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ABSTRACT Keywords:

Considering the challenge of evaluation of the urban environment from the energy point of view, Energy Planning;

there is plenty of room to improve the resources currently managed by users, enterprises and Energy Performance Certificates;
public institutions. The goal is to create a tool that supports in the decision making in the energy Cadastre;

planning process in specific areas by automatically estimating the energy demand and Data Enrichment;

consumption of buildings using public data and representing the results in a geo-referenced way. Building Typologies.

The tool will provide a better understanding of what the current status of the buildings is,

providing these stakeholders with a larger quantity of useful data about the city environment,

including not only the geometric information present in cadastre repositories, but also the data ~ URL: http://doi.org/10.5278/ijsepm.3345
collected from the Energy Performance Certificates (EPCs).

In this case, the data from the cadastre repository are combined with the EPCs for each province,
with data about the demanded and consumed energy. The objective is to generate a set of
buildings typologies for each province with estimated values for the demand and consumption for
each building type. These typologies could be used to generate a map with the energetic values
for any municipality of this province.

These results can be injected into GIS (Geographic Information Systems) tools that could show
these data in order to evaluate the energy demand/consumption of the municipality easing the
energy planning decision-making process, or even into databases for further uses.

1 Introduction national and regional scale, and to urban scale, where
specific actions can be defined and implemented.

However, these energy planning processes at urban
scale are complex, time-consuming and often do not
count on the necessary tools to support them, which
leads to inadequate assessments and to not progressing
at the pace required by the challenges faced.

On the other hand, there is an increasing amount of
publicly available data that has not been exploited or put
to use to this purpose. In this line, the cadastre and
Energy Performance Certificates (EPCs from now on)
databases (national and regional respectively) offer a
vast amount of data that can result in valuable informa-
tion to support energy planning processes.

Current worldwide problems such as climate change
and growing CO, emissions, and the corresponding
temperature increase, define a reality where it is neces-
sary to act upon. Fossil fuel consumption needs to be
reduced, alternative renewable energy sources should be
implemented, as well as energy efficiency strategies
promoted and refurbishment of the existing building
stock aimed for, since it is one of the most problematic
sectors in terms of CO, emissions.

All of these strategies need to be implemented at
different scales, ranging from the European level (e.g.
through the implementation of energy directives), to
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Thus, the aim of this paper is to present a modular
software tool that could cover the foretold goals, adding
value to the information contained inside the cadastre
repository by means of combining these data with the
data obtained in the EPCs, in other words, the energy
consumption values and CO, emissions contained in the
EPCs with the geometry of the buildings included in the
cadastre registers, starting at City/Municipality level.

Links to previous works

There are several projects that deal with the mapping
of energy demand and consumption for energy planning
purposes. Some of them estimate energy consumption at
the block and lot level of a determined city [1]. Others
focus on the calculation of not only energy consumption,
but also energy demand based on calculation methods
proposed in Energy Performance Certification processes
[2,3], whereas there are other examples which combine
this with information coming directly from the Energy
Performance Certificates database [4].

However, when dealing with estimations of a large
number of building blocks this process is highly time-in-
tensive and resource-consuming; on the contrary, the
tool proposed offers estimations that could serve to
derive similar conclusions to the abovementioned tools,
based on reliable data and with a lower resource cost.

2. Methodology

It is important to highlight that the tool has two clearly
differentiated parts. The first part corresponds to the
algorithm building in charge of the creation of the build-
ing typologies using the information of the public avail-
able EPCs in a province. The second part is the
application of these typologies in one specific location
(municipality) in order to estimate the values for the
demand, consumption, primary energy consumption and
CO, emissions for each building of this location.

For the purposes of the part of the typologies genera-
tion, two main data sources were used. On the one hand,

EREN, Spain

Energy Performance Certificates data from the Ente
Regional de la Energia de Castilla y Leon (EREN)
through the general open data service from the Junta de
Castilla y Leon [ 5] were acquired, and on the other hand,
the other set of data (building data, address, etc.) to be
combined came from the Spanish Cadastre [6].

The module’s objective is to obtain a combination of
both data sources and obtain useful statistics about the
energy indicators based on the establishment of typolo-
gies based on the use of the building and other parame-
ters such as the climate zone and the year of construction;
and also location references for these registers in order to
manipulate the data into GIS applications and services.

