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This article describes a new database of electricity bills related to energy consumption in Spanish
households. The dataset includes individual invoices containing information about the consumption
and billing of each supply point. These documents include additional data about the customer, the
contract, and the electricity company. We propose a pipeline for the creation of bill contents through
a simulation process based on regulations and statistics from official bodies and electricity companies.
This makes it possible to generate many documents with synthetic data. The simulation is based on
86 different labels, which are necessary to create realistic invoices. The dataset has 75 000 documents
in PDF format with their corresponding labels in JSON files. It is useful for training machine learning
algorithms and, in particular, for developing methods to automatically extract information from the
bills. It is also interesting to design new algorithms for analyzing the behavior of electricity markets
from different perspectives.

Background & Summary

The electricity market in Spain has undergone many changes during the last two decades. It has adopted the
policies of the European Union (EU), whose main objective is to establish common rules for all countries,
promoting competition and transparency. Additionally, the production model is changing towards a more sus-
tainable system based on renewable energies. Nevertheless, there has been an increase in electricity demand and
production costs, which translates into higher household consumption and billing.

Understanding and analyzing the energy data is difficult due to the number of actors that intervene in its
production, distribution, and commercialization, and also to the complexity of the pricing system. In the case
of the Spanish electricity market, more than four hundred marketers operate in autonomous regions, with a few
companies providing their services nationwide. Fortunately, the market is regulated, and the contents of invoices
are similar regardless of the marketer that issues them.

Extracting information from invoices is an efficient way to analyze the behavior of the market as they reflect
many aspects of the system. It would be desirable to have a large dataset of bills, although it is difficult to obtain
many documents due to data protection laws. In addition, it is also laborious to obtain, anonymize and annotate
many of them correctly. One way to get around this problem is to simulate their contents.

In this work, we design a new database of randomly generated invoices. Based on a set of bills from several
marketers, we create a large set of documents with simulated data. The bills include information about the
customer, the marketer, the distributor, the electricity consumption, and the billing data. We have used actual

. information and statistics about the market from official bodies, such as the Comisién Nacional de los Mercados

. yla Competencia (CNMC) and Red Eléctrica Espafiola (REE).

: The dataset has 75 000 invoices in PDF format organized in two directories: 30 000 in the training directory
and 45 000 in the test directory. This organization is especially useful for training machine learning algorithms.
Each invoice is defined by 86 different labels, which are necessary to model all the concepts that are included in
electricity invoices. The labels of each invoice are written in JSON files.

There exist several datasets about energy consumption and billing. For example, a dataset of a house in
Canada’ includes measurements from the electricity meter and billing information. Similar information is col-
lected in other countries, like in Korea?, with the consumption of 22 houses, or in UK? from 255 households. An
electricity demand dataset of individual appliances in Germany* contains recordings of 15 houses over a period
of 3.5 years. Also in Germany, a dataset® was created from 38 single-family houses with residential electricity
information and heat pump load profiles. Another dataset® includes 96 days of appliance consumption from
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one household in Portugal, and a dataset in Uruguay’ contains consumption and billing data conformed by the
total household consumption, electric water heater consumption, and by-appliance electricity consumption. A
dataset about electricity usage in US® contains hourly demand data from balancing authorities. A work on time
series of energy consumption® provides data for heat, cold, mechanical energy, information and communication,
and light in high spatial and temporal resolution.

The main difference with respect to our dataset is that ours is composed of individual invoices, which is a
more general source of information. Most of the previous works include tabular information from a few houses.
The SROIE! and CORD!! datasets are similar to our work, containing one thousand scanned receipts each,
although not related to the electricity market. In these cases, the receipts were manually annotated and the
number of labels was small.

The main goal that motivated the creation of the dataset is to facilitate the study of new machine-learning
algorithms to extract information from invoices. Information extraction from documents is an important task
in the field of natural language processing. Given that this type of invoice reflects the reality of the electricity
market, our dataset can contribute to the development of applications that allow a bottom-up analysis of energy
consumption and billing, having special interests from an economic and social point of view.

For example, a web application may allow customers to upload their bills, visualize their contents, and com-
pare them with the information of other customers. The database can be used to test the application with many
bills before it goes into production. It can also be used for testing similar applications, such as a marketplace
where customers may compare some offers from different companies using their own data.

Methods

In this section, we describe the typical contents of electricity invoices, the design of the database with the main
steps of the pipeline, and the process to produce the data of each invoice, explaining how we simulate the data
and the sources of information.

Content of electricity invoices. The content of electricity invoices is regulated in the Boletin Oficial del
Estado (BOE)'2. This regulation contributes to higher transparency for the customer, however, it contains so many
details that it is difficult to understand all the concepts and their relationships in general. Invoices hold informa-
tion about the customer, the marketer, the electricity consumption and prices, and supplementary information,
such as the evolution of the total amounts paid by the customer during the last months, or the origin of the elec-
tricity, whether it is from renewable or coal-based production systems.

Most marketers include several pages in each invoice: the first page typically summarizes the billing data
and customer information, and the second and subsequent pages introduce detailed information about the
consumption, the contract, and the breakdown of the invoice. The layout of bills, on the other hand, is different
for each company. Elements, such as tables, field-value texts, or graphics, are organized arbitrarily, and the infor-
mation is usually grouped in boxes, sometimes with additional information for making it more comprehensible.
Figures 1, 2 show the layout of four invoices.

