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Abstract  

Current concerns on climate change give raise to 
approaches that unlock the implementation of both 
mitigation and adaptation options. In this context, the 
availability of tools that support energy planning at urban 
level can contribute to the implementation of mitigation 
options and contribute to the refurbishment of the 
buildings stock. The GIS4ENER tool estimates energy 
demand and consumption of the residential sector inspired 
on ISO 52.0016 standard, supported by the use of public 
available data of buildings. The results are then reflected 
on a map, making use of geo-visualisation capabilities, 
which sets the basis for informed energy planning. 

Key Innovations 

• Automatic estimation of hourly energy demand 
for urban level decision-making 

• Exploitation of public data sources (OSM, 
cadastral data, building typologies) 

• Use of ISO 52.016 standards 

• Worldwide replicability potential 

Practical Implications 

To define a simulation methodology, it is crucial to reach 
a balance between scale and the amount and accuracy of 
available data.  

Besides, finding public data to fill the simulation models 
is not a trivial matter and is not always possible. 

Introduction 

Growing CO2 emissions have increased the concerns with 
respect to climate change, which has been especially 
acknowledged by the United Nations with the 
establishment of the Agenda 2030, as well as the signature 
of the Paris Agreement. In these universal agreements, 
some guidelines and objectives were set to provide a way 
forward to fight climate change and to stop the current 
temperature rise below 2 degrees. 

The deployment of fossil fuels for heating and cooling 
purposes represents the main source of these emissions. 
More specifically, one of the main sectors contributing to 
the increase of CO2 emissions is the built environment, 
and, in particular, the residential sector, which in Europe 
accounts for 25,4% of the share according to Eurostat 
figures. 

To address these challenges, relevant directives in Europe 
are in place: Energy Performance of Buildings Directive 
(2018/844/EU), the Renewable Energy Directive 
(2009/28/EC) and the Energy Efficiency Directive 
(2012/27/EU). These were set within the “Clean Energy 
for All Europeans” package, and are based on the 
necessity to move towards a low carbon economy, setting 
a series of objectives. Moreover, the last COP25 
reinforced these objectives, and in Europe it triggered the 
appearance of the European Green Deal, with 50 specific 
actions to fight climate change and turn Europe into the 
first climate neutral continent by 2050. Among these 
actions, the Renovation Wave is the most directly related 
to the purpose of this paper, since it aims to double annual 
renovation rates in the next ten years, with the objective 
to “enhance the quality of life for people living in and 
using the buildings, reduce Europe’s greenhouse gas 
emissions, and create up to 160,000 additional green jobs 
in the construction sector”, thus directly tackling the built 
environment in urban areas. 

However, to achieve a successful roll-out of these 
Renovation Wave objectives, it is necessary to understand 
the administrative framework in terms of energy 
competences in the EU, since this implies the necessity of 
different decision-making levels (at the national, sub-
national and local level), according to the Committee of 
the Regions data. This varied panorama in Europe 
suggests the adequacy of proposing methods that can be 
homogeneously used by decision-makers and whose 
results can be easily monitored by aggregating and 
disaggregating at different decision-making scales. 

In this context, the deployment of adequate tools that can 
support decision makers at different levels can contribute 
to reduce the burden of evaluating in an isolated manner 
the energy demand and consumption of the building stock 
and propose improved actions. In addition, it can 
contribute to the harmonization of approaches supporting 
the links among different decision-making scales. 
However, in order to comply with these objectives, it is 
necessary to count on homogeneous ways to characterise 
the building stock; count on relevant public data sources 
where to extract geometric data and, last but not least, 
implement standardised calculation methodologies to 
assure the reliability of the results obtained. 

These three topics are the basis for the GIS4ENER tool 
(developed in MUSEGRID project). This tool exploits 
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public data information about buildings in order to 
calculate the energy performance at urban level using 
standardised (but simplified) calculation methodologies. 

The approach presented is based upon these three main 
topics, as it will be seen in the first section of the paper 
(Key features of the GIS4ENER tool). Then, Main 
differences with other tools will be presented, as well as 
the Phases of the tool explained. Finally, a Demonstration 
section is presented, together with an explanation of the 
Replication possibilities of the tool and some 
Conclusions. 

