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INTRODUCTION

Rotterdam, 03 april 2024

NOS Ni W d 27 t, 06:31 A t d 27 ;2 Laagbou onin e!lI in e
ISUWS o oens ag maart, b ° angepas woens ag maart, Ove rvecht-N oor nlet gesch I kt
Tweede Kamer komt met voorstel om voor betaalbaar warmtenet

warmtenetten snel goedkoper maken

Het gaat niet ¢

wmeneten. - A sterdamse corporaties sluiten voorlopig

stoppen steed

¢ gdeen woningen meer aan op stadswarmte

NIEUWS

Tweede Kamer weifelt over
Energiebedrijven: 90 procent nieuwe spoedmaatregel voor

warmtenetaansluitingen voorlopig van de baan Warmtenetten

Het spoedplan waarmee energieminister Rob Jetten iets
4 wil doen om volgend jaar de tarieven voor stadswarmte
enigszins te beperken, kan niet direct op een
T U D e I ft meerderheid rekenen in de Tweede Kamer. Dat bleek
woensdag tijdens het debat over de Wet Collectieve
Warmte.

Dinsdag 14 mei, 23:09



PROBLEM STATEMENT

* Noton track for reaching agreement goals in energy transition
* Electrification is not the sole solution due to net congestion >> heat networks have potential
* 90% of the heat grid projects are on hold or cancelled

* Challenges such as feasibility, disturbed stakeholder dynamics, end-user willingness to
connect
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RESEARCH GAP

...... this is not the only reason this study is relevant

Most research is supply focussed

Demand side is underrepresented

Willingness to connect key factor in project success

Need for tailored engagement strategies
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RESEARCH QUESTIONS

Main research question:

How can different end-user groups be effectively engaged in the
heat grid implementation process byJ)oroject initiators to
optimize their willingness to connect?

Subquestions:

1. Who are the different end-user groups within suitable areas for
heat grids, and what are their specific characteristics and needs?

2a. What barriers do different end-user groups face in their
willingness to connect to heat grids?

2b. How do these barriers vary across user groups and phases of the
decision-making and implementation process?

3. How can project initiators use different strategies to effectively
engage different end-user groups and optimize their willingness to
connect gat various stages of the heat grid implementation
process)”

%
TUDelft




LITERATURE

Heat grids in energy transition

From fossil-based energy systems to renewable energy
sources

In The Netherlands: focus on gas-free buildings

To meet climate goals and reduce greenhouse gas
emissions

Energy security

Central heating using underground pipelines

4th & 5th generation heat networks (smart, sustainable)
Source can be adapted relatively easy

Potential to reduce emissions by 60%

Current reliance on natural gas = challenge

%
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LITERATURE

Stakeholders in heat grid projects

shareholder, owner

purchaser

facilitator, shareholder,
(co)financer, owner, heat
purchaser

Stakeholder Housing association Tenants/ homeowners (Local) government Grid operator/ energy
company
Role Initiator, coordinator, Shareholder, heat Initiator, coordinator, | Network owner, investor,

coordinator

* Overlapping roles > need for cooperation

* Different project initiator > different approach process

* Stakeholder roles vary depending on initiator and leading organisation
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LITERATURE

Process of heat grid implementation

1 | Initiation

Idea forming
Exploring options

Announcing plans
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2 | Feasibility

Technical research
Financial viability

Needed connection
numbers

3 | Contracting

Making and signing
agreements

Commitment

Pricing

4 | Realization

Construction
In public space

At people’s house

5 | Operation

Active heat grid
Maintenance

Support



LITERATURE

Process of heat grid implementation

1 | Initiation 2 | Feasibility 3 | Contracting 4 | Realization 5 | Operation

Idea forming Technical research Active heat grid

Making and signing Construction _
Exploring options Financial viability agreements In public space Maintenance
[ i Support
Announcing plans Needed connection Commitment PP

At people’s house

numbers Pricing

Key decision-making moments: Feasibility & Contracting

>> commitment of end-users

%
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LITERATURE

End-user decision-making journey

%
TUDelft



LITERATURE

End-user decision-making journey

Most critical stages: Awareness & Consideration

However, decision is influenced by aspects in the execution and experiencing phase
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LITERATURE

Suitable areas

* Mixed-use, older urban areas with a constant heat
demand

* |In new developments
> developer has decision-making autonomy

* In existing urban areas with mixed tenure and ownership

structures
> more complexity

]
T U De I ft (Hoppenbrouwer & Louw, 2005; O’Neil, 2002)



LITERATURE

End-user typologies

HOMEOWNERS

POWER

Part of VWE

* Decision making power varies
> Homeowners have higher decision-making power and
interest

* Differenttype of home-owners have different needs

v

INTEREST

3
T U Delft (Khor et al.,2023; Mendelow, 1991)



LITERATURE

Homeowner characteristics

Building
Characteristics

Household
characteristics

Behavioral
characteristics

Building year Ownership

Trust

Typology Age Awareness

Education Interest

Willing to spend on

Heat demand energy transition

Employment status

Energy label Income Previous EER

Current heating

Disposable income
system

Social norms

N

Savings

(van den Brom et al., 2018; Santin et al., 2009; Khor et al.,2023; Ebrahimigharebaghi, 2022;

ARUBETENE) St Brounen et al,, 2012; Vaseur & Marique, 2019 ;Mashhoodi et al., 2020; Wahi et al., 2023)
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Barriers per project phase

LITERATURE :

