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1. [bookmark: 1._Background][bookmark: _bookmark2]Background
1.1. [bookmark: 1.1._PLUS_ES_South_Australia_Demand_Flex][bookmark: _bookmark3]PLUS ES South Australia Demand Flexibility Project Overview
This project aims to demonstrate the technical and commercial viability of utilising existing smart meters to orchestrate electric water heaters that are on a controlled load to provide demand flexibility at scale. If successful, the technology can be widely deployed across the National Electricity Market (NEM) to help with balancing grid minimum demand periods by “soaking up” excess daytime solar generation. Successful utilization of this flexible demand ultimately has the potential to allow for a higher penetration of renewable generation.
The project includes the development of two software platforms:
· A Load Management Portal for AGL to view, manage and execute command functions over eligible controlled loads; and
· An application programming interface (API) which allows AGL to easily integrate their systems enabling control commands to the PLUS ES meter via automated mechanisms.
Once access has been established by AGL, two functions with different use cases are possible:
· Planned demand shifting: scheduling electric hot water loads dynamically for a predefined set period. Use cases for this may include shifting the electricity demand from night-time to daytime in response to PV generation seasonality; and
· Real-time demand shifting: AGL can control and shift electric hot water loads in near real-time (NRT) based on predetermined business logic and parameters including responding to network tariff and wholesale market price signals. The operations need to ensure compliance with the operational and network constraints.
The project will run over approximately 23 months including the software development, trial operation and knowledge sharing phases.
1.2. [bookmark: 1.2._Project_Rationale][bookmark: _bookmark4]Project Rationale
There is unrealised potential in utilising electric water heating systems as a dynamic flexible load. Hot water is the largest and most predictable load for most households and more than 50% of households own an electric water heating system. Moreover, the penetration of smart meters across the NEM is more than 20% with increasing uptake which provides visibility of available load and control in near real-time. 
With recent developments in the consumer energy resources (CER) space, South Australian Power Networks (SAPN) has given control of the switching times for controlled load to retailers. In response to increasing uptake of rooftop solar, SAPN implemented time of use network tariffs to incentivise electricity consumption during times of peak solar generation. Retailers will require the technical solutions to orchestrate hot water loads at scale (in hundreds of MWs) in near real-time.
The project trial will develop a software solution to enable project retailer partner AGL to dynamically access and manage electric hot water systems that are on a controlled load. Existing smart meters will be utilized as part of this solution without any hardware upgrade requirements.

1.3. [bookmark: 1.3._Purpose_of_the_Report][bookmark: _bookmark5]Purpose of the Report
As part of the project agreement, project partners have agreed to deliver lessons learnt and knowledge sharing reports as part of the milestone deliverables. This report is being submitted as part of Milestone 2 and presents content both for the first lessons learnt report and interim knowledge sharing report. The purpose of the report is to present the project progress and preliminary findings, discuss challenges faced and share important lessons learnt so far. The report also presents a summary for the next steps of the project.
Table 1 shows further details for the lessons learnt and interim-knowledge sharing reports as referenced from the original project funding agreement.
[bookmark: _bookmark6]Table 1 Summary of the milestone deliverables as part of this report


	
No
	
Deliverable title
	
Purpose
	
Frequency
	
When?
	
Accessibility
	
Content and delivery

	KS4
	Lessons learnt reports (UNSW-led)
	Share key lessons from the Project and implications for industry.
	Once
	Milestone 2
	Public
	Public report detailing the lessons, challenges, solutions and opportunities of the following topics, as applicable:
· Project objectives and progress to-date
· Technical & data
· Financial & economic
· Regulatory (e.g., barriers encountered, engagement with reform/rule changes)
· Customers and stakeholders (e.g., feedback, engagement with DNSPs/retailers/key stakeholders outside of South Australia)

	KS5
	Interim Presentation & Software Demonstration (PLUS ES led)
	Public presentation and demonstration of the Load Management Portal and API interface to ARENA and key stakeholders.
	Once
	Milestone 2
	Public
	Public presentation and demonstration that includes, at a minimum:
· Overview of the approach, considerations and lessons from the design, development and testing of the Load Shift Platform and API web server
· Demonstration of the Load
Management Portal and API web server
· Overview of the test
outcomes and analysis Recording and presentation to be made available via public platform (e.g., ARENA Knowledge Bank or
Project website), as agreed with
ARENA.



