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The renovation challenge

~40%    of EU energy use is in buildings, and ~36% of energy-related emissions

85-95%      of today's buildings will still be standing and in use in 2050

2050      the Dutch target: a zero-emission building stock (55% down by 2030)

~1%/year   renovated now, against the 2 to 3% the targets require
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Renovation happens in stages

1
Adding or improving 

insulation

2
Heat pump or district 

heat installation

3
Renewable energy 

generation (e.g. solar)

staged over 15 to 20 years
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The Dutch energy label

Top half Bottom half

New energy label for a C-dwelling, shown as its two halves. Source: Voorbeeld nieuw energielabel, Volkshuisvesting Nederland / RVO.
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Energy Performance Certificates (EPC)

 The EPC is the EU's existing instrument for disclosing performance (2002 EPBD)

  Classifies a building's expected performance on a comparable scale (A++++ to G)

  A model-based estimate of current performance; it does not track change over time

  Its recommendations are generic, not a sequenced roadmap

  It leaves open what to do, in what order, with which dependencies, and with which data

EPC, energy performance certificate   ·   EPBD, Energy Performance of Buildings Directive



8

Instruments introduced by the European Commission

Digital Building Logbook
digital repository of all relevant
building data

Building Renovation Passport
staged renovation roadmap, tailor-made
for one building

draws on

BRP, building renovation passport   ·   DBL, digital building logbook
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P A R T  1

Building data in practice

What do the professionals who advise homeowners actually need?

1   Who advises Dutch homeowners, and in what roles?

2   Which building data they use, how they gather it, and whether they share it
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The research gap

No Dutch empirical research exists of the professional practice a BRP would build on, 
specifically:

  Which stakeholders advise owner-occupiers, and how each role functions

  Which building data each role requires, and at what level of detail

  How that data is gathered, and whether it is shared between actors or re-collected

  What these stakeholders expect of a Dutch BRP built on this practice

BRP, building renovation passport
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Research questions

  Main research question   What are the building-data needs of the stakeholders involved in providing renovation 
advice to Dutch owner-occupiers towards an emission-free home, and what practical expectations do these 
stakeholders have of a Dutch BRP?

  SQ1   Who are the stakeholders that play a role in providing renovation advice to Dutch owner-occupiers, and what 
are their roles in the advisory process?

  SQ2   What building data do these stakeholders require to provide informed renovation advice, and at what level of 
detail?

  SQ3   What practical expectations, concerns, and missing elements emerge regarding a Dutch BRP?

BRP, building renovation passport   ·   SQ, sub-question
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P A R T  2

Building data in a model

Can an existing open data model actually carry that dossier?

1   Compare existing initiatives to define a checklist (the MSRD)

2   Test whether an open data model can carry it
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The research gap

1 There is no agreed definition of what are 
the relevant fields for a BRP

•  Existing logbook/passport data models are often closed, 
only partly published, or just Excel spreadsheets

•  So, you cannot tell what they cover, and each new one starts 
from scratch

→ no agreed, openly published list of required data fields, 
relations, etc.

2 An open standard exists, but is untested

•  CityGML 2.0 + Energy ADE 3.0 is open, formally specified, 
and maintained for a decade for urban energy modelling

•  Whether it is good enough as a BRP data model has never 
been tested

→ test whether it is a meaningful starting point, and whether 
and where further development is required

BRP, building renovation passport   ·   ADE, application domain extension   ·   MSRD, minimum set of required data   ·   DBL, digital building logbook
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Research questions

  Main research question   To what extent does CityGML 2.0 + Energy ADE 3.0 (beta 8) constitute a meaningful 
starting point for a Building Renovation Passport data model, and what targeted extensions are required to close the 
gaps?

  SQ1   Which data fields constitute the MSRD for Building Renovation Passports?

  SQ2   To what extent does the CityGML 2.0 + Energy ADE 3.0 (beta 8) data model cover the MSRD?

