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Energy efficiency targets at EU and national levels

European Union

* Actual renovation rate across EU: 0.5-1.5%
- Target of renovation rate across EU: 2.5-3% by 2050

World’s
Resources
Building sector
The Netherlands
| . 40% 40%
* Reducing 95% GHGs emissions by 2050
* Removing natural gas from the heating system by 2050
* Renovating 200K houses per year Energy use CO, emissions
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The Netherlands housing stock
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Share of Dutch owner-occupied sector
Energy Label
of the total residential sector

Evolution of the energy label distribution of the Dutch housing stock from 2007 to 2016
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The Dutch owner-
occupied housing sector

» The energy retrofit rates is low in Dutch owner-
occupied sector.

» Uncertainties exist in achieving ambitious
energy efficiency targets defined at national

levels.

« Dutch homeowners face issues such as finding
resources including a financial support or a
reliable contractor.

« Homeowners may decide not to perform
energy efficiency renovations.
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What's the challenge now !

. Climate change facts: lower building energy consumption and increase

energy renovation rate!

. 200.000 Dutch homes need to be renovated each year (Climate
Agreement 2018) in order to achieve Energy transition goal 2050 in the

Netherlands. — NOT happening!

. With the current technology available, the energy efficiency level in the
building sector can be increased by 30%. — but adoption NOT!

The challenge is:

How to motivate the housing sector, market and
occupants to participate in sustainable renovation !
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The knowledge gap

Influencing factors that can encourage or
hinder homeowners’ decision-making
towards energy retrofits are not widely

identified for homeowners and policy makers.
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Internal and external processes of decision making

S—
C—

Behavioural economics: New institutional economics:
Explaining internal process Explaining external process



An analogy to sustainable building & energy renovation

Air shuttle to the outer space

« Airfriction (barriers in the process: transaction costs)
(e.q., the effort of searching for contractors, quality of
information)

«  Gravity (internal cognitive biases, perception and
behavior)

(e.g., status quo biases, loss aversion)

«  Fuel & engine (incentive & nudges —intervention)
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Behavioral economics

* A more realistic understanding of human economic behaviour
 Emphasising the psychological and sociological foundations of
economic analysis (Camerer,1999).
- biases and their effects on the decision-making processes
- motivations and their effects on behaviour and decisions

« Contribution to the theories, predictions, and policies




Behavioural aspects

» Behavioral aspects: mainly illustrate a range of personal and contextual factors
influencing the homeowners’ cognitive decision-making process.

Personal Factors:
* cognitive awareness,

- attitudes and beliefs,

« experience and skKills.
Contextual Factors

*  Homeowners’ features,
*  Socio-demographics,
*  Property characteristics.
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Behaviourial aspects

Prior Conditions
Perceived needs/problems; Social norms of the systems; Innovativeness

Which ESMs are available? Socioeconomic, personality, |
Which one is appropriate? i and communication behaviour : Cognitive: awareness .
How much does it cost/benefit? § i~ Understanding Considering

<

Which procedures should they take? _ _
Who can help? EERs advantages ——  Affective: attitude
Are there examples? perception Planning

Is permission required?

<

Who are reliable contractors? Adoption (Continue/ P

Are there any subsidies/other benefits? Discontinue) h . 5 .
Rejection (Continue/ Dissonance? Decision
Later adoption) Intention/ choice

<

What can be done by homeowners? _
How much hassle/mess Behaviour Executing
does it bring? change

How much of the expectations are achieved?

<

-i-;u D If What are other appropriate types of ESMs? Infcernal fact_ors
elrt reinforce attitudes, Embed change/ continue use Experiencing
resolve dissonance
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New institutional economics and transaction cost theory

« Transaction cost theory by (Coase, 1937)
- Actual costs of using market are more that the price of a good or service
- A number of transaction costs to using the market including:
= Search and information costs,
= Bargaining costs, and

= Policing and enforcement costs
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Application of TCs in the field of energy efficiency

» TCs for lighting and insulation, which were 10% and 30% of the total investment costs for
suppliers

* TCs account for 8-38% of the total costs for public authorities

* Neglecting TCs in the evaluation (and preparation) of energy efficiency policies causes a sub-
optimal allocation of resources

« TCs involved in changing a heating system as equal to 18 hours, i.e., 13—-28% of the

predicted investment cost.
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Transaction costs and their affects on consumer decision

« Transaction cost means any unavoidable indirect costin a
transaction with an external party that negatively affects the
consumers' decision.

