Retrofit Analysis
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~10% of CO2

emissions in 
UK come from 

residential 
heating alone

Motivation

• Decarbonising residential energy demand 
requires identifying opportunities at a 
household scale.

• Data at a household scale is often not available, 
or offers limited information.

• EnergyFlex offers a microsimulation-based 
solution to this.

• We aren’t just looking for flexibility in demand 
but also to support flexible and locally tailored 
approaches to decarbonisation.

Decarbonising Residential Energy Use



Motivation

• In energy modelling and building simulation we 
often rely on one of two things to model 
occupant behaviour:
• Assumptions, or…

• Case study datasets (specialised & usually restricted)

• Both of these have issues.

• Can a microsimulation approach offer a third 
way on this?

Leveraging Public Data to Model Occupancy



EnergyFlex: An overview

Public data is used to 

create representative 

synthetic households 

for a local area.

National trends in housing 

energy efficiency and 

demand are modelled

Policies and solutions 

can be tested on a 

household by 

household basis 
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Side note: What about the EPCs?
EPCs are Energy Performance Certificates and they are public 
records detailing the energy efficiency rating of a property.

While useful, EPCs are not a replacement for a microsimulation 
approach such as EnergyFlex because:

1) The EPCs are a biased record. They only include homes sold 
or rented since 2008.

2) EPCs often contain mistakes, approximations or 
inconsistencies in non-headline values.

3) There is no information on socio-economic context.

4) This data is not anonymous, which raises research ethics 
questions.



EnergyFlex: Model Structure

Bayesian 

Calibration

Evaluate Policies 

and Energy Tariffs

Case Study Data

CO2

A

B

Energy Intensity 

Estimation

EPC Data (Local)

NEED Data

Age Band A Age Band B

Population Synthesis 
(using SPENSER)

Census Data

English Housing Survey

Status Completed Completed Testing

DAFNI Version? In Progress Yes Pending



EnergyFlex: Using DAFNI

Energy Intensity 

Estimation

EPC Data (Local)

NEED Data

Age Band A Age Band B

• Sharing models is challenging and 
can limit opportunities to pursue 
meaningful stakeholder engagement.

• DAFNI allows us to package up the 
model and upload it so anyone 
can run them in the cloud.

• This has enabled us to more easily 
respond to engagement from 
varied stakeholders including 
housing associations and 
government.

User sets model 

parameters (i.e. Local 

Authority No.) 



Exploring Spatial Inequalities
The model can be used to explore 

spatial trends in energy efficiency 
of homes.

We have found that energy 
efficiency of new builds correlates 
with house prices in the area and
incomes, and has a distinct spatial 
distribution across the country

We wrote an article for The 
Conversation about how these 
regional differences could 
compound existing socio-economic 
inequalities. 
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Exploring Spatial Inequalities
We can also compare trends across 

different ages and types of 
housing in a region.

For example older terraced housing 
and flats in larger cities and 
affluent areas tend to be more 
energy efficient than elsewhere, 
suggesting higher levels of 
retrofits. 



Simulating Retrofit Solutions [DEMO]

Local 
Authority: 

Haringey 
London



Simulating Retrofit Solutions [DEMO]

Local Authority: Haringey, London

Housing Stock by 
building type

and age



Simulating Retrofit Solutions [DEMO]

Local Authority: Haringey, London
Dwelling Typology of Interest: Flats | pre-2000s

Retrofit Target: 
Inefficient Heating 

Systems

EnergyFlex can model 
likely energy performance  

characteristics such as 
heating system efficiency



Simulating Retrofit Solutions [DEMO]

Local Authority: Haringey, London
Dwelling Typology of Interest: Flats | pre-2000s

Using our model we 
find that older 

inefficient boilers 
(SEDBUK ‘E’ rated or 

worse) are more 
prevalent in 1930—

2000 Flats. 



Simulating Retrofit Solutions [DEMO]

Local Authority: Haringey, London
Dwelling Typology of Interest: Flats | pre-2000s

Our model also gives 
us socio-economic 

context on the 
households living in 

these different types 
of housing 
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Simulating Retrofit Solutions [DEMO]

Local Authority: Haringey, London
Dwelling Typology of Interest: Flats | pre-2000s

Knowing who is likely 
to own households in 
need of retrofit could 
help target incentives 

or polices.

Social Rental Private Rental Owned



Simulating Retrofit Solutions [DEMO]

Solution to consider: Replace Boilers with Air- Source 
Heat Pumps

• Greater prevalence of inefficient boilers in 1930-2000s 
Flats.

• But households in 1970-2000 Flats more likely to need 
financial support.

• Would need to incentivise private landlords to upgrade 
heating in 1930-1970s Flats.

Local Authority: Haringey, London
Dwelling Typology of Interest: Flats | pre-2000s



Putting it into practice

• What sorts of policy questions could we use this for?

• How could EnergyFlex be used to locally tailor 
decarbonisation policies?

Get in touch:

andrepaul.netobradley@beis.gov.uk

@A_Notabene

github.com/anetobradley/energy_flex
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