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1. INTRODUCTION 

Energy system models utilize data from many different sources. Data management becomes a 

critical issue as databases are maintained over years across many projects. Our approach is to 

create an interface for easy data acquisition from multiple sources, utilizing data acquisition 

scripts, created by the user for a particular data source. A data acquisition script could for example 

gather data from an online site or a set of local files and convert it to the format understandable by 

Spine Toolbox. This will allow documenting in metadata both where the data originated from and 

how it was transformed into its current form. This process can then be modified and executed as 

needed. The process can also be shared more easily enabling better peer review and sharing of 

efforts. 

Example scripts for data acquisition and processing will be created and published in Work Package 

4 (WP4). The example scripts will cover many of the sources utilised in Spine project and serve 

some of the data needs of the case studies (WP6). We will not, however, provide maintenance for 

the scripts in the long term. We will leave automated data acquisition and processing to other 

projects such as Open Power System Data [OPSD] and Electricity Map [EMAP]. Some of the 

scripts created in Spine project may be shared with such a project or community. 

1.1 Purpose of this document 

This document presents the needs and high-level design for data acquisition and conversion for 

the Spine Toolbox. 

1.2 Scope & audience of this document 

The deliverable gives a general overview of importing data from external sources to a Spine 

Toolbox project as well as performing conversions and quality control of the data. The process of 

selecting data from different sources to create a final dataset (or datasets) for modelling or 

simulation is not covered, as it is a core functionality of the Spine Toolbox itself. 

The first version (due in M05) of this document is intended as a basic description of how data 

acquisition and conversion tools are to be created and documented. Also metadata requirements 

are defined. An updated version (due in M24) will incorporate further details.  

1.3 References to other documents 

Data needs will be given by the case studies of WP6 and the sources of data in Deliverable 5.1. 

Comprehensive description of available data sources, formats and specifications. Deliverable 2.1 

Software Design Document will govern the whole software design and Task 2.2 Data structures 

will give details on the Spine data model. 

1.4 Terminology 

● Spine Toolbox is an application, which provides means to define, manage, and execute 

complex data processing and computation tasks, such as energy system models. See 

Deliverable 2.1 for details about the Toolbox. 

● Spine Toolbox Project is a Toolbox concept and consists of a data processing chain that is 

built by the user for solving a particular problem. 

● Spine Data Model is a way of organising the data within Spine Toolbox, see below for 

details. 
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● Data sources are all the original, unaltered, sources of data that are used to generate 

necessary input data for the Spine Toolbox tools. 

● Data Store is a Spine Toolbox internal data container which follows the Spine data model 

(see D2.1). A data store is implemented using a database, for example, it may be a SQL 

database.   

● Data Connection facilitates data transfer from original data sources, e.g. spreadsheet files 

or databases, to Spine Toolbox. The original data source file does not need to conform to 

the format that Spine Toolbox is capable of reading, since there is an interpreting layer 

between them (Data Importer). 

● Data Importer is a Spine Toolbox project item which handles connecting to and importing 

from external data sources. 

● Data Exporter is a Spine Toolbox project item which handles writing data out to files. 

● Data Package is a commonly used data container format consisting of a metadata 

descriptor file (datapackage.json) and resources such as data files. See section 2.5 for 

details. 

● Tool is an item of a Spine Toolbox project that governs the execution of some external 

process, which takes some data as input and produces output. The process can be a 

computation process or simulation model, but it could also be data conversion or 

calculation of a new variable. (See D2.1) 

 

2. SPECIFICATIONS 

2.1 Implementation 

Spine Toolbox and all its core components will be implemented in Python programming language.  

2.2 Spine data model 

The Spine Data model will be developed in Task 2.2 Data structures. It is assumed that the data 

model will follow the Entity–Attribute–Value model with Classes and Relationships (EAV/CR), 

where all objects, their classes and attributes as well as relationships to other objects can be 

expressed using simple (key/value) tables [NA99]. Any data being imported into a Spine Data 

Store must be compatible with this data model.   

