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This report has been prepared by Marchment Hill Consulting for the Australian
Renewable Energy Agency (ARENA). Findings presented in this report are based on
analysis that was completed in November 2018. The analysis includes 48 DER related
projects, with detailed assessments focussing on 28 of these projects. The scope of this
analysis excludes the Demand Response and Hosting Capacity rounds.
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Disclaimer
Marchment Hill Consulting, its partners, employees and agents neither owe nor accept
any duty of care or responsibility to such persons, and shall not be liable in respect of any
loss, damage or expense of any nature which is caused by any use they may choose to
make of this report.
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Glossary
This alphabetical index explains the acronyms used in this report.

AEC

Australian Energy Council

AEMO

Australian Energy Market Operator

AEMC

Australian Energy Market Commission

AER

Australian Energy Regulator

ARENA

Australian Renewable Energy Agency

AREMI

Australian Renewable Energy Mapping Infrastructure

CEC

Clean Energy Council

CSIRO

Commonwealth Scientific and Industrial Research Organisation

DEIP

Distributed Energy Integration Program

DER

Distributed Energy Resources

DNSP

Distribution Network Service Provider

ECA

Energy Consumers Australia

ENA

Energy Networks Australia

FCAS

Frequency Control Ancillary Services

HC

Hosting Capacity

MW

Megawatt

NEM

National Electricity Market

PV

Photovoltaic

RERT

Reliability and Emergency Reserve Trader

VPP

Virtual Power Plant
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Executive Summary
ARENA has been front and centre in the energy sector’s effort to successfully integrate
Distributed Energy Resources (DER) into the grid, with $55.8m in grant funding awarded
to 48 DER integration projects as of June 2018 (excluding the Demand Response, and more
recent Hosting Capacity and Short-Term Forecasting funding rounds).
Marchment Hill Consulting (MHC) was engaged to undertake a contribution assessment of
the DER Integration portfolio towards ARENA’s recently developed DER Strategic
Outcomes (shown below), which in turn can be used to assess the portfolio’s contribution
to ARENA’s overall impact, inform ARENA’s strategic direction and guide future funding
efforts. The Strategic Outcomes relate to orchestration and aggregation of DER, customer
offers and access to value streams (Wholesale, System Security and Network Services)
and several aspects of hosting capacity.
1. Improved understanding of risks/barriers to increasing DER hosting
capacity
2. Lower-cost ways demonstrated for increasing the DER hosting
capacity of electricity systems and networks

1 – 5 Hosting Capacity
(HC)

3. Confidence that continued uptake of DER consistent with the
expected range of growth rates will not limit the benefits these
assets can provide to the power system- e.g. need to curtail PV
generation under some scenarios
4. Confidence that 100% of instantaneous demand within a National
Electricity Market (NEM) region could be met from distributed solar
PV, with the system operated securely
5. Confidence that more than 100% of instantaneous demand within
smaller areas (such as associated with a zone substation) could be
met from distributed solar PV and the system be managed to remain
within secure technical limits

6 - Orchestration

6. Multiple approaches demonstrated to aggregate and coordinate
services from fleets of DERs to serve multiple value streams in an
optimal way

7 - Value Streams

7. Value streams necessary to deliver hosting capacity and
orchestration outcomes demonstrated at an operational scale
relevant to the service, and bundled as a customer offer suitable to
achieve the required level of participation

8 - Wholesale Energy
Services
9 - System Security
Services

10 - Network services

8. Wholesale energy services: DER provision of flexible capacity to
complement variable renewables demonstrated at 5 MW scale,
through both market mechanisms and intervention mechanisms
9. System security services: DER provision of frequency control
ancillary services (FCAS), including fast frequency response,
demonstrated at 1 MW scale
10. Network services: DER provision of services to networks
demonstrated at a scale that would be sufficient to avoid a specific
projected constraint, or to materially reduce the likelihood of future
network augmentation or replacement
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From the portfolio of 48 projects, a shortlist of 28 were selected and assessed against
their contribution toward ARENA’s Strategic Outcomes. The assessed portfolio represents
a progression in the industry and ARENA’s funding priorities from early R&D and
demonstration of DER technology, movement toward DER integration, and more recently,
focused understanding of Hosting Capacity issues. This progression is evident in the
increasing sophistication of projects that have been funded over this period of the
assessed projects, as well as a reflection of ARENA’s relevance in identifying
contemporaneous issues, e.g. DER integration issues, ahead of wider recognition.
The assessment evaluates the extent to which projects share knowledge toward or inform
the Strategic Outcomes as well as the extent to which projects have demonstrated
progress towards them, through results and findings of physical trials. With many of the
projects still active, the assessment provides a current contribution assessment based on
knowledge shared from completed and active projects to date, a forecast contribution
assessment based on intended outcomes of active projects and a Total Potential
Contribution of the DER integration portfolio as a whole which combines current and
forecast contribution assessments. This portfolio assessment is deemed to be conservative
as it excludes the Demand Response and Hosting Capacity rounds, which are likely to have
a positive contribution towards ARENA’s Strategic Outcomes.
DER Contribution Assessment – Portfolio Level Results
The portfolio level results below show the relative contribution (lesser to greater) to
which ARENA’s DER Integration projects have contributed towards informing and
demonstrating each Strategic Outcome. Figure 1 is not intended as a measure of the
extent of progress towards meeting the outcomes (i.e. the dark blue colour does not mean
that the outcome has been achieved, rather that it is a combination of higher number of
projects contributing knowledge towards the outcome and the extent to which these
projects contribute to individual outcomes).
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Figure 1 - Overall portfolio ratings for contribution assessment of in-scope DER projects*
*This evaluation excluded the Demand Response funding round (which will be evaluated under a separate
process) and excluded the more recent Network Hosting Capacity and Short-Term Forecasting funding
rounds. The projects selected in the Network Hosting Capacity and Short-Term Forecasting funding
rounds had not yet been contracted at the time of this evaluation.

Across the assessed projects it was found that:
•

•

Closed projects within the portfolio have previously encountered hosting capacity
issues and identified possible solutions to overcome them, informing hosting capacity
outcomes 1-3 and 5. Few of these however have gone on to demonstrate solutions,
with a low current contribution towards demonstrating these outcomes. Several active
projects (Networks Renewed, Intelligent Switchgear Project, Real-Time Distributed
PV Simulation for DNSPs) are forecast to provide significant contribution in informing
and demonstrating progress toward these outcomes; and together, these projects are
expected to markedly increase the total potential contribution. These projects are
focused on overcoming DER hosting capacity issues, accommodating expected DER
growth rates or demonstrating lower cost ways for network hosting capacity to be
increased.
A number of closed VPP projects have shared learnings that have informed the
Orchestration, Value Streams and Network Services Strategic Outcomes as part of the
customer recruitment and DER deployment process (GridCredits, Trialling a New
Residential Solar PV and Battery Model, Virtual Power Station 2). The forecast
contribution is expected to increase substantially for both informing and
demonstrating these outcomes due to the number of larger, more sophisticated VPP
Executive Summary | Page 7
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•

•

projects which are currently active and specifically target these outcomes (Simply
Energy VPPx, AGL VPP, Peak Demand Reduction Using Solar and Storage, CONSORT).
Forecast contributions are consistently higher than current contributions, indicating
that, for most of the portfolio, the forecast or intended achievements of active
projects are likely to contribute more strongly towards these outcomes than those
from completed projects. This is not unexpected as while all projects were
commissioned under previous strategic outcomes, older projects were typically less
relevant to the current DER Strategic Outcomes.
The portfolio is generally stronger at informing strategic outcomes compared to
demonstrating strategic outcomes. This is a reflection that some projects are research
studies rather than physical trials and others may have focussed on demonstrating an
unrelated outcome, but in doing so, informed a strategic outcome.
The assessment focuses on two parts:
•
•

“Informs”: Refers to criteria which assess the extent to which a project shares
knowledge relevant to each DER strategic outcome, particularly through the
content of its knowledge sharing deliverables
“Demonstrates”: Refers to criteria which assess the extent to which a project
has shown tangible progress relevant to each DER strategic outcome,
particularly through the results and findings of its physical trials

See Section 1.4 for further details.
The DER contribution assessment also indicates gaps in the portfolio towards the DER
outcomes, in particular toward:
•

Outcome 4 – Hosting Capacity - Confidence that 100% of instantaneous demand
within a NEM region could be met from distributed solar PV, with the system operated
securely – There have been few projects informing or demonstrating progress relevant
to this outcome. Note: projects included in the recent DER funding round (which had
a focus on hosting capacity) are likely to make a strong contribution to this outcome.

•

Outcome 8 - Wholesale Energy Services – Although several projects have
demonstrated indirect access to the wholesale market through retailers, no project
has demonstrated the ability for DER to directly participate, and there remains issues
relating to the regulatory and technical requirements for DER to do so. Note: projects
included in the recent DR funding round, although focussed on the reliability value of
demand response, are likely to also make a strong contribution to this outcome.

•

Outcome 9 - System Security Services – No project has demonstrated the ability for
DER to directly participate in frequency control ancillary services (FCAS) markets.
Future contribution toward this outcome is heavily reliant on Simply Energy’s VPPx
which aims to be the first to do so.
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DER Strategic Outcome Recommendations
•

Based on the portfolio findings above, DER outcome-specific recommendations have
been identified to maximise project contributions. These are shown in Table 1
overleaf. These recommendations also highlight that promotion of the future focus
areas identified as part of the Distributed Energy Integration Program (DEIP – see
Section 4 of this report), will advance ARENA’s progress towards its Strategic
Outcomes.

Knowledge Sharing Recommendations
Qualitative analysis was also performed on the knowledge sharing activities performed by
these projects, leading to the following recommendations:
•

Knowledge sharing outputs from ARENA-funded projects should be more targeted to
specific audiences. In most cases this could be achieved by curating content to target
interests and needs of specific audience groups.

•

Web statistics and knowledge sharing report downloads should be tracked on a regular
basis to identify specific content of interest to different audience groups, and how
and where these are being accessed. This could inform potential efforts to better
target ARENA’s knowledge sharing outputs to specific audiences (see above).

•

Projects should be required or encouraged to provide ARENA with information after
the project has closed. This would enable ARENA to better track its impact in
progressing commercial viability of DER integration solutions.

Executive Summary | Page 9
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Table 1 – Recommendations to improve project contributions towards ARENA’s DER Strategic Outcome

Strategic Outcome (to
be achieved by 2022)

Opportunities to maximise
value from current active
projects

Examples of active projects

Potential Future Funding Opportunities

Collect more data from future Hosting Capacity
projects to include:
o
o
•

Hosting Capacity
Outcomes

Request or ensure statistics
on DER penetration within
the effective network areas
are available.

•

Explore use cases which
could provide AEMO visibility
and influence over DERs.

•

Request or ensure statistics
on level of instantaneous
demand being met by
distributed PV/storage are
available.

o
▪
▪
▪
•
•
•

Alkimos Beach
UTS Networks Renewed
Project Highgarden
AGL’s VPP
Simply Energy VPPx
Intelligent Switchgear
Project

o

•

Further investment in projects relating to the
interoperability and resilience DEIP workstream
will strengthen this area.

•

In addition, stakeholders have expressed need for
solving complex system engineering challenges such
as:

•

Orchestration

N/A

N/A

PV penetration data to assess hosting
capacity increase.
Expected DER growth rates and achieved
DER penetrations.
Level of instantaneous demand of PV in
relevant areas.
Economic analysis against alternate options
(e.g. network augmentation or export
constraints).

o

operating the supply-demand balance with
little direct control of either.

o

Impacts on protection relays of not having
enough fault current.

Projects which support key questions relating to
the DEIP Customer workstream – particularly data
and information access supporting customer
choice.
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Strategic Outcome (to
be achieved by 2022)

Value Streams

Wholesale Energy
Services

System Security
Services

Network Services

Opportunities to maximise
value from current active
projects

Examples of active projects

N/A

Potential Future Funding Opportunities

•

Projects which support DEIP key questions relating
to markets and interoperability and resilience –
particularly the market mechanisms required to
exchange value from DER, and cybersecurity risk.

•

Identify potential projects to simulate direct
participation in wholesale energy markets e.g.
trialling baselining techniques and measurement
and verification approaches.

•

Identify projects which act to reduce the cost and
technical complexity to measure and verify FCAS
response from a VPP.

•

Project which support DEIP key questions,
particularly related to frameworks,
interoperability and resilience e.g. economic
viability of future DSO ecosystems.

N/A

•

Collect and share relevant
information or data to inform
current wholesale demand
response rule change request

•
•
•

Simply Energy VPPx
AGL VPP
Demand Response Program
projects

•

Support discussions with
AEMO to facilitate
participation in FCAS

•
•

Simply Energy VPPx
VPP Projects

•

Ensure predictability of
performance (i.e. % of DER
fleet successfully responding
to dispatch) is captured as
part of project reporting

N/A

N/A

*In addition to the recommendations in the table, we note that AEMO have recently released a consultation paper 1 detailing their proposed VPP
Demonstration Program. The objectives of the Demonstration Program strongly align to ARENA’s Strategic Outcomes. This presents an ideal opportunity for
ARENA to support or even require the inclusion of all relevant active VPP projects to be included in the AEMO Demonstration Program. ARENA should also
consider providing any additional funding projects may need to make this possible.

1

AEMO, NEM Virtual Power Plant (VPP) Demonstration Program, Nov 2018
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Introduction
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1.1

Context
ARENA has played an active role in the energy sector’s efforts to successfully integrate
renewables into the grid and is increasingly focused on grid integration at the distribution
end of the system. This is reflected in ARENA’s $55.8m funding across 48 DER integration
projects funded to date, plus dedicated funding rounds focussed on demand response
($35.7 million across 10 projects) and the current $12.5m distributed energy resource
(DER) funding initiative. Other efforts include the ongoing A-Lab initiative to drive
systemic change in the sector and the formation of a Distributed Energy Integration
Program (DEIP) to provide a centralised forum for information exchange between industry
stakeholders on DER issues. The DEIP includes key stakeholders, including: the Australian
Energy Market Operator (AEMO), the Australian Energy Market Commission (AEMC), the
Australian Energy Regulator (AER), Energy Consumers Australia (ECA), the Clean Energy
Council (CEC), Energy Network Australia (ENA), the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) and the Australian Energy Council (AEC), and will
play an important role in preventing duplication of effort in supporting a more coordinated industry effort.
Currently, Australia’s electricity industry is undergoing significant transformation.
Distributed solar PV installed capacity has been rapidly increasing over the past 10 years2,
residential energy storage is emerging as a popular option amongst early adopters and
demand response technology is starting to be recognised for the value it can provide for
customers and the grid. Innovative new business models and technologies are emerging,
leveraging the ability to aggregate and orchestrate DER to extract more value for
customers and to support more efficient grid management.
But there are risks associated with these developments. It is predicted that within a few
years, South Australia may experience its entire demand being met by behind-the-meter
solar PV generation with other states to follow – potentially leading to system instability3.
Voltage rise from high DER penetration is leading some distribution network service
providers (DNSPs) to apply export constraints on commercial PV customers while many
more residential customers are having their exports constrained as their inverters trip off
in response to the high voltages in the distribution network. Meanwhile, distribution
businesses are increasingly concerned about the potential impact of unconstrained virtual
power plants creating new, unpredictable peak events on the network as they respond to
wholesale market signals. New techniques for managing distributed energy integration
while securely and reliably operating the electricity system will be needed.