In the case of the document shown in Figs. 3, 4, the information is organized in several groupings: the
marketer address and its tax identification code are situated below the company logo (group C); on the right
side, there is general information about the bill, such as the invoice number, the issue date, or the billing period
(groups F and G); the customer data are placed below this group (group A); a summary of the bill amounts is
situated at the beginning of the document body (groups J and N) and a summary of the energy consumption is
given below (group I); finally, at the bottom of the page, there is information about the contract (groups B and
E). There are also some graphics with information about the evolution of consumption.

On the next page, we find information about the contract, a breakdown of invoice concepts, a graphic about
the destination of the bill amounts, data about energy consumption by periods, and contact information. We
introduce blue capital letters in these figures to name each group. These will be used later for codifying the labels
in the following sections. Table 1 summarizes the contents of each group. All the labels and their codes are
explained in the Data Records section.

One of the main concepts of the bill is energy power, which is the value of the kilowatts (kW) contracted,
such as 5.5 KW. This information, together with the price in €/kW, and the number of days, yields the energy
power price. Depending on the contracted energy, an access toll increases the amount to be paid. The contracted
energy power is the maximum number of kilowatts that can be consumed at once in a household. It establishes
the amount of electricity that the customer can consume at a given moment. Roughly speaking, it determines the
number of electrical devices that can be connected at the same time. This is a fixed part of the bill and only depends
on the number of days and the power rate price. If there is no energy consumption, like in empty houses, this price
does not change. The customer may change the energy power, but he may have to pay a fee for this change.

Another important concept is the energy consumed, which is the number of kWh consumed by the customer
during the period. The difference between the energy consumed with respect to the earlier period in kWh, and
the unit price in €/kWh, yield the price of the energy consumed. The access toll may include time discrimina-
tion, which is billed at different rates.

The total amount includes other concepts, such as the equipment rental price or taxes. There are other fields,
like the universal supply code-Cédigo Universal del Punto de Suministro (CUPS) in Spanish-, the counter and
contract number, etc.

Database design process. The goal of the design process is to create a large dataset of realistic invoices.
This process relies on the automatic generation of labels, as explained in the Simulation section below, and a set of
document templates. The output is a set of training files in PDF format, and JSON files having the value of labels.
Additionally, a set of test documents is generated for evaluation purposes. We choose PDF files by default because
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Fig. 1 Layout examples of invoices from several marketers. These images show the first page of invoices from
several companies. An arbitrary image has replaced the logo of companies.

most electricity companies issue their invoices in this format. Nevertheless, it is easy to convert them to other
formats, such as image files or XML.

Before generating the dataset, we collect several dictionaries with Spanish names and surnames, marketers
and distributors registered at the CNMGC, villages and streets in Spain, and financial institutions, which are nec-
essary during the simulation process.

On the other hand, we create a set of template documents from real invoices obtained from the main mar-
keters in Spain, i.e., Iberdrola, Endesa, Naturgy, EDP, and Repsol. These are converted to DOCX format to easily
edit the contents. Then, we insert the label codes that need to be replaced during the simulation. The fields are
annotated between braces, suchas { {A1}} or {{DC}}.These codesare composed of two characters, the first
one corresponding to a specific group-see Table 1-and the second one to the number of the field in that group.
Creating a new template is easy since it requires inserting the codes in a new document only once.

Figure 5 shows an example of a template. These files are used in the pipeline for replacing the codes with
simulated data.

The design of the database follows the pipeline shown in Fig. 6. In the first step, we generate random data
using dictionaries and several statistics related to the principal amounts of the bill, as explained in the Simulation
section. This step creates a JSON file for each invoice. In the next step, the JSON file is used to fill out the doc-
ument template and generate the final bill in DOCX format. It is in this step that the codes are replaced by the
simulated data. In the last step, the document is converted to PDF format. Figures 7, 8 show the result of an
invoice and its corresponding labels in the JSON file, respectively.

This process is carried out multiple times for each template to obtain many bills. We create a directory for the
template and generate the same number of items in each one. In the training set, we include two PDF files: one
for the invoice and another one using annotations around the labels for making it easy to extract the information
during the training process. In this case, the label codes are placed at the beginning and end of the corresponding
value, such as #A1 Juan Ferndndez Gutiérrez #Al,with Al being the code of the customer’s name.

Automatic invoice generation is used in other works". In this case, the authors implement several strategies
for generating the contents, such as the use of regular expressions, the connection to a database source, or the
generation of random values with given constraints. It also allows generating PDF files with arbitrary layouts
and XML files with annotations.

Another work!* allows the creation of large datasets of various business documents, such as invoices,
payslips, and receipts. Document contents and layouts are randomly generated in PDF, XML, and TIFF formats.
The system uses a set of variables and concepts to create a large diversity of samples.
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Fig. 2 More examples of invoices from several marketers. These images show the first page of invoices from
several companies. An arbitrary image has replaced the logo of companies.

We also generate the contents using regular expressions, external files with tabulated values, and random
variables that depend on each field, as in these works. The main difference in our work is that we obtain the data
from a simulation process based on national regulations of the electricity market and statistics from the CNMC
and REE.

Simulation of the invoice data. Obtaining a significant number of invoices is difficult due to data protec-
tion laws. For this reason, it is more feasible to perform a simulation of the bill amounts. Additionally, a benefit
of this approach is that it allows us to obtain ground truth solutions without the need for manual annotations.
Most of the bill prices can be calculated from a few basic values, such as the consumed energy or the contracted
price per kWh.

Spanish regulations contemplate two alternatives to establish energy prices: the regulated and the free mar-
ket. In the former, energy prices are set daily by REE in an auction based on the energy offer and demand. In
the latter, the marketer and the client negotiate prices between them. Although the amounts vary between both
systems, the method for calculating the billing data is the same. In order to simplify the simulation process, we
take ideas from both systems depending on the availability of data and the ease of implementation.

