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Are current renovations not user-centred?

Previous research: 
• wrong use
• bad installation
• more monitoring needed



In-depth monitoring of 16 renovated dwellings



In-depth monitoring of 16 renovated dwellings: 
Results: residents’ ‘wrong’ use is reasoned and normal.

Residents open windows because

• residents are too warm – discomfort
• residents do not trust their ventilation systems
• residents are bothered by noise from their ventilation systems

Effect:
Energy performance and indoor air quality is not always good enough.



In-depth monitoring of 16 renovated dwellings: 
Results: residents’ ‘wrong’ use is reasoned and normal.

Reach 
high to 
the lids 
to pull 
filter

Vacuum 
clean a 
floppy filter 
while bent 
over to the 
floor

Read, touch, navigate 
a tiny display

Residents do not use and maintain their 
home systems well because

• Systems are often very difficult to use
• Systems are often not made for residents

Effect:
Energy performance and Indoor air quality is 
not always good enough.

Reach low to 
the plug

Grip strength on the 
plug and the lids



Why these problems?



Why these problems?

• Lack of user-centred design
• Lack of feedback loop in renovation processes





User-centred design of residential energy renovated buildings

• User-centred methods adapted to renovation process. Please also see report 
shortly on IEBB website. New developments: more-than-human design methods

• It requires system change in the building chain

  - Designs should be approached from user perspective
  - Communication on a level with residents – also facilitate bottom-up
  - Process more iterative

• Also needs addressing: accessibility of buildings (-> new norm NEN 9120)

www.tudelft.nl/en/tu-delft-urban-energy/research/projects/iebb
s.u.boess@tudelft.nl

1



Co-creative spaces for energy transition in communities: 
co-creation games + digital behavioural twins

Often, people have to decide together 
(VVE, neighbourhood, complex).

How to find best solutions when individuals differ in 
their preferences for environment, costs, comfort?

Cost Comfort Environment

Millions of dwellings need to 
become more sustainable

Ioulia Ossokina – Urban Energy Symposium 2024 – 19/11/2024 Delft
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Co-creative spaces for energy transition in communities: 

A co-creation game
• Which elements of home upgrades are most 

important for people?
• How does this differ per group?

Helps prioritize renovationsPredicts support for different home upgrades

Based on projects with: Theo Arentze, Julia 

Kaltenegger, Taanis Karigar, Stephan Kerperien, 

Pieter Pauwels and others

Digital behaviour twin
• Mimics choice behaviour of individuals
• Predicts % support, helps prioritize



Congres Regionale Energie en Lokale Warmte | Krachten bundelen in de uitvoering

Economics: people choose for home upgrade if this increases utility

Comfort
Environment

Nuisance
Costs

Utility

Utilityupgrade > Utilityno.upgrade  → DO IT!

Utilityhi=c*comforth + m*environmenth - k*costh - o*nuisanceh + εih
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But what are the weights of different attributes 
(comfort, environment, cost)?

→ Discover with a GAME-OF-CHOICE



Package 1 Package 2

Wall + Roof M1-EPS (cavity) M2-Glass Wool (cavity) M1-Glass Wool (roles) M2-Rock Wool (plates) M3-Wood Fibre-(plates)

Installation method Injection Injection Second layer inside Second layer inside Second layer inside

Rc-Value  (Wall, Roof) 1.7, 2.5 1.7, 2.5 4.0, 6.5 4.0, 6.5 4.0, 6.5

Thickness  (Wall, Roof) 6 cm, 8 cm 6 cm, 9 cm 14 cm, 22 cm 14 cm, 23 cm 15 cm, 25 cm

Energy bill saving (€/a) 235.44 235.44 358.28 358.28 358.28

Investment Cost (IC) € 2,693.32 € 2,626.65 € 2,901.16 € 3,435.29 € 3,730.06

Financial Payback time 

(FPT)

14 years 14 years 10 years 12 years 13 years

CO2 footprint in 

manufacturing

1,348.94 kgCO2eq 249 kgCO2eq 1,349.77 kgCO2eq 1,774.32 kgCO2eq 1,028.61 kgCO2eq

CO2 payback time (CPT) 2.9 years 0.5 years 1.9 years 2.5 years 1.4 years

Street noise reduction 25% 50% 50% 50% >50% 

Humidity regul. NO NO NO NO YES

Life expectancy 75yr 50yr 50yr 50yr 40yr

Fire resistance Flashover before 2 min 

(E)

No flashover (A) No flashover (A) No flashover (A) Flashover after 10min 

(C/D)

Example: trade-offs and compromises in energy collectives
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Congres Regionale Energie en Lokale Warmte | Krachten bundelen in de uitvoering
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Game-of-choice (stated choice experiment)

Cost Comfort Environment



Digital behavioural twin predicts support and shows trade-offs
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UTILITY
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UTILITY

Digital behavioural twin predicts support and shows trade-offs
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UTILITY

Digital behavioural twin predicts support and shows trade-offs



Elderly

Satisfied 
Resident

Highly 
Educated

Suffering 
with Drafts

High Trust

Kritisch tegenover renovatie <-
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Digital behavioural twin helps prioritize renovations, early in process
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Roof insulation

Façade insulation
Floor insulation

Solar panels

Technical

No draught in attic

Warm feet

Green energy

User experience

Important: do not forget to 
express effects as user experiences

Utility

Digital behavioural twin and BIM: Rotundoro



5+ co-creative spaces for partners; 2000+ deelnemers

1) Co-creative space helps:

- Track trade-offs and compromises in an early stage

- Make best home upgrades for communities

- Distinguish segments and prioritize policy

- Test ideas.