2

Australian PV Institute – Australian PV Installations since April 2001: total capacity. Available at: http://pvmap.apvi.org.au/analyses
3

Energy Networks Australia – Open Energy Networks Consultation Paper
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1.2

ARENA’s DER Strategic Outcomes
Importantly, ARENA has also developed a set of DER Strategic Outcomes, to focus its
future efforts on the critical risks and opportunities in Australia’s DER landscape. These
are:

DER Strategic Outcomes (by 2022)
1. Improved understanding of risks/barriers to increasing DER hosting
capacity
2. Lower-cost ways demonstrated for increasing the DER hosting
capacity of electricity systems and networks

1 – 5 Hosting Capacity

3. Confidence that continued uptake of DER consistent with the
expected range of growth rates will not limit the benefits these
assets can provide to the power system- e.g. need to curtail PV
generation under some scenarios
4. Confidence that 100% of instantaneous demand within a NEM
region could be met from distributed solar PV, with the system
operated securely
5. Confidence that more than 100% of instantaneous demand within
smaller areas (such as associated with a zone substation) could be
met from distributed solar PV and the system be managed to remain
within secure technical limits

6 - Orchestration

6. Multiple approaches demonstrated to aggregate and coordinate
services from fleets of DERs to serve multiple value streams in an
optimal way

7 - Value Streams

7. Value streams necessary to deliver hosting capacity and
orchestration outcomes demonstrated at an operational scale
relevant to the service, and bundled as a customer offer suitable to
achieve the required level of participation

8 - Wholesale Energy
Services
9 - System Security
Services

10 - Network services

8. Wholesale energy services: DER provision of flexible capacity to
complement variable renewables demonstrated at 5 MW scale,
through both market mechanisms and intervention mechanisms
9. System security services: DER provision of frequency control
ancillary services (FCAS), including fast frequency response,
demonstrated at 1 MW scale
10. Network services: DER provision of services to networks
demonstrated at a scale that would be sufficient to avoid a specific
projected constraint, or to materially reduce the likelihood of future
network augmentation or replacement

These Strategic Outcomes are a significant shift in ARENA’s focus in relation to DER and
reflects the progress catalysed by ARENA’s support for the industry through its previous
Integrating Renewables and Grids investment priority (2015)4, as well as the rapid
evolution of the industry itself.

4

https://arena.gov.au/where-we-invest/integrating-renewables-grids/
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While the focus of ARENA’s Integrating Renewables and Grid investment priorities has
been on proving DER technologies themselves, the success of those earlier funding rounds
has contributed to the growth of DER in Australia. This growth has also meant that the
sector’s needs and focus have evolved. With the rapid growth of DER, particularly
household solar PV systems, the focus of the industry has shifted towards improving
hosting capacity in different parts of the network and under different conditions, and to
capture or maximise value from DER.
Despite various initiatives involving a range of stakeholders working on these issues, there
is more to do. ARENA expects to spend similar amount of funding to the amount already
committed as it works with the sector to solve these challenging problems, position
Australia as a world leader in DER integration, and best support the transition to a low
emissions future. The challenge, however, is to determine where and how should ARENA
direct its future funding.
This report represents the first step towards understanding the most effective areas for
ARENA to focus its future funding and how to best leverage existing project investments.
To do so, this assessment seeks to understand the extent to which ARENA’s existing DER
project portfolio supports the DER outcomes it aspires to, how current active projects
might be enhanced to better support these outcomes and what gaps exist in the current
portfolio.
This report, therefore, includes:
•
•

•
•

1.3

A summary of the results from the contribution assessment that was undertaken,
highlighting key gaps in the portfolio;
Case studies of significant project outcomes, particularly around knowledge
sharing approaches, commercialisation of new technologies and business models,
contribution to broader industry reforms, and alignment with DEIP;
Identifies potential future funding opportunities; and
Identifies opportunities to maximise value from active projects towards meeting
ARENA’s DER Strategic Outcomes.

Scope
ARENA’s DER project portfolio consists of 48 DER related projects in total. A project
flyover was conducted to gauge the degree to which a project supports a DER outcome
using a simple project categorisation (i.e. no alignment, partial alignment, or strong
alignment). The objective of the flyover was to prioritise the projects that were likely to
contribute more strongly towards ARENA’s DER Strategic Outcomes. Detailed assessments
were then undertaken for 28 projects that were shortlisted from the flyover5 (Abbreviated
project names are used in the remainder of this document, see Appendix A for full project
names and project proponents). The 20 projects that were not shortlisted for detailed

5

See Appendix A for the list of projects that were assessed in detail.
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assessment were deemed to represent little contribution to ARENA’s DER Strategic
Outcomes.
The 28 projects that have been assessed were commissioned between 2014-2017 under
various ARENA funding rounds. This includes the Advancing Renewables Program (ARP),
Emerging Renewables Program (ERP), Research and Development (R&D) Program, and the
Regional Australia Renewables – Community (CARRE) and Australian Solar Institute
Initiatives. It should be noted that the 28 projects assessed for this report were not
actually funded on the basis of ARENA’s current DER Strategic Outcomes.
The assessed portfolio therefore demonstrates a progression in the industry and ARENA’s
funding priorities from early R&D and demonstration of DER technology, movement
toward DER integration, and more recently, focused understanding of Hosting Capacity
issues (Figure 2). This progression is evident in the increasing sophistication of projects
that have been funded over this period of the assessed projects, as well as a reflection
of ARENA’s relevance in identifying contemporaneous issues, e.g. DER integration issues,
ahead of wider recognition.

Figure 2 – Progression of ARENA projects through time

Scope exclusions
The scope of this assessment excludes projects funded under6:
•
•

The $35.7m Demand Response competitive round funded in 2017 and running over
a 3-year period in conjunction with AEMO’s RERT payments; and
The in-progress $12.5m DER funding program which focusses on demonstration
projects improving network hosting capacity and studies contributing to improved
integration of DER.

It is expected that projects funded as part of these funding rounds will have a strong,
positive impact contributing towards ARENA’s DER Strategic Outcomes.

6

These funding rounds have separate assessment processes.
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Given these exclusions, the assessment results presented in this report and ARENA’s
contribution towards its DER Strategic Outcomes should be interpreted as conservative.
The projects funded under these recent funding rounds will make further contributions
towards the achievement of ARENA’s DER Strategic Outcomes.

1.4

Approach

1.4.1 Project contributions
The contribution assessment of the DER project portfolio towards ARENAs Strategic
Outcomes is based on three primary assessment steps for each project (Figure 3),
including:

Figure 3 - Project Assessment Methodology

Step 1 – Assesses the Basic Project Attributes:
•
•
•
•

Size: in DER fleet capacity (MW), DER fleet numbers, and customer numbers;
Customer types;
Number and types of DER technologies used;
Number and types of project partners/contributors;
Introduction | Page 17
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•
•

Scale of network influence; and
Type of network location

Resulting from this Step 1 assessment is the segmentation of the in-scope ARENA projects
into three types. These are:
•
•
•

Large and diverse projects
Moderate projects
Small and focused projects

Step 2 – Assesses the project based on assessment criteria specific to each outcome7.
These criteria have been developed by MHC and consultations with industry stakeholders
as well as the ARENA project team and Steering Committee. The assessment focuses on
two parts:
•

•

“Informs”: Refers to criteria which assess the extent to which a project shares
knowledge relevant to each DER strategic outcome, particularly through the
content of its knowledge sharing deliverables
“Demonstrates”: Refers to criteria which assess the extent to which a project
has shown tangible progress relevant to each DER strategic outcome, particularly
through the results and findings of its physical trials

Individual projects are awarded a scaled (lesser to greater) Inform contribution and a
Demonstrate contribution based on the criteria for each outcome. For example, for
‘Improving understanding of risks and barriers to increasing hosting capacity’, a project
that mentions DER being responsible for voltage rises on distribution networks is assessed
as having a lesser contribution than a project that describes or demonstrates options to
overcome these risks and barriers (i.e. using smart inverters). These scores provide an
indication of how well each of the 28 in-scope projects are informing and demonstrating
an ARENA DER strategic outcome.
Step 3 – Assesses the extent to which ARENA’s DER projects have shared knowledge or
contributed towards broader industry outcomes. This qualitative assessment includes
identifying case studies that highlight notable efforts by individual projects in the
following areas:
•
•
•
•

7

Knowledge sharing effectiveness;
Progress to commercialisation;
Contribution to broader industry reforms; and
Alignment with DEIP focus areas.

See Appendix B for detailed assessment criteria for each of the ten ARENA DER strategic outcomes
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1.4.2 Current, Forecast and Total Potential Contribution
15 of the projects in scope of this analysis are Active projects. To ensure that the intended
outcomes of these projects are included in the assessment of the portfolio, the analysis
has been completed based on Current and Forecast contributions (Figure 4).
ARENA’s current contributions against the DER strategy outcomes have been assessed
through examining projects that have been completed, as well as active projects that
have already achieved significant milestones (these projects have been identified as
“Advanced Active” projects). In other words, this assesses ARENA’s DER project portfolio
based on project achievements to date.
Conversely, forecast contributions are assessed based on the expected outcomes of
active projects that have yet to achieve a significant milestone (these projects have been
identified as “Early Active” projects). Expected outcomes are based on details included
in funding agreements and represent the outcomes that these projects intend to achieve
once they have been completed.

Figure 4 – MHC’s Assessment of DER Projects looks at both current and forecast knowledge contributions

Assessing the project portfolio in this way is intended to provide ARENA with a view on
how funded projects within the portfolio have contributed towards the DER outcomes to
date and how projects in the portfolio could contribute towards the DER outcomes in the
future.
Finally, current and forecast contributions are combined to give a total potential
contribution from the assessed projects.

1.4.3 Portfolio contributions
To assess the aggregated contribution of the in-scope projects to ARENA’s DER strategic
outcomes, individual project scores are averaged across the 28 projects in scope. This is
done for inform and demonstrate scores respectively, and also for current and forecast
contributions.
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In other words, based on these average scores, the portfolio assessment provides the
following:

1.5

Current contribution

Forecast contribution

Informs an
outcome

How well the portfolio is
informing an outcome to date

How well the portfolio could
inform an outcome in the
future

Demonstrates an
outcome

How well the portfolio is
demonstrating an outcome to
date

How well the portfolio could
demonstrate an outcome in
the future

Profile of ARENA’s DER portfolio in scope
Across the 28 projects that were assessed, they received a total of $47.3 million ARENA
funding, awarded between the years of 2014 to 2017. The assessed portfolio considers a
range of projects, from VPP deployments, physical demonstrations of DER management
solutions, microgrid designs with high renewable penetration, modelling of solar
forecasting, measurement and modelling of network conditions, modelling of potential
DER value streams and feasibility studies into DER deployment. Of the 28 projects, 13
were complete with published knowledge sharing, 4 were advanced active with
investigation on-going but knowledge sharing reports available and a further 11 projects
were active, but in early stages (Figure 5).
Project Status

Project Types

4

3
13

Completed
Early Active
Advanced Active

11

13

Moderate
Small and Focused
Large and Diverse

12

Figure 5 – Status and types of projects assessed

Taking into account the basic project attributes/project design characteristics, the
majority of projects were moderate or small focused (25/28), with the exception of 3
projects (Simply Energy’s VPPx, AGL VPP, Alkimos Beach), which involve larger scale DER
deployments.
The most common DER technology across these projects was solar PV, followed by battery
storage and controllable loads. A large proportion of projects (23/28) also involved
associated technologies such as smart controls and smart inverters. Most projects were
found to be targeting influence at the substation level or further downstream, except for
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modelling studies (5 projects) which encompassed the DNSP level or above. Although
most projects focused on DER in urban networks, there was found to be good coverage
across a range of network types including projects focused on microgrid (5), fringe of grid
(2) and strata developments (1 project), and projects applicable across multiple network
types.
Projects predominantly involved residential customers, with 5 projects targeting
commercial and industrial (C&I) customers. No project was identified to being specifically
targeted at small to medium sized enterprises. In terms of scale, the projects assessed
were designed to be of relatively small scale and size. DER deployment projects were
generally designed to involve less than 100 customers or less than 100 DER assets,
resulting in DER fleets that were generally <1 MW.
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2

Key Findings and Recommendations
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2.1

Overall portfolio ratings
The overall portfolio ratings (Figure 6) provides an overview of how the assessed portfolio
of ARENA projects (detailed in Section 3) have contributed towards ARENA’s DER Strategic
Outcomes to date, as well as providing an outlook of the forecast contributions from
active projects towards the strategic outcomes. Figure 6 is not intended as a measure of
the extent of progress towards meeting the outcomes (i.e. the dark blue colour does not
mean that the outcome has been achieved), rather that there are a higher number of
projects contributing knowledge towards the outcome.

Figure 6 - Overall portfolio ratings for contribution assessment of in-scope DER projects*
*This evaluation excluded the Demand Response funding round (which will be evaluated under a separate
process) and excluded the more recent Network Hosting Capacity and Short-Term Forecasting funding
rounds. The projects selected in the Network Hosting Capacity and Short-Term Forecasting funding
rounds had not yet been contracted at the time of this evaluation.