One of the main reasons to get these data is to try to
minimize the effect of the suppositions usually made by
other works that rely strongly on simulations or aggre-
gated values [7] (e.g., the aggregations based on the age
of the buildings that would not take into account reforms
and refurbishment procedures). Thanks to these values,
the individual results will be concretely located and the
real features of the buildings will be consequently
assembled into GIS tools with data derived from EPCs
values and not the result of calculated estimations that
could not be necessarily accurate.

For the second part of the tool, the estimation of the
demanded and consumed energy in one location, the
sources of the module are the Spanish cadastre and data
about Land Use of Spain (SIOSE, Sistema de Ocupacion
del Suelo de Esparia) [8] a part of the information of the
typologies generated. The data from the cadastre are
used not only for doing the calculations but also for
establishing the location of the building.

The information collected from SIOSE is used in
order to complement the information of the current use
obtained from the Cadastre.

It is critical to notice that the whole sets of data are
publicly available and there are no privacy issues.
Otherwise, the procedures should include aggregation
procedures to anonymize, like used in [9]
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As a summary, all these processes, considering the
validation levels for EPCs indicated in [10] will perform
validations of levels 0, 1 and 5.

2.1. Typologies generation tool

The main workflow of the tool for the generation of the
typologies can be seen in the following figure. The six
main phases indicated in the figure are described below.

Phase 1: data setup.
During the initial phase, the goal is to acquire an envi-
ronment of data files that could help to configure the
requests to the cadastre, keeping in mind that these
requests represent the largest bottleneck and the most
sensitive part of the process.
To aid in our goal of a proper configuration of the
requests, some data are necessary:
J PROVINCES (code list). Each and every
province of Spain has a distinctive code that has
to be gathered in order to make a proper
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Figure 1: Working flow of the tool developed for the data process
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e STREETS (code list). For each municipality, a
file with the streets codes is downloaded from
the cadastre. Everything is inserted into a folder
organized like a tree so the files can be easily
found.

Phase 2: energy performance certificates acquisition
and processing.

The block of data related to energy performance certifi-
cates (EPCs) can be also requested via web to a service
of open data provided by the Junta de Castilla y Le6n. In
Spain, EPC registers are managed at regional level; thus
different approaches and data availability may vary from
region to region. In other regions there could be similar
services that provide the lists with the energy perfor-
mance certifications necessary for this work, so the
module that manages the connection should be adapted.

The system distinguishes between the first instalment
and the following ones. First, all the existing certificates
are obtained. For the following instalments, only new
EPCs need to be processed. However, the system will
obtain the full set, so it will have to filter these new ones,
thanks to the identification code that the certificates bear.

The next step is to generate the list of objects that will
contain the interesting data from the certificates. Most of
the variables have a relation one-to-one from the certifi-
cates to the destination objects, but some of them need
some processing in order to be of use afterwards, con-
cretely, the addresses of the dwellings. The system
implemented takes into consideration the habitual layout
of the addresses inside the certificates (type of street,
name of the street, number, stair/letter/others and postal
code in the end) and tries to cope with certain cases and
exceptions (suffix in the names of the roads, problems
with the codifications, former urban entities absorbed by
nearby larger municipalities, etc.). The architecture of
this process is purely rule-based, although an alternative
considering one customized machine learning tool is
proposed as a future development, for example through
the usage of TensorFlow [12] or similar software. For
that case, the previous experience with the current
system will be invaluable to get an initial set of training
and evaluation data.

Along with the process of the certification data, the
codes referred to the street, the municipality and prov-
ince are inserted from the code lists obtained during the
Phase 1. If there are no coincidences, error fields are
filled with the corresponding explanation.

Phase 3: Cadastre identifiers.