  SQ3   What does testing CityGML 2.0 + Energy ADE 3.0 (beta 8) at per-building and city scales, using real Dutch 
building-stock data, reveal about its adequacy and gaps?

MSRD, minimum set of required data   ·   SQ, sub-question
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The research gap (recap)

No Dutch empirical research exists of the professional practice a BRP would build on, 
specifically:

  Which stakeholders advise owner-occupiers, and how each role functions

  Which building data each role requires, and at what level of detail

  How that data is gathered, and whether it is shared between actors or re-collected

  What these stakeholders expect of a Dutch BRP built on this practice

BRP, building renovation passport
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Who advises homeowners, in the literature

Nine roles derived from Dutch-context studies, and which sources name each. Own work.
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Research design

Research design. Own work.

BRP, building renovation passport   ·   DBL, digital building logbook   ·   MSRD, minimum set of required data
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Interview respondents

Code Stakeholder group Sector

P01 Homeowner Private

P02 Energieloket Public-funded

P03 Government (national) Public

P04 Government (national) Public

P05 Homeowner / Private landlord Private

P06 Energy advisor / energy coach Non-profit

P07 Energy advisor / energy coach Non-profit

P08 Government (municipal) Public

P09 Energy advisor / energy coach Non-profit

P10 Contractor / installer Private

P11 Government (municipal) Public

P12 Government (municipal) Public

P13-P15 Contractor / installer Private

P16 Citizen initiative Non-profit

P17 Energy cooperative Non-profit

Anonymised list of participants and their roles. Own work.
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Interview themes

  The building data they consider, and what is a must-have against a nice-to-have

  How they gather that data in practice, and from which (external) sources

  Where data is unavailable, and how they deal with that (estimation, proxies)

  Where the data is stored, who can access it, and what they share with others

  The software and tools they use, the inefficiencies they face

  A closing reaction to a live example of the data model
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SQ1   The advisory field

  The nine roles from the literature all hold, but the real field is wider and more layered

  A wider intermediary field the literature misses: knowledge institutes (e.g. TNO, Milieu 
Centraal), cooperatives, citizen initiatives, energy coaches, banks

  The day-to-day relationship runs through intermediaries; the municipality is further from 
residents, often directing to these intermediaries, and/or subsidising them

TNO, Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek
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SQ1   How the roles actually work

  Several of these roles are split in practice into more specialised roles

  The single certified energy advisor, for example, separates into two distinct roles

·  the certified EP-advisor, who issues the maatwerkadvies and stands behind the heat-loss calculation

·  the volunteer energy coach, who informs at a low threshold and stops short of the calculation

  Many roles draw, and actively guard, an inform-versus-advise boundary

  For these roles impartiality is essential, sustaining resident trust and keeping the guidance objective
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SQ2   The data fields

AD certified energy advisor    ·    OSS one-stop shop    ·    CO volunteer energy coach    ·    CT contractor / installer
GN national government    ·    GM municipal government    ·    CI citizen initiative or cooperative

●  primary        ○  situational        –  not typically used        ‡  deliberately excluded

What divides the field is the level of detail, not which fields.
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SQ2   Nationally-available data

AD certified energy advisor    ·    OSS one-stop shop    ·    CO volunteer energy coach    ·    CT contractor / installer
GN national government    ·    GM municipal government    ·    CI citizen initiative or cooperative

●  primary        ○  situational        –  not typically used        ‡  deliberately excluded

BAG, Basisregistratie Adressen en Gebouwen   ·   CBS, Centraal Bureau voor de Statistiek   ·   RVO, Rijksdienst voor Ondernemend Nederland
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SQ2   Building-specific data

AD certified energy advisor    ·    OSS one-stop shop    ·    CO volunteer energy coach    ·    CT contractor / installer
GN national government    ·    GM municipal government    ·    CI citizen initiative or cooperative

●  primary        ○  situational        –  not typically used        ‡  deliberately excluded
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The renovation-history gap

The gap is not a missing field, but the absence of records of what earlier 
professionals captured for the dwelling.