10
Barriers 2
: - 6
Barrier group Barrier
1.Lack of information 4
2.Accessibility of information 2 I I I II I lI
Inf ional & (kAT 3.Information overload 0
nformationa organlzatlona 4.Lack of awareness Initiation Feasibility Contracting Realization Operation
5.Nuisance B Informational/organisational W Behavioral/social
m Economic/ financial m Legal/technical
6.Lackoftrustin leading party
7.Preferringindividual heating solutions over collective systems
8.Skept|<:|sm about system perfprrpance ‘ Barriers per decision-making phase
. . 9.Resistance to change from existing heating system
Behavioral & social ; - 16
10.Influence of negative experiences from peers
11.No renewable energy source 14
12.Too much effort preparing for the connection 12
10
13.High initial cost &
14.Uncertainty about long-term cost savings compared to current heating system 6
- - e — 4
Economic & financial 15.Perceived risk of monopolistic pricing ) I I I I II
16.Future cost ‘ . - x B |
17.Costsof alternatives Awareness Consideration Decision Execution Experiencing
Legal & technical 18.Changingpolicies ®m Informational/organisational ® Behavioral/social
B Economic/ financial B Legal/technical

a Rubio Agullo et al.,2024 ; Ebrahimigharebaghi, 2023 ; Nouwelant and Pawson, 2017; Arthurson, 2013;
I U D e I ft Khor et al., 2023;; Chersoni et al., 2021; Osman, 2017;; Amel et al. 2017; Baginski & Weber, 2017)



LITERATURE

Drivers to willingness to connect

Barrier group Barrier

1.Clear overview of the benefits for their household

2. Accessible and understandable information about the system
3.Transparency about project timeline and connection process

4. Availability of user friendly support before, during and after the connection
5. Social norm campaigns; | don't want to be left behind from my peers

6. Positive word-of-mouth recommendations from friends/family/neighbors
Behavioral & social 7.Havingtrust in leading party

8. The feeling of contributing to sustainability goals

9. Increased level of comfort in my house

10. Lower energy bills

11.Increased property value

12. Energy independence (lessreliance onfossil fuels)

13. Compatibility of heat network with existing (heating) systems

Legal & technical 14. Flexibility to combine heat network connection with other measures
(energy efficiency measures like insulation or window replacement / aesthetic
measures like new kitchen or bathroom)

Informational & organizational

Economic & financial
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LITERATURE

EFFECTIVE APPROACH

What? When? How?
Information Timing Source & channel

%
T U Delft (Addimando, 2024; Jia et al., 2021; Gitzels, 2025



LITERATURE

Framework

(Mediuanfomatio%mingD

Tools for

/ Starting point
KAPPRO}B\CH + COMMUNICATION [Wiling, Neutral, Against] -

tailored HEAT GRID Barriers &

PROJECT INITIATOR

DECISION- END-USERS

strategies PROCESS drivers
Initiation POl Awareness Building Household Behavioral
N st characteristics | characteristics | characteristics
e -m2 -age - awareness
Feasibility 77N ” - current heating |-income - interest
financial \7 - system -education level |- social
e ~ N
(NE N <—— —<— -5 4
7 social
P s
R
Increase WILLINGNESS TO Influenced by
CONNECT
I U D e I ft wants FEASIBLE BUSINESS CASE &

succesfull heat grid project




Theoretical research Validation & Conclusion

TYPE OF
RESEARCH

METHODOLOGY

RQ1: Who are the different end-user groups within

suitableareasfor heat grids, and what are the specific RQ2b: How do these barriersvary across different MRQ: Howcan
characteristics and needs that influence their user groups and phases of the implementation and homeownersbe
willingness to connect? decision-making process? effectively engaged
RESEARCH as end-users in the

heat grid
RQ3: How can project initiators use different strategies implementation
to effectively engagedifferentend-user groups and processto optimize
optimize their willingness to connect throughout the theirwillingne ss to
heat grid implementation proc ess? connect?

QUESTION

RQ2a: What barriers hinder different end-user

groupsin their willingne ss to connectto heat grids?

Literature review

[ Deskresearch ]
[ Interviews ]
DATA
COLLECTION [ Case studies ]
TECHNIQUE
[ Survey ]
[ Data analysis ]
v v v \ 4
Understandingof the Understanding of end-user characteristics
stake holders' position and and decision-making process for willing to Overview of barriers and enablers thatinfluence
interest in heat grid projects. connectto a heat gid willingness to connect to heat grids, and how
these vary across end-user groups and decision- . .
* * * making and implementation phases. Systematic overview of
y—P barriers & drivers and
Case study Survey themes, interrelations
criteria and questions &
selection structure y v v ¢
OUTPUT Identification of Unde rstanding Validation
extra support of approach
measures preferences
vy ¢
TresmEiieal Best practices and
framework strategy
Ly recommendations for
projectinitiatiors to
increase willingness to
connect




METHODOLOGY

Mixed-method research

Literature

- building framework & input for
interviews and survey questions
- case study selection criteria

Case study

- cross-case analysis

- deeper understanding of phases
- barriers/drivers & extra support

Survey

- Design based on literature
framework and first case study
results from interviews

- Data for validation

- Approach & preferences

%
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UTERATURE

Interviews (Quaﬂk

CASE STUDY < SURVEY

\

Data analysis Quanhtat/

How can different end-user groups be effectively engaged in the
heat grid implementation process to optimize their willingness to
connect?

/



METHODOLOGY

Case study selection criteria & interviewees

Criteria Required Desired
Located in the Netherlands X
Renewable energy source X
Ongoing, planned or completed X
(active)lnvolvement of end users X
Public-private partnerships X
Municipality as leading party X
Housing association as leading party X
Energy company as leading party X
Failed project (due to end-user related X
barriers)
Succes project X
1 M1 Project manager heat transition Municipality 2
2 M2 Project manager participation Municipality 2
3 HA Project manager Housing Association 1
4 E-U1 Potential end user End-users 1
5 E-U2 Potential end user End-users 1
6 E-U3 Potential end user End-users 1
7 E-U4 Potential end user End-users 1
8 EC1 Process manager Energy company 1