A number of trends are evident across the portfolio in their contributions towards the
strategic outcomes:
•

Closed projects within the portfolio have previously encountered hosting capacity
issues and identified possible solutions to overcome them, informing hosting capacity
outcomes 1-3 and 5. Few of these however have gone on to demonstrate solutions,
with a low current contribution towards demonstrating these outcomes. Several active
projects (Networks Renewed, Intelligent Switchgear Project, Real-Time Distributed
PV Simulation for DNSPs) are forecast to provide significant contribution in informing
and demonstrating progress toward these outcomes; and together, these projects are
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•

•

•

expected to markedly increase the total potential contribution. These projects are
focused on overcoming DER hosting capacity issues, accommodating expected DER
growth rates or demonstrating lower cost ways for network hosting capacity to be
increased.
A number of closed VPP projects have shared learnings that have informed the
Orchestration, Value Streams and Network Services Strategic Outcomes as part of the
customer recruitment and DER deployment process (GridCredits, Trialling a New
Residential Solar PV and Battery Model, Virtual Power Station 2). The forecast
contribution is expected to increase substantially for both informing and
demonstrating these outcomes due to the number of larger, more sophisticated VPP
projects which are currently active and specifically target these outcomes (Simply
Energy VPPx, AGL VPP, Peak Demand Reduction Using Solar and Storage, CONSORT).
Forecast contributions are consistently higher than current contributions, both in
terms of informing and demonstrating strategic outcomes. This reflects the status of
projects in the portfolio, where 15 of the 28 projects assessed were active projects,
indicating that, for the majority of the portfolio, the forecast or intended
achievements are likely to contribute more strongly towards these outcomes. This
also reflects an expected trend that as the industry progresses in its maturity, ARENA’s
most recently funded projects will better reflect the industries current needs, as
expressed by the new strategic outcomes. Active projects are also generally larger in
scale and diversity, representing the progression that DER projects have made over a
period of 2-3 years.
The portfolio is generally stronger at informing the strategic outcomes compared to
demonstrating the strategic outcomes. This is a reflection that some projects are
research studies rather than physical trials and others may have focussed on
demonstrating an unrelated DER outcome, but in doing so, informed a strategic
outcome.

The portfolio assessment also indicates gaps in the portfolio, both in terms of informing
and demonstrating, for the following outcomes:
•

Outcome 4 – Hosting Capacity - Confidence that 100% of instantaneous demand
within a NEM region could be met from distributed solar PV, with the system operated
securely – There have been few projects at the NEM region level relevant to this
outcome. Although there are potential forecast contributions from three projects
which aim to; provide DNSPs with increased visibility over the power quality of MV
networks through network analysis tools (Increasing Visibility of Distribution
Networks), mapping solar forecasts to the distribution networks to provide real-time
distributed PV simulations (Real-Time Distributed PV Simulations for DNSPs) and
developing of open sourced models to facilitate efficiency frequency control across
NEM regions (Addressing Barriers to Efficient Renewable Integration). To date, no
project has demonstrated that 100% of instantaneous demand within a NEM region can
be met by distributed solar PV.

•

Outcome 4 – Hosting Capacity - It is likely that this outcome will depend on the
outputs from projects aimed at meeting hosting capacity 5 outcome, which looks at
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more than 100% of demand being met within smaller regions, and the ability for these
approaches to be scaled (e.g. Alkimos Beach).
•

Outcome 8 - Wholesale Energy Services – Although 5 projects have demonstrated
indirect access to the wholesale market through retailers, fewer projects have tackled
provision of wholesale energy services relative to other Strategic Outcomes. In
addition, no project has demonstrated the ability for DER to directly participate
within the wholesale market, and there remains questions around the regulatory and
technical requirements for DER to do so.

•

Outcome 9 - System Security Services – Like outcome 8, fewer projects have
contributed towards demonstrating this outcome and no project has demonstrated
the ability for DERs to directly participate in FCAS markets. The future contribution
towards this outcome is heavily reliant on Simply Energy’s VPPx which aims to be the
first VPP to do so.
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2.2

Recommendations
Based on the portfolio findings above, a number of outcome-specific recommendations have been identified:
Table 2 – Recommendations to improve project contributions towards ARENA’s DER Strategic Outcome

Strategic outcomes

Opportunities to maximise value
from current active projects

Examples of active
projects

Potential Future Funding Opportunities
Collect more data from future Hosting Capacity projects to
include:
o
o

•

Hosting Capacity
Outcomes

•

•

Request or ensure statistics on
DER penetration within the
effective network areas are
available.

▪

Alkimos Beach

▪

UTS Networks Renewed

▪

Project Highgarden

Explore use cases which could
provide AEMO visibility and
influence over DERs.

•

AGL’s VPP

•

Simply Energy VPPx

Request or ensure statistics on
level of instantaneous demand
being met by distributed
PV/storage are available.

•

Intelligent Switchgear
Project

o
o

PV penetration data to assess hosting capacity
increase.
Expected DER growth rates and achieved DER
penetrations.
Level of instantaneous demand of PV in relevant
areas.
Economic analysis against alternate options
(e.g. network augmentation or export
constraints).

•

Further investment in projects relating to the
interoperability and resilience DEIP workstreams will
strengthen this area.

•

In addition, stakeholders8 have expressed need for
solving complex system engineering challenges such as:
o

operating the supply-demand balance with little
direct control of either.

o

Impacts on protection relays of not having
enough fault current.

8

Andrew Groom (Specialist – Operations, AEMO) expressed a preference for funding projects that “get into solving complex system engineering challenges”. “Running a
state/region sized area, securely, only off distributed PV, is a serious engineering challenge. At the moment 100% PV is being demonstrated in carefully engineered,
geographically small test systems at the kW, or low MW scale. It is not clear how it scales up from there, particularly in a market-based system".
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Strategic outcomes

Opportunities to maximise value from
current active projects

•

Potential Future Funding Opportunities

Examples of active
projects

N/A

N/A

N/A

N/A

•

Projects which support DEIP key questions
relating to Customer – particularly data and
information access supporting customer choice.

•

Projects which support DEIP key questions
relating to markets and interoperability and
resilience – particularly the market mechanisms
required to exchange value from DERs, and
cybersecurity risk.

•

Identify potential projects to simulate direct
participation in wholesale energy markets e.g.
trialling baselining techniques and
measurement and verification approaches.

•

Identify projects which act to reduce the cost
and technical complexity to measure and verify
FCAS response from a VPP.

•

Project which support DEIP key questions,
particularly related to frameworks,
interoperability and resilience e.g. economic
viability of future DSO ecosystems.

Orchestration

Value Streams

Wholesale Energy
Services

System Security
Services

•

Collect and share relevant information
or data to inform current wholesale
demand response rule change request

•
•
•

Simply Energy VPPx
AGL VPP
Demand Response
Program projects

•

Support discussions with AEMO to
facilitate participation in FCAS

•

Simply Energy VPPx

•

N/A

Network Services

Ensure predictability of performance
(i.e. % of DER fleet successfully
responding to dispatch) is captured as
part of project reporting

•

VPP Projects

N/A
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In addition to the recommendations in the table, we note that AEMO have recently released a consultation paper9 detailing their proposed
VPP Demonstration Program. The objectives of the Demonstration Program strongly align to ARENA’s strategic outcomes. This presents an
ideal opportunity for ARENA to support or even require the inclusion of all of its relevant active VPP projects to be included in the AEMO
Demonstration Program. ARENA should also consider providing any additional funding projects may need to make this possible.

In addition, qualitative analysis (see Section 4) highlights other recommendations that ARENA could consider. These include:

•

Targeting knowledge sharing outputs from ARENA-funded projects to specific audiences. In most cases this could be achieved by curating
content to target interests and needs of specific audience groups.

•

Tracking web statistics and knowledge sharing report downloads on a regular basis to identify specific content of interest to different
audience groups, how and where these are being accessed. This could inform potential efforts to better target ARENA’s knowledge sharing
outputs to specific audiences (see above).

•

Requirements for projects to provide ARENA with information after the project has closed. This would enable ARENA to better track its
impact in progressing commercial viability of DER integration solutions.

9

AEMO, NEM Virtual Power Plant (VPP) Demonstration Program, Nov 2018
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1

HOSTING CAPACITY
Improved understanding of risks/barriers to increasing DER hosting capacity

Network hosting capacity refers to the amount of DER that can connect to a distribution network, with the
network remaining within its technical limits. Various technical issues imposed by behind the meter DER can
limit a network’s hosting capacity, which imposes risks to the system or a barrier to further connections. This
may create a barrier to the rise in solar (or other DER) installations across Australia.

Project Profiles
•
•

19 projects contribute to informing this strategic outcome (either through current or forecast
achievement), while 12 projects contribute to demonstrating this strategic outcome.
The forecast contribution from active projects increases the portfolio contribution towards this
outcome.

DER technologies

Scale of network influence

10 projects involved a combination of solar, batteries and supporting
technologies (predominantly inverters and home energy management
systems), with 4 projects also investigating the impact of controllable
loads.
14 of these projects sought to influence the substation, feeder or
lower levels of the network.
Influence over larger areas of the network, i.e. at the DNSP level or at
a NEM level, was available through modelling projects only.

Customer types

17 projects were focused on residential customers while 2 projects
looked at C&I customers.

Network types

15 projects were based in urban grids whereas 4 projects investigated
DER hosting capacity in microgrids or off-grid settings.

DER fleet scale and size

15 projects were designed with DER fleet sizes < 1 MW and DER numbers
< 100.

Number of customers

For projects that involved customer DER installations, the majority
involved less than 100 customers. Only two projects involved 100-1000
customers and one project involved more than 1000 customers.
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Inform Contribution
Project Types
0

4

8

12

No. Contributing Projects
within Portfolio
(out of 28)

Completed

19

Advanced Active

ARENA funding

Early Active

Large and Diverse

Moderate

Small and Focused

Current Project Contributions*:

Forecast Project Contributions*:

4
2

8

No. Projects

No. Projects

8
6

$37.9m

6
4
2

0
Lesser Contribution Greater Contribution

0
Lesser Contribution Greater Contribution

Current Portfolio Contribution:

Forecast Portfolio Contribution:

*Forecast contributions presented here do not include current contributions. For total contributions, refer to Figure 6 in Section 2

Across the ARENA projects that contributed knowledge towards understanding the risks and barriers to
increasing hosting capacity, the dominant themes included:
•
•
•
•

Voltage rises caused by increased penetrations of solar PV;
Inability to forecast changes in PV due to intermittency (cloud cover events);
Export limits for residential and C&I customers; and
Technical issues with integrating high penetrations of renewables within microgrids or off-grid
settings.

Major contributions from ARENA’s DER portfolio were made from projects in providing options to
overcome barriers to increasing hosting capacity. These consisted of a range of behind the meter and
network solutions, including;
•
•
•
•
•

Co-ordinated use of solar and batteries to soak up excess solar PV generation and reduce voltage
issues during times of low demand;
Use of centralised batteries to control power quality (voltage and frequency) and contribute
towards system security;
Use of Battery Storage and static synchronous compensators to allow solar energy from C&I sites
to be exported into distribution feeders;
Use of smart inverters to manage voltage disturbances; and
Use of localized solar forecasting systems to safely ramp up/down solar PV ahead of cloud cover
events

Importantly, the forecast contribution from active projects within ARENAs DER portfolio has the
potential to provide significant further contribution towards improved understanding of risks and
barrier to increasing hosting capacity. Notable contributions towards this outcome include:
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•
•
•

Modelling of network wide solar forecasts to assist with network operations and the provision of
real-time PV simulation and forecasts mapped to DNSP networks (Real-Time Distributed PV
Simulations for DNSPs);
State estimation algorithms to estimate network power quality conditions and allow improved
monitoring of feeders (Increased Visibility of Distribution Networks); and
Intelligent switchgear to generate more granular power system data and improve the visibility
and modelling of the power system (Intelligent Switchgear Project).

Demonstration Contribution
Project Types
0

4

8

12

No. Contributing Projects
within Portfolio
(out of 28)

Completed

12

Advanced Active

ARENA funding

Early Active

Type A

Type B

Type C

Current Project Contributions*:

Forecast Project Contributions*:
8

No. Projects

No. Projects

8
6
4
2

0
Lesser Contribution

$33.4m

Greater Contribution

Current Portfolio Contribution:

6
4
2

0
Lesser Contribution

Greater Contribution

Forecast Portfolio Contribution:

*Forecast contributions presented here do not include current contributions. For total contributions, refer to Figure 6 in Section 2

Current contributions from projects within the DER portfolio that demonstrated improved
understanding of risks and barriers to increasing hosting capacity issues have been from microgrid
projects which have successfully integrated and overcome the technical challenges of high penetrations
of distributed solar PV. Within an urban grid setting, demonstration has been limited to VPP projects
which have demonstrated the capability to dampen voltage rises through demand response (Virtual
Power Station 2) or shown early results in using DER through batteries and smart inverters to limit
voltage impacts (AGL VPP, Networks Renewed, Peak Demand Reduction Using Solar and Storage).
The forecast knowledge contribution under this strategic outcome is significant due to the barriers it
will address (e.g. voltage rise, frequency, and power quality issues). Contributions include:
•
•
•

Real-time monitoring of network power quality (Intelligent Switchgear Project)
Use of smart inverters to control voltages within feeder zones (Networks Renewed);
Development of a MV Network Analysis Tool to monitor the impacts of rooftop solar PV on
distribution network (Increasing Visibility of Distribution Networks).
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Within the portfolio of assessed projects, there was limited mention of fault current levels, low inertia,
harmonics, flicker and thermal ratings.

Case Study: Contributions to Outcome 1 - Hosting Capacity
Project: Networks Renewed
Knowledge Contribution: Investigating the use of smart inverters to
minimise network voltage rise and improve understanding of voltage
rise issues to increase DER hosting capacity. This could help DNSPs to
understand voltage rises and adopt new approaches to managing this
issue, as opposed to business as usual.

Commencement Date:
August 2016
ARENA Funding:
$1.59m

Project Description:
The Networks Renewed project has the potential to provide a significant contribution towards
ARENA’s Hosting Capacity 1 Outcome – Improved understanding of risks and barriers to increasing
hosting capacity. By controlling solar PV inverters and energy storage co-located with solar PV, the
Networks Renewed project aims to demonstrate the potential for DER to reduce the risk of voltage
swings by providing reactive power from customer inverters, increasing the capacity of renewable
energy that can be connected to distribution networks.
The project proponents will test the potential for co-ordinated inverter response to provide
feeder-level power quality improvements in demonstration trials, developing effective integration
techniques for small-scale PV to improve network performance. Further, a comparison of the
technical requirements, performance, and cost of behind-the-meter inverter control against
traditional voltage regulation options using network assets such as tap-changing transformers will
also be performed.
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HOSTING CAPACITY

2

Lower-cost ways demonstrated for increasing the DER hosting capacity of electricity systems
and networks
Network solutions can be employed to address hosting capacity issues (e.g. transformer taps, voltage
regulators, load compensators), which may have limitations or prove costly to network businesses. Without
cost-effective methods of addressing hosting capacity issues, future installations of DER may be
disincentivised.