  Each professional already records some of it (photos, drawings, surveys, insulation values, 
executed measures), but almost none of it travels

  Primary for every stakeholder, with the most consistent demand across actors and the most 
consistent absence in practice
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SQ3   Expectations of a BRP

  Integration over replacement: build on top of the systems they already run, with 
nationally uniform minimum requirements, not a new central database

  Record once, reuse later: the value of a central source is less repeated data collection and 
destructive on-site research

BRP, building renovation passport
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SQ3   The concerns they raise

  Privacy is a concern, particularly at the move to a public central layer, not in current 
professional contact

  Cost and update stay open, namely who pays and what triggers a refresh, with the energy-
label fee as a warning example

  Executability: that a calculation says a measure should be taken does not mean it can be 
carried out on the specific dwelling

BRP, building renovation passport
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The BRP should become two things at once

Roadmap Dossier

  The stepwise route to a zero-emission building

  Delivered now, as the maatwerkadvies in EP-
Online

  The building data beneath the roadmap, across 
the 15-to-20-year horizon

  Holds every data-need, and the history gap

The launch ships the roadmap. The dossier is the half practitioners need it to grow into.

BRP, building renovation passport
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Recommendation 1   Capture once, reuse many

  Close the renovation-history gap: each fact about a dwelling is captured many times today, and 
reused almost never

  A shared data model keyed to the BAG verblijfsobject, holding a structured measure layer plus the 
evidence and assets each party already produces

Three routes, each a trade-off, offered as options, not a sequence:

Subsidy-conditional   recording tied to the measure's subsidy; non-subsidised works stay invisible

Publicly funded capture   a free public service; the cost falls on the public purse

Mandated on completion   piggybacks on permits, insurance, and guarantees; quality depends on the executing party

BAG, Basisregistratie Adressen en Gebouwen
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Four further design recommendations

2 Open contribution beyond the certified maatwerkadviseur, with its source on each record; keep 
certification for the label

3 Design for multiple granularities of the same field: per-dwelling for advisors, aggregated reads for 
policy

4 Integration over replacement: APIs onto the systems they already run, plus nationally uniform 
minimum requirements

5 Layered privacy by default: factual data open, offer and pricing owner-controlled, behaviour stays 
with the resident

API, application programming interface
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P A R T  2

Building data in a model

Can an existing open data model actually carry that dossier?

1   Compare existing initiatives to define a checklist (the MSRD)

2   Test whether an open data model can carry it
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The research gap (recap)

1 There is no agreed definition of what a 
BRP must hold

•  Existing logbook/passport data models are often closed, 
only partly published, or just Excel spreadsheets

•  So you cannot tell what they cover, and each new one starts 
from scratch

→ no agreed, openly published list of required data

2 An open standard exists, but is untested

•  CityGML 2.0 + Energy ADE 3.0 is open, formally specified, 
and maintained for a decade for urban energy modelling

•  Whether it is good enough as a BRP data model has never 
been tested

→ test whether it is a meaningful starting point; even a negative 
result would be a useful contribution

BRP, building renovation passport   ·   ADE, application domain extension   ·   MSRD, minimum set of required data   ·   DBL, digital building logbook
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Existing initiatives

The 14 assessed initiatives (I1-I14), the raw material the MSRD is synthesised from. Own work.

MSRD, minimum set of required data



G
E

O
M

A
T

IC
S

34

Defining the Minimum Set of Required Data (MSRD)

1

Review past initiatives

Review of 14 EU logbook/passport 
initiatives.

Through research output, policy 
documents, web-platforms, software, 
Excel files, etc.

2

Compare them field by 
field

Break each model into fields; group 
them by meaning into 13 modules 
across 3 layers (repository, assessment, 
functional).

Match up fields that mean the same 
thing but are named differently.