The method for estimating prices in the electricity market is regulated in the BOE". We simplify some cal-
culations when they do not contribute to obtaining better results, and we do not include special situations, such
as discounts, multiple energy prices depending on the billing period, locale information, or refunds for claims.
These situations are difficult to model because there is not enough information available to do the simulation.
Nevertheless, these special situations do not affect the rest of the invoice amounts in general.

Tiered energy prices are probably the more interesting information, especially in the regulated market where
the energy and contracted power are billed at different rates depending on the time schedule. The most difficult
issue here is to simulate these special situations since we do not have statistical information about the distribu-
tion of consumption in the three tiers. In the future, we will consider introducing this classification when we
have enough data.

These special situations should not affect the design of new machine-learning methods. Introducing this
information means including a few more labels, which are a small percentage of the actual number of labels.
The methods should work in the same way when trained with these new labels. In the document templates, we
removed the parts corresponding to these situations and, in some cases, substituted the contents with capital Xs.
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Fig. 3 Layout of an electricity invoice. Blue boxes group the main contents of the document, organized by
the marketer information (C), customer data (A), bill amounts (J,N), electricity consumption (I), contract
information (EG), and the breakdown (B,E).

The simulation relies on the following dictionaries:

o Customers’ names and surnames: we obtained a list of 1960 and 455 Spanish names and surnames, respec-
tively. Some of them were compounded, such as José Maria or De la Cruz.

o Marketers and distributors: two files have the information of marketer and distributor companies in Spain,
obtained from the CNMC. The available marketer data were the name, address, phone, website, and tax iden-
tification code, and the distributor data were the name, phone, website, and tax identification code.

o Villages: another file contains the Spanish villages and cities, with their provinces and postal codes, which are
used for the customers’ addresses. We use several labels to represent these fields.

o Streets: we use a file to store the name of more than 30 000 streets. The information in this file was combined
with the villages to obtain the whole customer’s address.
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MACIONES 24 HORAS

m Averias y Urgencias (Servicios y Suministros Municipales de Chulilla, S.L.): 900 818 849 (gratuito)

m Reclamaciones: 027 (atencionalcliente @edpenergia.es/es/) PLAZA DE LA GESTA, N°2, 33007 - Asturias

Para reclamaciones sobre el contrato de suministro o facturaciones podra dirigirse a: Consejeria de Empleo, Industria y Comer cio de la Comunidad Auténoma
de Canarias en el teléfono: 928 XXX XXX o a través de su pagina web. http://www.gobcan.es/ceic/energia

m Atencidn al cliente: (gratuito) www.edpenergia.es/es/tarifasreguladas C

EDP ESPANA, S.A esta adherida al Sistema Arbitral de Consumo. Para ampliar la informacion sobre las reclamaciones que pueden ser tratadas a través del
arbitraje consultar www.edpenergia.es/es/.

Forma de pago: Domiciliada

Entidad: 8826 Sucursal: 0961 DC: 53 Cuenta Corriente: 93621*****
IBAN: ES88262009615393621*****

Cod.Mandato: E92029917738794269549863964

Version: 9579

Su pago se justifica con el correspondiente apunte bancario

DESTINO DEL IMPORTE DE LA FACTURA

El destino del importe de su factura, 191,32 euros, es el siguiente:

X,XX € Incentivos a las gias r , cog i6n y
Impuestos
aplicados

XXXX€

X,XX€ Coste de redes de transporte y distribucién
Hegulados

X, XX €
Coste de produccion
de electricidad
y costes X,XX € Otros costes regulados (incluida la anualidad del déficit)
de comercializacion

A los importes indicados en el diagrama debe afnadirse, en su caso, el importe del alquiler de los equipos de medida y control asi como
los conceptos no energéticos.

DETALLE DE LA FACTURA

Facturacion por potencia contratada: Comprende dos conceptos: la facturacion por peaje de acceso (resultado de multiplicar
los kW contratados por el precio del término de potencia del peaje de acceso y el nimero de dias del periodo de facturacion) y
la facturaciéon por margen de comercializacion fijo.

Importe por peaje de acceso:
4,63 kW x 37,921697 Eur/kW y afio x (60/366) dias 28,78 €
Importe del término fijo de los costes de comercializacion:
4,63 kW x 3,848763 Eur/kW y afio x (60/366) dias 2,92€
31,70€
Facturacion por energia consumida: Comprende dos conceptos: la facturacion por peaje de acceso (resultado de multiplicar los
kWh consumidos en el periodo de facturacion por el precio del término de energia del peaje de acceso) y la facturacion por
coste de la energia (resultado de multiplicar los kWh consumidos por el precio del término del coste horario de energia del
PVPC sin discriminacion horaria).
Importe por peaje de acceso: K / J / M / N
500 kWh x 0,139629 EurkWh 69,81€
Importe por coste de la energia (*):
500 kWh x 0,131483 Eur/kWh (*) 65,74 €
135,55 €
Subtotal 167,25 €
Impuesto de electricidad: Impuesto especial al tipo del 5,1127 % sobre el producto de la facturacion de la electricidad
suministrada
Impuesto electricidad ( 167,25 X 5,1127 % ), 8,55 €
Alquiler de equipos de medida y control. Precio establecido que se paga por el alquiler de equipos de medida y control.
Alquiler equipos de medida y control (60 dias x 0,050164 Eur/dia), 3,01€
otros 11,56 €
Importe total 178,81 €
IGIC: Impuesto General Indirecto Canario al tipo del 7% y 6,5%
IGIC reducido (7%) 7% s/ 175,80 12,31 €
IGIC normal ( 6,5%) 6,5% s/ 3,01 0,20 €
TOTAL IMPORTE FACTURA 191,32 €

Importe al que hubiera ascendido su factura en caso de haberse aplicado el resto de modalidades de discriminacion horaria dis ponibles:
Modalidad con discriminacion horaria en dos periodos (peaje 2.0DHA): XX, XX €
Modalidad con discriminacion horaria en tres periodos (peaje 2.0DHS): XX, XX €

La estructura de su peaje pasara a ser la que le corresponda segiin lo regulado en los Articulos 6, 7 y 9 de la Circular 3/2020 de la CNMC publicada en el BOE
del 24 de enero de 2020, en el plazo y en las condiciones establecidas en dicha Circular y en la legislacion vigente.

