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W H Y  T H I S  M A T T E R S

Buildings in EU energy: use and emissions

Demand keeps rising, still mostly met by fossil fuels.   And 63.5% of a building's energy goes to space heating alone, the 
obvious target for renovation.

The lever is renovation.

Figures: European Commission, Eurostat and the EPBD.

40%

of EU energy is
consumed by buildings

36%
of energy-related EU
greenhouse-gas 
emissions

~75%
of the EU building
stock is energy-
inefficient

85–95%

of today's buildings will
still stand in 2050
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T H E  P A C E  P R O B L E M

Low renovation rates and oneshot retrofitting

1,2%
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Today Needed for 2050

EU annual renovation rate, current vs. what 2050 targets require

60–75% cut in a building's energy demand is what 
deep, decarbonising renovation requires.

Why oneshot renovation backfires

The “low-hanging fruit” trap.  Ad-hoc, partial retrofits 
rarely reach the deep reduction, or improve comfort 
and air quality.

The lock-in effect.  An early cheap choice can physically 
or financially block the next, deeper step.

So you need a long-term plan.  Renovation is a multi-
year journey, it has to be sequenced, not improvised.
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W H A T  T H E  L A B E L  S H O W S

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.



O U T L I N E

Context

Problem

Research gap

Methodology

Results

Conclusion

6

T H E  T O O L  W E  A L R E A D Y  H A V E

Limitations of the Energy Performance Certificate

EPC
Energy Performance

Certificate

Mandatory since 2002 · valid up to 
10 years

Born from the 1970s oil crises, the 
Kyoto Protocol, and energy-security 

concerns.

Useful, but not a roadmap

A bureaucratic tick-box.  Often produced for sale or rent and then filed 
away, not acted on.

The performance gap.  Calculated performance rarely matches real, 
measured energy use.

Generic advice, no roadmap.  Recommendations are vague, with no 
order or dependencies between steps.

Silent on money, comfort & health.  Omits costs, savings and payback, 
and ignores the comfort and air-quality gains that drive renovation.
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E U R O P E ' S  A N S W E R  ( E P B D  I V ,  2 0 2 4  R E C A S T )

Two data-based instruments under EPBD IV

Digital Building Logbook

The repository

One shared store for all building's data across its 
whole life:
certificates, the renovation passport, smart-
readiness, ownership and more, so information stops 
living in scattered files.

Building Renovation Passport

The roadmap

A step-by-step renovation plan for one specific 
building.
It turns a static grade into a sequenced route to a 
low-carbon home, drawing on the data the logbook 
holds.

Both are framed by EPBD IV (Directive 2024/1275) and the EPB standards (ISO 52000 series), which define what 
“building energy data” means.
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W H Y  I T ' S  W O R T H  T H E  E F F O R T

Benefits of structured, open building data

Interoperability

One machine-readable format, no manual re-entry or 
translation between tools.

Cost & speed

Cuts redundant data collection; scales renovation from 
manual projects to automation.

Green finance & policy

Lenders and regulators can verify and track progress at 
scale, with confidence.

Automation & AI

A clean, structured building stock is exactly what AI and 
automated planning need.

In short:  Structured data replaces assumptions with objective reality and closes the performance gap.
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W H E R E  T H E  G A P  I S

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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H O W  W E  T E S T E D  I T

Research questions and approach

RQ 1 What does a passport need?

Which data attributes form the Minimum Set of 
Required Data (MSRD) a passport needs under EPBD 
IV and the EPB standards?

RQ 2 Can the open model cover it?

How completely do the CityGML + Energy ADE classes 
and attributes cover that MSRD, and where do the 
main gaps lie?

Synthesise the MSRD
from 14 European initiatives →

Map field-by-field
onto CityGML + Energy ADE →

Test on real Dutch data
at two scales
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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.

R Q 1  ·  T H E  M E T H O D

Defining the Minimum Set of Required Data (MSRD)
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R Q 1  ·  W H E R E  T H E  M S R D  C O M E S  F R O M

The MSRD derived from fourteen European initiatives

Government 
programmes

3

iSFP, Germany

Woningpas, Flanders

CLÉA, France

EU research projects

6

EUB SuperHub

ALDREN

iBRoad

X-tendo

BUILDCHAIN

OneClickRENO

Academic & 
framework

2

Gómez-Gil et al.

Ecorys EU DBL

Dutch operational 
tools

3

Vitec Vabi EPA

BuurtWarmteWijzer

Hoomdossier

We distilled what they all agree a passport needs into one open 
reference set, the MSRD:

276
fields

13
modules

3
layers



O U T L I N E

Context

Problem

Research gap

Methodology

Results

Conclusion

14

R Q 1  ·  F I E L D  B Y  F I E L D

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. 
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R Q 1  ·  T H E  F U L L  P I C T U R E

How the initiatives cover the modules

The 14 initiatives across the 13 modules, grouped into the repository, assessment, and functional layer. Own work.