2. [bookmark: 2._Progress_to-date][bookmark: _bookmark7]Progress to-date
The project started in October 2022 and since its inception, project partners PLUS ES, AGL and UNSW have closely collaborated through regular bi-weekly meetings and monthly project governance meetings. In addition, teams have had various impromptu meetings to resolve various challenges associated to software development, data transfer and the trial. The teams’ effective collaboration has aided in achieving the target milestones earlier than the expected timeframes and all project expenses stayed within allocated budget.
The project progress is described within the different categories as below.
2.1. [bookmark: 2.1._Software_design][bookmark: _bookmark8]Software design
In early November to December 2022 high-level requirements and process flows were developed by the PLUS ES team, workshops were conducted, and endorsement of the requirements provided by all parties.
In January 2023 PLUS ES and AGL commenced build of their respective IT platforms. For PLUS ES this involved the development of:
· A Load Management Portal enabling AGL users to:
· Raise control command requests to shift hot water heating.
· Ability to view history of requests.
· Provision of dashboards for reporting purposes
· An application programming interface (API) enabling AGL to easily integrate their load shifting requests in an automated fashion enabling flexible load management requests direct from AGL’s system to the PLUS ES meter.
· Designing the new hot water load control schedules whilst ensuring the continuous supply of customer hot water amenity with mitigating legionella risk.
Following the completion of the API, the AGL team completed all the required integration steps within AGL’s NEO distributed energy platform to connect to the API. This included the development of an automated system to send control commands to the PLUS ES API, and the development of an ingestion interface to accept the near-real-time metering data for the controlled hot water circuit. This latter feature allows the results of hot water control to be seen within typically an hour of execution, and is presented in a data dashboard that AGL project personnel can access to monitor the performance of the end-to-end system.
Overall, the development and integration of load management portal and API has gone very smoothly. Only minor teething issues were experienced in the first few weeks of operation and these were quickly addressed. AGL is able to successfully connect to the retailer portal and API to execute load control calls as explained in more detail in operational insights section.


2.2. [bookmark: 2.2._Preparation_of_the_databases][bookmark: _bookmark9]Preparation of the databases
The AGL NEO development and operations team has completed the integration of new hot water load data and event call data into the NEO database used by AGL to manage distributed energy assets such as residential and commercial/industrial batteries. The NEO system is based around a Microsoft Azure ADX platform.
To analyse the operational trial data for knowledge sharing deliverables, UNSW has created a new database using Amazon Web Services (AWS) Timestream database. Data ingestion scripts have been written using sample data-sets. A Secure File Transfer Protocol (SFTP) server has been established at

UNSW for PLUS ES to transfer the trial datasets. UNSW’s data platform is ready to receive ongoing trial datasets from Plus ES and AGL and the data analysis will commence after receiving first month of trial data in August 2023.
2.3. [bookmark: 2.3._Transfer_of_customers_to_solar_soak][bookmark: _bookmark10]Transfer of customers to solar soak switching schedule
Prior to the trial commencing, it was necessary to move hot water customers who were previously on the Controlled Load 1 overnight heating switching schedule (CL1) onto the Controlled Load 2 (CL2) schedule that adds a heating period during the day for solar soak purposes. AGL transferred a total of 25,000 South Australian customers to CL2 in late 2022 and early 2023.