%
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ANALYSIS & RESULTS

Case studies
A | Multatulibuurt Delft

* Housingassociations first

*  Homeowners engaged (WUP ready)
* Focus on no regret measures

* 4 alternatives

* Mostly engaged through community
events & letters

Warmtenet Voorhof |
Buitenhof en @

* Meedenkgroep

x|

% L | Sy NS,
doet ¥ L
ma— | || |— i || E a Enn E ‘\ duuorezaam :
=Ny ==d C e
|IFI| S a %/ ’@L[OENDA X - . . -
e T Ve '1_,,--,_/_”’4\ \sezungms ! a EE BB 2
Boe :
moone } Wat betekent dit
el voor woningeigenaren?
0 100 200m il en VWE’s?
Y — ) 0 Anders
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ANALYSIS & RESULTS

Case studies

A | Multatulibuurt Delft B | BoTu Rotterdam

Housing associations first
Homeowners engaged (WUP ready)
Focus on no regret measures

4 alternatives

Mostly engaged through community
events & letters

Meedenkgroep
8 el
- '\
== o ] \
% % e |
s —‘ I |— al || Ea E ‘Q
E ' | g !
A== L =T
l::l)/‘_"\_'i—-:,_f”j/g«gg'/ \ \Dmungrens

TUDelft

oet |
duurzaam =

o
EE BN
: EE BN
Wat betekent dit

voor woningeigenaren?
en VvE’s?

Warmtenet Voorhof
Buitenhof en GEIFEE "
TU DelftCampus §

Municipality in lead
Close partnership with energy company

Integral approach focussing on existing
problems and raising neighborhoods
socialindex (Veerkrachtig Bospolder-
Tussendijken 2028)

Subsidy (Nationaal Programma Lokale
Warmtetransitie) & Proeftuin Aardgrasvrije
Wijken

GFT biogas, HT)

TEO/TEA/TED (




ANALYSIS & RESULTS

Cross case analysis

Aspect Case A: Multatulibuurt Delft

Case B: Bolu Rotterdam

Phase of end-user engagement During initiation & feasibility Project manager heat transition

Leading/initiating partie(s) Municipality & housing association involved

Initiated by municipality, in close collaboration with energy company &

Ongoing — WUP published, implementation for housing corporations, decision phase
for homeowners

Project status & phase

housing association
Ongoing —decision phase for homeowners

Heat grid type Geothermal well

Waste heat

Preliminary end user groups Housing association tenants (great share of students) & homeowners

Letters, workshops, community building in neighbourhood, compensated
participation sessions, co-creation, survey, information sessions

Communication/participation

Cost concerns among homeowners, trust issues, complex VVE dynamics,
monopolistic pricing, awareness levels

Key Barriers

Financial incentives like increased property value, increased comfort,
sustainability

Key Drivers

User decision-making phase Homeowners stillin consideration phase; no mandate

Mainly socialhousing tenants, homeowners with diverse profiles

News letters, key community figures, multilingual local sustainability coaches,
Local community center “ de Verbindingskamer”

Coordination delays, planning issues, mistrust, net congestion, cost
concerns, personal problems, negative newsflashes

Financial support, trust building, key figures as coach, price stability
guarantees

Decided

Mix of 1960s flats and single-family homes; outdated collective systemsin some
buildings

Building typology

Socio-economic profile Mixed, modest-income households; some sustainability pioneers

Communication challenges Technical complexity, fragmented messages, VVE inertia

WijkvanNu as independent participation party. Use of small-scale participatory
formats with feedback loops. Key figure with open house. Meedenkgroep, trusted
locals, and neighbourhood-specific guides

Unique approach

Mainly post-war apartments, dense socialhousing blocks; row houses in clusters

Low-income, high diversity, many with language barriers and other problems

Low trust, multilingual needs, scepticalhomeowners, illiteracy

Integral approach, social community building and trust gaining, language and
sustainability coaches, individual approach with kitchen table conversations,
Haalbaar & betaalbaar




ANALYSIS & RESULTS

Cross case analysis: Barriers

Informational & | 1. Lack of information

Organizational | 2. Accessibility of information X
3. Information overload X
4. Lack of awareness X X
5. Nuisance X
Behavioral & 6.Lack of trust in leading party X X
Social 7.Preferring individual heating solutions over collective systems X
8.Skepticism about system performance
9.Resistance to change from existing heating system X
10.Influence of negative experiences from peers
11.No renewable energy source X
12.Too much effort preparing for the connection X X
Economic & 13.High initial cost X X
Financial 14.Uncertainty about long-term cost savings compared to current X
heating system
15. Perceived risk of monopolistic pricing X
16. Future cost X X
17.Costs of alternatives X
Legal & 18.Changing policies X
Technical

19.Unclear contractual terms, leading to a lack of understanding X
rights and obligations when connecting to a heat grid

20. Legal uncertainties around ownership and responsibilities X
related to the heat network infrastructure and services

%
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ANALYSIS & RESULTS

Cross case analysis: Drivers

Informational & @ 1.Clear overview of the benefits for their household

Organizational = 2.Accessible and understandable information about the system X X
3.Transparency about project timeline and connection process X
4. Availability of user-friendly support before, during and after X X
connection

Behavioral & 5. Social norm campaigns, people don’t want to be left behind X

Social from their peers
6. Positive word-of-mouth recommendations from X
friends/family/neighbors
7.Trust in leading party X X
8. The feeling of contributing to sustainability goals X
9. Increased level of comfort in my house

Economic & 10. Lower energy bills X X

Financial 11. Increased property value X

Legal & 12. Energy independence (less reliance on fossil fuels) X

Technical 13. Compatibility of heat network with existing (heating) systems X
14. Flexibility to combine heat network connection with other X

measures (energy efficiency measures like insulation or window
replacement / aesthetic measures like new kitchen or bathroom)

%
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ANALYSIS & RESULTS

Cross case analysis: Support measures

Support measures

1.Clear information and education about the benefits and operation of heat grid
2.More insights about the actual initial investment and other cost
3. Increased trust in leading parties

4. Community engagement with feedback opportunities
5. Customer support incl. service and maintenance

6. Participation opportunity about the connection process beforehand

7. Usage price stability guarantees
8. More financial incentives or subsidies

9.0ption to use heat network for cooling
10.Additional legislation that makes a heat grid connection more attractive

%
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ANALYSIS & RESULTS

Survey overview

1754 valid responses
majority (52,8%) of respondents are aged 55 or older

62,4% of respondents have completed higher education

Willingnessto connect  Percentage
Against 50,8
Neutral 35,3
Willing 13,9

a quarter of the sample (25,3%) has less than €20.000 savings / 20,3% of respondents preferred to not share their

amount of savings

The majority of homes in the sample were built between 1986 and 2020 (44,3%)

Most respondents (82,3%) are currently not connected to a heat grid and are not in the process of being connected.

