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Introduction
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Contribution of different sectors in projected Mt CO2 eq 
reduction in 2030 relative to 2015 [2]

47 Mt
CO2eq

Building Section

8,786.4 
PJ

v Canada priorities to reduce CO2eq 
(near zero by 2050) [1]

§ Clean electricity
§ Greener buildings and communities
§ Context/nature-based climate solutions



Introduction

Building-stock energy mapping 
allows a deep understanding of 
building energy performance versus 
social, economic, physical, and 
environmental characteristics of 
cities and supports opportunities to 
enhance energy  and environmental 
policies.
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CanmetENERGY-Ottawa

v Canadian Energy End-use 
Mapping (CEEMap) Project

Identify a harmonized data incorporation, 
characterization, and energy performance 
evaluation process, for a consistent 
online-authorized platform to support 
stakeholder groups and energy retrofit 
planning [3].



Problem statement 
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UBEM

Occupancy 

System  

Construction   

Geometry    

Weather  

Urban layout  
§ Urban building energy modeling 

(UBEM) requires multiple datasets

§ There is a gap between available 
data and required parameters for 
energy performance modeling

§ No harmonized urban datasets 
available to model status quo and 
future low carbon building retrofits



Literature review 
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Author City/
Country scale Methodolog

y

UBEM/vis
ualization 
Platform

Energy 
Metered 
dataset

Urban dataset Archetype

Chen et al. 
2019 [4]

San 
Francis
co

City Modeling
Mapping No/GIS Yes

Footprint, 
Land Use, 
Accessory 

The U.S. reference 
building archetype

Ali et al. 
2018 [5]

Ireland/
Dublin City

Modeling 
Simulation
Mapping

GIS/GIS Yes
GIS dataset, 
Census surveys 
data

TABULA library/
Customized model

Delmastro
et al. 2017 
[6]

Italy City
Simulation
Mapping GIS/GIS Yes

Census survey, 
Footprint outline TABULA library

Davila et al. 
2016 [7]

The 
U.S./
Boston

District
Modeling 
Simulation

Rhinocero
s/No No

Tax Parcels, 
footprint, 
Tax Record Lite 
and Full

The U.S. reference 
building archetype
Customized model



Literature and research gap
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Ø No harmonized methodology for urban data preparation for urban 
building energy modeling

Ø Little use of supplementary datasets (such as building permits) to enrich 
the urban building dataset and aid decision making 

Ø Lack of a methodology for actively maintaining a GIS dataset usable for 
energy mapping



Objectives 
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v Assess the urban datasets challenges for data extraction regarding the 
urban building energy model (UBEM) requirements

v Present an urban data-based methodology to  develop the building 
datasets for a data-driven UBEM application 

v Map urban building energy demand and future scenarios for a case 
study neighborhood 



Methodology
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Permit Dataset

Model City

SHEU-2015

HTAP Library
Kelowna 

Energy Audit

Building permit

Heating permit

Housing  
classification 

Housing data 
update

Merging and 
mapping results

Building 
energy data

Building 
Energy 
Simulation

Simulation 
and mapping

Data 
processing 

Data 
consolidation 

Address Point

Building 
Footprint

Characterizing 
heated area 

3D to CityGML

Archetype 
characterization 

3D City 
modeling

Building physics
Building usage 

City energy mapping

Data 
description

Data 
modeling 



Case Study
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City of Kelowna



Case study
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85% of parcels belong 
to low rise residential 
building in Kelowna
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Model City

Footprint Building Permit

Address Point
Critical building information (floor 
area, story number, construction 
year)
Aggregated values for floor area 
Missing values
Aggregated dataset
No coding for dwellings

Approximate boundary of buildings
No clarification between accessory 
structure and living area
Error in measured footprint and 
building height 

Determination of living area

Human error in point placing 

25 history of registered building and 
heating permit 
Covering construction and heating 
system retrofit
No standard for data classification 
No supporting documents for 
abbreviation 
Large number of missing values and 
word description

Data potentials and challenges



Data processing
Characterizing heated area
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Building footprint  

Lot (Parcel) 

Main building of the 
parcel (heated area) 

Accessory building 
of the parcel (non 
heated area)

Applied for Permit 

Address Point

Assigning building information to footprint 
for developing master building dataset