3

Define the MSRD

Relevance filter: weigh how often a 
field appears, what the EU directive 
(EPBD) requires, and what 
practitioners need.

Relevant? → into the MSRD.

BRP, building renovation passport   ·   DBL, digital building logbook   ·   EPBD, Energy Performance of Buildings Directive  · MSRD, minimum set of required data
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Comparing the initiatives

Module 1 as an example: each field against the 14 initiatives (I1-I14), its frequency, and whether it passed the relevance filter into the MSRD. Own work.
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The Minimum Set of Required Data

276 fields   ·   13 modules   ·   3 layers

Repository
raw building data

Identification · general characteristics · 
envelope & construction · technical 
systems · documents · dimensions · 
operation & use · legal & finance · 
ancillary data

Assessment
performance

Energy performance · indoor 
environmental quality · smart readiness

Functional
the roadmap

Renovation advice
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How the initiatives cover the modules

The 14 initiatives across the 13 modules, grouped into the repository, assessment, and functional layer. Own work.
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Mapping the MSRD to CityGML + Energy ADE

Module 1: each MSRD field assigned its place in the model. Own work.

MSRD, minimum set of required data



G
E

O
M

A
T

IC
S

39

G
E

O
M

A
T

IC
S

Module 13: each MSRD field 
assigned its place in the model. 
Own work.
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Module 13: each MSRD field assigned its place in the model. Own work.
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262 of 276 fields covered  ≈  95%

Coverage of the MSRD as defined here (via the relevance filter, not an external ground truth); 100% for 8 of 13 modules. Own work.
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Testing at two scales: one building, then a whole city

Scale 1
one building

Collect on site
one dwelling, surveyed on site

Build the file by hand
in Energy ADE

A valid file Gaps found

Scale 2
a whole city

Collect open data
BAG · 3DBAG · EP-Online · 

BGT · CBS

Assemble
into one document

A valid file Coverage + data quality

BAG, Basisregistratie Adressen en Gebouwen   ·   BGT, Basisregistratie Grootschalige Topografie   ·   CBS, Centraal Bureau voor de Statistiek
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Storing multiple datasets/sources, simultaneously

The same rooftop solar collector carries two production histories at once, the metered output and an independent simulation, each as its own 
monthly time-series. Own work.

PV, photovoltaic
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PV production, measured vs simulated

Metered against an independent NTA 8800 simulation, both on the same collector. Own work.

PV, photovoltaic   ·   NTA 8800, the Dutch energy-performance calculation standard
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Geometrical representations

LoD0 LoD1 LoD2 LoD3 ZoneParts

One owner-occupier dwelling authored across LoD 0-3, with heated zones split into zone-parts (right). Own work.

LoD, level of detail
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Mapping open data sources

Mappings of the six data sources. Own work.
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A building and its EPC

One building linked from its BAG identity to its EP-Online certificate. The link is built into the model, not a manual spreadsheet lookup each 
time. Own work.

EPC, energy performance certificate   ·   BAG, Basisregistratie Adressen en Gebouwen
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Small area model, built from open sources

Emmer-Compascuum from BAG, 3DBAG, EP-Online, the solar-panel dataset, BGT, and 
CBS, in the KITModelViewer. Own work.

BAG, Basisregistratie Adressen en Gebouwen   ·   BGT, Basisregistratie Grootschalige Topografie   ·   CBS, Centraal Bureau voor de Statistiek
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Scaling up

Delft Groningen Zwolle Emmer-Compascuum

The same pipeline run on four areas, the municipalities of Delft, Groningen and Zwolle plus the Emmer-Compascuum settlement (up to 
~94,000 buildings), each coloured by its energy label. Own work.
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Integration makes data quality visible

  BAG and EP-Online disagree on the construction year for about 2 in 5 buildings

  EP-Online uses 1930 as a placeholder year for ~7-12% of labelled buildings (highest in Delft)

  EP-Online years cluster on round numbers: ~1 in 4 ends in zero, against ~1 in 10 expected