Key features of the GIS4ENER tool  

The design and development of the GIS4ENER tool was 
based in three pillars that are the foundation of the tool: 
(1) using open and public data as inputs; (2) performing 
the calculations with EPBD standards as a basis; and (3) 
exploiting Geographic Information Systems data and 
tools. 

Public data use  

The availability of public data related to the geometry is 
a key issue for the right operation of the simulation tool, 
because the geometric characteristics of the building 
(surface area, height of the building, number of floors, 
etc.) are essential for the energy demand estimation. 
In order to cover the geometry data collection, two 
sources have been taken into account: cadastral data and 
data obtained from Open Street Maps (OSM).  
Data collected from cadastre could be considered 
completer and more consistent: they contain information 
about the geometry with a high level of detail, and also 
contain information to characterise buildings. In addition, 
they could be integrated into the model in an easy way 
when they follow standards like the EU INSPIRE 
Directive. However, the problem is that using this 
approach, the tool would be restricted to EU members (in 
fact not all the members have their cadastral data using 
the INSPIRE Directive currently available). 
On the other hand, the usage of OSM is free of charge or 
commercial purposes that could bias its usage, and it is 
completely open-source. Moreover, what makes OSM 
useful is the procedure used for the creation of data, where 
users and members all around the world can add valuable 
information on the maps, using other freely available 
layers of maps of the zone and their own experience in 
situ, so this is valid for New York downtown or the 
suburbs of Banjul, as long as the same labels are used for 
the required urban elements. 
For these reasons, OSM has been selected as source for 
the geometry data and the inputs needed for the 
calculations (roof surface, façades surface, floor surface, 
volume of the building, compacity…) will be extracted by 
analysing the geometry of each building. 
In order to be able to characterise the buildings according 
to their thermal performance, it is necessary to assign to 
them appropriate U-values. To this end, an approach 
using building typologies was implemented. In this way, 
based on the year of construction of the building, its use 
and its location, it is possible to assign appropriate 
thermal characteristics. These reference values have been 

extracted from two sources: EPISCOPE/TABULA and 
Building Stock Observatory. The first one was created in 
a project with the same name, and covers almost all 
countries in the EU, focusing on characterising only 
residential buildings. Each country defines its building 
typologies with specific year of construction ranges, and 
also can define typologies at national or regional level. In 
addition, the four main building types (single family 
house, terraced house, multi-family house and apartment 
block) are even more precisely defined in some countries 
according to their building stock. For instance, in 
Belgium, not only terraced houses are considered in a 
generic manner, but also an extra category is generated for 
semi-detached houses and with multi-family houses 
depending on the size. This can be easily observed in the 
Tabula Web Tool. In contrast to this, the Building Stock 
Observatory generates a common structure to provide 
data both for residential and non-residential buildings that 
allows to obtain U-values per year of construction range 
for all EU member states. As it can be observed, there are 
pros and cons in both approaches. Among them, the 
following can be highlighted: the EU coverage (TABULA 
only covers some EU countries, whereas BSO covers all), 
the level of detail (TABULA can provide more detailed 
values for the residential buildings), and, most important, 
the building usage covered (TABULA is restricted to 
residential buildings, addressing four main types; whereas 
the BSO covers both residential and non-residential, but 
does not include building types among these categories). 
These facts will condition how this information is used in 
the tool. In addition, it must be highlighted that neither 
BSO nor TABULA provides information on occupancy 
patterns (hourly or seasonal), so this information has not 
been taken into account in the model. 
Finally, it was also necessary to have weather data for a 
range of one year in the municipality to be considered. To 
the date, there are no free automated weather data services 
with the level of detail required, and consequently the data 
have to be gathered via manual download. 
The source of free data chosen for the project is the 
MERRA-2 initiative from SoDa (Solar radiation Data) 
website. The temperature values are used to calculate 
Heating Degree Days and Cooling Degree Days, and with 
these HDD and CDD (but with an hourly resolution), the 
energy needs can be calculated. 

Calculation method inspired on EPBD standards 

The calculation method implemented is inspired on the 
ISO 52000 standards related to the Energy Performance 
of Buildings Directive, in particular, ISO 52016-1. In it, 
two main calculation methods are presented, depending 
on whether the results to be provided have a monthly-
yearly resolution or hourly. Considering the scope and 
approach of the tool and the availability of input data, an 
intermediate approach was implemented. inside the 
solution data requirements of the monthly-yearly 
resolution are considered and estimated, except for those 
requirements related to the climate data. In this case, 
hourly values were selected since, even when the 
approach is estimated, counting on hourly values would 
be useful to analyse if the energy demand can be covered 
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with renewable sources, which vary in time. The specific 
formulas deployed can be seen in the next sections. 