Fig. 4 Layout of an electricity invoice. A second page usually includes more details about the invoice. In this
example, blue boxes are organized by the marketer information (C), the bank account data (G), bill amounts
(J,N), and other breakdown concepts (K, M).

o Banks: a list of banks registered at the Bank of Spain is stored in another text file. These data were used to
complete the customers’ financial information.

Items in these dictionaries were randomly selected using a uniform distribution, so there is an equal prob-
ability of picking any value. Customers’ names were also converted to upper letters in 50% of cases. On the
other hand, we generated some structured fields, such as the customer’s identity card number, the CUPS, or the
contract number, respecting the main structure of the fields and generating part of the contents randomly. Since
these labels do not influence any other calculation, we do not check if they correspond to real data. Other fields,
like the contracted energy power, or the access toll, were selected from a set of values.

The start date of the billing period was calculated randomly between 1990 and 2021. The rest of the dates—end
date, issue date, and due date—were calculated considering a one- or two-months period, which is typical in most
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ID | Description Range | Details
A Customer who receives the invoice letter 1-6 Table 4
B Customer data as stated in the contract 1-6 Table 4
C Marketer data 1-E Table 5
D Distributor data 1-D Table 5
E Contract information 1-9 Table 6
F General information about the invoice 1-8 Table 7
G Customer financial information 1-A Table 8
I Energy consumption information 1-3 Table 9
] Summary of invoice breakdown 1-5 Table 10
K Detailed invoice breakdown 2-D Table 11
M Other billing items, like equipment rental 3,4 Table 12
N Taxes 1-8 Table 12

Table 1. Groups of labels. The labels are organized in several groups according to their contents. The group ID
is used to code the labels, and the field range stands for the number of labels in the group, coded in hexadecimal.
The labels are explained in the corresponding tables in the Data Records section.

5" DATOS DE LA FACTURA

IMPORTE FACTURA: {{ JB }} €
Ne° factura: {{ F1 }}

Referencia:{{ F2 }}

Periodo de consumo: {{F4s }} a {{ F5s }}
Fecha de cargo: {{ G3}}

ety {AT]
Cit-{{C2}} {A3}}
qcangcan-acsn {A4}{{AS )}
{{A6}}
FACTURA RESUMEN
Por potencia contratada {J11 €
Por energia consumida {J2}} €
Impuesto electricidad {Ja1 €
Alquiler equipos de medida y control {J5}} €
IGIC reducido ( {{ N6 }}%) (N8 E
IGIC normal  ({{ N4 }}%) {N5Y) €
TOTAL IMPORTE FACTURA {{JB}} €
m INFORMACION DEL CONSUMO ELECTRICO
Consumo en el KW Evolucién del
periodo llano
De Oh a 24h 420
Lectura anterior 360
(real) {113 kKWh 300

{{F4u}})

Lectura actual 180

(real) {12} KWh

W Fsu ) =
Consumo I I . m B I

en el periodo {{H3}} KWh
ENE MAR MAR MAY JUN JUN AGO SEP OCT NOV DIC ENE FEB MAR
19 19 19 19 19 19
W Consumo Real
= Consumo Estimado
= Media

Su consumo medio diario en el periodo facturado ha sido de 091 €
Su consumo medio diario en los Gltimos 14 meses ha sido de 0,88 €
Su consumo acumulado del Gltimo afio ha sido de 1.527 KAh

E DATOS DEL CONTRATO

Fecha emision factura: {{ F3 }} Peaje de acceso: {{E6}}

Titular del contrato: {{ B1 }} Namero de contador: {{E5 }}

NIF: {{B2}} Potencia contratada: {{ E3I }} kW

Direcci6n de suministro: {{B3}}, {{B5}}, {{ B6 }} Referencia del contrato de suministro: {{ E9 }}
Referencia del contrato de acceso ({{ D1}}): {{ E4 }}

TIPO DE CONTRATO: {{ E2 }}. Fecha fin de contrato: {{ E7 }}

TIPO DE CONTADOR: {{ EA }}. (renovacion anual automética)

Facturacion por consumoreal horario. Codigo unificado de punto de suministro (CUPS):

{E1 Y

{ C1 }}. Inscrita en el Registro Mercantil de {{ C7 }}, CIF {{C2}}. Domicilio Social: {{ C8 }}

Fig. 5 Design of templates. The original invoices are modified by including two-letter codes that stand for the
labels. These codes are replaced with simulated data. The first letter of the code stands for the group and, the
second one, for the number of the field in that group.
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External Files
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Dictionaries Templates

Simulation Process

Simulate Data Generate Invoice Convert to PDF

L

Temporal Invoices

Invoices Database

= (=

Labels Invoices

Fig. 6 Pipeline for creating the database. The process relies on several dictionaries of customers’ names and
surnames, marketers’ and distributors’ information, name of villages and streets, and financial institutions.