2) Important: Talk to residents in terms of user experience. Use visuals.
23

Summary and next steps; check www.bel-tue.nl 

Next step: PONG Phasing Out Natural Gas

- Including eXtended Reality

http://www.bel-tue.nl/


Trigger my motivation and 
remove my barrier
Latent class analyses of homeowners' perception of home energy retrofit

Shutong He1, Queena K. Qian1, Jarry T. Porsius2

1 Delft University of Technology, the Netherlands
2 PBL Netherlands Environmental Assessment Agency, the Netherlands

Submitted to Energy Research & Social Science

Dr. Queena K. Qian 
Associate Professor

Behaviour and Governance in Sustainable Transition

Management in the Built Environment Department
TU Delft / Faculty of Architecture and The Built Environment

Urban Energy Institute Symposium, 19 Nov, 2024, Delft
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Nationaal Warmtefonds

Rijksdienst voor Ondernemend



Information

Technical

Financial



Our approach

Identify consumer segments Tailored policy/market interventions

• Segmentation according to perceived motivations and barriers.

• A sample of experienced Dutch homeowners (N=1011).

• Latent Class Analysis (LCA) – a person-oriented analysis

discovering probabilities of class membership.

• Identify typical characteristics of consumer segments.

• Propose policy and marketing interventions for

potential consumers, based on

o socio-demographic characteristics

o behavioural reasoning

o behavioural patterns



Behavioural reasoning theory

Reasons for and reasons against adopting 
innovations differ qualitatively, and they influence 
consumers’ decisions in dissimilar ways (Westaby, 2005).

Latent Class Analysis

A statistical method used to identify unobserved 
subgroups in a population with a chosen set of indicators.
(Nylund-Gibson & Choi, 2018).



5 segments were identified for motivations



Class 1: Balanced motivation homeowner (26.7%)

• Driven by financial, hedonic, environmental, and practical motivations in a balanced manner.

• Saving energy cost is not a concern.



Class 2: Individual utility maximiser (6.8%)

• Homeowners in this segment all identified saving energy cost, investing in their homes, 

and increasing home comfort as their top three motivations for energy retrofitting.



Class 3: Immediate utility seekers (14.7%)

• Similar to the “individual utility maximiser” [Class 2], except that

• they were driven mostly by immediate gains – saving energy cost and increasing comfort;

• cared less about the long-term investment in their homes.



Class 4: Environmental and immediate utility maximiser (6.3%)

• Similar to the “immediate utility maximiser” [Class 3], except that

• homeowners in this class were homogeneous in the pro-environmental motivation.



Class 5: Environmental-financial sensitive majority (45.4%)

• Characterised by relatively high probabilities of indicating the three financial motivations 

and the environmental motivation.

• Increasing home comfort and aesthetics are less a consideration.



3 segments were identified for barriers



Class 1: Balanced financial and feasibility barriers (72.3%)

• Affordability and feasibility are major concerns.

• Also bothered by the lack of time, knowledge, and skills.



Class 2: Lack of demand (24.3%)

• All homeowners in this class indicated that there is no need to further improve home

energy efficiency. 



Class 3: Prominent non-financial barriers (3.4%)

• Hindered by mostly transactions costs – time and hassles – and the lack of knowledge

and skills. 



The probabilities of reasons for classes

membership and reasons against classes

membership are not strongly correlated.

Leveraging motivations and addressing
barriers should be considered separately in
interventions.



Table. Share of observations per cross-tabulated latent class.



• This person is 60, towards her retirement.

• She is highly educated and has a medium-high income.

Policy implications: Example persona
Environmental-financial sensitive majority x Lack of demand (13.8%)
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• This person is 60, towards her retirement.

• She is highly educated and has a medium-high income.

• She cares about saving energy cost and saving the environment.

• Getting subsidy and becoming energy independence also motivate her to

take energy retrofit measures.

• Increasing home comfort and aesthetics are less a concern for her.

• She is happy to take actions as long as there is a need.
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• This person is 60, towards her retirement.

• She is highly educated and has a medium-high income.

• She cares about saving energy cost and saving the environment.

• Getting subsidy and becoming energy independence also motivate her to

take energy retrofit measures.

• Increasing home comfort and aesthetics are less a concern for her.

• She is happy to take actions as long as there is a need.

• She has a strong preference for installing solar panels.

Emphasising environmental values of energy retrofit, and providing subsidies,

smoothing the subsidy application process can be effective interventions for this person.