The next field to be completed is the cadastre identifier
(or Inspire ID) from the element whose energy perfor-
mance certificate is referred. The quantity of items in
use during the latest tests was as large as 30,000 EPCs
entries for the province of Valladolid. The system sends
one request per object and the cadastre online answers
affirmatively or gives off an error message. During this
process, the objects containing the information are split
into three different groups: (1) elements processed cor-
rectly and that now have their corresponding cadastre id,
(2) elements containing some kind of error that have
been rejected, and (3) a disappeared category containing
some cases that never had a proper answer from the
cadastre server. The procedure was performed this way
in order to minimize the effect of eventual connection
failures to the cadastre, considering that online requests
are usually one of the weakest parts from a given pro-
cess, where there is little to no control for the answers,
as long as they are strongly asynchronous and prone to
have a large range of different failures. Moreover, the
cadastre site in Spain has a protection system against
Distributed Denial of Service (DDoS) attacks [13] that
forced to limit the number of request per hour in order
to avoid being banned/blocked. The key to avoid these
problems was to allow some asynchronous behaviour
with the connections and the processing of the data
request by the means of splitting the code into synchro-
nous/asynchronous processes so the results could be
properly ordered, filtered and evaluated, generating
checkpoints that could be easily followed for educa-
tional, clarity and debugging purposes as well as
enabling portability of code, replicability and rearrange-
ment in the order of certain procedures. The last part of
this phase is a procedure to reprocess elements that did
not get a response from the cadastre server, in order to
have the definitive list of elements that can be further
processed or not, looking to avoid data holes and incor-
rect results. It works the same as the general procedure.

Phase 4: The unification of certificates.

Unification of certificates in order to harmonise the
input data was necessary. This is the case of existing
dwelling certificates inside a building block, which are
not comparable to the results that would have been
obtained when considering the whole building. In order
to reduce the potential discrepancies found among cer-
tificates of different dwellings inside a building, in the
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tool’s approach there is only a single certification ele-
ment per building representing the mean of all of them
for every parameter (demand, consumption, etc.).

One advantage of this unification is the reduction in
the number of certification elements that will also
reduce the number of web requests in the next phase.

Phase 5: Data enrichment and outlier selection.
Once again, the cadastre is consulted in order to obtain
information about the buildings, using the cadastre iden-
tifiers that the certificates already have. In the same way
that has been commented before, this is another execu-
tion bottleneck, very time-consuming and consequently
has to be carefully monitored. For this purpose, a modi-
fied version of a module created for a previous project
[2] has been used.

In this point the system has data from two different
sources: the Energy Performance Certificates (contain-
ing information about the use of the building and energy
data: demand, consumption and CO, emissions) and the
cadastre data (surface, number of dwellings, year of
construction and location for establishing the climate
zone). All the data is combined into a single element that
contains the important information in terms of consump-
tion, and it is also well referred with the address, coordi-
nates and identifiers.

One important procedure during this phase is the han-
dling of outliers [14] [15]. The outliers can be treated
during this part of the process, although the correspond-
ing module is well prepared to work during previous
stages of the process as well. The method for eliminating
outliers includes the following steps:

*  Cluster generation: Separation of values into
“use of building” clusters or building typologies
as they are used in the Spanish cadastre. The
categories taking into account the uses of build-
ings are the following: complete blocks of dwell-
ings; individual homes in building blocks;
detached houses; educational facility; commer-
cial building; administrative facility; health and
hospitals; sports facilities; hotels and residences;
office buildings; and other tertiary usages. In the
case of the periods the classification used by the
energy performance certification tool CE3X [16]
is used, which correspond to relevant changes in
building construction regulation: before 1981,
from 1981 to 2007, from 2008 to 2012, from
2013 to 2018 and after 2018. For climate-related
data, the National Code for Building Construction

[17] in Spain was queried, since it establishes
reference climate zones. In our case, for each
province only two or three climates zones will be
differentiated.

e  Treating small groups of elements: the small
groups of elements have been discarded, since it
could make no sense to search for outliers when
the number of elements is small. For this case,
the number of 50 has been chosen, but it can be
changed in-code.

e Mean and the standard deviation calculation
for each set of values. The values of X and ¢ are
obtained, and for every single element of the set
(X;) the following equation is used:

i-X
(&)

>2.5

ey

The equation works perfectly for the values considered
(energy heating and cooling demand) in the current
building cases. The values that satisfy the Equation 1 are
considered outliers, and the whole element is separated
from the general set of values. As it happened to other
discarded elements, there is a variable dedicated to indi-
cate the kind of error in order to follow and evaluate
these cases.

Phase 6: Data visualization: graphs, tables and
GIS-based

From this point on, the system has available some tools
that:

e Generate values of aggregated demand,
consumption and CO, emissions values from
every building typology considered.