On the other hand, there are several document templates that are initially configured from real invoices. The
pipeline includes three main steps: the first one simulates the contents of the bills and stores the labels in JSON
files; the second one fills out the templates using the labels of the previous step; the third step converts the results
to PDF format. The output is the database composed of a training and a test directory.

bills. In some cases, several amounts are calculated using the total number of days, so we do the conversion
between the number of months and days.

The simulation selected the format of the dates according to the given template. For this, we added a letter
code to date labels, for example, a start date with code #F41 stands for a large formatas 12 de enero de
2021, whereas an end date with code #F5s stands for a short formatas 12/01/2021; see Table 2. If no code
was supplied, then the large format was selected by default. Note that several formats may appear in the same
template.

The two main amounts for calculating the bill price are the contracted energy power and the energy con-
sumption. The energy power is the maximum number of kilowatts that cannot be exceeded by all active house-
hold appliances at the same time. Currently, its price is fixed at 38.043426 €/KW'¢ per year in the regulated
market and is increased by the marketing cost, which is between 0.008219 and 0.010958 €/kW per day, or 3 and 4
€/kW per year. We use a Normal distribution to obtain random values in this range. The CNMC publishes statis-
tical information'” about the structure of the national energy system every year. This includes statistics about the
number of customers, the distribution of access tolls, the average energy consumption, and some billing data.

The number of customers in the Spanish electricity market-including all types of accounts: residential, com-
mercial, and industrial-was 28 480 765 in 2021, with 99.61% of customers having a low voltage contract (less
than 1kV). Table 3 shows the relation between the types of access tolls, the percentage of customers, and the
average price for each toll. The average price of all low voltage tolls is 0.0976 €/kWh. We do not include high
voltage contracts because they represent less than 0.4% of the total market.

The contracted power of 94.23% of customers is smaller than 10kW and, according to a study of the CNMC,
the mean contracted power was 4kW in 2021'7. We choose a Normal distribution for sampling the values in this
range, with a mean of 4 and a standard deviation of 1. The price of the energy power is calculated by multiplying
the contracted power by its unit price and the number of billing days. The access toll is obtained from Table 3
following the distribution given by the percentage of customers.

According to REE, the average electricity consumption per month in Spain is 270 kWh. Consumption of
0 kWh is typical in houses that are not inhabited-in this case, the price of the invoice is determined by the con-
tracted power-. In order to simulate these values, we use a Normal distribution with an expected value equal to
the average consumption of 270 kWh and a standard deviation of 200, truncating negative values to zero. The
unit price is sampled using a Normal distribution based on the average price of the selected access toll in Table 3
and a standard deviation of 10% of the price. This amount can also be expressed per year in some invoices.

The electricity meter rental price is regulated in the BOE!® and depends on the type of meter. The prices are
among these values: {0.03, 0.15, 0.47, 0.54, 0.72, 0.81, 0.91, 1.11, 1.36, 1.53, 1.71, 2.22, 2.79} €/month. In some
bills, the final amount is calculated as a daily price multiplied by the number of days. In our simulation, we
pick a random value in this set using a uniform distribution. We use this distribution because we did not find
any official information regarding the distribution of electricity meters in Spanish households. We know that
most meters are smart, but we do not know how many different models there are and what their prices are. This
approach is interesting for training machine learning algorithms, as it does not contribute to biasing the algo-
rithms towards certain values.

The electricity tax is regulated and is only applied to the sum of the contracted energy power and the energy
consumed. Its value is fixed at 5.1127%. The value-added tax (VAT) is applied to the total amount and its value
may depend on the autonomous region. Typical values are in {6.5%, 7%, 10%, 21%}.
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DATOS DE LA FACTURA

IMPORTE FACTURA: 32,79 €
N° factura: Fl4445831746
Referencia:701107668372/7022
Periodo de consumo: 13/12/1997 a 12/01/1998
Fecha de cargo: 17 de enerode 1998

BULB ENERGIA IBERICA SL Osiris Parra Matias
Cif: 64383572V Paseo Norte
PASEO DE LA CASTELLANA 43 28046 - MADRID 16638 B Pedernoso
Cuenca
FACTURA RESUMEN
Por potencia contratada 22,07€
Por energia consumida 8,43 €
Impuesto electricidad 1,62 €
Alquiler equipos de medida y control 0,62 €
IGIC reducido ( 0%) 0,00 €
IGIC normal (7%) 0,05 €
TOTAL IMPORTE FACTURA 32,79€

m INFORMACION DEL CONSUMO ELECTRICO

Consumo en el KWh Evolucién del consumo
periodo llano
De Oh a 24h 420
360
Lectura anterior
(real) 67541 KWh 300
(13-diciembre-1997) 240

Lectura actual 180

(real) 67611 KWh
(12-enero-1998) 120 4r"_I_I,I
60
Consumo I I
r . | [ -

en el periodo 70 kWh
ENE MAR MAR MAY JUN JUN AGO SEP OCT NOV DIC ENE FEB MAR
19 19 19 19 19 19 19 19 19 19 19 20 20 20

M Consumo Real
M Consumo  Estimado
™ Media

Su consumo medio diario en el periodo facturado ha sido de 091 €
Su consumo medio diario en los (ltimos 14 meses ha sido de 0,88 €
Su consumo acumulado  del Gltimo afio ha sido de 1.527 KWh

g DATOS DEL CONTRATO

Fecha emision factura: 14 de enero de 1998 Peaje de acceso: 3.0DHS
Titular del contrato: Osiris Parra Matias Namero de contador: 516536118
NIF: 66820313T Potencia contratada: 6,500 kW