Majority of respondents (64,2%) have already taken measures in the past five years. 23% say they might act depending

on subsidies or new regulation

81,1% still rely on a traditional natural gas boiler versus 14,9% who already use a (hybrid) heat pump.
44,7% of respondents are not familiar with the concept of heat grids.

25,8% of respondents felt more positive about connecting to a heat grid after completing

%
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ANALYSIS & RESULTS

Household Characteristics

* Olderrespondents less willing
* Education level plays arole
* Full-time employed people less willing

* Lot of people that didn’t share theirincome, are
willing

%
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Variables Category N Total Against Neutral Willing
% % % %
Age 18- 34 years 130 7,4 2,7 5,3 7,5
35-54 years 696 39,7 28,4 46,7 47,3
55 years or older 927 52,8 68,9 48 45,2
Composition Couple without children 726 41,4 37,3 39,2 50,8
Family 637 36,3 37,8 40,2 28
One-person household 313 17,9 15,9 17,1 18,3
Single-parent household 70 4 8,5 3,3 2,5
Non-family household 7 0,4 0,5 0,2 0,5
Education level High (HBO, WO, HAVO VWO) 1.089 62,4 72,7 60,8 57,9
Middle(MBO, VMBO) 649 37,2 26,4 38,6 40,8
No diploma 7 0,4 0,4 0,5 0,5
Employment status Employed full-time 701 40 48,3 38 28,1
Retired 458 26,1 18,9 23,5 35,9
Employed part-time 332 19 18,4 22,2 19
Self-employed 97 5,6 6,5 6,9 4,4
Housewife / Houseman/ full-time 83 4,9 2,5 5,3 6,5
carer
Unable to work 48 2,8 2,5 2,7 3,7
Unemployed 14 0,8 1,5 0,6 1
Gender Male 999 57 57,2 54,7 57,3
Female 754 43 42,8 45,3 42,7
Free disposable income 0-30% 786 44,8 50,7 46,3 41,9
31-60% 575 32,8 32,8 32,7 30
Over 60% 236 13,5 12,4 13,3 15,1
Prefer not to say 156 8,9 4 7,6 13
Totalincome €40.000-€60.000 493 28,1 24,4 27,3 27
Less than €40.000 376 21,4 19,9 21,2 21,3
€60.000 - €80.000 299 171 20,9 17,3 16,1
Prefer not to say 244 13,9 10,4 12,4 19
€80.000 - €100.000 183 10,4 13,4 11,8 8,3
€100.000 or more 158 9 10,9 10,2 8,3
Savings Less than €20.000 444 25,3 20,8 30,2 25,2
Prefer not to say 356 20,3 11,4 19,6 27,3
€20.000 - €40.000 326 18,6 22,4 18,3 14,5
€40.000 - €80.000 305 17,4 22,4 14,3 14,6
€100.000 - €200.000 129 7,4 9 8 6,7
€200.000 or more 108 6,2 6,5 5,7 7,6
€80.000 -€100.000 85 4,8 7,5 4 41
% savings willing to invest EER 20-40% 648 37 45,3 38,4 32,3
0-20% 482 27,5 29,4 26,1 27,6
40-60% 221 12,6 10 13,9 11,6
Prefer not to say 181 10,3 3 9,8 14,3
60-80% 172 9,8 10,4 9 10,6
Over 80% 49 2,8 2 2,7 3,5
Total N=1.754 N=201 N=510 N=733



Variables Category Total Against Neutral Willing
% % % %
Dwelling age 1971-1985 425 24,2 30,3 27,3 23,3
1986 — 2000 399 22,8 17,4 21,8 22,9
ANALYSIS & RESULTS
2001 -2010 233 13,3 18,4 13,1 13
. . . . before 1945 210 12 15,4 10 12,8
Building Characteristics
g 2020 or later 58 3,3 2,5 1,8 3,4
| don't know 17 1 1 0,4 1
Moving plans | do not plan to move, out of my current home 873 49,8 36,8 49,6 61,5
| don't know 228 13 10,9 15,3 12,6
| plan to move out of my current home, in over 5 years 181 10,3 13,9 12,4 10,2
| plan to move out of my current home, within 5 years 308 21,3 38,3 22,7 15,6
Size 100m2 - 149m2 723 41,2 49,3 40,6 41,3
Respondents livingin older buildings tend to be ;221”;2‘9;‘:;‘2 Zgi 1;2 ];2 12; 123
less willing 50m2 - 74m2 155 88 6 9,4 7,2
over 200m2 128 7,3 5,5 8,6 7,6
. . a1y | don't know 115 6,6 4 7,3 8
Homeowners of newer buildings are more willing 30m2 - 49m?2 27 15 5 14 ]
9 less than 30m2 8 0,5 0,5 0,8 0,1
50% of people that don’t have any plans for Future Type Terraced house 552 322 343 32 303
EER WOUld be W| u|ng Apartment 321 18,7 12,4 18,8 21,4
Detached house 313 18,3 12,9 16,7 17,3
. Lo . . . Semi-detached house 271 15,8 18,9 13,3 15,3
Large group is still in doubt and awaits incentives Corner house 239 14 164 157 131
. SR H . Maisonette 17 1 2,5 1 0,1
like subsidies or regulations
Future EER No, I don't have any plans 635 36,2 20,9 30,2 50,9
H H Maybe, depending on subsidies or new regulations 404 23 27,9 30,2 18,7
Bespondents WhO JUSt recently dld EER leSS Yes, | am currently exploring my options 399 22,8 37,8 23,5 11,9
interested I don't know / | have not thought about it yet 160 9,1 5 8,4 12
Yes, | am already working on it or have concrete plans 153 8,7 8 7,6 6,5
Past EER Yes, 2 years ago (2023) 373 21,3 24,9 24,1 19,2
Yes, just recently (2024 & 2025) 370 21,1 28,9 18,4 19,4
No, | never took any measures for a more energy 352 20,1 16,9 21 21,4
efficient house
Yes, more than 5 years ago 275 15,7 10,9 15,1 20,9
Yes, 3 years ago (2022) 210 12 11,4 10 10,2
Yes, 4 years ago (2021) 90 5,1 3 5,7 4,2
Yes, 5 years ago (2020) 83 4,7 4 5,7 4,6
4 VVE No, am not 1.299 741 74,6 79 81,9
Yes, | own my home as part of a VVE (Vereeniging van 451 25,7 24,9 21 18,1
e t Eigenaars / Homeowner association)
Total 1.754