Project Profiles
•
•

17 projects contribute to informing this strategic outcome (either through current or forecast
achievement), while 13 projects contribute to demonstrating this strategic outcome.
11 projects have the potential to make major contributions informing this outcome, increasing
the forecast contribution towards this outcome.

DER technologies

Scale of network influence

11 of the 17 projects involved solar PV, battery storage and associated
technologies (energy management systems/smart inverters)
13 of these projects sought to influence the substation, feeder or
lower levels of the network.
Influence over larger areas of the network, i.e. at the DNSP level or at
a NEM level, was available through modelling projects only.

Customer types

11 projects investigated residential DER integration, 2 included C&I
customers, with 1 project focused on C&I loads.

Network types

12 projects were based in urban grids whereas 5 projects investigated
DER hosting capacity in microgrids or off-grid settings.

DER fleet scale and size

13 projects were designed with DER fleet sizes smaller than 1 MW. Only
2 projects had DER numbers of more than 100.

Number of customers

For projects that involved customer installations, the majority involved
less than 100 customers. Only two projects involved 100-1000
customers and one more than 1000 customers.
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Inform Contribution
Project Types
0

4

8

12

No. Contributing Projects
within Portfolio
(out of 28)

Completed

17

Advanced Active

ARENA funding

Early Active

Type A

Type B

Type C

Current Project Contributions:

Forecast Project Contributions:

4
2

8

No. Projects

No. Projects

8
6

$37.4m

6
4
2

0
Lesser Contribution Greater Contribution

0
Lesser Contribution Greater Contribution

Current Portfolio Contribution:

Forecast Portfolio Contribution:

*Forecast contributions presented here do not include current contributions. For total contributions, refer to Figure 6 in Section 2

Many of the projects which contributed to Strategic Outcome 1 by providing options to overcoming the
risks and barriers to increase DER hosting capacity, were also found to contribute to strategic outcome
2 through sharing knowledge on ways to increase hosting capacity.
10 of the 17 projects aim to provide cost comparison through economic analysis of the methods
employed to increase hosting capacity. 9 of these have not progressed far enough to do so at this stage,
explaining the significant increase from the current to forecast contribution towards this outcome.
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Demonstration Contribution
Project Types
0

4

8

12

No. Contributing Projects
within Portfolio
(out of 28)

Completed
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Advanced Active
Early Active

ARENA funding
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Type B

Type C

Current Project Contributions:

Forecast Project Contributions:

4
2

8

No. Projects

No. Projects

8
6

$34.6m

6
4
2

0
Lesser Contribution Greater Contribution

0
Lesser Contribution Greater Contribution

Current Portfolio Contribution:

Forecast Portfolio Contribution:

*Forecast contributions presented here do not include current contributions. For total contributions, refer to Figure 6 in Section 2

Of the 13 projects which demonstrated ways to increase hosting capacity, 10 had the stated objective
of including cost metrics or comparison to alternative methods. Importantly, 9 of these projects were
from active projects which intend to contribute towards this outcome; with contribution from 1
completed project (Karratha Airport Solar Project) which shared information on the economic value
of connecting DER in remote, fringe of grid areas.
Potential lower cost ways to increasing hosting capacity of DER being investigated through active
projects include;
•
•
•
•
•
•

Improved understanding of how VPPs can be used to reduce system costs and integrate with
distributed energy market platforms;
A viable business case demonstrating the use of behind-the-meter inverter control;
Lower cost solutions for high penetrations of renewables within microgrid settings;
Cost comparison between existing connection methods and utilisation of intelligent switchgear to
facilitate network connection requests;
Costs required for DNSPs to use automated network analysis tools to increase visibility over their
Medium Voltage (MV) networks; and
Techno-economic analysis of the costs of deployment of real-time distributed PV simulations
mapped to DNSP networks.
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Case Study: Contributions to Outcome 2 - Hosting Capacity
Project Name: Intelligent Switchgear Project
Knowledge Contribution: Investigating a lower cost solution
to increasing DER hosting capacity through providing DSNPs
with real-time measurements of network power quality.
Commencement
Date:
July 2017
ARENA Funding:
$5.00m

Project Description:
NOJA Power’s intelligent switchgear project is developing smart switchgear to monitor energy
flow and generate power data including; voltage, current, phase angles, frequency and rate of
change of frequency (ROCOF). A total of 50 units will be provided to both Energy Queensland and
AusNet, allowing for better-informed system planning and real-time operations for DNSPs and
AEMO. The aim of the project is to increase the grid’s hosting capacity of renewable energy
generation through providing a lower-cost solution that can be used for network connection
enquiries and reduce the cost of connecting medium-scale generators to the MV distribution
network.

| Page 37

Distributed Energy Resources (DER) Integration Project Contribution Assessment | Final Report

HOSTING CAPACITY

3

Confidence that continued uptake of DER consistent with the expected range of growth rates
will not limit the benefits these assets can provide to the power system- e.g. need to curtail
PV generation under some scenarios
DER uptake, particularly rooftop PV installations, continues to increase driven by energy prices and falling
technology costs. As PV penetrations increase, power quality issues can lead to DER being constrained by the
network; yet it is important that DER benefits are maximised.

Project Profiles
•
•

14 projects contribute to informing this strategic outcome (either through current or forecast
achievement), while 10 projects contribute to demonstrating this strategic outcome.
11 projects have the potential to make significant contributions towards informing this outcome.

DER technologies

Scale of network influence

10 of the projects used a combination of solar PV, batteries and
supporting technologies (energy management systems and/or smart
inverters). 3 of the projects involved in front of the meter network
solutions. 4 projects included controllable loads in their investigation
10 of these projects sought to influence the substation, feeder or
lower levels of the network.
Influence over larger areas of the network, i.e. at the DNSP level or at
a NEM level, was available through modelling projects only.

Customer types

12 projects involved residential customers, with 4 of these also
exploring C&I customers.

Network types

Contributing projects were focused on urban grids with 2 based in
microgrid settings.

DER fleet scale and size

6 projects were designed with DER fleet sizes smaller than 1 MW and
with DER numbers less than 100.

Number of customers

For projects that involved customer installations, the majority involved
less than 100 customers. Only two projects involved 100-1000
customers and one project involved more than 1000 customers.
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Inform Contribution
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*Forecast contributions presented here do not include current contributions. For total contributions, refer to Figure 6 in Section 2

Of the assessed projects, 14 shared knowledge applicable to this strategic outcome including;
•
•
•
•
•
•
•

Oversupply of solar energy during periods of low demand and associated technical issues;
Impacts of high grid voltage, and the potential disconnection of inverters from the grid during
voltage disturbances;
Hosting capacity issues associated with increased renewable penetrations within microgrids;
Reduced control for network or system operators due to the lack of visibility of DERs and ability
to forecast and keep networks within technical limits;
A lack of knowledge around current network conditions and the ability to accurately determine
hosting capacity;
The impacts on grid frequency caused by variable renewables which may inhibit DER growth; and
The inability to forecast PV power production in real-time;

9 of these projects described options to avoid limitations on DER benefits with 5 describing and modelling
options.
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Demonstration Contribution
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10 projects were assessed as demonstrating ways to avoid limiting the benefits of DER. One completed
project (Virtual Power Station 2) demonstrated the potential to remotely control household loads and
align local PV supply with household demand to simultaneously optimise network benefits and customer
utility from DER.
9 projects within the DER portfolio aim to demonstrate methods to prevent limiting the benefits of DER
under increased penetrations with 8 of these projects also exploring their economic and commercial
viability. These methods include;
•
•
•
•
•
•

Encouraging the uptake of battery and solar installations and demonstrating participation in VPPs
to maximise the value that can be obtained from DER (Simply Energy VPPx, AGL VPP);
Using smart inverters to reduce voltage impacts and avoid networks curtailing solar PV output
(Networks Renewed);
Shifting of solar output to times of peak demand through energy storage (Peak Demand Reduction
Using Solar and Storage);
Minimising the grid impact of solar PV through smart control of DER and associated technologies
within microgrid settings (Project Highgarden);
Use of intelligent switchgear to improve visibility and modelling of the power system and better
inform system planning (Intelligent Switchgear Project);
Modelling of MV feeder networks to allow DNSPs visibility over hosting capacity and increase solar
penetration levels without the need for curtailment (Increasing Visibility of Distribution
Networks)

Across these projects, however, projects did not report on the level of DER penetration within network
areas that the projects were trialling, limiting the ability to assess the validity of findings in line with
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forecast DER penetrations. It is possible that when final project reports are available, information
regarding the level of DER penetration may be included.

Case Study: Contributions to Outcome 3 - Hosting Capacity
Project: Increasing Visibility of Distribution Networks to
Maximise PV Penetration Levels
Knowledge Contribution: Development of a network analysis
tool to improve the accuracy of future PV connection
assessments, providing increased confidence that continued
uptake of DER could potentially be accommodated without
limiting the benefits these assets can provide.

Commencement
Date:
December 2017
ARENA Funding:
$1.19m

Project Description:
The University of Queensland’s project looks at developing a semi-automated network analysis
tool (State Estimation Algorithm) that can give DNSPs increased visibility of the operating state of
their MV networks and enable accurate power flow studies on the impact of new solar
connections. The project will trial seven network feeders across three partner DNSP networks
(Energex, United Energy and TasNetworks), as well as a real-time demonstration of the SEA on an
LV feeder utilising PV and battery system inverters, to explore whether they can extend visibility
to the LV level. The project has the potential to improve the accuracy of future assessments of PV
connection, increase solar penetration, and allow for greater energy exports.
The increased visibility contributes to increased confidence that continued uptake of DER could
potentially be accommodated without limiting the benefits these assets can provide.
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4

HOSTING CAPACITY

Confidence that 100% of instantaneous demand within a NEM region could be met from
distributed solar PV, with the system operated securely
Penetration of rooftop PV systems can reach levels where 100% of electricity demand in a NEM region (e.g.
SA) can be met by distributed solar PV. This can lead to a range of security and reliability issues if
mitigating actions, including increased visibility and forecasting ability, are not in place.

Project Profiles
•
•

Of the 28 projects assessed, only 4 projects contribute to informing this outcome, seeking to
provide knowledge at a relevant network scale.
All 4 projects involved modelling techniques
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*Forecast contributions presented here do not include current contributions. For total contributions, refer to Figure 6 in Section 2

Current project contributions which provided knowledge towards ‘confidence that 100% of instantaneous
demand within NEM region can be met by PV with the system operated securely’, came from advanced
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cloud forecasting techniques across large networks areas in the ACT (Machine-Learning Solar
Forecasting).
At the NEM region scale, information provided by these projects which may contribute towards this
outcome include:
•
•
•

Costing of the ability to scale up MV network analysis tools to provide increased visibility across
entire DNSP networks (Increasing Visibility of Distribution Networks)
Forecasting of solar PV output to provide real-time distributed PV simulations across DNSP
networks. (Real-Time Distributed PV Simulations for DNSPs, Machine-Learning Solar
Forecasting)
Development of open sourced models and tools to facilitate longer-term planning for efficient
frequency control across NEM regions (Addressing Barriers to Efficient Renewable Integration).
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Current Portfolio Contribution:
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*Forecast contributions presented here do not include current contributions. For total contributions, refer to Figure 6 in Section 2

The same Machine-Learning Solar Forecasting project is also a current project demonstrating the
use of advanced cloud forecasting techniques to provide ‘confidence that 100% of instantaneous
demand within NEM region can be met by PV with the system operated securely’. The forecast
contribution from projects is based on more sophisticated approaches to cloud forecasting (RealTime Distributed PV Simulations for DNSPs), as well as provision of estimation algorithms to provide
DNSPs increased visibility of networks to facilitate operational control under increasing levels of DER
(Increasing Visibility of Distribution Networks).
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Case Study: Contributions to Outcome 4 - Hosting Capacity
Project: Addressing barriers to efficient renewable
integration
Knowledge Contribution: Development of modelling
tools to plan for long-term efficient frequency control
on systems approaching 100% renewables. These models
could provide confidence that 100% of instantaneous
demand can be met through PV, with the system
operated securely.

Commencement Date:
August 2016
ARENA Funding:
$0.98m

Project Description:
UNSW’s addressing barriers to efficient renewable integration project, looks at system-wide
integration issues on systems approaching 100% renewable energy. The project will investigate
frequency control, ancillary services and market rules, whilst developing models and tools which could
be used by AEMO and Transmission Network Service Providers to facilitate longer-term planning for
efficient frequency control and cost-effective strategies. These models will potentially facilitate
further dynamic power system modelling to understand system security limits.
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5

HOSTING CAPACITY

Confidence that more than 100% of instantaneous demand within smaller areas (such as
associated with a zone substation) could be met from distributed solar PV and the system be
managed to remain within secure technical limits.
Penetration of rooftop PV systems can reach levels where 100% of electricity demand in a local area of a
distribution network can be met by distributed solar PV. This can lead to a range of security and reliability
issues if mitigating actions, including increased visibility and forecasting ability, are not in place.

Project Profiles
•
•

13 projects contributed to informing this strategic outcome (either through current or forecast
achievements)
9 projects contribute towards demonstrating this strategic outcome

DER technologies

9 projects involved a combination of solar, batteries and supporting
technologies (energy management systems and smart inverters).
4 projects involved in-front of the meter network solutions

Scale of network influence

10 projects sought to influence the substation, feeder or lower levels
of the network.

Customer types

DER technologies were focused on residential customers, with 3
projects also incorporating commercial and industrial loads.

Network types

10 projects were based in urban grids. With 4 projects investigating
micro-grid or off-grid settings.

DER fleet scale and size

For projects deploying DER fleets, these were generally <1MW in size,
with DER numbers less than 100. 3 projects involved a DER fleet of
>1MW, and 4 projects involved more than 100 DERs.

Number of customers

The majority of projects involved <100 customers. 4 projects involved
more than 100 customers.
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Projects informing strategic outcome 5 shared knowledge on the issues associated with high levels of
instantaneous demand being met by solar PV. Relevant knowledge shared by projects in informing this
outcome includes:
•
•
•
•

Power quality issues (particularly voltage rise) caused by increased penetrations of solar PV;
Inability to forecast changes in PV due to intermittency (cloud cover events);
Lack of visibility over DER distribution and power quality across distribution networks;
Maximum solar output not correlating with maximum demand, with power quality issues caused
on networks during periods of lower demand.
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Demonstration Contribution
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Projects that demonstrated knowledge towards this outcome investigate approaches to managing the
technical requirements of demand being met by solar PV. Only 1 of these was from a completed project
(Virtual Power Station 2), with the remaining 8 projects still active within the portfolio.
A variety of methods have been demonstrated that will assist in increasing the level of instantaneous
demand that can be met by solar PV. Methods include:
•
•
•
•

Orchestration and co-ordinated use of customers batteries and solar;
Centralised batteries to store household solar and export during peak times;
Providing greater visibility and modelling of DNSP networks (power quality and solar forecasting)
to enable increased connections and exports from DER; and
Meeting high levels of instantaneous demand from renewables within a microgrid setting.

