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32%Increased energy demand per 
capita in the last 40 years 

Source: [3][4] 



Average energy 
label B

Adapted from Carlos Cerezo Davila, 2017 [5] 4
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4% up to 66%Simulation performance gap can 
deviate from the measurement

Fonseca and Schlueter, 2015
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“How to realize Urban Building Energy Modeling (UBEM) 
using 3D city model and minimizing parameter and 
simulation uncertainties based on the Bayesian theorem?”

https://www.wallpapervortex.com

https://www.wallpapervortex.com
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9Swan and Ugursal, 2009
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Allegrini et al., 2015
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Frayssinet et al., 2018

CitySim Pro

EnergyPlus

TRNSYS

CFD

12
Sharifi and Lehmann, 2015



Building thermal
Building system
Thermal network
Thermal storage
Wind power
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Ground source

SW radiation
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Spatial
User behaviour

External air flow
Electrical network
Gas network
District plant
Transporation
Embodied energy

Detailed Simplified Not included
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● 2178 residential buildings in Amsterdam-Oost
● At least 84 postcodes have enough data to go through the 

complete simulation and calibration process
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Minimum thermostat setting (Tmin)

Thermal transmittance coefficient of roof (Uroof)
Thermal transmittance coefficient of wall (Uwall)
Thermal transmittance coefficient of floor (Ufloor)
Thermal transmittance coefficient of window (Uwindow)

Infiltration rate (Ninf)

Image source [6, 7, 8] 
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● Standardized 3D city model: CityGML
● XML based 3D data standard for the representation, storage, 

and exchange of 3D city models/data
● Open data model (Open Geospatial Consortium, OGC standard)

Agugiaro et al., 2018



20

Image source: [9] 

● Energy ADE (Application Domain Extension) is developed for:
○ Ease data interoperability for Urban Energy Modeling
○ Allow for multi-scales, multi-domains energy modeling
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CitySim.XML
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“All models are wrong, but some are useful” 
George E. P. Box

https://www.wallpapervortex.com
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● Building dimension: 13.5m x 13.5m x 13.5m
● Building height (volume) varies between 90% ~ 110% of the 

reference height to consider building height estimation uncertainty 
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● TABULA: 4 dwelling types, 6 construction periods: 24 archetypes
● National reference: 6 dwelling types, 6 construction periods: 36 

archetypes
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● Assuming each variable (Tmin, Ninf) is independent to each other
● Each variable is divided into 5 sections
● Initialize the prior to have an equal probability distribution
● Given enough prior knowledge, non-uniform prior distribution is possible

θ
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● Training data: 2010, 2011, 2012, 2013, 2014, 2015
● Validation data: 2016, 2017
● Calibration parameters: θ  (Tmin, Ninf)
● Calibrating each PC6 parameters (θpc6) 

34Image source: [10]



● Apply Gaussian to evaluate model n likelihood P(d|θn)
● geui = postcode 6 annual gas EUI
● μ = simulation EUI with the θn input combination
● σ = standard deviation of the measured EUI distribution of  

      the specific archetype group

θ

35



θ
● When measurements come in…
● Starts with the 1st year having an equal Prior distribution
● The Posterior of the N year becomes a Prior of the N+1 year
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● Selecting optimal Posterior input combination of the final training year
 as calibrated inputs

e.g. Calibrated parameters of (Tmin, Ninf) of
       postcode 6: 1094LW are (20, 0.5)
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Absolute percentage error:
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MFH: Multi family house
SFH: Single family house
TH: Terrace house
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24.96%

8.31%

19.93%

7.70%

Avg. absolute PE Avg. absolute PE
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24% 75%

33% 79%

Absolute PE ≤10% (n = 84)

Absolute PE ≤10% (n = 85)



● Data preparation
○ Preparing and harmonizing data is time-consuming and challenging. 

An appropriate data model such as CityGML might alleviate this 
process and facilitate data interoperability
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CitySim.XML

Adapted from Agugiaro et al., 2018
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● UBEM in general
○ Calibrating with higher spatial-temporal resolution energy data 

might help to reduce more parameter uncertainties in UBEM.
○ Following the same methodology, developing the UBEM for other 

cities based on same or different simulation engines is possible.



“Base on the renovation rates achieved since 2010, attaining the short term 
goals of achieving an average energy label B in the non-profit Dutch housing 
stock by the end of 2020 is not probable...” (Filippidou, 2018)

49
Energy label distribution in the non-profit housing stock 2010-2014 (Filippidou, 2018)
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