The difference between CL1 and CL2 is illustrated in the following table:

	Switching schedule
	Description
	Hours of operation

	CL1
	Overnight
	23:30 – 06:30 ACST

	CL2
	Overnight and solar soak
	23:30 – 06:30 plus 09:30 – 15:30 ACST




2.4. [bookmark: 2.4._Preliminary_findings][bookmark: _bookmark11]Preliminary findings
2.4.1. [bookmark: 2.4.1._Operational_trial_insights][bookmark: _bookmark12]Operational trial insights
Before starting the trial, Plus ES carried out extensive performance testing of the load control portal and API. Scenarios covered included:
· Bulk group changes.
· Simulating large volumes of meter failures from the smart meters.
· Simulating a JSON type data request from AGL, containing a large volume of individual requests to open or close a smart meter relay across different groups at different intervals.
· Simulating receipt of a number of messages from AGL concurrently, where each message had a large number of open or close requests of the smart meter relays.

In the first week of the trial, Plus ES established a hyper-care team which regularly monitored the load control signals from AGL and observed API’s response to these signals. There were a few communication and API issues identified in the first days of the trial which were able to be resolved in a quick manner.
Traditionally, SAPN has used a one hour randomisation period to smooth out the activation of controlled loads. With the finer degree of control available through smart meters and API control, this randomisation period can potentially be reduced.
The AGL team has divided the trial population into ten load groups and designed an initial rolling time schedule for the control of hot water circuits. This rolling schedule delays the turn-on and turn-off times for each group by half an hour. Pre-trial analysis has suggested that this approach should smooth the electric hot water loads more evenly across the off-peak period and significantly reduce the turn-on peak demand that occurs with the traditional control methodology.

2.4.2. [bookmark: 2.4.2._Preliminary_data_analysis_finding][bookmark: _bookmark13]Preliminary data analysis findings
Preliminary analysis of the load data for the trial customers revealed that around 25% of the trial customers with a controlled load connection didn’t have any load on the switched circuit. There are several possible reasons for this:
· Customers have moved their hot water systems on to general supply to gain benefit of solar self-consumption through timers or PV diverters.
· Customers have moved their hot water systems onto general supply due to it having an under-sized tank for the usage in the household.
· Customers have moved to gas water heating systems.
Whilst AGL was anticipating having some customers that had moved away from controlled load, the proportion was higher than anticipated.
Preliminary analysis of the data also revealed that around 6% of the water heating systems in the trial were heat pumps. These units have much smaller electrical load than traditional resistive heaters and therefore have a lower potential value for load shifting. Heat pumps also exhibit different load profiles compared to resistive heaters - they require longer heating periods for the same hot water output. For these reasons, different control strategies will be investigated for heat-pumps.

3. [bookmark: 3._Lessons_Learnt][bookmark: _bookmark14]Lessons Learnt
3.1. [bookmark: 3.1._Technical][bookmark: _bookmark15]Technical
3.1.1. [bookmark: 3.1.1._Data][bookmark: _bookmark16]Data
Through review of relevant academic literature and Distribution Network Service Provider (DNSP) industry reports and discussions between PLUS ES, UNSW, and AGL, the most relevant data metrics to be analysed during the trial were identified as follows:
· 5-minute interval data, including historical and instantaneous consumption values for net demand and hot water load with date and time stamps.
· Smart meter relay calls (open/close/cancel) and event lengths.
· Local Government Area (LGA) and postcode for each National Meter Identifier (NMI).
· Network Tariffs, specifying the type and cost per kilowatt-hour (c/kWh).
· Capacity of the water heating system (kW), to the extent it is available.
Furthermore, power quality (PQ) data such as voltage and reactive power were considered useful for quantifying the impact of solar-soaking on network voltages. For this purpose, PLUS ES via the meter vendor EDMI has set up a Microsoft blob storage container to share the following measurement channels with the UNSW team:
· Instantaneous voltage (V)
· Instantaneous Active Power (W)
· Instantaneous Reactive Power (VAr)
This step brought additional costs and complexities regarding the data preparation and transfer.
3.1.2. [bookmark: 3.1.2._Design_of_the_software_and_API:][bookmark: _bookmark17]Design of the software and API:
The design and build of the core solution involved various steps and required close collaboration of different teams across PLUS ES and AGL. Key lessons learnt can be summarized as below:
· A detailed technical understanding of the Head End Software was necessary as this software played a key role in controlling the meters.
· The relay events from the head end software were not specifically related to the hot water element of the meter which needed to be customized for this application.
· When the Controlled Load calls overlap, it created operational communication issues within the smart meters. New scheduling and API solutions were developed to handle overlapping Controlled Load calls.
· Randomisation schedules were developed based on the number NMIs contributing to the Load Control call.
· Synchronisation solutions to ensure only the current retailer can use the Controlled Load calls.
3.1.3. [bookmark: 3.1.3._Trial_performance_testing][bookmark: _bookmark18]Trial performance testing
Performance testing before the trial proved to be extremely valuable. These tests ensured that there were no major faults and issues during the first control operations. For a trial with large volume and increased complexity, several important considerations were identified as follows:
· Managing the volume of real-time data proved to be more challenging than anticipated. This was mostly related to the large volume of data-feed and previous tests were carried out with smaller subsets of the data.
· Controlling a large number of smart meters presented its own challenges. These challenges were largely due to the differences in API outcomes/messages between lab and field meters. In