Policy implications: Example persona
Environmental-financial sensitive majority x Lack of demand (13.8%)





IEBB5.2 scientific output summary (1 PhD & 1 Post Doc: dr. Shima Ebrahimi; dr. Shutong He)



Queena Qian

k.qian@tudelft.nl

Thank you!

mailto:k.qian@tudelft.nl


Psychological Barriers to Green Homes

UEI Symposium Speeding Up the Energy Transition in Existing Buildings
19 November 2024

Gerdien de Vries  



Gerdien de Vries

• Associate Professor 
Faculty: Technology, Policy, and Management

• Scientific Director 
TPM Energy Transition Lab

• Co-founder 
Platform for Social Innovation in the Energy Transition 
Delft Energy Institute

• Dutch Expert “Behavioural Insights in Energy Policy” 
International Energy Agency

• Climate Psychologist 
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UN Environment, 2017

IPCC AR6 Synthesis Report. Summary for Policymakers, 2023

Behaviour is important
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Heat pump, district heating? A complex multi-actor problem



Behaviour Description Example

Continue Continue old behaviour as it is Continue buying vegetarian food

Learn Learn new behaviour Installers must learn how to install heat pumps

Increase Increase Increase the number of times you cycle to work

Mitigate Reduce the current behaviour Reduce meat in your meals

Adapt Minor changes to old behaviour Do the laundry at a different time of the day

Change Major changes to old behaviour Policymakers integrate behaviour insights in their policy design

Stop (quit) Stop completely Never smoke again

CLIMACS model 
Behaviour in Transitions course (MSc Engineering and Policy Analysis)
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Behaviour

Economic 
Factors

Technological
Factors

Environmental

Factors

Social
Factors

Institutional 
Factors

Contextual and psychological factors influencing behaviour in energy transitions

Psychological 
Factors
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What a hassle! 

Policymaker 
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What a hassle! 

Installer
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What a hassle! 

Consumer
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Research Projects
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Book Tips



g.devries-2@tudelft.nl

Gerdien de Vries, PhD



Do You Listen To Your Neighbour?

THE ROLE OF BLOCK LEADERS IN COMMUNITY-LED ENERGY RETROFITS

Tije van Casteren, Ioulia Ossokina, Theo Arentze – 19-11-2024 

TU/e - Urban Systems and Real Estate



Do You Listen To Your Neighbour? The Role of Block Leaders in Community-
led Energy Retrofits

This study: mechanisms at work in 
community-led retrofits
Can block leaders stimulate people to 
retrofit?

Goal: How large and far-reaching is the effect of block 
leaders on neighbours? How to choose optimally?

Millions of dwellings need to become more sustainable,
but residents doubt whether to energy retrofit.

1



Why do we use the power of the collective?

Consumers face barriers 
towards adoption 

Do You Listen To Your Neighbour? The Role of Block Leaders in Community-
led Energy Retrofits

Communities reduce barriers 
through peer influence

Block leaders in communities speed 
up information diffusion and 
increase compliance

2



Case Study: Buurkracht

• ‘Block Leaders’ define 
neighbourhoods

• Actively managing campaigns

• Externalities:
→ cheap talk

→ reduce barriers

Do You Listen To Your Neighbour? The Role of Block Leaders in Community-
led Energy Retrofits

Collectively purchasing a retrofitting measure:

3



Data on communities

Do You Listen To Your Neighbour? The Role of Block Leaders in Community-
led Energy Retrofits

78 communities followed from 
start

66.000 dwellings

2000 retrofit uptakes (PV, 
Insulation)
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Results

• Econometric analysis on large dataset

• Control for dwelling characteristics, similarity

Do You Listen To Your Neighbour? The Role of Block Leaders in Community-
led Energy Retrofits

0-line is the average adoption rate in 
community

Proximity to block leader increases retrofit 
probability

Similarity to block leader increases retrofit 
probability
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Results

• Largest effect within 200 meters 
(from 2.5% average to 7.5%  uptake)

• Proximity effect smaller when other 
factors which reduce barriers gain 
importance

Do You Listen To Your Neighbour? The Role of Block Leaders in Community-
led Energy Retrofits
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Implications

• Dispersed within compact 
communities

• Representative dwellings

• High density neighbourhoods

Do You Listen To Your Neighbour? The Role of Block Leaders in Community-
led Energy Retrofits

How to choose block leaders to maximize    
their effect?

Faster than imitation-based 
diffusion
No pre-existing measure needed

7


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51: Psychological Barriers to Green Homes  
	Slide 52: Gerdien de Vries
	Slide 53
	Slide 54: Heat pump, district heating? A complex multi-actor problem
	Slide 55: CLIMACS model  Behaviour in Transitions course (MSc Engineering and Policy Analysis)
	Slide 56
	Slide 57: Policymaker 
	Slide 58: Installer
	Slide 59: Consumer
	Slide 60
	Slide 61: Research Projects
	Slide 62: Book Tips
	Slide 63
	Slide 64: Do You Listen To Your Neighbour?
	Slide 65
	Slide 66: Why do we use the power of the collective?
	Slide 67: Case Study: Buurkracht
	Slide 68: Data on communities
	Slide 69: Results
	Slide 70: Results
	Slide 71: Implications