88%

12%
0%
20%
40%
60%
80%
100%

heated
area

non
heated
area

Spatial joined

Filtered buildings of 
Residential class

Spatial joined

Join by common 
attribute

Determining 
heated 

buildings

2% errors possibility

167 building added

Model City

Address Point

Building 
Footprint



Data processing
Housing classification and 
archetype development 

14

0
1000
2000
3000
4000
5000
6000
7000
8000

Pre
194

6

19
46

-196
0

19
61

-197
7

19
78

-198
3

19
78

-198
3

19
96

-200
0

20
01

-201
0

Po
st2

01
0

RE
CO

RD
 N

U
M

BE
R

BUILDING VINTAGES

Single Family Dwelling apartment
Town/Row house Mobilehome

Distribution of housing types per principle 
Canadian housing vintage

Reclassifying the building types based on the 
SHEU-2015 dataset 

Si
ng

le
 

Fa
m

ily
 

D
w

el
lin

g

D
up

le
x 

T
ri

/F
ou

rp
le

x

T
ow

n/
R

ow
 

ho
us

e

St
ra

ta
/C

on
do

m
in

iu
m

 

M
ul

ti
fa

m
il

y 
D

w
el

lin
g

M
ob

ile
 

ho
m

e

Single 
Detached 
Housing

Town 
House

Be
fo

re
 1

94
0

19
61

-1
97

7 

19
78

-1
98

3

19
40

-1
96

0

19
84

-1
99

5

19
96

-2
00

0

20
01

-2
01

0

Po
st

 2
01

0

Low-rise 
Apartment 

Mobile 
Home

SHEU types

SHEU vintages



Data processing
Permit data analysis
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Permit dataset

Mapping of labelled data

Master building 
dataset

Housing data 
improvement

Analysis and consolidation 
of integrated dataset

Data organization and 
filtration  

Multilevel data 
classification/text mining

Text mining and 
data labeling 

Class purging and 
labeling

Building energy data
refinement 

Building permit Heating permit
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Data consolidation
Mapping building permit analysis to 
building dataset 
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Data consolidation
Mapping heating permit analysis to 
building dataset 
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Heating system below 2000-model 
without HP application

dwellings with heating 
system post-2000 model

Non residential

Heating system below 2000-model 
with non clarified HP application
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Data modeling
3D model generation
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SHP Multipatch

§ Building_ID (string)
§ Building_function (string)
§ Construction year (int)
§ Story_number (int)
§ Floor_area (float)
§ Footprint_area (float)
§ Building_height (float)
§ Roof_type (string)
§ Eave_height (float)
§ Roof_rise (float)

GBDShape Attributes rule Model 

CityGML

CityEngine

ArcGISPro

FME



Data modeling
Archetype characterization
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Data sources used for extracting 
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Simulation and energy 
mapping
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Weather data 

CityGML(LOD2)

Building Physics

Building Usage

Thermal energy 
demand 

calculation 

Ambient temperature, Sky temperature
Global and diffuse radiation

INSEL file; mapping 
geometry to relevant 
physics and usage to 

model thermal 
characteristics of 

buildings individually

Data acquisition  Data pre-processing Model definition Simulation 

Define thermal zone, process 
geometrical feature, analyze 

segmentation data for assigning 
building physics  

Internal load for monthly time series 
based on building use type

German standard DIN V 
18599-2 for monthly balance 

calculation (ISO3790)



Simulation and energy 
mapping
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Simulation and energy 
mapping
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Conclusion 
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Conclusion 

v The provided multiscale workflow 
successfully resolved urban 
datasets' challenges and filled in 
the recognized inconsistencies of 
datasets, and generated an urban 
building energy model based on 
actively maintainable GIS datasets.

v Improve the compatibility between 
different urban datasets using a 
georeferenced building identifier 

v Providing access to the local utility 
bills and broader energy audits to 
fill in the simulated and real 
consumption gaps in the archetype 
development and UBEM
performance evaluation in terms of 
more effective bottom-up retrofit 
planning. 
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Contribution 
Under preparation papers
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vHosseiniHaghighi SeyedehRabeeh, Panchabikesan Karthik, 
Dabirian Sanam, Webster Jessica, Ouf Mohammed, Eicker 
Ursula, 2021, Discovering, Processing and Consolidating of 
Building Stock and Smart Thermostat Data in Support of 
Energy End-use Mapping and Housing, 

vHosseiniHaghighi SeyedehRabeeh, Padsala Rushikesh, 
Monsalvet Pilar, Eicker Ursula, 2021, “Characterizing and 
Structuring Urban Data for Housing Stock Energy 
Modeling” 



Future work 

Kelowna

32

v Developing interactive energy mapping, 
aiding retrofit planning and decision 
making

v Developing retrofit scenarios based on 
local renewable energy sources

v Improving building geometry model using 
LiDAR or high accurate 3D-GIS data 
sources

v Developing archetype model with variety 
of occupant and energy system profiles  
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