Direccién de suministro: Paseo Norte, B Pedernoso, Cuenca Referencia del contrato de suministro: 5626034901174

hoja nimero M-272.593, inscripcion 139, CIF 64383572V. Domicilio Social: C/ Ribera del Loira, n° 60, 28042 -

BULB ENERGIA IBERICA SL. Inscrita en el Registro Mercantil de de Madrid, tomo 30.086, folio 98, seccion 8,

Referencia del contrato de acceso (POPULAR DE FLUID
TIPO DE CONTRATO: PVPC sin discriminacion horaria. ELECTRIC CAMPRODON SCCL): 179623964283
TIPO DE CONTADOR: Con contador inteligente. Fecha fin de contrato: 12 de enero de 1998
- Facturacién por consumoreal horario. (renovacion anual automatica)
§ Codigo unifi de punto di inistro (CUPS):
= ES1526963444930864DEWD

Fig. 7 PDF file. Fields in the template are replaced with simulated data, obtaining a PDF file of the invoice.

The simulation does not check that the calculations are congruent and that physically infeasible situations do
not occur. Nevertheless, since we use normal distributions for the main quantities, and most prices are calcu-
lated from these quantities, physically infeasible situations are unlikely to occur. We have checked many invoices
by hand and have not found inconsistent data.

Data Records

Each invoice of the training dataset is composed of a document in PDF format, with the bill’s contents, and
a JSON file with the value of labels. These labels contain the information necessary to generate the PDF file.
Invoices in the test set do not include the JSON files, as this set is used for evaluation purposes.

In this database version, we included nine templates from eight companies. Two pairs of templates are similar
because they belong to the same company. We generated 30 000 training documents (5000 documents in each
template directory), with their corresponding JSON files, and 45 000 test documents. Three templates in the test
set were not included in the training set.

There are 86 different labels, although each template does not necessarily include all of them. Tables 4-12
describe all the labels. Electricity invoices contain many data types, like single-valued fields—such as money,
electricity power, alphanumeric codes (invoice number, identity card number, postal or CUPS codes), email,
etc.—and multi-valued fields—such as the names and addresses of customers, marketers, and distributors-.

Table 4 shows the labels corresponding to the customer information. We differentiate between the customer
who receives the invoice letter (group A) and the customer who signed the contract (group B). There are six
labels, which include the customer’s name, identity card, and whole address.
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{

"Al": "Osiris Parra Matias",

"A2": "66820313T",

"A3": "Paseo Norte",

"A4": "16638",

"A5": "E1 Pedernoso",

"A6": "Cuenca",

"Cl": "BULB ENERGIA IBERICA SL",

"Cc2": "64383572v",

"C3": "PASEO DE LA CASTELLANA 43",

"Cc4m": "28046",

"Cc5": "MADRID",

"C6": "MADRID",

"C7": "de Madrid, tomo 30.086, folio 98, seccid
M-272.593, inscripcidén 139",

"C8": "C/ Ribera del Loira, n° 60, 28042 - Madr]

"C9": "https://www.energiaxxi.com/",

"CA": "atencionalcliente exxi@energiaxxi.com",

"CB": "BULB ENERGIA IBERICA SL",

"cCc": "900 11 88 66",

"CD": "900 85 58 85",

Fig. 8 JSON file. Labels of each training sample are written to a JSON file.

Label Format Example

1 “%d de %B de %Y’ 12 de enero de 2021
s “%d/%m/%Y’ 12/01/2021

u “%d-%B-%Y’ 12-enero-2021

p “%d.%m.%Y’ 12.01.2021

Table 2. Date formats. We use several modifiers in the templates to change the format of date labels.

% Electricity
Access Toll Customers Average price per day
2.0A 57.34% 0.1263 €/kWh
2.0 DHA 36.71% 0.0992 €/kWh
2.0 DHS 0.16% 0.0772 €/kWh
2.1A 1.46% 0.1437 €/kWh
2.1 DHA 1.19% 0.0899 €/kWh
2.1 DHS 0.01% 0.0894 €/kWh
3.0A 2.68% 0.0633 €/kWh

Table 3. Percentage of customers and average prices for each access toll. Source: CNMC'.

Label Description

Al/B1 Customer’s name

A2/B2 Customer’s identity card number
A3/B3 Customer’s address

A4/B4 Postal code

A5/B5 Customer’s city

A6/B6 Customer’s province

Table 4. Customer labels.

The marketer and distributor labels are detailed in Table 5. These include the postal address, contact infor-
mation, and the company website. In the case of the distributor, we consider its name, website, tax identification
code, and several telephones.

Labels related to the contract are given in Table 6. These include the CUPS, the contract type, the contracted
electricity power, the meter, the access toll, etc.
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Label Description

C1 Marketer’s name

C2 Marketer’s tax identification code

C3 Marketer’s address

C4 Postal code

C5 Marketer’s city

Ce6 Marketer’s province

C7 Company information in the commercial register
Cc8 Address of the company administration
C9 Marketer’s website

CA Marketer’s email

CB Short company name

CcC Marketer’s contact telephone

CD Customer’s support telephone

CE Marketer’s telephone for claims

D1 Distributor’s name

D2 Distributor’s tax identification code

D9 Distributor’s website

DC Public service phone

DD Telephone for breakdowns

Table 5. Marketer and distributor labels.

Label Description

Universal Supply Point Code or Cédigo Universal del

El Punto de Suministro (CUPS) in Spanish
E2 Contract type or rate

E3 Contracted electricity power

E4 Contract number

E5 Electricity meter number

E6 Access toll

E7 Contract end date

Code for the National Classification of Economic
E8 Activities, or Clasificacién Nacional de Actividades
Econémicas (CNAE) in Spanish

E9 Reference supply contract

Table 6. Contract labels.