particular, actual trial field meters triggered different error messages than the ones observed in the lab environment.
· Related to the point above, it was challenging to anticipate trial outcomes and potential faults when tests were conducted with only a limited number of lab meters.
· During the first week of the trial, a small ratio of unsuccessful call events occurred, primarily due to meter communication errors or other reasons. The impact of these events was minor and corrected after further investigations.
· It was crucial to ensure that controlled load requests that are in progress were completed first, before sending the next request to the same group of meters to avoid relay operation failures.
Considering these points, PLUS ES will be exploring ways to improve efficiency of the control operations as the trial ramps up to a higher number of NMI and smart meter control.


3.1.4. [bookmark: 3.1.4._Customer_churn][bookmark: _bookmark19]Customer churn
Customer churn is an ongoing issue for retailers which needs to be managed for customer owned distributed energy assets in general, including in this trial. The customer churn throughout the trial is expected to be in the order of 10 – 12 %.
AGL has needed to regularly refresh the NMI list across all of the software systems involved in the trial to accurately reflect current AGL customers. Plus ES also rapidly remove any customer who has churned away from AGL from the trial switching schedules. This will be an on-going task throughout the project.
3.2. [bookmark: 3.2._Financial_&_economic][bookmark: _bookmark20]Financial & economic
So far, the project partners haven’t experienced any significant financial & economic challenges.
· PLUS ES has completed the solution delivery within the expected budget as planned.
· AGL was able to complete all the required API integration steps within budget.
· UNSW has completed the Knowledge Sharing activities, cyber security checks and established data platform within budget.
A minor risk has arisen from the project experiencing increased expenditure associated with the additional analysis of power quality data to ensure its accuracy. This is, however, being managed within the existing project budget and demonstrates the need for industry to ensure sufficient contingency is available for unforeseen data-related activities.
As part of the load control and smart meter inquiries, it was discovered that existing smart meters don't allow direct solar-soaking of electric hot water demand at the household level. This is because solar generation is installed on the general supply whereas hot water is installed on the controlled load which are physically separate circuits with separate metering elements. Nevertheless, solar soaking at the local network and NEM system level is achievable. AGL and UNSW will be carrying financial analysis to investigate the optimal customer value proposition to ensure benefits of the flexible demand are passed on to households.
Project partners will also be undertaking financial analysis to share insights on to how to best expand these sorts of flexible demand control schemes outside the trial, across the NEM.