It is important to note that some calculation from the 
standards, such as the heat balance (ventilation losses, 
solar gains and internal heat gains), have not been carried 
out because it is impossible to determine the parameters 
for each building with the information retrieved form the 
typologies with the required level of accuracy. 

Geographic Information Systems (GIS) Exploitation 

Another relevant aspect in the development of the 
platform has been the use of Geographic Information 
Systems. In this sense, a key issue is the use of available 
GIS data that, on one hand, could offer geometrical 
information of the buildings and, on the other hand, 
enable to locate the buildings in zones, allowing the 
buildings to be matched with data provided in those zones 
(mainly climatic or typological characteristics). 

Besides, the use of Geographic Information Systems 
allows mapping the results of the calculation, which is 
more understandable and helpful for analysing the energy 
behaviour of a set of buildings (district or city). 

Main differences with other tools 

It is important to have a look at the current available tools 
for energy evaluations, in order to understand why it is 
necessary to develop a new tool. 

Table 1: Inputs and calculation in similar tools 

Tool Inputs Calculations 

SimStadt A CityGML in Level 
of Detail 1 or 2 used 
as input, as well as 
selecting or creating 
a building physics 
library. 

INSEL (block diagram 
simulation system for 
programming apps 
from the entire 
renewable energy 
sector) is used as 
calculation engine. 

City 
Energy 
Analyst 

Default databases, 
but files can be 
imported for location 
features and weather. 

It generates the pipe 
layout from the given 
data inside a selected 
set of buildings. 

Thermos Segment of map 
from 
OpenStreetMaps 
with its related 
geometries. 

Provides a preliminary 
set of pipe layers for 
the buildings for a 
final district heating 
configuration. 

Hotmaps 
& 
Planheat 

Several file sources, 
like LIDAR data, air 
temperature… It has 
also a built-in 
database for default 
values. 

It works as three 
separate modules that 
work inside QGIS 
application, but can be 
invoked as standalone 
Python resources. 

Pan-
European 
Thermal 
Atlas 

From reports and 
using geometrical 
information of 
buildings and roads 

None. The data 
deployed in the map 
are taken from pre-
calculated values. 

 

Table 2: Results obtained for similar tools 

Tool Outputs Evaluation 

SimStadt CSV files with hourly 
energy demand, energy 
demand maps and grid. 

Powerful tool to be 
used (district/ city 

level). Not  
automatic process. 

City 
Energy 
Analyst 

District heating map, it 
offers related energy data 
for the buildings 
previously selected. 

Centred on district 
heating around a 
limited set of 
buildings. 

Thermos Map with the pipe 
network, with associated 
costs and data relevant 
for district heating. 

Very centred on 
district heating, but 
software easy to 
handle. 

Hotmaps 
& 
Planheat 

Demand and 
consumption of energy 
and water, potential from 
heating and cooling 
supply. Generation of 
supply scenarios and 
identification of H&C 
scenarios. Simulation of 
hourly balances of 
demand, KPIs and 
transport information.  

Powerful and multi-
tooled, offers a 
large set of results 
and make use of a 
default database as 
support to facilitate 
data gathering. GIS 
expertise to handle 
the large set of 
options is required. 

Pan-
European 
Thermal 
Atlas 

Density and heat map of 
Europe (centred on 
certain countries) using a 
web application via 
ArcGIS. 

Mainly for 
demonstrative 
purposes (inputs are 
predefined data) 

As it can be concluded, some tools share more similarities 
with GIS4ENER than others, which are more focused on 
specific topics or are to be used as simulation tools for 
specific districts or cities, without the capability of 
automating the process in broader areas. Also, one of the 
most relevant differences is the display of results at 
building level in a user-friendly way. 

Phases of the tool 

The workflow of the tool has been split into three main 
phases (Figure 1), in which the inputs are indicated in blue 
and the outputs in purple. These phases are explained in 
depth in the following subsections. 

 

Figure 1: Phases of the tool. 

The tool has been developed in Python using the 
Geopandas module that allows working with GIS data and 
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also to perform geographical and geometrical operations 
in a simple and effective way. 