For the EAV/CR data model,  data being imported consists mainly of  at least three types of tabular 

data: 

1. entity description tables, 

2. attribute tables, 

3. relationship tables. 

Entity description tables introduces the entities and the classes they belong to. Classes are used for 

grouping similar entities. An example of an entity description table would look like: 
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Table 1: Entity table example 

Entity ID Class Entity name 

E1 foo A furry foo 

E2 foo Another foo thing 

E3 bar A big bar thing 

From Table 1 above we can see that an entity with id E1 belongs to the class ‘foo’ and is called ‘A 

furry foo’. 

Attribute tables list the values of named attributes of the entities. An example of an attribute table 

looks like: 

Table 2: Example attribute table 

Entity ID Attribute Value Comments 

E1 length 0.45             simple scalar value 

E2 length 1.23  

E3 btype ‘low’ textual data 

E3 location (1, 2)   tuple or array 

E3 arrdata [big_array.h5]   reference to a file 

Relationship tables describe relationships between the entities. An example of relationships would 

look like: 

Table 3: Example relationship table 

Relationship ID Entity ID 

R1 E1 

R1 E2 

R2 E1 

R2 E2 

R2 E3 

Table 3 above denotes that entities E1 and E2 are related by relationship R1, as well as, E1, E2 

and E3 are related by relationship R2.   

In addition, the classes and the attributes should be defined, either within Spine toolbox project or 

during the data import procedure, see examples in Table 4 and Table 5. 

 

Table 4: Example classes 

Class Description 

foo A class for describing foos 

bar A class for describing bars 
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Table 5: Example attributes 

Attribute Description Data type 

length Length in metres float 

btype Classification type in baz system string 

location Object location (x, y) tuple 

arrdata Complicated multidimensional array data  array 

 

2.3 Data acquisition and processing scripts 

Data acquisition and processing scripts will most likely be implemented in Python. The Python 

language is well-suited for data processing and analysis; and, furthermore, it is open-source. 

Another candidate language is Julia, which will likely be used in the Spine Model and would offer 

faster performance than Python. However, Julia is not fully mature and does not have the extensive 

libraries of Python.  

Data acquisition and processing scripts should be adequately documented and preferably 

composed using Jupyter notebook environment [JT15].  Adequate documentation of the data 

acquisition and processing should be created, see section 2.4.  

2.4 Metadata 

 The imported data, e.g. data packages, should contain at least the following metadata: 

● Who collected the data 

● When was the data collected 

● What are the original sources of the data 

● What licenses apply to the data and how it can be shared 

● A description of how the data was collected:  

o What methods were used to transform the data to the final format 

o If data was processed, e.g. cleaned, what assumptions were made 

See full requirements for metadata in Deliverable 5.2 Data Management Plan, section 3.1. 

2.5 Data package 

The Data Importer should be able to import Data Packages, which is a widely used standard that 

supports metadata and allows easy interoperability. The specification to the Data Package format 

is given in [WP18]. In short, a data package consists of metadata and resources, which can can be 

local files or references to remote files.  

A very simple example data package would consist of two files:  

● datapackage.json is the metadata descriptor file 

● data.csv holds some tabular data as comma separated values 

Contents of the data package JSON file (modified from an example in [WP18]): 
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{ 

  # general "metadata" like title, sources etc 

  "name": "a-unique-human-readable-and-url-usable-identifier", 

  "title" : "A nice title", 

  "licenses" : [ ... ], 

  "sources" : [...], 

  # list of the data resources in this data package 

  "resources": [ 

 { 

   "name": "a data file", 

 "path": "data.csv", 

 "mediatype": "text/csv", 

 } 

  ], 

  # optional 

  ... additional information ... 

} 

 

3. DATA ACQUISITION AND CONVERSION 

Data acquisition consists of the following: creating a new Data Connection, defining an import 

procedure with a Data Importer, importing the data by executing the Data Importer, which takes 

data from the original data source and stores it in a Data Store. In Figure 1 we can see an overview 

and we denote that the items specified or developed inWP4 are shown in bold. 

