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Abstract

Numerical analysis and modelling are crucial tools that underpin the successful operation and
planning of energy systems as they decarbonise. Key to the efficient and effective utilisation of
these tools are the underlying knowledge infrastructures — networks of people, data, and software
that support the generation of knowledge in the energy systems domain. A significant development
in energy system knowledge infrastructure has been the emergence of open modelling practices,
particularly modelling tools with open-source licenses. However, the link between open modelling
and energy system knowledge infrastructures remains largely implicit. In this work, we articulate an
energy system research approach that explicitly considers knowledge infrastructure implications.
This approach is further explored through the case study of the openlISP project.

Energy Modelling

The use of numerical computer models to support energy system decision-making can be traced
back to the 1950s when linear programming methods were first utilised to support long-term
investment planning by electricity utilities [1]. Energy system modelling software was traditionally
developed in-house, by commercial providers, or shared between institutions mainly on a case-by-
case basis. However, since the early 2000s, a growing portion of the energy modelling community
has adopted open energy modelling practices [2]. These practices include open licensing of data
and modelling software, open software development, collaborative data set collection, education,
and community building. The shift to open modelling has made software and data far more
accessible, improving opportunities for reviewing modelling methodologies and data, collaborative
development and maintenance, and re-using existing software and data. The proponents of open
modelling argue that the improved public trust, research and decision-making quality, productivity,
and accessibility offered by open modelling are needed in light of the profound implications of the
energy transition for society [2], [3], [4], [5], [6], [7].

Knowledge infrastructure

Knowledge infrastructures are “robust networks of people, artifacts, and institutions that generate,
share, and maintain knowledge about the human and natural worlds” [8]. A knowledge
infrastructure framing focuses on the relationships and interfaces between elements of an
infrastructure which are key to its successful operation. Infrastructures are helpful because they
support a task without being rebuilt from scratch for each use case. That is, a shared infrastructure
can be re-used many times to support tasks across different contexts [9]. Knowledge infrastructure
within the energy systems domain consists primarily of people — individuals, teams, institutions,
and communities that have specialised skills and knowledge — and digital artifacts — data sets and
software which are utilised in modelling and analysis. Open modelling can be conceptualised as a
reform of energy modelling knowledge infrastructure, with open modelling practices understood to
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be an effort to fundamentally reorganise the infrastructure such that it is much more accessible and
transparent.

An open knowledge infrastructure approach for energy systems

However, while an open modelling approach tends to place focus on the modelling software and
datasets, an open knowledge infrastructure approach firstly expands thinking beyond modelling
and encompasses analysis, and secondly, aims to place emphasis on connections and interfaces
between researchers, analysts, modellers, decision makers, datasets, and software. If researchers
can make contributions that are “infrastructure-aware” (i.e. designed to interface with and connect
to existing knowledge infrastructure), then their impact will be maximised by increasing the
likelihood of component reuse and by growing collective capabilities. Simple examples of
infrastructure-aware research contributions are the openNEM [9] and NEMOSIS [10] data access
tools for NEM operational data. Both these tools plug into existing NEM data infrastructure,
providing more user-friendly interfaces than the existing open-access infrastructure and improving
data-to-user connectivity. In the case of openNEM this is primarily through interactive charts
hosted on a web app, and in the case of NEMOSIS this is through a Python API. Both tools are
open access/source, again supporting the connectivity of the infrastructure.

The case of openlISP

The openlSP project aims to enable the easy high-level replication of the Integrated System Plan
(ISP) using the energy system modelling tool PyPSA [11]. The ISP is a key long-term modelling
study carried out by the Australian Energy Market Operator for the NEM. The openISP project
offers a potential case study of the open infrastructural approach to energy systems research.
Here, we review several project design decisions that reflect an infrastructural approach:

e Methodology alignment: The project's core aim, the high-level replication of the ISP, has
infrastructural implications in that the methodology influences the relationship with
modelling practitioners and decision-makers. Basing the openlSP methodology on the ISP
improves its relevance in decision-making because the ISP methodology is already widely
understood, thus making it easier for stakeholders to understand and interpret openlSP
modelling results.

e Using PyPSA: Mixed integer linear optimisation functionality has already been
implemented by numerous open-source energy system modelling tools. Recognising and
utilising this existing infrastructure allows openlSP to avoid spending unnecessary
resources reimplementing this functionality. Additionally, PyPSA is a well-established
energy system modelling tool [11], [12], [13], [14], which means that there is an existing,
and potentially growing, group of experienced modelling practitioners who are well placed
to engage as contributors or user/modifiers of openISP software.

o Data parsers: A key design decision is the development of data parsing tools that convert
AEMO ISP input data into a PyPSA compatible format. The data parsing will be
implemented in two stages. The first stage converts input data into storage formats that are
better aligned with standard programmatic data processing methods. For example, one
data parser convers the data that AEMO publishes in Microsoft xlsx workbook format into
CSV format. The second stage then converts data into a PyPSA compatible format. While
both these processes directly support the replication of the ISP, modularising the
functionality will also allow for the reuse of openlSP tools to support modelling using other
tools or independent PyPSA model implementations. The design creates multiple interfaces
between openISP and other elements of modelling infrastructure, allowing openlISP to
support a more diverse set of modelling tasks.
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o Documentation: Documentation is a crucial aspect of the software user interface.
Adequate documentation makes it easier for the user to understand what the software does
and how to use it, increasing the likelihood of adoption [15]. Therefore, producing high-
quality documentation is another key goal of the openISP project.

Development of OpenISP is already well underway, with the two data parsing packages released
and ready for use:

e isp-workbook-parser: the Python package for reading data from the ISP Inputs,
Assumptions and Scenarios Report (IASR) Microsoft Excel workbook
(https://github.com/Open-ISP/isp-workbook-parser)

e isp-trace-parser: the Python package for reformatting and querying ISP demand, solar, and
wind time series data (https://github.com/Open-ISP/isp-trace-parser)

ISPYPSA, the Python package for implementing ISP type models in PyPSA, is under ongoing
development (https://github.com/Open-ISP/ISPYPSA).
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