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Introduction
We are happy to introduce our inaugural Spine
newsletter. The newsletter provides regular updates
on project progress and informs you about its
highlights, relevant events and ways to get involved
in the Spine model and toolbox development. This
issue is an introductory one; it gives you an
overview of the status of Spine, work that has been
done so far, and of the planned next steps. The
newsletter will be published 1-2 times per year.
We hope that you enjoy reading this newsletter. You
can subscribe to the newsletter through
spine_info@vtt.fi You can follow the project
progress also in www.spine-model.eu or at Twitter,
LinkedIn or ResearchGate.
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Spine project: aims and contents
Spine project is developing an end-to-end
energy modelling toolbox that will enable
open, practical, flexible and realistic planning
of future energy grids. The Toolbox will be
modular and adaptable, making the toolbox
suitable for both detailed modelling of
complex features in energy systems as well as
for large-scale problems. Spine Toolbox aims to
address a broad set of problems within a single
platform that improves re-usability of data and
tools.
The Spine project consists of seven interrelated
work packages, and it has the following specific
objectives: 1) Develop tools and methods for
documented and replicable data acquisition
(WP4)
2) Develop a highly adaptable energy system
optimization model (WP3)
3) Develop a method to generate and manage
a large number of scenarios (WP2)

4) Develop an adaptable interface for external
models and tools (WP2)
5) Develop an interface for the parallelization of
optimization tasks (WP2)
6) Improve, validate and deploy the Spine Toolbox
together with the industry in 13 case studies (WP5
and WP6)
7) Initiate, grow and support a user community for
the deployment and future development (WP7)
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Enabling an efficient model development
workflow:
Problem independent data pass-through
enabled by Spine database API and Julia
metaprogramming

The Spine Toolbox is an application which is
designed to facilitate and expedite flexible model
creation and development. The toolbox is a project
and data management infrastructure which
assumes nothing about the model that will
ultimately be solved. This problem agnostic design
approach is key to its generic applicability across a
wide range of modelling tasks. By providing a
means to retrieve, convert and store data and a
problem independent interface to modelling
languages such as Julia JuMP and GAMS, the
modeller is empowered to focus immediately on
the high value aspects of the problem. Key features
of the toolbox are:

• Generic problem independent data store
using an extended entity-attribute data
model

• API to access the data, and tools to
convert to Spine native format from a
wide range of input formats and sources

• Novel interface to Julia JuMP utilizing
metaprogramming allowing direct
referencing of data objects

• Scenario and results management with a
project focus

Data can come from many sources and in
many formats. The Spine toolbox can map
most tabular data into the database,
including pivoted data. In our example, the
wind capacity data comes in a csv file with
the nuts2 region names as columns and
time steps as rows.

In this case, we map the region names to an
object class named “node” and each region
becomes an object in this class. To this class
we add a parameter “wind_capacity” to
where we import the time series data. We
can now view the data in the Tree view:

Example: Importing European wind capacity into
Spine toolbox.
To import a data set into Spine toolbox you can use
a flow-based workflow, a direct import or write your
own python script that inserts data via the database
API. In the flow-based workflow, we create a link
between a data source, in this case a text file, and a
mapping between the data source and the spine
database. A flow-based workflow will allow you to
keep you source data trackable, unmodified,
separated and replaceable.
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Tree view. Here, data is visualized as a
hierarchical tree, where relationships are
displayed as the children of the objects they are
bound to. As one browses the tree, parameters
and their values are shown in dedicated tables.
The tree view manages both: data structure and
content.

Tabular view. Here, data is presented as a table
of parameter values, where different dimensions
can be accommodated on either axis. This is
particularly handy for inspecting numerical data,
e.g., from large result data sets. The tabular view
helps to manage data content.

Graph view. Here, data is visualized as a graph
where objects are the vertices, and relationships
are the edges. One can select any subset of
object classes and get a picture of the
relationships between their objects, rapidly
gaining insight into the system. The graph view
focuses on data structure.