« Different forms:

- Time, effort, complexities in doing renovations, hassle

factors, mess and nuisance, and uncertainties
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Transaction cost and its determinants

1) Degree of asset specificity refers to durable investments that are undertaken in support of particular
transactions. These specific investments represent sunk costs that have a much lower value outside of

these particular transactions (Williamson, 1985).

2) Uncertainties surrounding transactions refers to three aspects: economic uncertainty, market uncertainty

and policy uncertainty

3) Frequencies refers to how often the buyers make purchases in the market (Williamson, 1985).

-i-;u Delft Asset specificity Uncertainty Experience
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Transaction cost factors

Considering

S

Planning

<

Decision

<

Executing
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 Location specificity
' Physical asset specificity

' Dedicated asset specificity

‘Human asset specificity

-
| benefits

Uncertainty due to

<

. opportunism

Experiencing

Increase transaction

<
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frequencies

Uncertainty on the expected

Costs

y
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» Transaction

(TCs)

A

Reliable expert and
information

_Reduce uncertainties because
of past experiences ’

External factors

Diffusion through social networks and other
communication channels

Reduce uncertainties of lack of communications
between different parties

Experiences of other people, social media, etc.

\ 4

TCs

Learning process = fewer efforts of

information collection and learning



Objectives of IEBB program
(Integrated Approaches for
the Energy Transition in
Existing Buildings)

» Developing affordable and user-friendly renovation
concepts for residential buildings

» Innovative solutions for heat conversion and storage

 Digitization

* Industrialization concepts

* Decision-making frameworks

Value chain integration and partnership models
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Project 5.2: Strategies for promoting

energy efficiency renovations in the §
.
. S
Dutch owner-occupied sector S '
|
~
—

renovation process —

» Assessing hidden barriers (the “transaction costs”) for
energy retrofits

» Provide homeowners with a hassle-free decision-making
process for energy retrofits

» Partners: TU Delft, the city of the Hague, the city of
Amsterdam, Enpuls (Buurkracht), MilieuCentraal
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Drocess and renovation process

Contents lists avallable at SclenceDirect

Energy & Buildings

Journal homepage: www ¢ ar comJocate/enbulid

Controes s avadabies 20

CAERSY

Energy Policy " N . - 9
T8y 2 Transaction costs as a barrier in the renovation decision-making

process: A study of homeowners in the Netherlands =

rournal homepage: www

Shima Ebrahimigharehbaghi®. Queena K. Qian, Frits M. Meijer. Henk J. Visscher

Deyr Unwersuy of Terhnology, Faculry of Archurcrue and tve Buir Emironmens, OTE, jubenakin 134, Deffr, B, 2625, the Nesherfomts

Unravelling Dutch homeowners’ behaviour towards energy efficiency

ARTICLE INFO ABSTRACT

renovations: What drives and hinders their decision-making?

ntry's

he cou
s search

ach

Shima Ebrahimigharchbaghi’, Queena K. Qian, Frits M. Mcijer, Henk J. Visscher

0 February 2020
e codine 13 Frbeuary 2020

ML NN B, v, e Sertetands

I Uveveray of Techmakngy, Facaly of Archmscrs and dw Sudi Cvremm— TR St {

Xeywords:
Renovation
Energy efticiency renovarion

ARTICLE INFO

execution pha

Transaction cost (TC)
Informarion b
The nethertands

contract 10 do ext
wergy efficiency of the

Keywwdh The Dussing stoch Bus o comndderalie (e of Q0% & cxvrgy somassagion s 0% of OO canbsdons in the HLL

L e

y oficiony and sssimions Gpets wn by T The Notherlonds has almod &

= -
7N

\\v/\ B R I BUILDING RESEARCH & INFORMATION g{ Routledge
v " - Taybor & Francis Group

IS YA {{doi.0rg/10,1080/09613218.2021.1929808
Trmsnartbon swnts (1000 © 2020 The Authors. Pu
Iy L 8 OPEN ACCESS W) Chook fo This is an open access articke under the CC BY license. (I