In many cases, the level of demand being met was unable to be determined based on reported
information. It should be noted, that no project demonstrated more than 100% of instantaneous
demand being met by solar PV in the area of network influence. This is likely because many of the
projects are at a pilot/pre-commercial demonstration stage.
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Case Study: Contributions to Outcome 5 - Hosting Capacity
Project: Alkimos Beach
Knowledge Contribution: The use of community energy
storage to shift PV load and be dispatched to meet high levels
of instantaneous demand within a zone substation level or
below.

Commencement
Date:
August 2014
ARENA Funding:
$3.31m

Project Description:
Synergy’s solar and storage trial at Alkimos Beach, Western Australia, involved the installation of
smart meters, solar hot water and solar PV systems at 100 residences, combined with a 250kW
Community Energy Storage System (CESS). The CESS is capable of being charged by exported solar
PV, and together with innovative new retail models is being used to reduce customer peak
demand. The project will enable better understanding of electricity supply reliability provided by
the CESS and DER, and report on the extent to which 100% of instantaneous household load is
being achieved.
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ORCHESTRATION

6

Multiple approaches demonstrated to aggregate and coordinate services from fleets of DERs
to serve multiple value streams in an optimal way
Orchestration is the ability to coordinate a fleet of multiple DER to deliver one or more DER services.

Project Profiles
•
•

12 projects contributed to informing this strategic outcome (either through current or forecast
contribution)
10 projects contributed towards demonstrating this strategic outcome

DER technologies

All projects utilised solar, batteries and supporting technologies such
as energy management systems or smart inverters.

Scale of network influence

All projects targeted influence at or below the substation level.

Customer types

All projects involved residential customers, with 2 also including
commercial and industrial customers.

Network types

7 projects were based in urban grids. 2 projects involved microgrids and
1 project a fringe of grid setting.

DER fleet scale and size

DER fleet sizes were <100 for all but 2 projects which involved 950 (AGL)
and 1000+ (Simply Energy VPPx)

Number of customers

8 projects involved less than 100 customers, 1 between 100 to 1000
customers (AGL VPP) and 1 project more than 1000 customers (Simply
Energy VPPx)
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A number of important contributions towards this outcome have been made by closed and advanced
active projects through the creation of VPPs and orchestrated control within microgrids. The informed
contribution from the DER portfolio increases based on the intended achievements of early active
projects.
Information shared by these projects on issues associated with aggregating and co-ordinating DER
include:
-

Approaches to customer engagement and drivers behind participation in VPPs
Installations issues that may affect the orchestration of VPPs;
Equipment failure and network conditions which may limit the use of VPPs; and
Regulatory or market barriers that need to be addressed in order to accommodate the value
of DER markets; and

Forecast knowledge contribution from active projects includes:
•
•
•
•
•
•

Knowledge on the installation of devices during VPP setup;
Increased understanding of customer preferences and commercial models used to enrol
customers in VPPs;
Testing the roles of aggregators, distributed system operators and distributed market operators
in a distributed energy marketplace;
Understanding the complexities at the interface of the distribution and transmission levels and
provision of VPP data to AEMO;
Understanding the technical and commercial capabilities of VPPs; and
Knowledge sharing around the control mechanisms and algorithms used within different VPPs.
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Of the 10 projects which demonstrated aggregation and co-ordination, 8 of these were through VPPs,
whilst 2 involved smart control of DER within microgrid settings.
There has been a clear progression in the scale and complexity of VPP projects that have been funded
by ARENA. Early VPPs offerings such as Reposit’s GridCredits (5 customers) and Ergon Energy’s Trialling
a New Residential Solar PV and Battery Model (33 customers) have made major contributions to the
orchestration outcome in demonstrating early learnings and capability. These are succeeded by
contributions from significantly larger scale and more sophisticated VPPs such as AGL’s VPP and Simply
Energy’s VPPx project (950 and 1200 customers respectively). These projects aim to demonstrate
increased functionality and commercial feasibility, provide necessary data to AEMO to understand the
complexities at the interface of the distribution and transmission levels, and test a marketplace for
distributed energy.
Nearly all the VPPs or microgrid projects have or intend to demonstrate orchestration to unlock value
through customer bill optimisation as well as network services. 4 projects have demonstrated or intend
to demonstrate network services, whilst only 3 projects have demonstrated or intend to demonstrate
participation in frequency control and ancillary services (FCAS).
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Case Study: Contributions to Outcome 6: Orchestration
Project: Simply Energy VPPx
Knowledge Contribution: Orchestration of over 1000 DER
systems through a VPP.

Commencement
Date:
March 2018
ARENA Funding:
$7.7m

Project Description:
Simply Energy’s VPPx will establish a VPP consisting of 1200 residential homes with solar and
battery storage. The VPP is expected to have a total capacity of 6MW, and up to a further 2MW of
commercial and industrial demand response. The project will test a range of customer
preferences as well as the drivers for participation. Of significant importance, Simply Energy will
also test the integration of the VPP in a distributed energy market platform (deX Platform), which
will demonstrate increased visibility of DERs for networks and the potential to generate value for
customers through trades in the wholesale and FCAS markets, in addition to providing network
services. Through deX the project aims to improve our understanding of how distributed energy
market platforms can be used, the roles of the distributed system operator (DSO) and distributed
market operator (DMO) in a distributed energy marketplace and the regulatory changes required
to support integration of VPPs and distributed energy market platforms.
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VALUE STREAMS

7

Value streams necessary to deliver hosting capacity and orchestration outcomes
demonstrated at an operational scale relevant to the service, and bundled as a customer
offer suitable to achieve the required level of participation
Obtaining value from DER for the grid and for customers is key in continued uptake of DER and increasing
hosting capacity. Sources of value from DER include the energy generated by the DER assets, ancillary or
support services provided by the DER assets, and network services that could be provided at particular
locations where DER is installed.

Project Profiles
•
•

15 projects contributed to informing this strategic outcome (either through current or forecast
contribution)
10 projects contributed towards demonstrating this strategic outcome

DER technologies

All projects involved a combination of solar, battery and supporting
technologies.

Scale of network influence

All projects targeted influence at the substation level or below.

Customer types

13 projects were focused on residential customers, 2 on commercial
and industrial customers.
2 projects targeted at microgrids.

Network types

12 projects targeted at urban grids.
1 project targeted at embedded networks/strata developments,
For 9 projects the DER fleet was <100 units, with 2 between 100-1000
and 1 >100.

DER fleet scale and size

8 projects <1MW
2 projects 1-5MW
1 project >5MW

Number of customers

The majority of projects involved less than 100 customers, with 2
projects involving 100-1000 customers and one more than 1000
customers
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Here projects were assessed against the knowledge shared or forecast to be shared against how these
value streams can be accessed, with an additional emphasis on how the projects considered customer
preferences and willingness to participate.
Current and forecast contributions were assessed to be strong across the assessed portfolio of projects.
Information shared included:
•
•
•
•
•
•
•
•

Testing of various customer offerings and customer preferences/take-up;
Approaches to customer segmentation in determining DER offers
The ability for a distributed energy marketplace to unlock value for all participants;
Levels of customer engagement required to achieve VPP participation;
Barriers to participation (loss of premium feed-in tariff, PFIT);
Modelling the potential for peer to peer trading to unlock value for customers;
The effect of local network charges and electricity trading; and
Extracting value from DER installed by C&I customers.
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10 projects demonstrated access to or value stream capture. These projects were generally the VPP
projects within the portfolio, with a further project focused on governance models for using DER within
strata developments (White Gum Valley) and another investigating the potential to unlock value from
integrating C&I customers into the grid (Integrating Medium-Scale Solar Into the Distribution
Network). Popular commercial models in these projects included upfront costs for DER and financing
of DER assets.
The forecast contribution was assessed as being stronger than the current contribution due to a variety
of active projects that are larger in size than earlier demonstrations, involve high levels of customer
engagement and will report on customer preferences and willingness to participate in DER programs
(White Gum Valley, CONSORT, Alkimos Beach, Peak Demand Reduction Using Solar and Storage,
Simply Energy VPPx and AGL VPP).
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Case Study: Contributions to Outcome 7 – Value Streams
Project Name: CONSORT: Consumer Energy Systems Providing
Cost-Effective Grid Support
Knowledge Contribution: Developing appropriate reward
structures for customer batteries providing network support.

Commencement
Date:
Jan 2016
ARENA Funding:
$2.89m

Project Description:
The CONSORT project involves the installation of up 35 PV and battery systems, in combination
with Reposit Power’s GridCredits platform. The DER deployed will be utilised via network-aware
co-ordination (NAC) algorithms to provide network support by alleviating power quality and
demand issues on the undersea cable feeding Bruny Island’s inhabitants, as well as providing value
to owners. This will also displace the amount of diesel used to generate power.
The project will analyse reward structures to compensate consumers and incorporates a social
science component focusing on the participants response, and their experience of the technology,
including pre and post installation surveys of trial participants. This unique customer focus won
CONSORT the Clean Energy Councils Community Engagement award.
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8

WHOLESALE ENERGY SERVICES
SEERVICES
DER provision of flexible capacity to complement variable renewables demonstrated at 5 MW
scale, through both market mechanisms and intervention mechanisms
The NEM wholesale market mechanism has traditionally been focused on one-way dispatch from large scale
generators to consumers, with little conception of the impact of DER. Utility scale generation directly
participates in the wholesale market through scheduling requirements and dynamic pricing whilst DER
interacts indirectly with the wholesale market through retail market arrangements. Although the two
interact, the aggregation and direct integration of DER within the wholesale market has the potential to
provide increased value to customers.

Project Profiles
•
•

7 projects contribute towards informing this strategic outcome (either through current or
forecast achievements).
5 projects contribute towards demonstrating this strategic outcome.

DER technologies

All projects involved a combination of solar, battery and supporting
technologies.

Scale of network influence

All projects targeted influence at the substation level or below.

Customer types

5 projects were focused on residential customers, with one focused on
C&I customers.

Network types

All projects were within an urban grid setting.

DER fleet scale and size

Two projects had fleet sizes of >5MW (Simply Energy VPPx and EPC
Technologies). One project had a fleet size of 1-5 MW (AGL). Other
contributing projects involved a fleet size of <1MW.

Number of customers

The majority of projects involved less than 100 customers, with 1
project involving 100-1000 customers (AGL VPP) and one more than
1000 customers (Simply Energy VPPx)
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Seven projects contributed toward informing this strategic outcome. Knowledge shared includes;
•
•
•

The use of VPPs to indirectly participate in wholesale through retailers’ arbitrage positions (Simply
Energy VPPx, AGL VPP, GridCredits, Trialling a New Residential Solar PV and Battery Model)
Use of a distributed marketplace to provide critical infrastructure to link DERs and wholesale
markets (deX).
Integration of C&I controllable loads (Integrating Medium-Scale Solar Into the Distribution
Network).

Importantly, the two largest VPPs to date, through AGL and Simply Energy, are forecast to provide
important contributions towards understanding of the regulatory environment and potential benefits
of DER participating in wholesale markets.
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5 projects demonstrated wholesale energy services capability.
•
•
•

All demonstrations involved indirect participation in the wholesale market through retailers.
4 of these projects involved the use of DERs within VPPs (Trialling a New Residential Solar PV
and Battery Model, GridCredits, AGL VPP, Simply Energy VPPx).
1 project looked at incorporating C&I load into the distribution network (Integrating MediumScale Solar Into the Distribution Network).

No consumer within these demonstration projects had direct exposure to the wholesale spot market in
real-time. The forecast contributions are from Simply Energy VPPx and AGL’s VPP projects, which
aggregate and orchestrate DER at a much greater scale than earlier VPP projects (these VPPs contain
DER numbers a magnitude of order larger than earlier projects), and have the potential to provide
information towards this outcome in demonstrating capability and understanding the regulatory and
technical landscape that needs to be overcome for aggregated DER to participate directly.
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Case Study: Contributions to Outcome 8: Wholesale Energy Services
Project: Decentralised Energy Exchange
Knowledge Contribution: Creation of a future marketplace for
distributed energy services to be traded in wholesale markets.

Commencement
Date:
February 2018
ARENA Funding:
$0.45m

Project Description:
The decentralised energy exchange (deX) is composed of three layers – deX markets, deX vision
and deX connect. deX Connect allows DER to integrate with deX, deX Vision provides network and
system operators with visibility of location of DER, whilst the deX Market layer is designed to
allow market participants of all sizes and types to contract services from DER. Importantly, deX
will provide an important connection between DER and VPPs to the wholesale market. ARENA’s
original funding toward developing the deX platform could greatly enhance the contribution
towards ARENA’s Wholesale Energy Services Strategic Outcome, with the future rollout of the deX
platform providing a distributed energy marketplace which potentially allows for significant
expansion in tradable energy services
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9

SYSTEM SECURITY SERVICES

DER provision of flexible capacity to complement variable renewables demonstrated at 5 MW
scale, through both market mechanisms and intervention mechanisms
Traditionally it has been utility-scale generators with the correct metering and telemetry requirements in
place that provide FCAS in the NEM. The rise in DER, if properly aggregated and orchestrated, possesses the
capability to provide additional FCAS, and access an additional value stream for customers.

Project Profiles
•
•

6 projects contribute towards informing this strategic outcome (either through current or
forecast achievement).
4 projects contribute towards demonstrating this strategic outcome.

DER technologies

All projects involved a combination of solar, battery and supporting
technologies.

Scale of network influence

All demonstration projects target the substation level or below. 1
project looks at system security across NEM regions (UNSW).

Customer types

Majority of projects were focused on residential customers.

Network types

All projects were within an urban grid setting.

DER fleet scale and size

One project involves a fleet size of >5MW (Simply Energy VPPx), one
project involves a fleet size of 1-5 MW (AGL VPP). Other contributing
projects involve a fleet size of <1MW. Simply Energy VPPx involves
>1000 DERs, AGL 100-1000.

