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TNO EMT

Netherlands Organisation
for Applied Scientific Research

% e
Connecting people and knowledge Creating innovations
ol ®
Sustainably strengthening business Sustainably strengthening
competitiveness well-being across society
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EEM NL Hub

A typical retrofit of a privately owned house

=

Homeowner

Supplier 1. Energy Advice: 3. Subsidy:
- Assess the property - Assess the property
A - Propose retrofit options - Assessment of retrofit option
<
——— //\\
o Qo
|
2. Quotation: 4. Financing:
- Assess the property - Assess the property
- Proposition for retrofit - Assessment of retrofit
option option

)
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EEM NL Hub

A typical retrofit of a privately owned house

* Time-consuming

 Uninformed
Supplier

P * Expensive!

e Unclear @

Homeowner

C—

 Complicated for clients

TNO o™
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EEM NL Hub

Scaling up the efficient way

Municipalities

—

ESCOs

AN

C———
Banks

Constructors

NGOs

—>

Centralized property data
collection

Better understanding of
target groups

Standardizing retrofit

options and clustering

TNO o™



EEM NL Hub

Scaling up the efficient way
H
Frat]

Municipalities

* Saves time
ﬁ * Saves costs

ESCOs

AN
piinng Easier for clients and suppliers @

Banks

* Createsclarity

Constructors




EEM NL Hub

How does TNO
support this?

. Centralized property data collection
Better understanding of target groups

. Standardizing retrofit options and
clustering

m innovation
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EEM NL Hub

Supporting centralized property data collection

Variable datasets

¢ |[nconsistent
* Incomplete
¢ Unavailable
¢ Expensive

We are
here:

Micro modelling
entire Dutch
Housing stock
(Hestia)

¢ Combination of known
data

e Consistent
e Open Source
e But:

¢ Includes assumptions
and

e Extrapolations

Central data
Facility

¢ Central data collection

¢ Standardized
assessments

e Central “Database”
* Privacy proof
¢ Available for all
¢ Proven reliability

¢ Enriched by validated
modelling results on:

e Cost

e Energy savings
® Risk’s

® Property value

innovation
for life



Hestia dub Micro-modelling the entire Dutch housing stock (Hestia)

Hestia contains lots of object-level data

Behaviour

Energy
consumption

Energy bill

Property
type

Equipment

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

Simulating annual change

Simulate changes over time

Past (2000) Present Future (2050)
et A

 Change in energy
consumption

* Energy savings

* |nvestments

* Labour demand

 Material demand

m innovation
for life




i ch housing stock (Hestia)

Hestia contains every house in the Netherlands
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EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Creating a micro-dataset for analyses

[aXaXaTataRaPaosasl
Micro-dataset of the
oo ~ Dutch housing stock




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

Microdata analyses

Statistics  Municipalities  Banks

|6 6 & 6 0 &) fnd fnd @l

Time \ )
OtherrYnicro-
datasets
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EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Microdata analyses

s

Enriched data on:
Costs and benefits
Labour market
Policy effects



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

Microdata analyses

Select groups based on

3 household type

Location

v

Time

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

Microdata analyses

Select groups based on

4 location

ATERERA -

Location

v

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

Microdata analyses

Select groups based on

year

B

Location

2 E2 D

v

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

Natural gas savings

* 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

Aardgas besparing (GJ)
Buurtgemiddelde

[ 10-30

[ 130-60

[ 60-90

B 00 - 120

B 120 - 150

L F5 '}L\

r
e 0
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EEM NL Hub Micro-modelling the entire Dutch housing stock (Hestia)

Applications of
micro-modelling

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 AMROQO’s mortgage portfolio

Policy scenarios for energy poverty

fa

Income effects for owner-occupied homes for 4 options,
euros per year, 2030 price, KEV middle scenario, mortgage interest 4%

up to
120% of
minimum

120% minimum -
1x average
income

1x - 1.5x
average

income

1.5x - 2x
average
income

& 2x - 3x
GJ average

income

>3x
average
income

@ Central estimate

Social standard (15)
15 and nZEB ‘

15 and eVPP

nZEB

Social standard (15)
15 and nZEB

15 and eVPP

nZEB

Social standard (15)
15 and nZEB

15 and eVPP

nZEB

Social standard (15)
15 and nZEB

15 and eVPP

nZEB

Social standard (15)
15 and nZEB

15 and eVPP

nZEB

Social standard (15)
15and nZEB |
15and eVPP |

nZEB
-1,500

—=mmm— Range (uncertainty interval)

-202
e I
-283
E— =
-2
47
-247
°
242 |
[ ]
25
(]
| 50
L)
-209
-181
117
59
-212
[ )
-185
°
-147
e
| 85
[
-265
——
-184
—
120
103
-264
[ ]
-207 [
°
[ 110
[ ]
| 172
[ [ ]
-1,000 -500 0 500
Income effect (euros/year)
‘ Source: CPB and TNO d:d:3 TNO |
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EEM NL Hub

Supporting better understanding of target groups

.Unspecified

understanding of
households
eQualitative knowledge on
vulnerable groups

eGeneral knowledge on drivers
and barriers of consumers

We are
here:

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

eCost-benefit analyses for all
households

eDevelopment of customer
journey’s

eempirical research on drivers
and barriers

eLessons on effective support

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

eHouseholds are targeted:

eWith products that actually
fit their needs

¢|n a way they understand
and like

*On the right time
*By an agent they trust




EEM NL Hub Quantitative insights into vulnerable groups

Development of
energy poverty
indicators

Every household is assessed for energy poverty

Based on CBS microdata
Combination of:

Income data

Energy consumption data

Energy quality data

Indicatoren energiearmoede 2019 2020 2021 2022 2023@ Provincies

filters
Betaalbaarheid en huiskwaliteit r'

Laag inkomen, hoge energierekening ' \‘
Huiskwaliteit .

