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A typical retrofit of a privately owned house

EEM NL Hub

1. Energy Advice: 
- Assess the property

- Propose retrofit options

2. Quotation: 
- Assess the property

- Proposition for retrofit 
option

3. Subsidy: 
- Assess the property

- Assessment of retrofit option

4. Financing: 
- Assess the property

- Assessment of retrofit 
option

Homeowner
Supplier
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• Time-consuming

• Uninformed

• Expensive!

• Unclear

• Complicated for clients

• 5% conversion rate!
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Scaling up the inefficient way
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Scaling up the efficient way

EEM NL Hub

Centralized property data 
collection

Standardizing retrofit 
options and clustering

Better understanding of 
target groups

• Saves time

• Saves costs

• Creates clarity

• Easier for clients and suppliers

• Higher conversion rate!



1. Centralized property data collection

2. Better understanding of target groups

3. Standardizing retrofit options and 
clustering

How does TNO 
support this?

EEM NL Hub



1. Centralized property 
data collection



Supporting centralized property data collection

EEM NL Hub

Variable datasets

• Inconsistent 
• Incomplete
• Unavailable

• Expensive

Micro modelling 
entire Dutch 
Housing stock 
(Hestia)

• Combination of known 
data

• Consistent
• Open Source
• But:

• Includes assumptions 
and

• Extrapolations

Central data 
Facility

• Central data collection

• Standardized 
assessments

• Central “Database”

• Privacy proof
• Available for all
• Proven reliability

• Enriched by validated 
modelling results on:
• Cost

• Energy savings 
• Risk’s 
• Property value

• .. 

We are 
here:



Hestia contains lots of object - level data

EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Location

Property 
type

Dimensions

m2 
insulation

Equipment

Investments

Energy bill

Heat demand

Energy 
consumption

Behaviour

Policy

…

Hestia



Simulating annual change

EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Simulate changes over time

Past (2000) Present Future (2050)
 ----- 

• Annual:
• Change in energy 

consumption
• Energy savings
• Investments
• Labour demand
• Material demand
• …

Calibration



Hestia contains every house in the Netherlands

EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Every 
house in 

the 
Netherlan

ds

Location

Time



Creating a micro - dataset for analyses

EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Location

Time

Micro-dataset of the 
Dutch housing stock



Microdata analyses

EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Location

Time

Statistics       Municipalities      Banks

Other micro-
datasets

Link



Microdata analyses

EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Location

Time

Enriched data on:
Costs and benefits
Labour market
Policy effects
…



Microdata analyses
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Location

Time

Select groups based on 

household type



Microdata analyses
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Location

Time

Select groups based on 

location



Microdata analyses

EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Location

Time

Select groups based on 

year



Natural gas savings

Micro-modelling the entire Dutch housing stock (Hestia)

• Natural gas savings (m³) per neighbourhood

Darker colour means more savings

Most savings are in the north of the Netherlands

More detached houses

Colder winters

EEM NL Hub



• Assess individual costs and benefits for all Dutch 
households retrofitting their homes

• Tool for municipalities to assess the living-
expense effects of retrofits at neighbourhood 
level

• Identifying cost-effective options for retrofitting 
ABN AMRO’s mortgage portfolio

• Policy scenarios for energy poverty

Applications of 
micro - modelling

EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)



2. Better understanding 
of target groups



Supporting better understanding of target groups

EEM NL Hub

Unspecified 
understanding of 
households

•Qualitative knowledge on 
vulnerable groups

•General knowledge on drivers 
and barriers of consumers

Quantitative insights in 
vulnerable groups & in-
depth knowledge on 
drivers and barriers for 
retrofitting homes

• Development of energy 
poverty indicators

•Micro-level assessment of 
households

•Cost-benefit analyses for all 
households

•Development of customer 
journey’s

•empirical research on drivers 
and barriers

•Lessons on effective support

Tailor made 
propositions based on 
household 
characteristics and 
known drivers and 
barriers. 

•Households are targeted:

•With products that actually 
fit their needs

•In a way they understand 
and like

•On the right time

•By an agent they trust

We are 
here:



• Every household is assessed for energy poverty

• Based on CBS microdata

• Combination of:

• Income data

• Energy consumption data

• Energy quality data

Development of 
energy poverty 
indicators

EEM NL Hub Quantitative insights into vulnerable groups



• Using micro-modelling, we were able to identify 
vulnerable groups.

• In this case, the following groups were more 
likely to experience negative effects from 
insulating their homes:

• Low-income homeowners

• Large homes

• Commercial rentals

• Among others

Identifying vulnerable 
households

EEM NL Hub Quantitative insights into vulnerable groups



• We identified 9 steps people take in their 
“journey” towards carbon-free houses.

• Based on extended interviews and surveys, we 
identified key drivers and barriers that 
households experience in each step.

• We made recommendations on how suppliers 
can use these insights when they work with 
households.

• We collected insights into ways to make 
propositions more attractive for homeowners.

Customer journey

EEM NL Hub in-depth knowledge on drivers and barriers for retrofitting homes



• Mutual trust, residents’ involvement in the process and good 

communication play an important role in the overall experience of the 

process towards natural gas-free living.

• Seemingly small issues are often very important to residents. The choices 

made and the way implementing parties communicate can influence 

whether residents participate in making homes sustainable.

• Residents experience a lot of trouble arranging and coordinating activities 

during the implementation phase.

• The amount of inconvenience and obligations related to making homes 

natural gas-free generally does not determine the overall experience; 

communication and how residents are engaged do.

EEM NL Hub in-depth knowledge on drivers and barriers for retrofitting homes

Some lessons learned



3. Standardizing retrofit 
options and clustering



Supporting the standardization of retrofit options 
and clustering

EEM NL Hub Standardizing retrofit options and clustering

Retrofits based on 
one-on-one solutions

• Re-active
• Not scalable
• No pre-fab

• No economies of scale

Identfying possible 
other applications of 
proven sollutions
with AI modeling

• Clustertool searches for 
cases with similar 
characteristics in which 
proven retrofit solutions 
might also fit

• Support suppliers with 
better targeting clients

• Helps them to specialise

Catalogue of 
standardized 
propositions linked 
to clusters

• Multiple standardized 
proven solutions  for 
each dwelling

• Standardized financing 
and subsidies 

• Create a common 
language to be uses by 
advisors, suppliers, 
banks, governments. 

We are 
here:



• Together with market parties, TNO developed 
the cluster approach.

• An AI tool is available for suppliers to help them 
identify clusters of potential clients.

• Initial results show positive effects on conversion 
rate and overhead costs.

The cluster approach

EEM NL Hub Standardizing retrofit options and clustering



What is stopping us?



1. Many organizations could benefit from such an approach, but no one wants 
to carry the upfront investment.

2. Coordination and cooperation are therefore needed.

3. A centralized approach can be achieved only with government support!

• To provide credibility

• To prevent competing initiatives

What is stopping us?

EEM NL Hub Final thoughts



• Scaling up requires a different approach than one-on-one

1. Centralized property data collection

2. Better understanding of target groups

3. Standardizing retrofit options and clustering

• Let’s join forces to scale up efficiently

• Don’t think statically; think dynamically!

• Houses and households change over time

• Customer journey!

Main takeaways

EEM NL Hub Final thoughts
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