Label Description

F1 Invoice number

F2 Invoice reference

F3 Invoice release date

F4 Start billing date

F5 End billing date

F6 Total number of billing days
F7 Days per year

F8 Number of months

Table 7. Billing information labels.

Table 7 shows the labels of the billing information. These include the invoice number and billing dates. Fields
related to the payment method are detailed in Table 8, with the customer’s bank account and payment date.

The energy consumption labels are given in Table 9. Some companies only include the total energy con-
sumption in the current period. Other marketers include the energy consumption in the current and previous
periods, as given by the electricity meter, and the final consumption is calculated as the difference between these
two values.

Table 10 shows the invoice breakdown labels. Although the organization of this information is different for
each marketer, it typically preserves a similar structure. The electricity power, the energy consumed, and the
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Label Description

Gl Payment method

G2 IBAN (International Bank Account Number)

G3 Payment date

G4 A sequence of numbers that identify the payment operation
G5 A sequence of numbers that identify the payment operation with G4
G6 Bank code

G7 Office code

G8 Control digits

G9 Bank account number

GA Bank name

Table 8. Payment information labels.

Label Description
I1 Energy consumption in kWh at the previous period
12 Energy consumption in kWh at the current period

Number of kWh consumed in the period. It is the
difference between I1 and 12

Table 9. Energy consumption labels.

Label Description

J1 Contracted electricity power price

]2 Energy consumed price

13 Subtotal 1. It is the sum of J1 and J2

J4 Subtotal 2. Price without taxes. It is the sum of J3 and N3
J5 Total price of the invoice

Table 10. Price labels.

Label Description
K2 Access toll rate (€/kW). Invoices may include the toll rate as €/kW per year (K2) or €/kW per day (K2d)
K3 Access toll price (€)
Power K4 Marketer cost rate (€/kW)
K5 Marketer cost price (€)
K6 Contracted power rate obtained as the sum of K2 and K4
K9 Access toll energy rate (€/kWh)
KA Access toll energy price (€)
Energy | KB Energy cost rate (€/kWh)
KC Energy cost price (€)
KD Energy rate obtained as the sum of K9 and KB

Table 11. Invoice breakdown labels organized by the contracted energy power (Power) and the energy
consumed (Energy).

taxes are present in all invoices, however, other concepts, like the equipment rental price, or subtotals are not
always included.

Table 11 enumerates the labels of the contracted energy power and consumed energy prices and rates. Finally,
Table 12 contains the labels related to different tax rates and prices.

The IDSEM dataset is available through Figshare!® and Zenodo®. In the latter, there is a unique compressed
file that contains two sub-directories, one for the training set and another for the test set. The size of this file is
30.9 GB. In the Figshare repository, there are two zip files with the training and test sets, with 13 GB and 17 GB,
respectively. Additionally, we have included separate files with a subset of the directories in each set, so it can
be downloaded by parts. There is also a reduced version of the dataset with 100 invoices per directory, which is
interesting for users who want to preview the content of the dataset before downloading it.
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Label Description

M3 Equipment rental price (daily price)
M4 Equipment rental price
N1 Electricity tax rate

N2 Electricity tax price

N3 Sum of M4 and N2

N4 Normal tax rate

N5 Reduced tax price

N6 Reduced tax rate

N7 Sum of N2 and KF

N8 Tax price

Table 12. Tax labels.

Technical Validation

In this section, we analyze the technical quality of the database. Figure 9 shows graphs with the distribution of
several labels. We process the 30 000 JSON files in the training directory and obtain the histograms of the main
amounts. Approximately equivalent results are obtained for the test set. The statistics obtained from the training
data confirm the values used in our simulation.

Figure 9a shows the graph of the contracted electricity power, which follows a Normal distribution with a
mean of 3.99 and a standard deviation of 1.0049. Figure 9b is the histogram of the electricity consumed in kWh.
We observe a large concentration in 0 kWh due to many households with no consumption, representing a 17%
of the total. There is no official data that confirms this percentage, but we know that the number of empty houses
in Spain is around 13.7%, as reported by the Instituto Nacional de Estadistica (INE).

Additionally, we may think of houses for rent that are not occupied, waiting for a new renter, or second
homes that are typically empty during most months of the year. Although 17% may seem reasonable for houses
with no electricity consumption, what is important for machine learning algorithms is that this situation is rep-
resented in the dataset with enough documents. We observe another peak around 270 kWh, which corresponds
to the mean reported by REE.

Figure 9c¢ shows the number of contracts by access toll. We observe that this graphic follows the distribution
given in Table 3 obtained from the CNMC. The most frequent tolls are 2.0 A and 2.1 DHA with 57.78% and
36.81%, respectively (94.59% in total).

The electricity power rate price follows a Gaussian distribution; see Fig. 9d. Its mean value is 0.1137 €/day,
which corresponds to the daily cost of the electric power price and marketing costs; see the Simulation section
above. Its standard deviation is 0.00193.

The electricity rate price-Fig. 9e—depends on the access toll and its distribution agrees with the information
given in Table 3. The three peaks account for the price of the most frequent tolls, i.e., 2.0 A, 2.0 DHA, and 3.0 A,
which are 0.2526€, 0.1984€, and 0.1266€, respectively. The magnitude of these peaks corresponds to the percent-
age of customers with these tolls.

The graph of the electric power price is shown in Fig. 9g. This amount is determined by the access toll, the
number of days, and the electric power rate; see Fig. 9d. The mean value is 20.4€ and the standard deviation is
8.69€.