Three views on data
Data structure and user friendly ways to display data are central in Spine. Spine data
structure is based on an extended entity-attribute-value system, which gives modellers
the capability to define sets with arbitrary dimensionality by using relationships.
However, as the number of data objects and dimensions grow, data visualization
becomes a challenge and is thus one critical aspect of Spine Toolbox's development. At
the moment, we provide three independent and complementary interfaces to edit and
visualize Spine data:
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A typical model development workflow is illustrated in Figure 2 below. The modeller develops their data
model in the graphical user interface by adding object classes and defining the relationships between
them. These are typically the modelling entities that eventually become variable indices and sets in the
mathematical optimisation problem that is eventually formed. Parameters are also defined for each
object class within the user interface. The Spine interface to Julia JuMP then allows these object
classes, relationships and parameters to be referenced by name in the constraint equation code.

For example, a user may wish to create the object classes “factory” and “widget” and a relationship
between them called “factory__widget” which allows a user to specify which widgets can be produced
at each factory. One may also wish to define a parameter called “widget_capacity” that determines the
maximum number that can be produced. Immediately, the user may reference these objects,
relationships and parameters by name in Julia using syntax similar to the below.

for f in factory()

for w in factory__widget(factory=f)

@constraint(m, v_widgets_produced[f,w]<widget_capacity(f,w))

end

end

Thus, the modeller is liberated from having to concern themselves with how the data is defined, stored
and transferred to Julia and can immediately begin developing the model equations.
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Follow Spine development in Github!
Spine Toolbox and Spine Model are both under version control and issue tracking. If you want to join
that effort, talk to us. For testing out, we have a mirror of the ’dev’ and ’master’ branches at the
GitHub (https://github.com/Spine-project) that are visible to the public. There are also binary
releases available from our website. We already have some ’outsiders’ that are testing Spine Toolbox
for their purposes (at NREL and at DTU).
Spine Toolbox can already be used for building Julia models. We are currently extending our data
structures to handle model settings, temporal settings, time series data and scenarios. We are also
building interfaces to GAMS and Python in addition to the current Julia interface.
With Spine Model, we are exploring the best ways to implement spatial and temporal structures in
the model, conversion and transfer constraints, model generation and the looping structures.

spine_info@vtt.fi



www.spine-model.org
This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement Nr. 774629.

Newsletter #1

Engage with Spine:
- Our website has all the links:

http://www.spine-model.org
- Check our YouTube channel for

installation tutorials:
https://www.youtube.com/channel/UC
CHyNRW5FatMuFZr7eRHn-
w?view_as=subscriber

- Join the mailing list: spine_info@vtt.fi

Happening next:
- End of May: first case studies ready
- June: Project meeting in Stockholm
- Spine is helping to organize EMP-E 2019
- Spine will be at JuliaCon 2019

Spotlight: Manuel Marin
Q. Could you tell us a bit on yourself - how did
you become an energy system modeler?
A. It was my fate. I started studying power
engineering back in Chile, but at some point I realized
I wanted to do computer science instead. So I got my
engineering degree, moved to France and joined a
master program on computer science at University of
Perpignan. For a moment I thought I'd never need to
worry about real and reactive power again. But then,
when I had to do my thesis, the only subject I found
was, “Using graphic processing units in power flow
analysis.” So literally energy system modelling pulled
me back in.
Q. What’s your / your organisation’s role in the
Spine project?
A. We at KTH are the coordinators of Spine case
studies, which is how we ensure that our system is
doing what we expect. In addition to that, I like to
participate in any discussions regarding system
design. I love programming too, so I try and
contribute to software development as much as I can.

It looks like I have added about 700,000 lines of code to
our repositories so far! Unfortunately, I have also
deleted about 650,000, so...
What do you find as most interesting in the Spine
project? What are the most important aims of the
project?
It's a great project. It's actually difficult for me to pick a
single aspect that I appreciate the most. Maybe it's the
programming challenge, the fact that, in order to
provide the functionality we want to provide, we need
to combine several paradigms and tools in an original
way. That's very encouraging.
And of course, there's the beauty of building the
modelling platform of our dreams -the one we always
wanted to have- and put it in hands of everyone else.

Dr. Manuel Marin
Division of electric power
and energy systems
KTH Royal Institute of
Technology
Stockholm, Sweden
mmarin@kth.se
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