Number of customers

The majority of projects involved less than 100 customers, with 1
project involving 100-1000 customers (AGL VPP) and 1 >1000 customers
(Simply Energy VPPx)
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5 projects within the assessed portfolio contribute towards this outcome. Information shared includes;
•
•
•

The ability for VPPs to provide frequency control (GridCredits, Networks Renewed, AGL VPP,
Simply Energy VPPx);
Aggregation and management of DER to provide FCAS through a distributed energy marketplace
(deX); and
Examination and modelling of frequency control and market arrangements with high levels of
rooftop PV (Addressing Barriers to Efficient Renewable Integration).

The forecast contribution increases due to the potential for knowledge to be shared from larger, active
VPPs which will demonstrate the potential for aggregated DER to provide FCAS within the NEM
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4 projects within the portfolio demonstrate the potential for DER to provide FCAS services. All
demonstrations involve the use of a VPP to aggregate and orchestrate DER.
Contribution towards this outcome from closed projects to date, has been through Reposit Power’s Grid
Credits projects, with participants receiving payment (in the form of GridCredits) during an FCAS
triggered event. Contributions from advanced active (AGL VPP, Networks Renewed) and early active
projects (Simply Energy VPPx) will seek to demonstrate the ability for aggregated and co-ordinated
DER to provide FCAS.
A considerable contributions towards this outcome is forecast to be provided through Simply Energy’s
VPPx, which will be the first of a kind project to use a solar and battery VPP to directly access the
market, whilst showcasing the capability of a DER market platform to forecast the impacts of DER on
the FCAS market.
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Case Study: Contributions to Outcome 9: System Security Services
Project: GridCredits
Knowledge Contribution: Demonstrating how smart control of
batteries can provide frequency control services.

Commencement
Date:
December 2014
ARENA Funding:
$0.45m

Project Description:
In their ARENA funded trial, Reposit showcased one of the first successful demonstrations of DER
obtaining value from providing system security services. Reposit Power’s GridCredits control
module was developed to manage the demand profile of residences, whilst allowing customers to
be rewarded for providing energy and stabilisation services to the grid if called upon. During an
FCAS triggered event, batteries were discharged, earning customers GridCredits in accordance
with their retail agreement.
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NETWORK SERVICES

10

DER provision of services to networks demonstrated at a scale that would be sufficient to
avoid a specific projected constraint, or to materially reduce the likelihood of future
network augmentation or replacement
Distributed generation has the potential to provide benefits to electricity networks in a variety of ways.
Principally, distributed generation may alter how distribution businesses build and maintain networks (i.e.
network augmentation or to alleviate power quality issues); the resultant savings are subsequently passed on
to customers.

Project Profiles
•
•

13 projects contribute towards informing this strategic outcome (either through current or
forecast achievement).
9 projects contribute towards demonstrating this strategic outcome.

DER technologies

All projects involved a combination of solar, battery and supporting
technologies.

Scale of network influence

All demonstration projects are at the substation level or below.

Customer types

All projects contributing towards this outcome were focused on
residential customers.
For demonstration projects, 11 were within an urban grid setting.

Network types

1 project was within a microgrid setting.
1 project was in a fringe of grid setting.

DER fleet scale and size

The majority of projects were < 1MW in size, with <100 DERs. Two
projects were between 1-5 MW, with 100-1000 DER (Alkimos Beach, AGL
VPP), one project is >5MW and with a DER fleet >1000 (Simply Energy
VPPx)

Number of customers

The majority of projects involved less than 100 customers, with two
projects involving 100-1000 customers (AGL VPP, Synergy – Alkimos
beach) and one project >1000 customers (Simply Energy VPPx)
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Inform Contribution
Project Types
0

4

8

12

No. Contributing Projects
within Portfolio
(out of 28)

Closed

13

Advanced Active

ARENA funding

Early Active

Large and Diverse

Moderate

Small and Focused

Current Project Contributions:

Forecast Project Contributions:

8

8

6

6

No. Projects

No. Projects

$26.9m

4
2

4
2

0
Lesser Contribution Greater Contribution

0
Lesser Contribution Greater Contribution

Current Contribution:

Forecast Contribution:

*Forecast contributions presented here do not include current contributions. For total contributions, refer to Figure 6 in Section 2

13 projects within the assessed portfolio contributed knowledge towards this outcome. Knowledge
shared by these projects on DER providing network services included:
•
•
•
•
•
•

Creation of network opportunity maps to determine where DERs can be of value to
networks (Network Opportunity Maps)
The use of batteries to shift PV load and reduce peak demand in constrained areas
(CONSORT, Peak Demand Reduction Using Solar and Storage)
The use of smart inverters to provide network services (Networks Renewed)
Use of demand response to provide power quality support (Virtual Power Station 2)
Orchestration of DER through VPPs to provide network services (AGL VPP, Simply Energy
VPPx)
Co-ordination of PV and battery systems to provide network power quality support within
microgrid settings (Project Highgarden)
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Demonstration Contribution
Project Types
0

4

8

12

No. Contributing Projects
within Portfolio
(out of 28)

Closed

9

Advanced Active

ARENA funding

Early Active

A

B

C

Current Project Contributions:

Forecast Project Contributions:

8

8

6

6

4
2

No. Projects

No. Projects

$22.6m

4
2

0
Lesser Contribution Greater Contribution

0
Lesser Contribution Greater Contribution

Current Portfolio Contribution:

Forecast Portfolio Contribution:

*Forecast contributions presented here do not include current contributions. For total contributions, refer to Figure 6 in Section 2

Nine (9) projects demonstrated the capability of DER to provide network services. Results from early
VPP projects demonstrated the potential for DERs to respond to network signals (Trialling a New
Residential Solar PV and Battery Model , GridCredits, Virtual Power Station 2). These have been
succeeded by a number of larger VPP projects demonstrating this capacity (AGL VPP, Simply Energy
VPPx), as well as focused investigations which look at the potential for DER to alleviate existing network
constraints as well as the mechanisms for customer recruitment and payment (Peak Demand Reduction
Using Solar and Storage, CONSORT). These active projects explain the positive shift in forecast
contribution.
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Case Study: Contributions to Outcome 10 – Network Services
Project: Peak Demand Reduction Using Solar and Storage
Knowledge Contribution: Testing the ability for co-ordinated
battery storage to defer network augmentation.

Commencement
Date:
July 2017
ARENA Funding:
$0.45m

Project Description:
United Energy’s peak demand reduction project investigates the use of residential solar and
batteries to shift PV output and reduce peak demand. 10 constrained distribution substations have
been identified by UE as being constrained, with the project testing whether solar and storage is
more economic than traditional augmentation. Analysis revealed the need for a total of 42 solar
storage systems across constrained substations to be tested over summer 2018/2019. 27 units
have already been commissioned, with initial testing demonstrating the potential for solar and
storage to reduce peak demand when controlled on peak demand days where temperatures
exceed 35oC. Solar storage systems are primarily configured to offset customer usage and reduce
bills, however, during peak demand events, customers are also reimbursed for energy drawn from
the grid to pre-charge batteries. The project is ongoing and will continue to investigate business
models to facilitate storage as a means to address network issues as well as the outcomes of
future dispatch events.
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4

Knowledge Sharing, Commercialisation,
Regulatory Reform & DEIP
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4.1

Knowledge sharing effectiveness
Knowledge sharing is a vital part of every ARENA funded project. This takes the form of
reports, publications, guides, models and resources, forums, workshops, conferences, site
visits, website, content media and social media. ARENA has identified the importance of
knowledge sharing as it helps to improve industry capability and makes project delivery
more effective.
Unique page views for most of the assessed projects were between 500 to 1000, with the
exception of five projects with over 1000-page views (AGL VPP, VPPx, Alkimos Beach,
Peak Demand Reduction Using Solar and Storage and deX). Page views for DER projects
were generally higher than the median value (225 views) of 330 ARENA funded projects
from different funding programs. However, this web data was limited to the past 18
months and does not likely reflect project status and relevance (i.e. some projects may
have completed more than 18 months ago and are therefore less relevant and are likely
to have lower web views). All projects within the scope of this analysis had relatively low
knowledge sharing report downloads (1-67 downloads), however, a number of knowledge
sharing reports are hosted externally spreading readership over multiple websites, which
would not have been captured in this analysis.
Based on the review of knowledge sharing reports that have been published by projects
that are in scope of this analysis, it was found that knowledge sharing reports tended to
be designed with the intention of capturing lessons learned in a broad manner. This,
however, in many cases meant that knowledge sharing reports were not well targeted to
specific audiences or segments of the industry. This could be part of the reason for low
unique page views and knowledge bank downloads as these reports are not targeted nor
marketed to specific audiences.
Beyond these knowledge sharing commitments, however, there are a number of projects
that have demonstrated exceptional knowledge sharing efforts; in some cases, beyond
their ARENA funding commitments.
University of Adelaide builds dedicated web portal to share test data and case studies
via its Energy Storage Knowledge Bank
Funded by ARENA to establish the Australian Energy Storage Test Facility and Knowledge
Bank, the University of Adelaide will build and deploy a mobile energy storage test
platform and an online knowledge bank. The knowledge bank aims to provide a central
source for test data and information about energy storage performance in a range of
applications and conditions that have been tested, including lab conditions and in the
field. This will involve installing a high-resolution data capture system and more than 30
sensors in the test platform, allowing it to capture data at a rate of up to 500 kHz for
power quality events. In addition, a number of papers, presentations and case studies
building on the project has been published on the University’s website to build industry
knowledge (Figure 7).
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Figure 7 – Australian Energy Storage Knowledge Bank

Beyond the data collected through the ARENA-supported test platform, the central
knowledge bank also seeks to store and collate data from other tests conducted around
Australia and the world. These datasets, case studies and lessons learnt are then made
available to technology developers, system integrators, end users and the general public.
By making this data publicly available, this project can reduce the uncertainty around the
deployment of energy storage technologies, build industry confidence and accelerate
investment in reliable battery energy storage technologies. Importantly, by sharing this
data and facilitating collaboration, industry stakeholders can learn from each other’s
experience to facilitate the uptake and integration of energy storage across different
scales and applications.

CONSORT’s Bruny Island Battery Trial demonstrates a unique focus on customers and
their experience of DER technology
A unique attribute of the CONSORT project is the focus on sharing knowledge both with
customers around the project purpose, and with industry on customers’ experience with
technology. This knowledge will contribute considerably to ARENA’s value streams DER
outcome, in understanding the commercial offers and engagement required to achieve
customer participation.
CONSORT’s approach to knowledge sharing includes a social research component of the
trial which will include interviews (4) with participating households over a 2-year period,
and an ‘energy diary’ for a period of two weeks. This social research will exhibit
customers’ experience and acceptance of the technology providing knowledge that will
be relevant for future DER deployments by relevant stakeholders.
CONSORT provide a landing page for Trial Participants with a description and information
on the project, with application packs and an FAQ also provided (Figure 8).
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Figure 8 – CONSORT’s dedicated webpage for trial participants

4.2

Progress to commercialisation
Many of the projects assessed as part of the scope of this analysis remain Active projects.
As such, the opportunity for or progress to commercialisation is limited as ARENA funding,
by definition, goes towards early stage projects. As such, with the exception of the two
projects highlighted below, all other projects assessed as part of this analysis do not
appear to have made significant contributions towards commercial viability.
In the case of Completed projects, ARENA is limited in its ability to request for information
from project proponents once a project has met its final milestone and concluded. This
remains a gap for ARENA in tracking its impact in progressing commercial viability of DER
integration solutions.
Reposit Power leverages ARENA funding to establish Canberra VPP and
commercialisation in the industry
Following ARENA’s funding, Reposit Power went on the develop the first and largest VPP
at the time. Based in Canberra, this VPP involves more than 500 households and
customer-owned residential batteries, building on the five home energy systems
(including solar, storage and Reposit’s technology) that was originally funded by ARENA.
This VPP also built on the learnings from the original ARENA-funded project that saw
$445,666 awarded to Reposit Power to trial the use of GridCredits. Leveraging these
initial funds, Reposit Power has since gone on to partner with Evoenergy, a distribution
network in ACT, which is seeking to use the VPP in Canberra to help maintain its quality
of service in the ACT. Reposit has been successful in leveraging ARENA’s funds to win
$4.5 million grant from the ACT Government for this VPP.
In addition, Reposit Power also demonstrated significant progress to commercialisation
by leveraging ARENA funds to learn how to partner with the solar industry. As part of
the ARENA-funded project, Reposit Power built a national Partner Network which is a
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network of companies that continues to help Reposit sell its solution to customers
alongside batteries and solar panels.
Reposit‘s ‘Reposit Power Control’ technology has since been used in 3 further projects
within the assessed ARENA DER project fleet, including; Networks Renewed, Reduction
in peak demand using solar and storage and CONSORT.
GreenSync’s deX leveraged in subsequent ARENA projects
GreenSync’s deX project, funded by ARENA in 2017, was used to develop the very early
stages of the deX platform, a novel online exchange platform to make it possible for DER
owners to engage in market transactions, and providing networks with information to
strengthen the grid. Importantly, this project also resulted in the formation of an
industry-wide collaboration currently including 68 partner organisations10, seeking to
explore the concept of an integrated market platform to support DER value exchange.
deX has since gone on to be a key part of Simply Energy’s VPPx Project. In this project,
further functionality of deX will be developed. The use of deX will give visibility of DER
to SA Power Networks and be used to test the ability of a distributed energy market
platform to exchange value of customer assets, relevant to both ARENA’s Hosting Capacity
and Value Streams outcomes.

4.3

Contribution to broader industry reforms
A number of projects within the assessed portfolio have gone on to be used as an evidence
base for policy submissions. Table 3 overleaf is an extract of ARENA policy submissions
(2017-2018) including relevant knowledge contributed from in-scope projects within the
assessed DER portfolio. 12 of the 28 projects assessed have been cited in ARENA’s
submissions in this period of time.
In addition, the ARENA projects and industry collaboration involving the deX platform
have contributed, in part, to the formation of AEMO and ENA’s Open Energy Networks
Consultation. This process is seeking to explore potential system architectures under high
levels of DER aggregation and orchestration to support customer and system value from
DER, including the roles and responsibilities for operators of, and participants in,
marketplaces such as deX.

10

Sourced from https://dex.energy/whos-already-joined/dex-partners-stakeholders/ on 12th Nov 2018
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Table 3 - Project Contributions Toward ARENA’s Regulatory Submissions

Submission:

Insights:

Year:

ARENA Submission
to the AEMC’s
Frequency Control
Frameworks Review
Directions Paper

ARENA is supporting a range of projects
that are demonstrating different ways
system security can be achieved in a high
renewables penetration grid.

2018

ARENA Submission
to the Economics
and Industry
Standing Committee
Inquiry into
microgrids in
Western Australia

Potential for microgrids and associated
technologies to contribute to the
provision of affordable, secure, reliable
and sustainable energy supply in WA.