Ihe wiar wnh sy

A
Do It Yourself (DIY)
=, while for mtenor n

contribute t
relation to the re

on of hou

rativecomm

Identification of the behavioural factors in the decision-making processes of the

energy efficiency renovations: Dutch homeowners Appllcatlon. qf cumulative prospect theory in understanding energy "
_ - ; _ . . _ retrofit decision: A study of homeowners in the Netherlands o
Shima Ebrahimigharehbaghi ©, Queena K. Qian ©*, Gerdien de Vries ©© and Henk J. Visscher
Faculty of Architecture & the Built Environment, Delft University of Technology, Delft, Netherlands Shima Ebrahlmlghatehbaghl e Queena K Qlan oA Cerdien de Vres 1.. Henk J Visscher”
2 Delft University of Technalegy, Faculty of Axchitecture & the Bullt Envionment, julienalon 134, Dalft, The Netherionds
b el Univemity of Technodary, Faculty of Tec) v, Policy and Mznagement, ja 5 The ) ands
4 ABSTRACT ARTICLE HISTORY Delft Univezity of Techmolagy, Faculty of Technology, Policy and Menagement, jafialan 5, Delft, The Netherlonds
Over half of all residential buildings in the Netherlands are owner-occupied. In this study, the Recelved 7 January 2021
influence of behavioural factors on individual decisions toward energy efficiency renovations Accepted 10 May 2021 > :
e (EERs) was investigated. This study focused on contextual (e.g. building characteristics), personal ARTICLE INFO ABSTRACT
(e.q. awareness of energy consumption), and motivational factors (e.q. improving comfort). ?zwt':ﬁn(ismr i
Logistic regression analyses were selected as the preferred method of analysis. The wnu?,::;m b?h::.'lnm- Article Mstory. Retrofitting residential buildings cnhelp mitigate the effects of climate change. Cognitive biases are sys
O u W u Netherlands’s housing survey energy modules, which was conducted in 2018, was the basis of  jnfiuencing factor: residential Recrhyesl 34 Decepher: 202 tematic deviations fram rationality in dedsion making and can lead to inaction delay, and uncer tsin ded
these analyses. 2878 homeowners were surveyed. Behavioural factors that influence the sector; owner-occupied i:'*:::mﬁu sions Understanding the cognitive bixses involved in residential renovation dedsions and developing
homeowners' decisions were investigated for four types of EERs: (1) double glazing, (2) sector; the Netherlands "“:;C;mm 18 k;nur o interventions to overcome them can help increase residential renovation rates. Despite their importance,
insulation, (3) photovoltaic (PV) panel, and (4) sustainable heating. It was found that a Famee few studies have examined the impact of cognitive biases on energy retrofits. The question addressed in

this study is: “Can accounting for cognitive biases improve the prediction of homeowners” actual invest
ment decisions, and how can the outcomes be used © recommend potential behavioural interventions? ™.
Expected Utility Theary (EUT) and Cumulative Praspect Theory (CPT) are compared to évaluate which

homeowners’ preferences for double glazing were mainly influenced by the characteristics of
the building and household and motivation to adopt EERs. Similarly, insulation and PV panels
were to be mainly influenced by building characteristics. For sustainable heating, a combination

Keywords:
Enecgy rezofit
Curmmeilsowe sroensT thanry




Unravelling Dutch homeowners' behaviour

towards energy efficiency renovations

° Research questions 2 | Contents lists available at ScicnceDirect -

POLICY

Energy Policy

- What are the main drivers and barriers to

journal homepag

energy retrofits from the behavioural research

Unravelling Dutch homeowners' behaviour towards energy efficiency

and transaction cost perSpeCtiveS? renovations: What drives and hinders their decision-making?

Shima Ebrahimigharehbaghi’, Queena K. Qian, Frits M. Meijer, < J. Visscher

- Whether the current energy efficiency policies IRl oo

match the homeowners’ needs? — ——

The housing stock has a considerable share of 40% in energy consumption and 36% of CO, emissions in the EU.
The Netherlands has aimed to renovate

reduction in CO, emissions, by 2050. Many factors including low

feving these targ The current study aims for understanding the

d to aid in

Housing

Barriers

Drive

Behavioural factors

ssction costs (TCs) ER process are n Se 5 sic

extrinsic barriers are explores on analyses are performed on the national Dutch survey data for re

novators and potential renovators. Our main findings include: (a) desir of their life,

rather than the financial benefits, etc. is identi s are the costs of EERs,
xities in the process, information barrie fi ¢ able experts and informatio For im-

provement in meeting renovation targets, the current Dutch policies need to consider all the decision criteria by

homeowners, such as: Reducing the complexi: 'ime needed to obtain loans and subsid Facilitating

access to information,
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1) Developing the theoretical framework of BE
on the energy retrofit decision making process