*  Create files containing the data from the energy
objects. The input are these objects in JSON
format, and the output is a .csv file that would fit
perfectly into a table in a database or can be
manipulated with an Excel type application.

The Figure 2 and Table 1 show an example of aggre-

gation obtained with the results extracted from the prov-
ince of Valladolid (Spain).

2.2. Applying the typologies: estimation tool

In a given location not all buildings have an energy
certificate, so if we mapped the data directly from EPCs
we would only get values for a few buildings.

The generation of the typologies not only allows to
obtain a set of typologies that can help to study the
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Figure 2: Aggregated values for heating demand, cooling demand and primary energy consumption in kWh/m? per year

Table 1: Example of table of aggregated values for CO, emissions per building typology, climate zone and construction period

PERIOD Climate Individual Residential Educational Administrative  Health and Office Hotels and
Zone dwellings buildings facility buildings hospitals buildings residences
before 1981 Y 160.92 40.64 60.60 109.50 134.88 92.25 117,56
1981-2007 Y 82.56 22.50 54.57 121.93 137.62 74,63 283,71
2008-2013 Y 41.34 10.45 88.00 57.00 186.00 122.00 192.00
2014-2018 D 41.14 20.13 0.00 86.00 0.00 0.00 42.00
2014-2018 E 32.80 0.00 0.00 0.00 0.00 0.00 0.00

behaviour of the buildings globally in a province, but
also to apply this typologies in one specific location in
order to estimate the demand and consumption energy
and the emission of the CO, of the buildings in this loca-
tion. The idea is to use the results of the aforementioned
process, i.e., the data of demand, consumption and CO,
aggregated by typology (use, period of construction and
climate zone), and to apply them for each building of
this location taking into account the use, the year of
construction and the climate zone of the building. So an
estimation for each building of this location is available
regardless of whether or not there is available EPC for
that specific building.

Therefore, the estimation based in the application of
the typologies on all the buildings can be applied to a

determined municipality in order to determine how that
city behaves energetically.

For the application of the typologies we need to know
different data from the buildings of the location in order
to categorize the building in the correspondent typology
and also additional information for the calculations. For
this purpose data form the Spanish Cadastre and infor-
mation about land use from SIOSE is used. So the infor-
mation extracted from each one is:

1. Spanish Cadastre:

a. Location of the building (for locating in a
map and for set the climate zone)

b. Year of construction

c. Condition of the building (in order to discard
ruined and declined buildings)
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Figure 3: Estimation of the CO, emissions in the municipality of Medina del Campo using the tool

d. Surface of the building
e. Number of dwellings
f. Use of the building
2. SIOSE:
a. Current use of the building (in order to
complement the information of the Spanish
Cadastre because in the case of the building
for the tertiary sector SIOSE has information
disaggregated: hotels, office, administrative
buildings, educational, etc.)
With this information and with the typologies aforemen-
tioned this component of the tool is able to create a map
of energy demand, consumption and CO, emission in
GeoJSON format that can be seen in any GIS tool as
QGIS [18].

In Figure 3 it can be seen the result of the tool for the
Municipality of Medina del Campo (Valladolid) using in
the typologies created for the Valladolid province. The
values are in tonnes of CO, per year. It is important to
highlight that the ruin or declined buildings are consid-
ered as zero emissions and besides industrial buildings
are not categorised.

3. Layout and working tools

The environment selected in order to deal with the tasks
proposed was designed with a high degree of flexibility
so the design itself would not condition the goals of the

overall project. The usage of a programming language
like JavaScript enables the use of a simple, well devel-
oped and full of libraries language, and Node.js was
chosen in order to take advantage of a potent set of
built-in modules to simplify the inner programming pro-
cesses, avoiding spending work hours in existing proce-
dures.

Moreover, the JavaScript fits perfectly when dealing
with online transactions, and envisioned future imple-
mentations, the developed modules could be easily
inserted into websites for user interfaces and open plat-
forms.

The last advantage is the portability into Linux/Unix
systems, as long as the current production environment
1s Windows-based, so the solutions would be considered
as compatible with as many platforms as possible.