2018

ARENA Projects Highlighted
•
•

•
•
•
•

ARENA Submission
in Response to the
AEMC’s Reliability
Frameworks Review
Issues Paper

ARENA funded projects relevant to the
AEMC Reliability Frameworks Review.
Outlining experience in DER and their
interaction in maintaining secure and
reliable operation of the grid.

2018

•
•
•
•
•

Simply Energy VPPx – Has the technical potential to provide primary and secondary
frequency control services and are identifying significant barriers in the process
Peak Demand Reduction Using Solar and Storage (United Energy) – Frequency
response times could be reduced to around 2-5 minutes, a timeframe suitable to
support frequency management should this process be fully automated. This
highlights the technical potential for non-market participants to provide demand
response including contingency FCAS services.
Karratha Airport Project (Karratha Solar Power) – Use of solar, storage and cloud
predictive technology (CPT) to accelerate solar PV in the North West Interconnected
System (NWIS)
Rottnest Island project (Hydro Tasmania)– Use of renewable energy and smart
controls to reduce diesel usage, in combination with novel demand side scheduling
of desalinisation.
Alkimos Beach (Electricity Generation and Retail Corporation)– New energy retail
model to demonstrate use of enabling technologies to unlock value from rooftop PV.
White Gum Valley (Curtin University) – Governance models for solar and storage in
apartment housing.
Karratha Airport - Use of advanced solar forecasting
Fulcrum 3D - Cloud prediction technology
AGL VPP – Use of distributed energy to improve system wide energy reliability and
security.
Facilitating local use of system charging and virtual net metering (UTS) - The use
of new market designs to realise the full value of renewable energy.
deX (GreenSync) – Demonstrating ways to improve co-ordination of resources to
provide a reliable electricity supply in a market with increase renewable and DER
penetrations.
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Submission:

Insights:

Year:

ARENA submission
to the House of
Representatives
inquiry into
modernising
Australia's
electricity grid

Outlines ARENAs experience with projects
and experience in; renewable energy
generation; storage; and interactions
with the electricity network and demand
for electricity from consumers and
industry. The submission also outlines
ARENA’s broader approach to enabling
affordable, reliable electricity supply
with a high proportion of renewable
energy.

2017

ARENA submissions
to Independent
Review into the
Future Security of
the National
Electricity Market

Outlines ARENA’s relevant experience
with renewable energy generation,
storage technologies, and their
interaction(s) with the electricity system
- both the secure and reliable operation
of the grid, as well as the implications
for market operations. The latter part of
this submission outlines issues for market
design and longer-term policy to help
inform the Review’s areas of focus. The
submission also outlines ARENA’s broader
approach to enabling affordable, reliable
electricity supply with a high proportion
of renewable energy.

2017

ARENA submission
to the AEMC's 5
Minute Settlement
Rule Change
Determination

Characteristics of emerging renewable
energy generation technologies, storage
technologies, and demand response as
relevant to the rule change.

2017

ARENA's submission
to the Senate
Committee into the

ARENA’s project portfolio and relevant
experience with distributed generation,
storage, and its interaction with the

2017

ARENA Projects Highlighted
•
•
•
•
•

•
•
•
•
•
•

Networks Renewed (Institute for Sustainable Futures) – Improved solar voltage
management through smart inverters.
Energy Storage Test Facility and Knowledge Bank (University of Adelaide) –
Construction of mobile energy storage test facility
CSIRO VPS2 & AGL VPP – Co-ordination of generation and storage.
Rottnest Island – Advanced control integration wind, solar and desalinisation.
Brookfield Energy – Exploration of commercial and regulatory barriers for
residential microgrids.

Network Opportunity Maps (UTS) - Studies allowing for technology and cost
optimisation
Karratha Airport Solar Farm & Fulcrum 3D– Use of solar forecasting cloud
predictive technology.
AGL VPP – Use of renewable energy storage to improve energy reliability
Facilitating local use of system charging and virtual net metering (UTS), deX
(GreenSync) – Use of new market designs to realise the full value of renewables.
Rottnest Island – Novel demand response mechanisms.
Networks Renewed (UTS)– Use of smart inverters to improve network reliability.

•
•

AGL VPP, Repost Power GridCredits
deX (GreenSync) – The use of aggregation to increase contributions to reliability
from distributed energy sources.

•
•

Karratha Airport Solar Farm & Fulcrum 3D– Use of cloud prediction technology
AGL VPP – Use of Distributed energy storage to improve system-wide reliability and
security.
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Submission:

Insights:

Resilience of
Electricity
Infrastructure in a
warming world

electricity network, and demand for
electricity from consumers and industry.
The submission also outlines ARENA’s
broader approach to enabling affordable,
reliable electricity supply with a high
proportion of renewable energy.

Year:

ARENA Projects Highlighted
•
•

Facilitating local use of system charging and virtual net metering (UTS) – Use of
new market designs to realise the full value of renewable energy.
Rottnest Island – Use of demand response as part of an overall integrated solution to
enabling increased renewables.
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4.4

Alignment with DEIP focus areas
This DER project assessment is highly complementary to the on-going formative work of
the Distributed Energy Integration Program (DEIP). For each of recently identified DEIP
“Key Questions”, projects in scope of this analysis have been thematically mapped in the
table below.
While these individual projects contribute to these DEIP workstreams and key questions
to some extent, many are likely to contribute in a narrow manner, as opposed to
considering overarching systemic change or improvements that will be critical to
managing DER integration on a bigger scale.

Table 4 - Project Contributions Toward ARENA’s Regulatory Submissions

Workstream

Key DEIP Questions

Contributing Projects

Customer

How can the voice of the
customer inform the design of
a fit-for-purpose distributed
future electricity system?

Contributions from ARENA
projects include:

What information do
customers need to enable
them to efficiently contribute
to a highly distributed
electricity system?

Markets

•
•
•
•
•

CONSORT
AGL VPP
Simply Energy VPPx
Networks Renewed
Peak Demand Reduction
Using Solar and Storage

The projects also align with
ARENA’s Value Streams DER
Strategic Outcome.

How can markets efficiently
Contributions from ARENA
exchange the fair value from a projects include:
broad range of distributed
• deX
energy resources?
• Facilitating local use of
system charging and
virtual net metering
• AGL P2P
The projects also align with
ARENA’s Value Streams DER
Strategic Outcome.

Frameworks

What is the optimal enabling
infrastructure required and
how is this achieved?
How can networks be
encouraged to make greater
use of DER?

Contributions from ARENA
projects include:
•
•
•
•
•

deX
Peak Demand Reduction
using Solar and Storage
Simpy Energy VPPx
AGL VPP
GridCredits
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Workstream

Key DEIP Questions

Contributing Projects
• Testing a model for
residential solar and
battery storage
• CSIRO VPS2
A number of these projects
align with ARENA’s Network
Services DER Strategic
Outcome-

Interoperability &
Resilience

What level of DER visibility
and scheduling is required?

What tools and techniques are
required to efficiently
interoperate and enable the
balancing of local constraints?

Contributions from ARENA
projects include:
•
•
•
•
•
•
•

How can DER registration,
connection and
standardisation be best
designed to contribute to
allow DER to contribute a high
share of electricity at least
cost?

deX
Networks Renewed
Simply Energy VPPx
AGL VPP
NOJA Power Intelligent
Switchgear
PV Penetration project
Real-time Operational
Distributed PV Simulations
for Distribution Network
Service Providers

A number of these projects
align with ARENA’s Hosting
Capacity DER Strategic
Outcomes.
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Appendix A – DER Project Shortlist
No. Project Name

Referred to as:

Project Proponent

Project
Status

1.

Simply Energy's VPPx

Simply Energy VPPx

Simply Energy

Early Active

2.

The installation of 1,000
batteries in South
Australian homes and
businesses in a 5 MW
Virtual Power Plant
arrangement.

AGL VPP

AGL

Advanced
Active

3.

Networks Renewed: Using
innovative inverter and
battery storage
technologies to improve
network power quality,
reduce costs and support
solar PV

Networks Renewed

University of
Technology, Sydney:
Institute for
Sustainable Futures
(UTS)

Advanced
Active

4.

Virtual Power Station 2

Virtual Power
Station 2

Commonwealth
Scientific and
Industrial Research
Organisation (CSIRO)

Completed

5.

Peak Demand Reduction
using Solar and Storage

Peak Demand
Reduction Using
Solar and Storage

United Energy

Advanced
Active

6.

Horizon Power Business
Model Pilot Project Phase 1 (Highgarden)

Project Highgarden

Horizon Power

Early Active

7.

CONSORT: Consumer
Energy Systems Providing
Cost-Effective Grid
Support

CONSORT

The Australian
National University
(ANU)

Early Active

8.

Intelligent storage for
Australia’s grid using
GridCredits a battery
control module

GridCredits

Reposit Power

Completed

9.

Pilot a commercial and
operational model for
integrating solar and
storage to provide energy
services to residential
customers.

Trialling a New
Residential Solar
PV and Battery
Model

Ergon Energy

Completed

deX

GreenSync

Completed

10. Decentralised Energy
Exchange (deX) - design
and pilot a prototype
digital exchange for
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No. Project Name

Referred to as:

Project Proponent

Project
Status

11. Alkimos Beach Energy
Storage Project

Alkimos Beach

Synergy

Early Active

12. NOJA Power Intelligent
Switchgear Project

Intelligent
Switchgear Project

NOJA Power
Switchgear

Early Active

13. Increasing Visibility of
Distribution Networks to
Maximise PV Penetration
Levels

Increasing Visibility
of Distribution
Networks

The University of
Queensland (UQ)

Early Active

14. Real-time Operational
Distributed PV
Simulations for
Distribution Network
Service Providers

Real-Time
Distributed PV
Simulations for
DNSPs

The Australian
National University
(ANU)

Early Active

15. Australian National
University: Machinelearning-based
forecasting of distributed
solar energy production

Machine-Learning
Solar Forecasting

The Australian
National University
(ANU)

Completed

16. Addressing barriers to
efficient renewable
integration

Addressing Barriers
to Efficient
Renewable
Integration

University of New
South Wales (UNSW)

Early Active

17. Feasibility and product
design for inner city
brown fields off-grid
solar (called Here Comes
The Sun" HCS)"

Moreland Microgrid
Investigation

Moreland Energy
Foundation (MEFL)

Completed

18. Narara Ecovillage smart
grid

Narara Ecovillage

Nev Power Pty Ltd

Early Active

19. Delivering higher
renewable penetration in
new land and housing
developments through
off-grid microgrids

Exploration of
Commercial and
Regulatory Barriers
for Residential
Microgrids.

Brookfield Energy

Completed

20. Cloud Detection and
Prediction for Maximising
Solar PV Utilisation in
Off-grid Hybrid Power
Systems

Cloud Detection
and Prediction In
Off-Grid Hybrid
Power Systems

Fulcrum 3D

Completed

trading Distributed
Energy Resources (DER)
to support integrating
renewables and grids
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No. Project Name

Referred to as:

Project Proponent

Project
Status

21. A demonstration of
medium-scale solar on
industrial roof-tops can
be effectively integrated
into the distribution
network

Integrating
Medium-Scale Solar
Into the
Distribution
Network

EPC Technologies

Advanced
Active

22. Mapping Potential
Network Opportunities
for Renewable Energy

Network
Opportunity Maps

University of
Technology, Sydney:
Institute for
Sustainable Futures
(UTS)

Completed

23. Establishing the
Australian Energy Storage
Knowledge Bank

Energy Storage
Knowledge Bank

The University of
Adelaide

Early Active

24. Facilitating local use of
system charging and
virtual net metering

Local Network
Charges and Virtual
Net Metering

University of
Technology, Sydney:
Institute for
Sustainable Futures
(UTS)

Completed

25. White Gum Valley:
Increasing the uptake of
solar PV, using energy
storage, monitoring and
grid-connected microgrids within strata

White Gum Valley

Curtin University

Early Active

26. Karratha Airport Solar
Project

Karratha Airport
Solar Project

Impact Investment
Group

Completed

27. P2P-DLT: A virtual trial of
peer-to-peer energy
trading including an
assessment of the
applicability of
distributed ledger
technology

AGL P2P trading

AGL

Completed

28. Rottnest Island Water
and Renewable Energy
Nexus (WREN) project

Rottnest Island
Project

Hydro Tasmania

Completed
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Appendix B - Detailed Project Assessment Criteria
Step 1 – Basic Project Attributes
Basic Project Attributes
Attributes

Options
Progress:

Project progress***

□
□
□

Closed (N/A)
Active, completed significant milestones (N/A)
Active, no significant milestones complete (N/A)

□
□
□
□
□
□
□
□

Solar PV (1)
Other behind the meter generation (1)
Diesel Generator (1)
Battery storage (1)
Electric vehicles (1)
Electric hot water systems (1)
Other controllable loads (1)
Enablers (e.g. smart meters, data services) (1)

DER types:

Types of DER included
in the project
(Multi-tick)

Scale of network area
included in the
project

Scale – Network Area:
□ LV pole/pad mounted transformer (1)
□ Feeder zone (2)
□ Sub-station (3)
□ Transmission Node Identities (4)
□ DNSP area (5)
□ Jurisdiction (6)
□ NEM (7)

Number of customers
involved in project

Scale - Customers:
□ Single customer (1)
□ 2-100 customers (2)
□ 100-1000 customers (3)
□ 1000+ customers (4)

Type of customers
involved in project
(Multi-tick)

Customer type:
□ Residential (1)
□ SME (1)
□ C&I (1)
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Basic Project Attributes
Attributes

Options

Project proponents
(Multi-tick)

Project team members:
□ Network (1)
□ Retailer (1)
□ Technology proponent (1)
□ Regulator (1)
□ Market Operator (1)
□ Academic institute (1)
□ Developer (1)

Location:
Network type***

□
□
□
□
□

Microgrid (N/A)
Embedded network (N/A)
Fringe of Grid (N/A)
Urban grid (N/A)
Off Grid

□
□
□

<1 MW (1)
1-5 MW (2)
>5 MW (3)

□
□
□

DER fleet <100 (1)
DER fleet 100-1000 (2)
DER fleet >1000 (3)

Fleet size:
Scale of the DER fleet
(MW)

Fleet size:
Scale of the DER fleet
(number)
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Step 2 – Outcome Specific Project Assessment
Hosting Capacity
1. Improved understanding of risks/barriers to increasing DER hosting capacity

Demonstrates progress against outcomes

Informs progress against outcomes

Criteria

Project shares knowledge on
the risks/barriers to increasing
DER hosting capacity:
(Multi-Tick)