O U T L I N E

Context

Problem

Research gap

Methodology

Results

Conclusion

16

R Q 2  ·  T H E  O P E N  S T A N D A R D

CityGML and the Energy ADE: an open semantic city model

CityGML is an open, international standard for describing cities and 

buildings, their shape, parts and meaning, not just their picture.

The Energy ADE extends it with everything about a building's energy: 

its construction, systems, demand and use.

Open & maintained 10+ years (OGC + community)

Built for energy modelling at urban scale

Formally specified, so coverage is testable
The question:  can this open 

model already carry a 

renovation passport?



O U T L I N E

Context

Problem

Research gap

Methodology

Results

Conclusion

17

R Q 2  ·  M A P P I N G  T O  T H E  M O D E L

Mapping the MSRD to CityGML + Energy ADE

Module 1: each MSRD field assigned its place in the model. Own work.
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R Q 2  ·  A  S E C O N D  M O D U L E

Mapping ex: Module 13

Module 13: each MSRD field assigned its place in the model. Own work.
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R Q 2  ·  R E S U L T  ·  C O V E R A G E

MSRD coverage by CityGML and the Energy ADE

Share of each module's required fields with a home in CityGML + Energy ADE

95%
of what a passport needs already has a place 
in the open model.

The one real gap?  The staged 
renovation roadmap itself, the 
passport's defining feature, at 73%.
Gaps are localised, not spread across 
the model.
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R Q 2  ·  R E S U L T  ·  I T  H O L D S  O N  R E A L  D A T A

Validation at two scales: dwelling to municipality

One house · full audit depth

A neighbourhood · 5 data sources merged

Urban function Area 



O U T L I N E

Context

Problem

Research gap

Methodology

Results

Conclusion

21

U S E  C A S E S  ·  B U I L D I N G  S C A L E

At the building level: an audit-depth test

INPUTS

On-site audit (ISSO 82.1 
intake)

Building plans & drawings

The resident's input

Metered & simulated series

Audit-depth dwelling 

model

one owner-occupier home, 

full Energy ADE detail

→ →
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O N E  O B J E C T  ·  M A N Y  S O U R C E S

Storing multiple data sources for one object

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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O N E  O B J E C T  ·  M U L T I P L E  G E O M E T R I E S

Geometric representations (LoD 0–3)

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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W H Y  C O H E R E N C E  M A T T E R S

Cross-validation in a single coherent model

Measured vs. simulated rooftop-solar production for the same house, in one file

Measured meets modelled: a lookup, 
not a project.

Because the real metered solar output and the 
simulated estimate sit on the same building, in 
the same model, comparing them is a single 
lookup, not a fragile join across separate 
datasets.

≈20% gap between simulated and 
measured, exactly the kind of reality-
check a renovation assessment needs, 
now trivial to make.
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U S E  C A S E S  ·  N E I G H B O U R H O O D  &  C I T Y  S C A L E

At the neighbourhood scale: a breadth test

OPEN REGISTERS

A whole municipality from
BAG · 3DBAG · EP-Online · BGT · CBS

(+ solar panels, trees)

Integrated city-scale 

model

five data themes, one model

→ →
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T H E  O P E N  D A T A  S O U R C E S

Mapping open data sources

Mappings of the six data sources. Own work.
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B U I L D I N G  S C A L E  ·  O N E  D W E L L I N G

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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N E I G H B O U R H O O D  S C A L E  ·  O P E N  D A T A

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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C I T Y  S C A L E  ·  F O U R  M U N I C I P A L I T I E S

Scaling up to four municipalities

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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R E S U L T S ,  D A T A  Q U A L I T Y

Integration reveals data quality issues

Do BAG & EP-Online agree on the year a building was built? One year (1930) acts as a "we don't know" placeholder

~2 in 5 buildings:  two national registers disagree on the construction year. The model doesn't hide the conflict, it makes it 
systematically visible, and therefore fixable.
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R E S U L T S ,  D A T A  Q U A L I T Y  ( C O N T I N U E D )

Structured discrepancies in floor area

Floor-area gap between the two registers, by building type

Not random noise, a pattern.

Apartments & terraced homes: the two 
areas agree (~0 m²).

Detached homes: the gap grows to ~12 m².

Likely cause: registers count "heated" vs 
"usable" space differently, and big homes 
have more unheated attic & garage.
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I M P L I C A T I O N S

Conclusion 

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



O U T L I N E

Context

Problem

Research gap

Methodology

Results

Conclusion

32

I M P L I C A T I O N S

Implications for policy, practice, and the Energy ADE

Policy

EPBD IV requires passports but leaves the data model 
open. Here is a tested, open, vendor-neutral candidate.

The Dutch national data facility

The exact registers a national service must join, with 
their reconciliation problems named in advance.

Owners, advisors, vendors

Less manual re-entry between tools; lower cost; fewer 
errors as data flows between systems.

The Energy ADE itself

Concrete, localised extension proposals, feeding 
directly into the work of this workshop.



Thank you
Questions are very welcome
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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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