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An open-source tool for PPA analysis

Corporate net-zero goals have been a continual driver for uptake of renewable energy procurement,
including through power purchase agreements (PPAs) (Gutierrez 2022). While PPAs can both
support renewable generator deployment and provide necessary hedging against volatile electricity
prices (Flottmann, Wild et al. 2024), there remains a lack of transparency and understanding
particularly around more complex or innovative PPA structures. To facilitate further exploration of
such structures and their potential outcomes for corporates, we have developed an open-source
PPA Assessment Tool that aims to allow users to model a range of different PPA contract structures
and assess both financial and emissions outcomes of each.

To make a tool that would be usable by a range of stakeholders, we developed PPA modelling
infrastructure with two key modes of user interaction. First, we set up a Jupyter Notebook to function
as a simplified user interface, with the addition of widgets to create clear input fields for new users
and increase accessibility for users less familiar with Python coding (Granger and Perez 2021). More
code-focused users can then engage with the tool through the API or go directly to the source code
for more control and customisation. This abstract will demonstrate key features of the notebook
interface with a case study using sample data accessible through the tool.

Data

A key focus in developing this tool was ensuring that users could easily access sample data to run

through the modelling flow, to help potential users understand quickly what the tool can do and

remove sourcing and formatting barriers upfront. The following datasets are made available to tool
users:

e Half-hourly load data for 51 commercial and industrial businesses, originally sourced from a
CSIRO dataset containing over 100 profiles from FY14/15 (Berry, Collins et al. 2015) and
extended across 2019-2023 using weather dependency regression modelling.

e Historical generation and wholesale pricing timeseries data from AEMO MMS tables accessed
via NEMOSIS (Gorman, Haghdadi et al. 2018).

e Average grid emissions intensity timeseries data, accessed via NEMED (Heim and Naderi 2022).

Through the interface notebook, the user can select a year and NEM region to collect generation,
pricing and emissions data from, then choose the load profile to analyse. Once the year and region
are set, a list of renewable generators for which a full year of data from the chosen year onwards
exists are provided for users to choose from. Any number or combination of generators can then be
selected for analysis using the multi-select widget.

For the purpose of demonstrating the user interface, we chose to model a supermarket load profile
in Queensland (QLD) and three generators (one solar farm and two wind farms), using data from
2020. Average seasonal daily shapes for both the load profile and all generators can be visualised
in the tool for easy visual inspection, with an example load profile shown in Figure 1.
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Figure 1. Average hourly load profile by season and weekday type.
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Contract options

Once the data to model has been selected, the user then specifies the contract type to be modelled
(one of Pay-as-Produced, Pay-as-Consumed, Shaped, Baseload and 24/7) and the method for
procuring any firming energy not covered under the contract (one of Wholesale Exposed, Partially
Wholesale Exposed or Retail). All contracts are settled as Contracts-for-Difference (CfD)?, so a strike
price must also be set as an input by the user. Further detail like the settlement period, percentage
of load to be contracted and indexation rate can be added alongside pricing information, though
defaults are also supplied. Most input fields are accompanied by a tooltip button that provides more
information on the input when clicked so that users can choose their level of engagement with each
field.

While the interface notebook gives options for users to fill out contract details, further custom contract
structures or details can also be added by more Python-experienced users by accessing the API or
editing a local copy of source code, allowing a full range of flexibility depending on user preference.
A notebook outlining an example flow for accessing the API is also provided alongside the interface
notebook to encourage use at different levels.

For this example, we modelled a Baseload contract with a retail agreement for firming energy and
monthly settlement periods. Figure 2 shows a screenshot of the input widgets used to define these
terms in the interface notebook. Input styles were specified according to the data type to reduce
potential errors associated with invalid data types.

Histarical data selection:

fUsers/elliekallmier/Desktop/RA_Work/247/247_ppa/ppa_analysis
data_caches/yearly data_files

Year: | 2020 hd
Generator region: | QLD1 v
Load region: | QLD1 ~
Load data file: | (55) Supermarket FN v
Generators: | CSPVPS1: PHOTOVOLTAIC FLAT PANEL
COOPGWF1: WIND - ONSHORE
DDSF1: PHOTOWOLTAIC FLAT PANEL

KSP1: PHOTOVOLTAIC FLAT PANEL
MEWF1: WIND - ONSHORE

Contract parameters:

- All contracts:

Contract type: | Baseload )
Firming contract type: | Retail )

Settlement period: | M (?) The settlement period refers to how frequently
your bills are settled. For example, this can
impact the outcomes for contracts with volume
undersupply penalties as the volumes are

calculated at the settlement period.

Contract amount (%): | 100 <o

Figure 2. A screenshot taken of part the user interface notebook, including
various input widgets and an expanded tooltip.

Tool functions

Once contract and input data details are specified by the user, a hybrid portfolio is created by running
a linear optimisation with the chosen load and generation profiles. The optimisation structure and
inputs are partially determined by the contract type and details, with the objective set to meet
contract-specific requirements with a focus on reducing costs of firming energy. The tool then allows
users to visualise portfolio makeup as both total contracted megawatt-hours (MWh) and by

1 A CfD is a bilateral derivative contract that settles around the difference between a price agreed upon by involved parties,
called the ‘strike price’, and the wholesale energy market prices.
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percentage, as illustrated by example in Figure 3.
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Figure 3. Summary of hybrid mix results for a Baseload PPA.

After a hybrid generation profile is created, financial outcomes under the contract are calculated
including PPA costs, firming costs and network costs. Contract-specific costs and revenues are also
considered at this point, including revenues from on-sold renewable energy or shortfall payments
received where applicable under the chosen contract. Results from these financial calculations can
be visualised as cash-flow style waterfall charts or broken down by cost and revenue components
in each settlement period, as shown in Figure 4, thus allowing users to observe the time-varying
financial outcomes of the contract and the effects of market volatility.
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Figure 4. Bill components by settlement period.

The tool has additional capacity to model a simple behind-the-meter (BTM) battery and load shifting
to allow users to observe potential financial and emissions benefits of adding flexibility to their load.
Both the battery and load shifting models are operated to minimise the cost of residual energy
(exposed to regional wholesale prices) through linear optimisation. Battery size and allowed level of
flexibility are able to be specified by the user through simple numerical inputs, with further detail
explaining each term and input accessible through tooltip buttons.
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Figure 5. Hourly emissions due to firming energy, with load flexibility or a BTM battery.

Figure 5 is another optional visualisation built into the tool that shows the difference in hourly average
emissions between scenarios before and after adding a battery or load flexibility, allowing users to
directly compare outcomes under each scenario.

Conclusion

This open-source PPA modelling tool aims to equip potential users with the opportunity to explore
financial and emissions outcomes for a range of contract structures to help make renewable energy
procurement decisions. The tool is designed to allow modelling at a range of levels from simple to
source code while providing useful, interesting insights through built-in visualisation. Future work will
include continuing development of the tool's user interaction and surrounding documentation and
facilitating development from open-source contributors.
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