ANALYSIS & RESULTS

Behavioral Characteristics

* Respondents with a heat pump are less willing
* People without moving plans are more willing
* Familiarity is a bigissue

* Most people are satisfied with their current
heating system

* Filling outthe survey influenced people’s
willingness

%
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Variables Catagory N Total Against MNeutral Willing
% ] % %

Heat grid connection lam not connected to & heat grid and not in the process of 1.444 823 41,7 29 11.3
getting & connection
lam already connected to a heat grid 201 11,5 i ! !
lam in the process of being connected to a heat grid 108 6.2 i ! !
|z your house connected to & heat grid? 1 0.1

Currant hagting aystam Matural gas boiler (CV keteal) 1.174 81,1 BO,E 82,9 75,7
{Hybrid) Heat pump 216 14,9 (13,4 7.5 13,5)
Collective heating (blokverawarming) 48 3.3 1.5 2.7 1.5
Soler Heater or PVT 10 0.7 1 0.6 0.5

Moving plans I do not plan to move, out of my current home av3 449.8 36,8 49,6
I don't know 228 13 10,49 15,3 12,6
| plan to move out of my current home, in over 5 years (after 181 10,3 13,9 12,4 10,2
20:30)
| plan to move out of my current home, within 5 years a7 26,9 (38,3 237 15,6
(oefore 2030)

Awereness about heat grids Mo, | am not familiar 740 44,7 (33,8 53.5 47,7
Yas, from news & media A06 24,5 24,4 225 29,2
‘Yas, out of own interest 224 13,5 15,4 B2 8.5
Yaa, municipality campaign 131 7.9 7.5 6.5 4.6
Yaa, from family / friends / neighbaors BE 5.8 ] 5.1 5
‘Yaa, anergy company advertisemeant 58 3.6 3.5 2.2 1.5

Parsonally approached Mo 1.588 90,5 83,5 87,1 48,5
Yas 165 8.4 8,5 2.8 1.5

Reason notwilling to connect 1 am satisfied with my current heating syatem ara 56,7 i !
I don't expect & heat grid connection to lowear my monthiy 150 225 i ! 20,5
energy bill
I don't consider a heat grid to ba reliabls 62 8.3 i ! B.5
| heve already irnvestad in an alternative heating systam a8 5.8 i ! 5.3
I don't hawe the financial means for the initiel investmaent 37 5.5 i ! ]

Survay influenca Mo, not at all 1.157 B& 47,3 GB. 6 82,9
Yaa, | feel more positive abowt connecting to 8 heat network 453 25,8 71 3,8
Yaa, | feel more negative about connecting to & heat network 143 8.2 1,5 4.3

‘Willingneas to connect lam neither in favor nor against being connected to a heat 510 353 i 510 ¢
grid
lam totelly against baing connected to a heat grid 486 337 n=486 ! ¢
lam ageinat being connected to a heat grid 247 171 n= 247 ! !
I am willing to connect to a heat grid 151 10.5 i ! n=151
lam vary willing to connect to a heat grid 50 3.5 i ! n=50

WWE Nao, | am mot 1.298 4.1 74,6 i) 81,9
Yea, | own my home &s part of a WE (Vereeniging van 451 25,7 24,8 Al 18.1
Eiganaamh’ Homeowner essociation)

Total 1.754



ANALYSIS & RESULTS

Significant characteristics for willingness to connect

Building Behavioral

Characteristics

Household
characteristics

characteristics

Ownership

Typology

Composition

2

Heat demand

Trust

Approach
preferences

Income

Savings

%
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Personal problems



ANALYSIS & RESULTS

Barriers
Barrier category per phase Total per phase
600 50%
500
40%
400
300 30%
200 20%
100 I II
: il =EEm | l |I
Awareness  Consideration Decision Execution Experiencing 0% i I| || i | || |
m Informational & organizational m Behavioral & social 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
m Economic & financial m Legal &technical B Awareness B Consideration MDecision HEExecution MBExperiencing
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ANALYSIS & RESULTS

Barriers

* Most barriers in the Awareness and Consideration
phase.
Especially Against group faces most barriers in the
Awareness phase

e Trust, in all phases
* Lackofinformation
* Highinitialcost

* Uncertainty about longterm cost savings
compared to current system

* Perceived risk for monopolistic pricingin later
phases

%
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50%

40%

30%

20%

10%

0%

50%

40%

30%

20%

10%

0%

50%

40%

30%

20%

10%

0%

Il

Against per phase

A

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Neutral per phase

| ! !L i i ll\ “

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Mh \l \ |

Willing per phase

|

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

m Awareness

m Consideration mDecision mExecution mExperiencing

b |l A L|. .