Phase 1: Input data setup 

The main struggle for doing a universal tool in order to 
calculate a consumption/demand map is the absence of 
adequate data, and the lack of normalized sources from 
where it could be possible to obtain the required data. We 
have considered a minimum strictly necessary set of data 
consisting of three different sources: geometry data, 
building typology data, and weather data. From the 
geometry and the weather, we managed to get data 
accessible by everyone and for almost any single location 
in the world, with their logical limitations. The typology 
data required some processing from previous European 
project experiences, and this could be considered right 
now as the largest limitation to reach the goal for a global 
calculation tool. 

Step 1.1 Geometry data of the building 

The way to obtain the geometries of the buildings is to 
take advantage of OpenStreetMaps (OSM) information. 
There are several ways to obtain the data, considering that 
OSM is a completely open data platform that works with 
standardized tags. The data format clearly favours the 
usage of Python procedures and facilitates the 
establishment of synergies with GIS applications like 
QGIS. For our case, we have used the tool QuickOSM for 
QGIS. This tool allows obtaining a file from OSM 
containing all the elements from the given location, and 
will become our geometry data file. It is important to note 
that this file can be obtained also through the usage of 
online tools that interact with the OSM database. 

The geometry process module takes the information from 
the file, and extracts the geometrical information of the 
buildings, including the shape of the surface (to get the 
gross floor area), height, number of stories and usage. It 
is important to note that some default values have been 
considered when the OSM dataset for the given 
municipality is not complete. 

Step 1.2 Typology data 

Apart from geometric parameters, other information is 
extracted from OSM data. In particular, data related to the 
use of the buildings and other parameters as number of 
building levels, year of construction, etc. are collected (if 
existing) in order to assign each building to a specific 
typology. 

The different building typologies have been built 
considering the information contained in BSO and 
TABULA. These typologies mainly provide information 
about the technical characteristics of the building that are 
used in the energy calculations. The information from 
TABULA is more complete but it is only available for 
residential buildings. Besides, BSO offers other general 
information that is not present in TABULA. To the best 
of the authors’ knowledge, at the moment 
TABULA/Episcope and BSO are the most precise and 
homogeneous sources regarding building typologies in 
Europe. 

Among the information present for each typology, the 
following can be found: thermal transmittance (U value) 
for façade, roof and ground floor, window-wall ratio 
(WWR), properties of the energy systems for heating, 
cooling, domestic hot water (type of fuel, efficiency), 
distribution and storage losses, electricity use for cooling 
or heating... All these parameters will be used in phase 2 
in order to perform the calculations. 

The information from TABULA and BSO has been 
organized and categorized in different .csv and .xls files in 
order for them to be accessible by the tools in an 
automatic way. 

It is important to note that the tool is to be used for 
decision-making at urban level, since the accuracy in the 
calculations cannot be ensured at individual building 
level, due to the process followed and the data sources 
used to characterise the building stock. However, at urban 
level we ensure that the distribution of the different 
buildings in typologies correspond to the information 
retrieved form TABULA and BSO 

Step 1.3 Climate data 

As it was previously commented, the data from one year 
of temperature values are necessary in order to obtain 
HDD and CDD values. It is important to note that despite 
the name “daily” of these values, the calculations are done 
in an hourly base, because the results have to include not 
only the overall energy values, but also the hourly 
progression throughout a whole year. 

The way to calculate the HDD from the temperature 
dataset is to consider comfort values for the selected 
country/municipality. These values are included in a table 
inside a csv file. First, we check if we have values for the 
municipality, if not, for the country, and if none are 
available, default values are used. These values are the 
following: temperature heat base; temperature heat 
comfort; temperature cool comfort; and temperature cool 
base. 

Under the temperature heat base the users switch on the 
heating. This is considered as a limit value. Temperature 
heat comfort is used to calculate the HDD in respect to the 
outside temperature, so the difference value is 
proportional to the consumption. The value is superior to 
the heat base, so it works like a hysteresis setup. 
Temperature cool comfort and temperature cool base are 
used in the same way that the heat comfort but for the 
calculation of the CDD. 