The electricity price-Fig. 9h—-depends on the energy consumed and the electricity rate price; therefore, it is a
combination of the graphs in Fig. 9b,e. The minimum value is 0€ and the maximum is 557.77€. The mean value
is 95.25€ and the standard deviation is 76.15€. The distribution of taxes is given in Fig. 9f, with a mean of 9.61€
and a standard deviation of 11.29 €.

Finally, the total price distribution is given in Fig. 9i. The minimum, in this case, is 4.34€, the maximum is
664.49€, the mean is 132.99€ and the standard deviation is 90.89€. Note that, in this case, the values are never
zero because the electric power price is always bigger than zero.

In order to ensure that the generated documents were correct, we conducted a manual validation. Before
generating the final training and test sets, we created a reduced version of the database with one hundred docu-
ments for each template. Then, we randomly selected ten invoices from each directory and verified that the data
were correct.

We checked that the dates were in the correct ranges and the customer, marketer, and distributor information
were copied in the correct places. We verified that prices and billing amounts were correctly calculated and paid
special attention to rounding errors.

In the validation process, we also checked the format of the bills, comparing the layout, text fonts, and mar-
gins with the original templates. On the other hand, we also checked the contents of the JSON files, looking at
the correspondence between the labels and their values.

Usage Notes

There are several software packages that are suitable for analyzing this database. One example is MATLAB,
which contains many libraries that implement machine learning algorithms and many useful functions for
dealing with data-intensive applications. Another alternative is to use packages from the Python programming
language. The most important libraries are Keras?! and PyTorch?. These are focused on neural networks and
contain many recent deep learning algorithms that are ideal for testing the dataset. The scikit-learn® library
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Fig. 9 These figures show the distributions of several labels. From the JSON files in the training directory, we
calculated the histograms of the most important amounts in the bills.

contains many traditional machine learning algorithms and many functionalities for manipulating large datasets
and evaluating the results.

In the case of Python, several packages allow for managing PDF and JSON files. For instance, the pdf2text
package allows converting a PDF file to text format. This is interesting, e.g., for working with natural language
processing pipelines. In this case, the main steps for processing the data are usually tokenization, part-of-speech
tagging, dependency parsing, lemmatization, stemming, stopword removal, named entity recognition (NER),
etc. This approach produces a sequence of text data that can be easily processed with recurrent neural networks.

Another approach may treat documents as images. This is interesting for applying computer vision tech-
niques, especially those based on convolutional neural networks. The pdf2image package can convert PDF
files to several image formats. In this case, it would be interesting to apply an optical character recognition
(OCR) system in order to obtain the text from images. A standard application for this purpose is tesseract.

The scikit-learn® library contains algorithms for evaluating the performance of methods. Since this database
is intended for the extraction and analysis of information, it is reasonable to use standard performance metrics,
such as Precision, Recall, and F1-score. The accuracy obtained for chunks of words, like names and addresses,
can be done with metrics that compare the similarity of strings, such as the Levenshtein distance.

Although most electricity companies issue their bills in PDF format, we may assume that documents have
been scanned from a smartphone. In this case, the database must have images in PNG or JPEG format. Users can
make this conversion using the pdftoppm program. However, simulating the effects of scanning is not an easy
task and could take a lot of work-this can be addressed in future versions of the database-. This would introduce
new challenges for machine learning algorithms, involving techniques for manipulating the images.

Code availability

The code used to generate the dataset is released under the BSD license and is available at Zenodo?*. The
repository has a directory with invoice templates in DOCX format and another directory with the dictionaries
described above. The code of the pipeline was implemented in Python 3. For the first step, we used standard
functions for simulating the data, based on the random, time, math, os,and string libraries. We also
used the j son library for working with JSON files.
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We used the docxtpl library to replace fields in the DOCX templates with the JSON data in the second step.
Internally, this library relies on two packages: python-docx for reading, writing, and creating documents; and
jinja2 for managing tags in the template. The DocxTemplate function allows replacing the text between braces
with its corresponding value in the JSON file. The result is written in a DOCX file. Finally, this file is converted to
PDF using the docx2pd £ library. The program can be executed from the command lineaspython3 main.py.

In order to generate the final version of the database, the program was executed in an Intel Core i9 CPU with
14 cores and 32.0 GB RAM, under Windows 10. The size of the database is approximately 30 GB in the disk. Each
invoice may have between 2 and 4 pages, and the size of each PDF file on disk is between 160 KB and 1.68 MB.
The size of JSON files is between 3 KB and 4 KB. The database contains 135 000 files with six and nine directories
in the training and test sets, respectively.

The test set has 45 000 invoices in PDF format and the training set has 90 000 files: 30 000 invoices in PDF for-
mat; 30 000 annotated invoices in PDF format; and 30 000 JSON files with the value of labels.

In the non-distributable database, we have also included annotated invoices and labels for the test set, which
amounts to 45 000 PDF and 45 000 JSON files, respectively. Therefore, the total number of files in this version is
225 000 files, which occupy 49.7 GB of disk.

Regarding the execution time for the generation of the database, we calculated the average time of each step in
the pipeline for each invoice; see Fig. 6. This average time was calculated after eight runs with 500 invoices. The
results in seconds per bill are as follows:

e Simulation process: 0.036
o Generation of the invoice file in DOCX format: 0.544 s
e Conversion from DOCX to PDF: 2.053 s

Therefore, the average time for creating one invoice was 2.633 seconds. The slowest step was the generation
of PDF files (77.98% of the total time), followed by the creation of invoices (20.67%), and, finally, the simulation
process (1.35%). The total run time was approximately 197 475 seconds, or 54.85hours. The process was executed
in several batches.
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