18

18

i l\ i |

18



ANALYSIS & RESULTS

Barriers

Catogory __[Bariers et | Neutal [ Wiling

Informational 1. Lack of information

& 2. Accessibility of information X
Organizational ' 3, |nformation overload X
4. Lack of awareness* X X
5. Nuisance X
Behavioral & 6.Lack of trust in leading party* X X
Social 7.Preferring individual heating solutions over collective systems | X
8.Skepticism about system performance
9.Resistance to change from existing heating system X
10.Influence of negative experiences from peers
11.No renewable energy source X
12.Too much effort preparing for the connection* X X
Economic & 13.High initial cost* X X
Financial 14.Uncertainty about long-term cost savings compared to X
current heating system
15. Perceived risk of monopolistic pricing X
16. Future cost* X X
17.Costs of alternatives X
Legal & 18.Changing policies X

Technical

%
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ANALYSIS & RESULTS

Drivers

70%
60%
50%
40%
30%
20%

10%

0%

©  —
D —

%
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Agree / Disgree total

6 7 8 9 10 11 12 13 14

5

B Agree

B Disagree

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Agreement level per willingness group

1T 2 3 4 5 6 7 8 9 10 11 12 13 14

B Against B Agree mWilling



ANALYSIS & RESULTS

Drivers

* Respondents don’t agree with social norm
campaigns being a driver

* The against group has overall higher disagreement
levels

* Lower energy bills are most agreed upon in all
groups

* Availability of user-friendly support

* Havingtrustin the leading party

%
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60%

50%

40%

30%

20%

10%

0%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Against agree / disagree

1 2 3 4 5 6 7 8 9

10 11 12 13 14

Neutral agree / disagree

oA ol ol . I||||I‘|| ol ||I|||
3 5 6 7 8 9

10 11 12 13 14

Willing agree / disagree

-| -| II -‘ || I| -| I| l| l‘ l| I| l| l|
1 2 3 4 5 6 7 8 9

10 11 12 13 14

B Agree M Disgree



ANALYSIS & RESU LTS

Drivers “Category | Drivers _____|Against | Neutral | Willing |

Informational & | 1.Clear overview of the benefits for their household = 30% 67% 81%
Organizational | 2.Accessible and understandable information 31% 63% 76%
about the system*
3.Transparency about project timeline and 30% 65% 81%
connection process
4.Availability of user-friendly support before, during  34% 67% 83%
and after connection*
Total times mentioned category 920 1340 645
Behavioral & 5.Social norm campaigns, people don’t want to be 11% 20% 35%
Social left behind from their peers
6.Positive word-of-mouth recommendations from 25% 45% 60%
friends/family/neighbors
7.Trust in leading party* 38% 68% 80%
8.The feeling of contributing to sustainability goals 16% 46% 67%
9. Increased level of comfort in my house 38% 68% 79%
Total times mentioned category 936 1265 644
Economic & 10.Lower energy bills* 53% 79% 85%
Financial 11.Increased property value 40% 70% 77%
Total times mentioned category 684 759 324
Legal & 12.Energy independence (less reliance on fossil 30% 60% 78%
Technical fuels)
13.Compatibility of heat network with existing 28% 58% 72%
(heating) systems
14.Flexibility to combine heat network connection 28% 55% 69%

with other measures (energy efficiency measures
like insulation or window replacement / aesthetic
measures like new kitchen or bathroom)
Total times mentioned category 631 889 440

%
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ANALYSIS & RESULTS
Support

Support category per phase Total per phase
600 700
500 600
400 500
300 400
200 300
100 II I 200
0 alnl .nan o Ll f |
Awareness Consideration Decision Execution Experiencing 0 ”7!! 7”!! ”J! 7”!! I ”J! ,,,!! ,,,!! II ,,,!!
m Informational & organizational m Behavioral & social ! 2 8 4 s 6 7 8 ° 10
m Economic & financial m Legal &technical mAwareness mConsideration mDecision mExecution mExperiencing
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ANALYSIS & RESULTS
Support

* Most support needed inthe Awareness and
Consideration phase.

* Against group slightly more in Awareness phase

* Against and neutral people in Consideration
phase

* Financial support measures most mentioned

* Trust

%
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50%

40%

30%

20%

10%

0%

50%

40%

30%

20%

10%

0%

50%

40%

30%

20%

10%

0%

Against per phase

‘|In ||||| L |i |||| Ill ‘|‘|I ‘Ll |i |II
1 2 3 4 5 6 7 8 9 10

Neutral per phase

||I.. “L I ‘n ‘|‘|I ||||. ‘|L |L ||‘I| "‘h
1 2 3 4 5 6 7 8 9 10

Willing per phase
|||I ‘ll ‘hl. ‘hll ‘"l‘ i'lu ‘|I.| ‘Ill |
2 5 6

1 3 4 7 9 1

‘h
8

mAwareness mConsideration mDecision m Execution mExperiencing



ANALYSIS & RESULTS
Support

E-E--E-E

1.Clear information and education about the benefits and operation X

of heat grid

2.More insights about the actual initial investment and other cost X
3. Increased trust in leading parties

4. Community engagement with feedback opportunities
5. Customer support incl. service and maintenance X X
6. Participation opportunity about the connection process beforehand X

7. Usage price stability guarantees
8. More financial incentives or subsidies X X X
9.0ption to use heat network for cooling X

10.Additional legislation that makes a heat grid connection more X X X
attractive

X X
X
X

>

>
X

%
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40%
35%
30%
25%
20%
15%
10%

5%

0%

ANALYSIS & RESULTS

Approach preferences

PREFERRED APPROACH METHOD

PREFERRED APPROACH SOURCE

50%
45%
40%
35%
30%
25%
20%
15%
10%
. l [ ™1 | | 5% I I I .
E-mail(s) Letter(s Community Other, please News & At the d oor 0% ... ...
event(s) specify  Social media, Municipality Energy Independent  Housing Friend/  Member(s) of
please company advisor association/  Family/ my own
specify WE Neighbour community

mAgainst mNeutral mWilling

%
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mAgainst mNeutral mWilling