  About two-thirds of building units link to an energy certificate at all

  Rooftop solar area is decoupled from the energy label

BAG, Basisregistratie Adressen en Gebouwen
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Answering the sub-questions

SQ1    the MSRD
276 fields in 13 modules and 3 layers, once the relevance filter is applied across the 14 initiatives

SQ2    coverage
≈95% (262 of 276); complete for 8 of 13 modules, including the whole assessment layer

SQ3    adequacy
adequate to carry the data and to make its quality tractable; holds at both scales; gaps localised, not structural

SQ, sub-question   ·   MSRD, minimum set of required data
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Answering the main research question

  CityGML 2.0 + Energy ADE 3.0 (beta 8) is a meaningful, strong starting point

  The gaps are localised, not structural, and the model holds on real Dutch data at both scales

  The one substantial gap is Module 13, the renovation roadmap (73%)

  Practitioners (and open data) weight and use fields differently. The model lets almost every field be optional, 
which fits that divergence well
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What is still missing, and should be added

Renovation roadmap

Missing now

The model records one planned measure, but not the 
renovation as an ordered, described sequence of steps, each 
with its timing, depth, and expected effect on energy and 
cost. This is the largest gap.

To add

A structure that groups the ordered steps into one roadmap, 
queryable inside Energy ADE now, with the draft Scenario 
ADE as a richer route later.

Cost & finance

Missing now

Costs and revenue tied to energy use already fit, but 
subsidies, grants, insurance and certification (the one-off 
costs) have no place in the model.

To add

A home for these one-off costs; how to model money 
belongs on the Energy ADE development agenda.

ADE, application domain extension
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Implications and recommendations

Policy (EU & NL)
The roadmap gap is exactly EPBD Article 12 / Annex VIII, so the extensions double as close-the-gap recommendations. The Dutch 
gebouwrenovatiepaspoort (live 29 May 2026) is benchmarkable against the MSRD; the data-quality patterns are concrete inputs to 
the national building-data facility (LVG).

The Energy ADE effort
A CityGML 3.0 port is beneficial but not required for these fixes: the features used are already backported, and a tested 1.0-to-3.0 
mapping exists (Bachert, 2024). The proposals are offered for the development effort to review.

The RenoDAT consortium
Three deliverables to build on: the two open-source pipelines, the named data-quality reconciliation targets, and the MSRD as a 
candidate field set to test, contest, and extend.

EPBD, Energy Performance of Buildings Directive   ·   MSRD, minimum set of required data
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Two halves of one answer

Building data in practice

  What people need is a dossier, built around a 
renovation history that travels

  It should integrate, not replace the systems they 
already run

Building data in a model

  An open model can hold such a dossier — about 
95% already fits

  The gaps are localised; the main one is the roadmap 
itself

The foundation largely exists. The next step for the Dutch passport is to build the dossier half around 
a record that carries forward.



Thank you
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The candidate data model

Spatial-scale spectrum. Own work, derived from Agugiaro et al.

CityGML, City Geography Markup Language   ·   ADE, application domain extension
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The Energy ADE 3.0 modules

Package overview of CityGML 2.0 + Energy ADE 3.0 (beta 8). Reproduced from the Energy ADE 3.0 (beta 8) UML documentation.
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Year disagreement

Signed BAG vs EP-Online year difference as a clustered scatter. Own work.

BAG, Basisregistratie Adressen en Gebouwen
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Floor area by building type

Floor area and its signed cross-register difference, by building type. Own work.
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Step 3   The data model shown to interviewees

The MSRD data model from the parallel Geomatics thesis, one owner-occupier dwelling, shown live. Own work.

MSRD, minimum set of required data
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The same model, with the geometry

The same file with the geometry layer revealed, at LoD3. Own work.

LoD, Level of Detail



65

And it scales beyond one building

A small-area model, showing the same data model can also scale to a neighbourhood. Own work.
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