In order to understand how all this works, it can be 
considered the behaviour of the user for these 
temperatures: when the temperature is under the heat 
base, the heating is on. If the temperature is between heat 
base and heat comfort, the user perceives some cold, but 
waits before switching on the heating. Between heat and 
cool comfort the values are in real comfort levels. When 
the temperature rises between cool comfort and cool base, 
the user perceives some hot temperature inside the 
dwelling, but still does not switch on the air cooling. And 
over the cool base, the user finally switches on the air 
cooling, generating the consumption of energy. 
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Phase 2: Energy calculations 

In this phase the tool performs the calculation in order to 
obtain the energy demand and consumption for the 
heating, cooling and Domestic Hot Water (DHW) for all 
the buildings present in the area to evaluate. Besides, the 
tool is able to offer the results in an hourly distribution 
along a year (i.e., 8760 values for each parameter).  

Step 2.1 Energy demand calculation (heating, cooling 

and DHW) 

Heating demand has been calculated in the following 
way: 

Qheating = Pspecific * HDD / 1000,  

where HDD is the Heating Degree Days for the entire 
interval and Pspecific = U * Surface of the building, Pspecific 
is calculated for each type of surface, specifically:  

Pspecific=Uvaluewalls*Areawalls+ Uvalueroof* 
Arearoof  + Uvaluewindows* Areawindows  

For calculating the cooling demand, the following 
formula is used: 

Qcooling= Pspecific * CDD / 1000,   

where CDD is the Cooling Degree Days for the entire 
interval and Pspecific is the same as in the previous case. 

In the case of the hot water demand the calculation is 
simpler: 

Qhotwater= Qhotwater/m²*Gross Floor Area 

where Qhotwater/m² is a parameter that comes from BSO (for 
non-residential buildings) or from TABULA (for 
residential buildings). The parameters depend on the 
country (or region in some cases) and on each year of 
construction period (BSO) or on different typology 
(TABULA). 

Step 2.2 Energy consumption calculation (heating, 

cooling and DHW) 

The energy consumption calculations are significantly 
different if they refer to residential or non-residential 
buildings. In the case of residential buildings, TABULA 
(a more complete source) is used. This data source 
specifies the energy system of the building based on the 
typology and offers parameters of these energy systems 
and divided by these energy vectors: Gas, Oil, Coal, 
Biomass, Electricity and District Heating. For non-
residential buildings, Building Stock Observatory (BSO) 
data are used. BSO does not offer parameter per typology, 
but values of the energy consumption per vector and per 
m² are used (organized by country). It has to be taken into 
account that BSO only offers information for four vectors: 
Gas, Oil, Coal and Electricity. 

Hot water energy consumption is calculated following the 
same approach: using TABULA typologies for residential 
buildings and BSO categories for those non-residential. 

Step 2.3 Hourly calculations (heating, cooling and 

DHW) at municipality level  

Once all the calculations have been performed at building 
level, the next step is to distribute this energy demand and 
consumption along the hours in a year for the whole 
municipality. 

The manner to calculate this for heating and cooling, is to 
sum all the results for each building and after that 
distribute the results using the hourly HDD and CDD 
values, following the next formulas: 

Heating demand or consumptionhour-i = Total Energy 
demand or consumption* HDDhour-i/ HDD  

Cooling demand or consumptionhour-i = Total Energy 
demand or consumption * CDDhour-i/ CDD  

In the case of the hot water demand calculation, it has 
been assumed that the demand of hot water is constant 
along the year but discounting from 24:00 to 6:00 period 
for every day. 

Phase 3: Data output and mapping 

The aim of the last step is the organization of the outputs 
in a way that can help to understand the results in a visual 
and holistic way. 

The results are offered to the user in tables, graphs and 
also in map files for the geolocated data. 

Step 3.1 Map results 

Since calculations are performed with geolocated data 
input (geo-located buildings), all the outputs (both 
demand and consumption) are also geolocated, so they 
can be presented in a vector map in which all the 
information of each building is related of each building 
footprint. 

Besides, other map has been generated using this original 
map, in order to offer the user a raster map with a grid of 
100x100m² resolution, containing the heating and hot 
water demands. 

Step 3.2 Other outputs 

Apart from the directly calculated outputs (energy 
demand and consumption for each building), other results 
are presented. 

Gathered data of the municipality are presented, with the 
heating, cooling and hot water, both, demand and 
consumption, and also the ratio of each primary energy 
vector. 