40%
35%
30%
25%
20%
15%
10%

5%

0%

Initiation

PREFERRED APPROACH PHASE

Feasibility

mAgainst mNeutral

Contracting

Operaton

m Willing

Execution



ANALYSIS & RESULTS

Information preferences

2. Explanations about potential benefits Preferred information by willingness group
3. Explanations about potential disadvantages

— ) A

=SNWAUIONOCOO=NWAUION

5. Information about the impact on my property value

7. Information about which party will lead the project
8. Indication about the project duration and timeline
9. The works that need to be done in the area prior to the connection

11. Information about potential nuisance duringinstallation
12. Information about technical working of heat grid
13. The heat source that will be used

o

200 400 600 800

m Willing mNeutral mAgainst
16. Information about why a heat transition would be needed in the first
lace

|

%
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DISCUSION

Persona’s

TUDelft

Informational &
Organizational

Behavioral &Social

Economic &
Financial

Legal &
Technical

Informational &
Organizational

Behavioral & Social

Economic &
Financial

Legal & Technical

End-user group
Phase

Barriers

1. Lack of information
2. Accessibility of information
3. Information overload

4. Lack of awareness*

5. Nuisance

6.Lack of trust in leading party*

7. ing heating over
collective systems

8.Skepticism about system performance
9.Resistance to change from existing heating
system

10.Influence of negative experiences from
peers

11.No renewable energy source

12.Too much effort preparing forthe
connection*

13.High initial cost*

14.Uncertainty about long-term cost savings
compared to current heating system

15. Perceived risk of monopolistic pricing
16. Future cost*

17.Costs of alternatives

18.Changing policies

Support measures
1.Clearinformation and education aboutthe
benefits and operation of heat grid

2.More insights about the actual initial
investmentand other cost

3. Increased trustin leading parties
4.Ci i with
opportunities

5. Customer supportincl. service and
maintenance

6. Participation opportunity about the
connection process beforehand

7. Usage price stability guarantees

8. More financial incentives or subsidies
9.Option to use heat network for cooling
10.Additional legislation that makes a heat

1.Clear overview of the benefits for their
household

2.Accessible and understandable
information about the system*
3.Transparency about project timeline and
connection process

4.Availability of user-friendly support before,
during and after connection*

5.Social norm campaigns, people don’twant
to be leftbehind from their peers

6.Positive word-of-mouth recommendations
from friends/family/neighbors

7.Trustin leading party *

8.The feeling of contributing to sustainability
goals

9. Increased level of comfortin my house

10.Lower energy bills*

11.Increased property value

12.Energy independence (less reliance on
fossil fuels)

13.Compatibility of heat network with existing
(heating) systems

14.Flexibility to combine heat network
connection with other measures (energy
efficiency measures like insulation or window
replacement/ aesthetic measures like new

kitchen or bathroom)

Against

Awareness

X

34%
36%
35%
24%
30%

29%
32%

30%

34%

30%
27%
28%

31%
31%
28%

2%

34%
27%
25%
29%

Consideration

X

26%
27%
26%

24%

27%

27%

23%
25%

26%

34%

27%
29%

27%

38%
28%

26%

28%

28%
32%
37%
31%

12%
1%
12%
1%
17%

14%
14%
13%
13%
13%
13%
15%

14%

17%
20%

21%

9%

10%
15%

12%

14%

12%
17%
14%
12%

Excecution

6%

6%
6%
5%

6%

4%

4%
6%

4%

7%

6%
6%
4%
7%

3%)

3%)
4%

5%)

7%)

4%)
4%)
4%
5%

X

Neutral

Experiencing  Awareness

24%
24%

21%

3%

22%
24%

26%

18%

28%
17%
15%
19%

Consideration

35%
35%

28%
28%

40%

35%

31%
33%

31%

35%

51%
35%

35%

34%

36%
39%
48%
40%

15%
17%
16%
15%

18%
19%

17%

16%
19%
19%
21%
20%

23%

10%

13%
22%

15%

17%

14%
25%
20%
17%

Excecution

4%
5%
5%
27%
12%

6%
7%

8%
6%
6%

14%

7%

6%
5%
6%

%

4%

5%
8%

6%

12%

6%
6%
6%
8%

382828

4%

4%

3%

2%)
2%)

5%

9%

4%
4%
3%
6%)

Willing

X

Experiencing Awareness  Consideration

21% 32%
26% 34%
22% 34%

9% 25%
13% 25%
16% 34%
13% 30%
17% 30%
24% 24%
22% 29%
13% 26%
11% 38%
13% 43%
13% 32%
14% 26%
14% 29%
14% 30%

37% 29%
21% 47%
22% 33%
21% 34%
18% 27%
21% 37%
14% 41%
12% 44%
18% 36%

X

Decision

| conne more attractive 30% 30% 14% 5% 5%| 20% 38% 22% 7% 4% 16% 40% 21% 9% 6%

X

Experiencing

14%

2%)
2%
5%
3%
5%|

5%|
8%

4%|

6%)
5%

4%
3%

5%
4%
8%
5%|

5%

2%

3%
4%

7%)

6%)
3%
5%
6%|




DISCUSSION

Strategies & Persona’s

Jan, The Resistant Traditionalist:

- Retiree in aminimally insulated 1970s detached or rowhouse with a
gas boiler

- Lives on a fixed pension, so is cautious about financial risk, but has
paid off his mortgage already

- Potentially wants to move to a smaller place within 5years

- Shows resistance to change from status quo.