The code was reworked also to avoid the utilization of
non-canonical node libraries. When it was possible, the
most generic library was put into use. To name some of
them, the fs library was utilised for file management, the
cron library for synchronous-timed calls, http library for
Internet connections or xlsx library to generate files
compatible with Excel. All these libraries are also public
and free of charge.

Most of the testing procedures have been per-
formed with average PCs in order to properly evaluate
the performance of the algorithms, especially those
that would include data combined with large quanti-
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ties of requests that have to be checked one by one,
keeping in mind that some external issues would
appear and cannot be controlled (e.g., internet con-
nection failures).

4. Assessment of outputs and results

The outputs from the whole process (maps and numeri-
cal results) have several applications. The most visual
result would be the maps. By interacting with them, a
user can appreciate what area of a city is most affected
in terms of energy demand, energy consumption, pri-
mary energy consumption or CO, emissions. This esti-
mation and mapping would not be possible had it not
been for the typology analysis performed, as well as the
identification of these building typologies using two
different data sources. Additionally, the numerical results
complement this first output by offering more insight on
how the building stock has evolved within a certain
typology and enables to aim refurbishment strategies to

a specific set of buildings which are more in need than
others. In Table 2 results for some typologies in
Valladolid are offered, without discriminating per cli-
mate zone. In this case, the reduction in time of different
values can be observed in most of the cases. Discrepancies
in these values can be used as red flags to highlight
typologies which need a more in-depth analysis. It must
be stated that the main values to be analysed should be
the heating and cooling demand, since energy conver-
sion factors affect the results of primary energy con-
sumption and CO, emissions. This can potentially lead
to misunderstandings when not being able to relate and
compare the results to the fuel used by the energy system
in a determined building, since this information is not
provided as open data.

In addition to the abovementioned applications, the
results obtained can be also used in quality checks per-
formed by the authorities in charge of the Energy
Performance Certificates, where a value that deviates
from the mean of a determined typology or period may

Table 2: Estimation of values per construction period and building typology

Residential Before 1981-2007 2008-2013 2013-2018 Health and Before 1981 1981-2007 2008-2013 2013-2018
buildings 1981 hospitals
Heating demand 98.47 53.81 28.82 60.69 Heating 224.29 174.49 80.94
demand
Cooling demand 4.77 3.77 3.01 8.82 Cooling 31.23 63.68 123.31
demand
Primary 189.85 105.55 53.63 102.56 Primary 596.31 594.35 791.00
Consumpation Consumpation
CO, emissions 41.13 22.77 11.21 21.39 CO, emissions  134.88 137.62 186.00
Individual Before 1981-2007 2008-2013 2013-2018 Office Before 1981 1981-2007 2008-2013 2013-2018
dwellings 1981 buildings
Heating demand 371.64 343.91 108.44 133.45 Heating 106.23 124.61 195.39
demand
Cooling demand 11.90 16.76 8.82 15.10 Cooling 53.63 37.81 90.95
demand
Primary 691.61 368.34 188.37 199.90 Primary 399.17 314.13 586.50
Consumpation Consumpation
CO, emissions 160.92 82.56 41.34 41.14 CO, emissions 92.25 74.63 122.00
Educational Before 1981-2007 2008-2013 2013-2018 Hotels and Before 1981 1981-2007 2008-2013 2013-2018
facility 1981 residences
Heating demand 127.25 89.42 112.19 Heating 255.53 91.46 138.72 62.28
demand
Cooling demand 13.31 14.19 44.71 Cooling 29.39 213.68 66.76 219.2
demand
Primary 286.14 234.64 384.00 Primary 516.89 1219.71 838.00 246
Consumpation Consumpation
CO, emissions 60.60 54.57 88.00 CO, emissions 117.56 283.71 192.00 42
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imply that the energy performance certificate might need
to be revised.

Future evolutions of the tool would be utilized in
solutions with larger scope (region-country-world) in
order to aggregate energy-related data from various
sources (local and global) and the integration with cur-
rent GIS software (through the usage of GeoJSON or
cityGML files, for example).

5. Conclusions

The paper has presented the development and demon-
stration of a software tool that generates aggregated data
from Energy Certificates and Cadastre values, and has
some outputs that will be very useful to integrate in GIS
energy analysis processes at urban level, as well as for
data analysis based on the typology generation.
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