 

Figure 1: Data acquisition and conversion architecture 

Data needs to be imported and converted to Spine data model so that they can be used in Spine 

Toolbox. Collecting the data and converting it into a format understandable by Spine Toolbox is 

the responsibility of the user. Spine Toolbox will help the user in importing the data by providing 

Data Importers for specific data formats. Spine Toolbox will also provide the ability to automate 

data acquisition and conversion by executing user-provided scripts.  

A Data Importer will check the incoming data for errors, e.g. missing files and badly formatted 

tabular data file: duplicate rows or otherwise unreadable content. If there are errors, the data import 
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will not proceed, a log file will be created and the user is informed about the failure. The Importer 

can also be used to map parameter names in the original data to different names to be used in the 

current project. 

A Data Importer produces data that complies with the Spine data model. A select and import 

process transfers the data into a data store, which can be internal or external. The user will be able 

to preview the imported data in the selection phase. The preview will also support filtering the data 

in order to spot erroneous values more easily. During the data storing into the data store, Spine 

Toolbox will check the data for errors (referential integrity, datatype errors etc.). The user is 

informed about the errors and the data storing is cancelled. 

Quality control of the incoming data consists of data error checking as well as data correction. We 

refer with error checking to a procedure that stops if an error is encountered, e.g. missing value, 

data type error, etc., and this has been described previously. Furthermore, we refer with data 

correction to a procedure that finds and corrects, automatically or manually, data quality issues, 

e.g. magnitude error in an input data value. Data correction is carried out with a separate tool (see 

below). 

3.1 Data Importers 

Importing external data will be implemented in three phases with increasing functionality but 

decreasing implementation priority: 1) importing local data files collected by the user, 2) executing 

a script for automated data acquisition and 3) querying a database directly. Each phase adds to the 

previous functionality of the interface. See Figure 2 for an overview. 

 

Figure 2: Overview of methods for data import implemented in three phases 
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In the first phase, Spine Toolbox will support importing data from local files. It is the user’s 

responsibility to enter all relevant metadata, but the Toolbox will offer an interface that allows 

inserting metadata if it does not come directly with the data (e.g. when using data package format). 

The attribute names can be changed during the import process to reflect the current Spine Toolbox 

project terminology. 

Data importers will support reading data from various file formats. Among supported formats will 

be standard formats for data exchange such as comma-separated values (csv), Excel Workbooks 

(xlsx) and selected binary data format or formats like Network Common Data Form (netCDF) or 

Hierarchical Data Format (HDF). The data store can contain data and could be extended to hold 

references to data files, e.g. a reference to a binary time series file. In the data importer, the user 

determines how the data is imported to the data store. 

In the second phase, Spine Toolbox will support running a (set of) programming script(s) to import 

data from a specific source into a Data Store. The scripts will be executed in a similar way as Spine 

Toolbox Tools (see Deliverable 2.1, section 2.1) that are part of the Spine Toolbox project data 

processing chain. It may be possible to pass the data in-memory from the scripts to the Data Store. 

A tabular data importer also supports importing data in ‘wide’ table format (multiple attribute 

columns) as opposed to the ‘narrow’ format shown previously in section 2.2. The importer will 

automatically unpivot the data so that it complies with the Spine data model. 

In the third phase, Spine Toolbox will support connecting to an external database and to select data 

using SQL queries. This functionality has the lowest implementation priority. Supported database 

management systems could include e.g. SQLite, PostgreSQL and MySQL. 

3.2 Data correction 

Separate Tool(s) may be created for data correction, e.g. for filling time series gaps or finding 

illegal values for certain parameters. 

3.3 Geographical processing 

Data Importers will support reading data in geographical data formats such as shapefile features 

(shp) or GeoTIFF rasters. Geographical processing includes changing the resolution of the data. 