- Lower/ high education level

Barriers:

- Not aware of heat grids and sees no need to switch

- Fears higher costs and disruption

- Distrust in municipality or energy provider (monopoly, hidden future
costs)

- Scepticism about system performance

Drivers (potential):

- Strong financial support or subsidies, like lower energy bills
- More insights about actual investment and other cost

- Boiler breaks or sharply rising gas prices

-Trusted peer recommendations could potentially reach him
-Availability of user-friendly support before, during and after
connection

- Increased trustin leading party

Engagement style:
- Avoids promotional campaigns

Strategy:

- Inform and educate subtly through trusted local figures

- No top-down messaging

- Address fears with peer stories

- Handle installation with extreme care and respect for comfort

%
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Sophie, The Cautious Considerer:

-Middle aged in a 1980s semi-detached house with moderate
insulation and a gas boiler

- Middle income, limited disposable budget

- Her house has some past EER like double glazing, but she is not
necessarily exploring future options

- Satisfied with current gas heating and values stability

- Open but hesitant

- Higher education level

Barriers:

- Concerned about upfront costs, unclear payback period, and
reliability

- Cost of alternative

- Trust issues with institutions and conflicting information

- Limited awareness (only via news & media)

Drivers:

- Interested in saving on energy bills

- More insights about actual investment and other cost
- Peerrecommendations could boost confidence

- Increased trustin leading party

- Increased level of comfort

- Increased property value

Engagement style:

- Responds wellto simple, relatable, non-technical information

- Prefers trusted messengers, such as independent experts or peers
- Overload of complex details could demotivate

Strategy:

- Use relatable personal examples & trusted messengers

- Tackle financial and reliability concerns with calculation tools and
peer examples

- Provide guarantees and support & maintenance after connection

- Minimize nuisance and disruption with good planning

Currently in phase: Awareness/Consideration

Mark, The Enthusiastic adopter:

- Middle-aged, high educated homeowner

- Livesin a well-insulated semi-detached house (1990s) with stable,
high income and savings

- Environmentally conscious: proactively informed himself via news
and research

- No moving plans and has just taken other EER measures like extra
insulation and is currently exploring future options

Barriers:

- Information overload

- Uncertainty about long-term cost saving compared to current heating
system

- Too much effort preparing for the system

Drivers:

- Clear overview of the benefits for his household

- More insights about actual investment and other cost

- Transparency about the project

- Availability of user-friendly support

- Trust in leading party

- Energy savings, future-proofing home, sustainability goals

- relatively strong trust in publicinstitutions and project initiators

Engagement style:

- Actively participates in community meetings and reads municipal
updates

- Responds wellto clear, detailed information like cost calculators

Strategy:

- Maintain momentum with clear, timely, and personalized
communication

- Keep informed through early project updates and be transparent

- Offer cost-benefittools and legal clarity to confirm decision

- Make sign-up process simple and supportive

- Ensure smooth installation and responsive support

- Train them as grid coach to motivate others

Currently in phase: Consideration / Decision




DISCUSSION

Strategies & themes

Awareness & Lack of information

Launch coordinated public info
campaigns (local media, peer
sessions, coaches)

Usevisual and simple language to
explain heat grid concepts

Tailor information to different
literacy levels and demographics

Create 1 access point for FAQs,
helpdesk, or guided explanations

%
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Trust & Engagement

Involve local community
members and homeowner
associations

Use independent experts to
validate technical and financial
plans

Co-create and maintain two-way
dialogue

Publish updates on budget,
pricing, and decision-making
transparently

Be present and visible for people
to address concerns and have
someone to talk to

Financial Support

Offer upfront subsidies and
collective discounts

Partnerwith involved
stakeholders to provide
transparency and best price

Guarantee fixed or predictable
pricing to reduce uncertainty

Provide personalized cost-saving
estimates and property value
insights

Technical & Practical Support

Provide a one-stop-shop model
for home prep and upgrades

Offer personal assessments
and clear installation timelines

Reduce nuisance: coordinate
works, offer temporary
solutions

Ensure smooth handover and
ongoing support after
connection




CONCLUSION

How can different end-user groups be effectively engaged in the heat grid implementation process by project initiators
to optimize their willingness to connect?

Building Characteristics
- Current heating system

1. Identify: Classify potential end-users using observable
characteristics (ownership type, building type, income level, etc.)

influence End-users’
2. Predict: Map these user profiles to one of the three personas to Household characteristics NS > \C’\S:L”egcfless to
understand likely barriers and drivers. - Age
- Education
3. Engage Early: Build trust and awareness in the Initiation and - Income

Consideration phases using appropriate channels (Like 7 CAEPE el it

municipality-led approach, personalized home visits, peer

ambassadors). Behavioral characteristics
- Trust increase

- Awareness
- Previous EER

4. Tailor: Customize the approach method and information based
on the persona's needs, ranging from low-effort, personal
situation-based communication to participatory co-creation.

OR Customize the approach method and strategy based on the
key barriers that need to be addressed in the specific project

context CHOOSE PERSONA STARTING Mitigate barriers with
POINT extra support & tailored
approach per phase or

- The Resistant Traditionalist

I U Delft - The Cautious Considerer barrier theme

- The Enthusiastic Adopter




LIMITATIONS

Phases are subjective and hard to define, especially during
interviews

Since survey conducted among end-users>in the answers
more focus on the end-user decision making journey. The
project phases have been included, but outcome could be
questionable

The persona-based approach offers valuable insights, but real-
life households often show hybrid characteristics. Therefore,
they should function as flexible starting points rather than
fixed categories.

Self-reported data and social desirability bias

Attitudes, willingness to connect, or trust in stakeholders
could evolve asthe heat grid develops or as national policies
change

Stakeholders interviewed were primarily already involved in

the projects, which might have skewed perspectives toward
more informed or favorable views

%
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Longitudinal studies on behavior over time
Follow households throughout a heat Frld project to understand their
decision-making process on a deeper level

Effectiveness of engagement strategies
test different engagement strategies on a group of participants to see what
actually works

Evaluate satisfaction, regret, comfort, cost perception, and
recommendation likelihood after connection

Include more underrepresented groups: you n%people for example. It can be
useful to already develop strategies for future homeowners

More statistical evidence

Changing policy influences (like Wet Collectieve Warmte)

FUTURE RESEARCH



THANK YOU FOR LISTENING

QUESTIONS???

%
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