3.3. [bookmark: 3.3._Regulatory][bookmark: _bookmark21]Regulatory
An important objective of this trial is to share outputs that will enable more of this type of trial load control across Australia. For this objective to be accomplished, this type of retailer control needs to be accepted in other states by other DNSPs. It is anticipated that each DNSP will have a different approach to this type of control considering their existing controlled load technology and electric water heating system penetration.
Some DNSPs may want to retain control of these assets without passing the control on to retailers whereas some others may have limited controlled load customers or the households within DNSP jurisdiction may not be equipped with smart meters.
The project will investigate the potential regulatory barriers that may create challenges for scaling up similar load control schemes across Australia.
3.4. [bookmark: 3.4._Stakeholder_inputs][bookmark: _bookmark22]Stakeholder inputs
The project participants presented the project progress with industry stakeholders as part of ARENA’s
flexible demand workshop. The key feedback from stakeholders can be summarized as below:
· The project’s findings on regulatory barriers will be highly important and support the decision making by regulatory bodies.
· Project’s lessons learnt on the technical aspects of flexible hot water demand control will support the operations of the network.
· Transparency and forecasting of flexible hot water demand will play an important role in effective system management.
Project partners will continue to share their findings on potential regulatory barriers and technical aspects of flexible hot water demand control in future presentations and reports.


3.5. [bookmark: 3.5._Other_challenges_and_opportunities][bookmark: _bookmark23]Other challenges and opportunities
3.5.1. [bookmark: 3.5.1._Cyber_security_challenges][bookmark: _bookmark24]Cyber security challenges
In order to set up the necessary data transfer protocols, PLUS ES/Ausgrid required extensive cyber security checks and questionnaires. Being a business covered by the Security of Critical Infrastructure Act (SOCI), Ausgrid applies a single (high) standard to the security of its business partners, regardless of the nature of that business interaction. This meant that while only de-identified (anonymised) data was being shared, a very high level of investigation into UNSW was required by Ausgrid. Finding detailed answers and evidence to satisfactorily answer Ausgrid’s security questionnaire proved challenging as it required contacting different sections of the UNSW Cyber Security, IT, and other teams. Completion of these cyber security checks have caused delays in setting up the data transfer and establishment of data analysis platform for UNSW. With hindsight, this is an area where future projects could significantly streamline future knowledge sharing efforts.
3.5.2. [bookmark: 3.5.2._Personnel_leave][bookmark: _bookmark25]Personnel leave
In the beginning of the project two key project personnel from PLUS ES and AGL changed their roles withing their organisation. These changes were unexpected and led to some knowledge loss and administerial challenges. Nevertheless, the attrition of these key personnel had no significant impact to project delivery.

4. Next Steps 
As the next steps of the project, the project team will be focusing on the following points:
· AGL will be testing different schedules for the trial participants and investigate their impact on the network demand.
· AGL will validate the scale (MW) of hot water load that can be controlled and shifted within the trial.
· UNSW and AGL will consider operational differences between traditional water heating systems (resistive electric) and heat-pumps. This will impact the design of the control algorithms and randomisation schedules for these two types of electric water heating technologies.
· AGL will expand their analysis and investigate what percentage of controlled load circuits don’t have a controlled load in other states and DNSP jurisdictions. This will inform the scale of the shiftable flexible hot water demand across the NEM for AGL customers.
· It is anticipated that having a new controlled load period with increased operational window (i.e., inclusion of solar period) may potentially increase the daily electric hot water demand. AGL will be considering smart controls and certain restrictions of this expanded control window considering the wholesale market and network constraints. It will be critical to examine the new daily hot water demand with the new controlled load operations.
· An important research objective is to quantify household benefits that can be gained through the smart control of flexible hot water demand. The project will be designing optimal customer value proposition over the course of the trial as informed by the trial data.
· It is critical to understand potential regulatory and administerial issues that may create challenges for the expansion of similar load control schemes across Australia. AGL will work with their regulatory team in collaboration with UNSW to investigate these potential issues further, especially regarding DNSPs, state-based rules and National Electricity Rules.
· Analysis of the trial data will start as the first month of trial data is transferred to UNSW during August. The preliminary findings will be shared among the project partners and stakeholder reference group over the next couple of months.
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