This requires additional computing, so this task will be implemented as a Tool in the Spine 

Toolbox project data processing chain. 

3.4 Spatial aggregation 

Spatial data aggregation processes might involve complicated calculations or even solving an 

optimisation problem. Therefore spatial aggregation will be implemented as a Spine Tool, part of 

the Spine Toolbox project data processing chain. This allows also storing the original, 

disaggregated data within the project. 

4. USE CASES 

The use cases consist of different methods to import data into a data store. First a data connection 

is made and then the connection can be used to import data. The following use cases are described: 

1) Manual data connection, 2) Script data connection and 3) Database data connection and 4) 

Import data.   
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4.1 Manual data connection: Connect to an external source manually 

Actors User, Spine Toolbox 

Summary 
A user creates manually a new data connection in a Spine Toolbox project 

and creates a new data package to be used as the source of the data connection. 

Main course: 

1. User creates a Spine Toolbox project with a data connection item. 

2. The user has some data, referred as original data, they would like to import into their 

project. The user adds these files to the data connection. 

3. The user creates a data package as described in steps 3.a–e. 

a. The user opens the data package editor from the data connection item. 

b. The user enters required metadata, see Section 2.4.  

c. Spine Toolbox writes the metadata into a data package description file 

(datapackage.json).  

4. The user sets the newly created data package as the source of the data connection 

5. The user creates a new Data Importer and connects the data connection item to it. 

6. The user executes the data importer item. 

7. Spine Toolbox performs error checks on the data.  

8. The user can choose to export the data connection files as a data package. 

Alternative course 1: 

1. Replace step 3 with: The user creates a data package by hand using the original data. 

2. Perform steps 1, 2, 3, 4, 5 and 6. 

 

Alternative course 2: 

1. Skip steps 3 and 4 and just import the original files without creating a data package. 

 

4.2 Script data connection: Create and execute a data connection 
script 

Actors User, a data source: local or online, Spine Toolbox 

Summary 
User creates a new data connection the Spine Toolbox project and creates a 

new data connection script as the source of the data connection 

Main course: 

1. The user finds a data source they want to use in their work with Spine Toolbox  

2. The user writes a script that retrieves data from the source and converts it into the 

format required by the Spine Toolbox. The script creates the required metadata. The 
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script allows to re-run the steps needed to acquire and transform the data when 

needed. 

3. The user creates a Spine Toolbox project with a Tool item.  

4. The user selects the executable script as the source of the Tool. 

5. When the user executes the project, Spine Toolbox executes the script, performs error 

checks on the retrieved data.  

Alternative course: 

1. To execute an existing script, only steps 3–5 are performed. 

 

4.3 Database import: Connect to an existing database 

Actors User, database: local or remote, Spine Toolbox 

Summary 
User creates a new data connection in a Spine Toolbox project and creates a 

new database query as the source of the data connection 

Main course: 

1. The user creates a Spine Toolbox project with a data connection item. 

2. User writes a database query using SQL. 

3. The user selects database connection as the source of a data connection and specifies the 

query to be executed. 

4. The Spine Toolbox may request the user to fill in some required metadata. 

5. The user creates a new Data Importer and connects the data connection to it. 

6. When the user executes the importer item, Spine Toolbox executes the database query 

and performs an error check on the retrieved data. 

7. The user can choose to export the data connection as a data package. 

 

4.4 Import data: Importing data to a Data Store 

Actors User, Spine Toolbox 

Summary User imports data from a data connection to the Spine Toolbox project 

Main course: 

1. User creates a Spine Toolbox project with a data importer and a data store. 

2. The user connects the data importer to the data store.  

3. The user can use data selection dialog of the importer to select a subset of the data. 
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4. The user can create a view item to preview the selected data. 

5. The user executes the data importer item to store the data into the data store. 

5. SUMMARY AND NEXT STEPS 

The current, updated version of the deliverable gives a specification of the Spine Toolbox Data 

Importer item, based on the experiences from the development of Spine Toolbox in WP2.  
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