Laag inkomen, lage energetische kwaliteit

Laag inkomen met 6f hoge energierekening of

een woning met een lage energetische kwaliteit

Betaalbaarheid

Laag inkomen, zeer lage energetische kwaliteit

Mogelijkheid tot verduurzamen l ' ’
s -
Lage energetische kwaliteit woning, weinig 1"

investeringsmogelijkheden l’ =
g

Zeer lage energetische kwaliteit woning, weinig f | ”’
“\ 4\"

investeringsmogelijkheden

Landelijk gemiddelde %: Laag inkomen met
of hoge energierekening &f een woning met
een lage energetische kwaliteit

Z

0,9% 17,3%

o
[
’ 'I‘-'!'

2019 2020 2021 2022 2023 2024
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Probability of a negative income effect of at least -1% compared to reference group

Size of group
EEM NL Hub Quantitative insights into vulnerable groups Equal chance M Group
Smaller chance ¢ l = Higher chance W0 Reference group
o 1 2 3 4 5 6 100%
1
Income Reference = 1,5x-2x median
<120% minimum| _ — — — — —e 1 | 5,6%
° ° R T e s AR - 18.9%
Identifying vulnerable e A — i
2x median — 3x median *— . 21.2%
households S —
Age Reference = 30-50 years
<=30 [ | 3
50-70 I — 39.6%
. . . . . =70 [ H 7.6%
Using micro-modelling, we were able to identify EESTRaS
Household type Reference = couple without children
vulnerable groups. Srglewitheildren|  ® | | [y ———
Singlewithoutehildien| - e eieriiaheennnenseedrassnnesansfieennnananes . 205%
- . . . P, =.f|
In this case, the following groups were more Counlewithehildren| @7} L — 2.0
Ik I t N t. ff t f Construction year Reference = 1971-1980
ikely to experience negative effects from o8 | — .
insulating their homes: 10451960 Ol MR 1:.3%
= R [N (R [ N PR I 16.1%
g 1980-1992 I 19.4%
Low-income homeowners frorereeaeeidhe..
Ownership type Reference = home-owner
Commercial rent |_. N 13.3%
La rge homes Dwelling type Reference = terraced house
Corner house - [ ] 15,7%
Commercial rentals Semi-detached — 12,8%
Detached S O 76%
Multi-family house — B 9.7%
Usage surface area Reference = 80-110 m?
<80 m? *— e 15,4%
110-150 m? o} 10 20 30 40 50 60 . 35,1%
150-200 m? J ® . [ 14,7%
2200 m2| . : s Lo Lo I 4 - -
Gas consumption Reference = 20-50% of users {850-1200 m?)
<900 m? — | | 13,7%
s0arsome| ._ [ P S A I i,
samoma| e P A I oconncnanan] lnaoman aannod -_- .
o] 1 2 3 a 5 6
Smaller chance + T = Higher chance

Equal chance



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

Phase 1: Awareness

Customer journey -

Step 1: A of the transition Step 2: Being exposed to opinions Step 3: Awareness
to natural-gas free homes and different sources of Information of personal situation

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

X : Phase 2: Decision-making
Based on extended interviews and surveys, we

identified key drivers and barriers that N ®
households experience in each step. “ @

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

Step 4: Choice of orlentation, Step 5: Step 6:
waiting or active resistance Orientation Choosing a solution

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

Phase 3: Implementation
» U
_ lab
|

Step 7: Living In a home Step 8: Living In a Step 9: Becoming an
with ongoing work (partially) natural gas-free home ambassador I

—mforlife




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.

m innovation
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3.. Standardizing retrofit
options and clustering



EEM NL Hub

Standardizing retrofit options and clustering

Supporting the standardization of retrofit options
and clustering

Retrofits based on
one-on-one solutions

e Re-active

¢ Not scalable

* No pre-fab

* No economies of scale

We are
here:

Identfying possible
other applications of
proven sollutions
with Al modeling

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

e Support suppliers with
better targeting clients

¢ Helps them to specialise

Catalogue of
standardized
propositions linked
to clusters

e Multiple standardized
proven solutions for
each dwelling

e Standardized financing
and subsidies

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

innovation
for life



EEM NL Hub Standardizing retrofit options and clustering

The cluster approach

Minimale omvang
> 15.000 VAN

Together with market parties, TNO developed
the cluster approach.

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

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

/ RIS

ﬂ ~ 1:[1'11 w]l]

A\ e
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EEM NL Hub Final thoughts

o o P Centralized property
What is stopping us? data collection

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.

Better understanding
of target groups

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

* To provide credibility

* To prevent competing initiatives

Standardizing retrofit

options and clustering




EEM NL Hub Final thoughts

Main takeaways

* 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

e Customer journey!

TNO 5"
for life
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