Regarding the hourly calculation, the outputs are three 
data arrays: one for cooling, one for heating and one for 
hot water demand. Each array has 8760 values 
corresponding to the hours in a year. These hourly data 
are also presented in a graphical way. 

Demonstration 

The original challenge was to obtain the energy demand 
and consumption in hourly intervals for two given 
municipalities. The positive aspect of this selection was 
the chance to compare two municipalities similar in terms 
of number of inhabitants, the weather is slightly different, 
but the building typology might address some differences 
between them. It is important to remark that some 
previous experience with energy calculation at 
district/municipality level was necessary in order to check 
if the final values were at acceptable value ranges. 

Demostration has been done with the municipalities of 
Osimo (Italy) and Oud-Heverlee (Belgium). 
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During the previous checking of data available, we found 
out that while the Belgian OSM community had been very 
active, and the data from Oud-Heverlee were almost 
complete, there were little OSM data for Osimo. This 
encouraged us to actively participate in the OSM 
community, and also showed us how important was the 
absence of data for certain cases, knowing that sooner or 
later the user would have to deal with this lack of values. 
Considering that the future of the tool beyond the EU 
boundaries will only increase this risk of data gaps, and 
encourage us to consistently create tools and procedures 
in order to provide with generic data to consider these 
cases, and also leave the resource tables open to 
extensions and new versions in order to complete the 
numbers and make the tool universal. 

Osimo (Italy) 

Osimo is a town and commune of the Marche region of 
Italy, in the province of Ancona. The municipality covers 
a hilly area located approximately 15 kilometres south of 
the port city of Ancona and the Adriatic Sea. As of 2015, 
Osimo had a total population of 35,037. The Köppen 
Climate Classification subtype is "Cfa". (Humid 
Subtropical Climate). Some of the significant results 
obtained for Osimo Municipality can be seen in the tables 
and figures below. 

Table 3: Energy demand for Osimo municipality 

Energy demand GWh/year 

Total heating demand 150.13 

Hot water demand 33.73 

Total cooling demand 5.49 
 

Table 4: Distribution of the energy consumption per 

vector for Osimo municipality 

Energy vector % 

Gas 93.48 

Oil 3.82 

Biomass 0 

Electricity 0.92 

District Heating 0 

Coal 0.80 
 

 

Figure 2: Hourly heating and cooling demand in Osimo 

municipality. 

 

Figure 3: Heating and Hot water demand per building in 

Osimo municipality 

 

Figure 4: Heating and Hot water demand in Osimo 

municipality in 100mx100m grid. 

The initial problem with Osimo was the absence of data, 
as it was previously stated. This was solved editing the 
values with the online OSM tools in order the have a 
reasonable set of buildings to validate the calculations. 
The most relevant consequence for this was the need of 
using of generic “building” values for the majority of the 
demo site, so it was necessary to add something to at least 
distinguish districts or neighborhoods per year of 
construction in order to apply different building 
typologies with their corresponding U-values for the 
energy calculations on each case. To address this issue, it 
was proposed to use an extra layer where each zone could 
be at least partially characterized, offering a better 
approach for the overall result. For individual buildings 
the calculations might not be accurate, but the goal was to 
offer more accuracy at statistical level. 

Oud Heverlee (Belgium) 

Oud-Heverlee is a municipality located in the Belgian 
province of Flemish Brabant. The municipality comprises 
the villages of Blanden, Haasrode, Oud-Heverlee proper, 
Sint-Joris-Weert and Vaalbeek. On January 1, 2006, Oud-
Heverlee had a total population of 10,863. The total area 
is 31.14 km² which gives a population density of 349 
inhabitants per km². The Köppen Climate Classification 
subtype is "Cfb". (Oceanic Climate). Some of the 
significant results obtained for Osimo Municipality can be 
seen in the tables and figures below. 

 

 

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

____________________________________________________________________________________________________

____________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
618 

https://doi.org/10.26868/2522708.2021.30978



Table 5: Energy demand for the entire Oud-Heverlee 

municipality 

Energy demand GWh/year 

Total heating demand 777.01 

Hot water demand 58.77 

Total cooling demand 11.21 
 

Table 6: Distribution of the energy consumption per 

vector for Oud-Heverlee municipality 

Energy vector % 

Gas 98.73 

Oil 0.20 

Biomass 0 

Electricity 1.04 

District Heating 0 

Coal 0.03 
 

 

Figure 5: Hourly heating and cooling demand in Oud-

Heverlee municipality. 