* Contextual factors

- Homeowner characteristics: size,

composition, and number of children

- Socio-demographic variables: age,

education, income, and employment

- Property characteristics: construction

period
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1) Developing the theoretical framework of BE
on the energy retrofit decision making process

*  Personal factors Behavior-influencing
- Cognitive biases and awareness, factors
- Attitudes and beliefs,
- experience, and skills
« Motivational factors
- Cost saving on energy bills

- Repairing/replacing equipment

Persuasion

Execution

Knowledge Decision Experiencing

- Enhancing the quality of life

- Increasing the house value

- Protecting environment

- Other's experiences, following others
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1) Developing the theoretical framework

of TCs on the energy retrofit process

* Information
- Time and efforts in finding info

» Credibility
- Searching & finding reliable information
and experts

Persuasion Execution

Knowledge Decision Experiencing

» Self/support
- Time/effort in finding support & help.

Transaction cost
barriers
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1) Developing the theoretical framework

of TCs on the energy retrofit process

* Work/Process (W)
- Disruption in the ordinary life and

anticipated hassle fact

- Perceiving energy retrofit as not

Persuasion

Execution

Decision

Knowledge Experiencing

essential
- Complexities in acquiring the
knowledge & skills
- Dissatisfaction of the past experience
- Time/effort apply for loans/subsidies,

doing the work

Transaction cost
barriers
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2) Methodology

 Dataset

- Netherlands national housing survey 2012 (Woon — Woon Onderzoek

Nederland)

- Conducted among the owner-occupied, social housing and private rental

sectors, 2784 homeowners

- Renovators and potential renovators
* Method of analysis: Logistic regression

P (renovation)
Lo'g 1 — P(renovation) - Socio_demographic variables
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3) Conclusions - the main identified

motivations during the DM processes

» For homeowners, quality of life (comfort level) is
amongst the top drivers, followed by general
maintenance of the house, and
saving money.

» Choosing “Increasing comfort” were 2.4 times more likely
to renovate compared to those who did not choose this

specific driver.
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3) Conclusions - the main identified

barriers during the renovation processes

» Limited/no subsidies and the costs of energy retrofits

« Complexity in applying for loans/subsidies

« Time and effort in applying loans/subsidies

« The unequal distribution of the subsidies and grants
among householders

* The time and effort spent in finding information,

« The reliability of information and experts
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Application of cumulative prospect theory (CPT)

in understanding energy retrofit decision

 Research questions:

- Whether CPT describes the actual decision-making
behaviour more accurate compared to expected
utility theory (EUT) in the context of energy
efficiency investments?

- How can the results of CPT be used to recommend
potential behavioural interventions for promoting the
energy efficiency renovations in the Dutch owner-

occupied sector?
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Application of cumulative prospect theory in understanding energy
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1) The theoretical framework:

cumulative prospect theory

« Loss aversion: people dislike more the same
quantity of losses than the same quantity of gains
« Reference dependence:
- The tendency to like things to stay relatively
the same
- The definition of the reference point and

usually is the current value/expectation

» Risk averse/risk seeking behaviors
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2) Methodology

Netherlands national housing survey

Dataset

energy modules 2012 and 2018

Conducted among the owner-occupied,
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2) Methodology

» Cluster analysis based on the household and building characteristics
» Calculation of the main components of EUT and CPT models
» Net present values of energy efficiency investments
» Predicting the energy prices using “Geometric Brownian Motion”
» Probability of each NPV
» A Kernel density estimator (KDE)

« Estimation of the EUT and CPT parameters using the genetic algorithm
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3) Conclusions — CPT in understanding

energy retrofit decision

«  EUT overestimated the actual decisions of
approximately 50% of homeowners

«  CPT predicted the decisions of 86% of
individual homeowners accurately

*  More accurate prediction of homeowners’
energy retrofit decisions by considering the
cognitive biases

«  The group of households that normally avoid
losses invest more to prevent the further impact

of losses
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3) Conclusions — insights for behavioural

interventions

-« lllustrate the impact of installing energy retrofits in

terms of reducing losses/costs for risk- and loss-

averse individuals

« The front runner in the market needs to be identified
and take the lead in adopting energy efficient

technologies
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Final remarks and recommendation for future research

« More than 180 cognitive biases have been identified. Future research on
the main CBs, such as social influence, is necessary.

«  Dynamic of collective decision making vs. individual decision making

«  Conducting experimental studies for testing the affects of other CBs

«  Experiments on nudges which facilitate a behaviour

* Examining the impact of energy efficiency policy instruments
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Thank You for
Joining this Lecture
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