 

Figure 6: Heating and Hot water demand per building in 

Oud-Heverlee municipality. 

 

Figure 7: Heating and Hot water demand in Oud-

Heverlee municipality in 100mx100m grid. 

The problems concerning Oud-Heverlee demo site were 
related to the label usage in OSM. We found out that 
beyond the generic “building” label, there were some 
denominations for proper buildings and facilities that 
could or could not fit into the categories that we were 
evaluating for the energy consumption. That forced us to 
create a single csv table in order to filter valid and non-
valid buildings, that would also help us to decide if we 
had to use TABULA data or BSO data, if the buildings 
were used for dwelling purposes or not. 

Replication possibilities 

The tool has been developed with the aim to enable its 
replicability worldwide. However, due to the existence of 
specific directives and building typologies catalogues in 
the EU, the first version of the tool has been deployed in 
this continent. Nevertheless, in the following bullets some 
key aspects that enable its replicability are highlighted: 

Public available sources to extract geometry and 

building data. The source used in the tool to extract this 
type of data is Open Street Maps, which is based on a 
collaborative approach and can cover the whole world. 
Through a tag system, the public can characterise the 
building stock, city elements, etc. However, even though 
it is possible to describe a vast amount of data and share 
it in a free manner, normally the tags are not fully filled 
in. As a consequence, and depending on the country, it 
presents a lower level of detail and contains less data than 
cadastral sources that follow the INSPIRE Directive. To 
overcome this, sometimes it is required to implement 
hypothesis to derive information from the building stock. 
However, it is not restricted to Europe, as the countries 
implementing the INSPIRE Directive are. In this respect, 
one of the most important data that should be provided to 
implement this approach is the year of construction. 

Building typologies. This is one of the key bullets to be 
implemented within the approach proposed. This has been 
addressed with the implementation of 
EPISCOPE/TABULA data for residential buildings, and 
BSO data for non-residential buildings and residential 
buildings from those countries in the EU which are not 
covered in EPISCOPE/TABULA. However, even when 
these existing data and characterization of the building 
stock are only available for the EU, two methods are 
proposed to broaden the scope to non-EU countries. 
Firstly, the generation of the countries / region building 
typologies, inserting the relevant values in a template 
which enables to run the tool. This approach, although 
being time-consuming, it would be the most accurate for 
non-EU countries. 

Climate data. These data are also crucial for the 
implementation of the calculation approach proposed. 
However, the source used (MERRA-2) is available 
worldwide and would not represent a major burden. 
Additionally, given the basic parameters used in the 
approach to calculate the HDH and CDH it can be easily 
substituted with data coming from an available climate 
station. 

Bearing in mind the three abovementioned bullets, the 

calculation method proposed based on ISO standards 
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would not need to be modified, since the main obstacle is 

represented by the input data. 

All in all, it can be observed that relevant replication 

possibilities worldwide are in place. However, it should 

be highlighted, that depending on how the input data have 

been generated and their accuracy, the results would be 

more or less accurate. This should be carefully analysed 

when dealing with non-EU countries. 

Conclusions 

Current climate change challenges and the necessity to 
implement energy planning practices that enable the flow 
of information among different decision-making levels, 
are easy to use, reliable and based on public data, show 
that tools like GIS4ENER can prove to be highly useful. 
This paper has presented the context surrounding the tool, 
its key features and the main differences with other tools. 
Also, the functioning of the tool was explained by delving 
deeper into its three main phases. Finally, demonstration 
examples in Osimo and Oud-Heverlee as well as the main 
challenges faced were presented. Last but not least, its 
replication potential worldwide has been also analysed, 
and the main aspects to be observed in this process 
highlighted. 

Future next steps in the development of the tool include 
further demonstration in other relevant areas in Europe as 
well as abroad (some of which will be covered under the 
MUSEGRIDS project). Besides, the results will be 
validated comparting them with outputs from other tools. 
Additionally, functionalities could be implemented in 
order to test what type of energy conservation measures 
(passive, active, renewable or control) could be applied in 
order to reduce the energy demand and or the energy 
consumption. This way, a complete decision-support 
system that contributes to the implementation of the 
Renovation Wave and increases the renovation rate not 
only in EU but worldwide, could be implemented.  
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