Options

Knowledge Sharing:
□ Qualitative (1)
□ Quantitative (1)

Provides potential options to
overcome risks/barriers to
increasing DER hosting capacity:

Solution options:
□ No options (0)
□ Options described (1)
□ Options described and modelled (2)

Demonstrates ways to
successfully overcome risks or
barriers to increasing hosting
capacity:

Demonstrated
□
□
□

ways:
No (0)
Yes - unsuccessful (1)
Yes – successful (1)

Risks/Barriers Demonstrated:

What risk or barriers were
demonstrated:
(Multi-tick)

□
□
□
□
□
□
□
□

Not specified (1)
Voltage Rise (1)
Harmonics (1)
Fault Current Levels (1)
Low Inertia (1)
Frequency (1)
Flicker (1)
Other (1)
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Hosting Capacity

Demonstrates progress against outcomes

Informs progress
against outcomes

2. Lower-cost ways demonstrated for increasing the DER hosting capacity of electricity systems and
networks
Criteria

Options

Project shares
knowledge on ways
to increase DER
hosting capacity of
electricity systems
and/or networks:

Knowledge Sharing:
□ Qualitative (1)
□ Quantitative (1)
□ Qualitative/Quantitative with cost comparison (1)

Demonstrates ways
to increasing hosting
capacity:

Demonstrated
□
□
□

Solar PV penetration
level in the project:

Penetration level:
□ Not noted (0)
□ <20% (1)
□ 20-50% (2)
□ 50%+ (3)

ways:
No (0)
Yes - unsuccessful (1)
Yes – successful (1)

Cost:

Does the project
demonstrate a lower
cost approach?:

□
□
□
□

□

Level of customer
involvement in
approach***:

No cost comparison (0)
Partial cost comparison (1)
Partial cost comparison and lower cost demonstrated
(2)
Whole of system cost comparison (i.e. against export
prevention, DER orchestration, network capacity
augmentation investment) (3)
Whole of system comparison and lower cost
demonstrated (4)

Customer Involvement:
□ In front of the meter network solution (N/A)
□ Behind the meter, set and forget (N/A)
□ Behind the meter with customer involvement required
(N/A)
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Hosting Capacity

Demonstrates progress against outcomes

Informs progress against
outcomes

3. Confidence that continued uptake of DER consistent with the expected range of growth rates will
not limit the benefits these assets can provide to the power system- e.g. need to curtail PV
generation under some scenarios
Criteria

Options

Project shares
knowledge on the
potential future
limitations on the
benefits of DER for the
power system under
expected growth rates:

Knowledge Sharing:
□ Qualitative (1)
□ Quantitative (1)

Shares knowledge on
options to avoid
limitations on DER
benefits:

Solution Options:
□ No options (0)
□ Options described (1)
□ Options described and modelled (2)

Demonstrates options
or ways to avoid
limiting the benefits of
DER:

Demonstrated
□
□
□

ways:
No (0)
Yes – unsuccessful (1)
Yes – successful (1)

Cost:
Does the project
demonstrate a lower cost
approach to controlled
benefits curtailment
(e.g. generation or
export limits)?:

□
□
□
□

□

No cost comparison (0)
Partial cost comparison (1)
Partial cost comparison and lower cost
demonstrated (2)
Whole of system cost comparison (e.g. i.e.
against export prevention, DER orchestration,
network capacity augmentation investment) (3)
Whole of system comparison and lower cost
demonstrated (4)
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Hosting Capacity
4. Confidence that 100% of instantaneous demand within a NEM region could be met from distributed solar PV,
with the system operated securely

Informs progress against
outcomes

Criteria
Project shares knowledge on the issues
associated with high levels of
instantaneous demand being met by
distributed solar PV at a NEM region level:

Knowledge Sharing:
□
Qualitative (1)
□
Quantitative (1)

Provides options to address the issues
associated with high levels of
instantaneous demand being met by
distributed solar PV at a NEM region level:

Solution Options:
□
No options (0)
□
Options described (1)
□
Options described and modelled (2)

Demonstrated ways to improve the
capability of operating a NEM region with
high levels of instantaneous demand met
by distributed solar PV:

Demonstrated ways:
□
No (0)
□
Yes – unsuccessful (1)
□
Yes – successful (1)

Demonstrates an approach to address the
issues associated with high levels of
instantaneous demand met by distributed
solar PV at a NEM region level:

Demonstrates progress against outcomes

Options

Demonstrates increased visibility of
distributed solar PV behaviour in a NEM
region:

Scale of network area included in the
project:

Demonstrates an approach to address the
issues associated with high levels of
instantaneous demand met by distributed
solar PV at a NEM region level:
(Multi-tick)

Level of demand:
□
□
□
□

<100% (1)
100-150% (2)
150-200% (3)
200% (4)

□
□
□

No increased visibility demonstrated (0)
Visibility of static solar PV characteristics (1)
Visibility of dynamic solar PV behaviour and
performance (2)

Visibility:

Scale – Network Area:
□
Transmission Node Identities (1)
□
DNSP area (2)
□
Jurisdiction (3)
□
NEM (4)
Approach:
□
□
□

□
□
□

Ensure effective installations and connection
standards to support system security (1)
Manage the system with low levels of
synchronous generation (1)
Manage the system through
ramping/variability impacts of cloud banks
(1)
Greater control over supply and demand in
ways which are not currently available (1)
Leverage jurisdictional interconnection to
maintain system security (1)
Other (1)
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Hosting Capacity

Informs progress against outcomes

5. Confidence that more than 100% of instantaneous demand within smaller areas (such as
associated with a zone substation) could be met from distributed solar PV and the system be
managed to remain within secure technical limits
Criteria

Options

Project shares knowledge
on the issues associated
with high levels of
instantaneous demand
being met by distributed
solar PV within smaller
areas:

Knowledge Sharing:
□
Qualitative (1)
□
Quantitative (1)

Provides options to
address the issues
associated with high levels
of instantaneous demand
being met by distributed
solar PV within smaller
areas:

Solution Options:
□
No options (0)
□
Options described (1)
□
Options described and modelled (2)

Demonstrates progress against outcomes

Demonstrates an approach
to managing high levels of
instantaneous demand met
by distributed solar PV
within secure technical
limits:
Demonstrates an approach
to address the issues
associated with high levels
of instantaneous demand
met by distributed solar
PV within smaller regions:
Provides increased
visibility of distributed
solar PV behaviour within
at distribution area:

Scale of network area
included in the project:

Level of customer
involvement in
approach:***

Demonstrated ways:
□
No (0)
□
Yes – unsuccessful (1)
□
Yes – successful (1)

Level of demand:
□
□
□
□

<100% (1)
100-150% (2)
150-200% (3)
200% (4)

□
□
□

No increased visibility demonstrated (0)
Visibility of static solar PV characteristics (1)
Visibility of dynamic solar PV behaviour and performance
(2)

Visibility:

Scale – Network Area:
□
LV pole/pad mounted transformer (1)
□
Feeder zone [Feeder type/CSIRO taxonomy] (2)
□
Substation (3)
Customer Involvement:
□
In front of the meter network solution (N/A)
□
Behind the meter, set and forget (N/A)
□
Behind the meter with customer involvement required
(N/A)
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Does the project
demonstrate a lower cost
approach?:

Cost:
□
□
□
□

□

No cost comparison (0)
Partial cost comparison (1)
Partial cost comparison and lower cost demonstrated (2)
Whole of system cost comparison (e.g. against export
prevention and network capacity augmentation investment)
(3)
Whole of system comparison and lower cost demonstrated
(4)

Orchestration

Informs progress against
outcomes

6. Multiple approaches demonstrated to aggregate and coordinate services from fleets of DERs to
serve multiple value streams in an optimal way
Criteria

Options

Project shares knowledge on
issues associated with
aggregating and coordinating
DERs:

Knowledge Sharing:
□ Qualitative (1)
□ Quantitative (1)

Provides options to address
issues associated with
aggregating and co-ordinating
DERs:

Solution Options:
□ No options (0)
□ Options described (1)
□ Options described and modelled (2)

Demonstrates progress against outcomes

Demonstrates aggregation
and orchestration:

Predictability of
performance:

Demonstrated access to a
number of value streams:
(Multi-tick)

To what extent does the
demonstrated approach(es)
consider whole of system
optimisation for:

Demonstrated
□
□
□

ways:
No (0)
Yes – unsuccessful (1)
Yes – successful (1)

Predictability:
□ <50% (1)
□ 50 – 99% (2)
□ 100% (3)
Value streams:
□
□
□
□

Behind the meter bill optimisation (1)
Wholesale market value (1)
FCAS market value (1)
Network services value (1)

Cost:
□
□
□

Customers – Consideration of preferences (1)
Networks – Consideration of operating envelope
(1)
AEMO – Visibility, system security (1)

(Multi-tick)
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Value Streams

Informs progress against
outcomes

7. Value streams necessary to deliver hosting capacity and orchestration outcomes demonstrated at
an operational scale relevant to the service, and bundled as a customer offer suitable to achieve the
required level of participation
Criteria

Options

Project shares knowledge on
value streams and achieving
required levels of customer
participation:

Knowledge Sharing:
□ Qualitative (1)
□ Quantitative (1)

Provides options to address the
issues associated with delivering
value streams and achieving
required levels of customer
participation:

Solution Options:
□ No options (0)
□ Options described (1)
□ Options described and modelled (2)

Demonstrates progress against outcomes

Demonstrated value stream
capture:

Demonstrated
□
□
□

ways:
No (0)
Yes – unsuccessful (1)
No – unsuccessful (1)

Demonstrates a commercial
model to access value streams:***

Commercial model:
□ No bundling (NA)
□ Event-based revenues (NA)
□ Smeared benefits (fixed charge or hybrids)
(NA)
□ Upfront cost for DER assets (NA)
□ Financing of DER assets (NA)
□ PPA arrangements (NA)

Level of customer engagement
involved in developing the
approach that was
demonstrated?:

Customer engagement
□ Low (1)
□ Medium (2)
□ High (3)

Level of customer uptake
resulting from the demonstrated
approach?:

Customer uptake
□ Fell short of targets or milestones (1)
□ Met targets or milestones (2)
□ Exceeded targets or milestones (3)
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Wholesale Energy Services

Informs progress against
outcomes

8. Wholesale energy services: DER provision of flexible capacity to complement variable renewables
demonstrated at 5 MW scale, through both market mechanisms and intervention mechanisms
Criteria

Options

Project shares knowledge on
DER providing wholesale
energy services:

Knowledge Sharing:
□ Qualitative (1)
□ Quantitative (1)

Provides options to address
the issues associated with
DER providing wholesale
energy services:

Solution Options:
□ No options (0)
□ Options described (1)
□ Options described and modelled (2)

Demonstrates progress against outcomes

Demonstrated a mechanism
to provide wholesale energy
services***:

Mechanism:
□
□
□
□
□

Predictability of
performance:

Demonstrated attributes of a
sophisticated provider of
wholesale energy services
(Multi-tick):

No demonstration (0)
Direct (bidding into wholesale market) (1)
Indirect via hedging positions through retailer(s)
(1)
Indirect via a contracted hedging product (i.e.
derivative) (1)
Intervention (i.e. RERT) (1)

Predictability:
□ <50% (1)
□ 50 – 99% (2)
□ 100% (3)
Attributes:
□
□
□
□
□
□

Forecasting systems to inform bids (1)
Capable of bidding in 5-minute intervals (1)
Communications in place to receive dispatch
instructions (1)
Providing AEMO near real time visibility of
activity (1)
Linear ramping between bids following dispatch
target (1)
Ability to receive and act on a direction from
AEMO (1)
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System Security Services

Informs progress against
outcomes

9. System security services: DER provision of frequency control ancillary services (FCAS), including
fast frequency response, demonstrated at 1 MW scale
Criteria

Options

Project shares knowledge on
DERs providing FCAS services:

Knowledge Sharing:
□ Qualitative (1)
□ Quantitative (1)

Provides options to address
the issues associated with
DERs providing FCAS:

Solution Options:
□ No options (1)
□ Options described (2)
□ Options described and modelled (3)

Demonstrates progress against outcomes

Demonstrated capability to
participate in FCAS:

□

Primary Frequency
Control (1)

Regulation: (Multi-tick)
□ No demonstration (1)
□ Regulation Raise (1)
□ Regulation Lower (1)
Predictability of
performance:

Demonstrated attributes of a
sophisticated provider of
FCAS services:
(Multi-tick)
Demonstrated use of diversity
of DER types:

Contingency: (Multi-tick)
□ No demonstration (1)
□ 6 seconds raise (1)
□ 6 seconds lower (1)
□ 60 seconds raise (1)
□ 60 seconds lower (1)
□ 5-minute raise (1)
□ 5minute lower (1)

Predictability:
□ <50% (1)
□ 50 – 99% (2)
□ 100% (3)
Attributes:
□
□
□

Measurement and verification approaches to
support market participation (1)
Ability to bid in 1MW increments (1)
Other (1)

DER types used:
□ Generation (1)
□ Load (1)

(Multi-tick)
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Network Services

Demonstrates progress against outcomes

Informs progress against
outcomes

10. Network services: DER provision of services to networks demonstrated at a scale that would be
sufficient to avoid a specific projected constraint, or to materially reduce the likelihood of future
network augmentation or replacement
Criteria

Options

Project shares knowledge on
DERs providing network
services:

Knowledge Sharing:
□ Qualitative (1)
□ Quantitative (1)

Provides options to address
the issues associated with
DERs providing network
services:

Solution Options:
□ No options (0)
□ Options described (1)
□ Options described and modelled (2)

Demonstrated approach
for providing network
services:

Network Services:
□ No demonstration
□ Deferred network augmentation (1)
□ Operational power quality support (1)

(Multi-tick)
Predictability of
performance:

Does the project
demonstrate a lower cost
approach to traditional
network expenditure?:

Predictability:
□ <50% (1)
□ 50 – 99% (2)
□ 100% (3)
Cost:
□
□
□
□

□

No cost comparison (0)
Partial cost comparison (1)
Partial cost comparison and lower cost
demonstrated (2)
Whole of system cost comparison (e.g. against
export prevention, DER orchestration, network
capacity augmentation investment) (3)
Whole of system comparison and lower cost
demonstrated (4)
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5

About MHC
MHC is a management consulting firm determined to make a difference by serving the
needs of the energy and water sectors in Australia.
Our quarterly journal, QSI Online, shares our insights with the industries we serve and
empowers businesses with high quality, content-rich and contemporary information
relevant to their industry.
Read it at www.marchmenthill.com/qsi-online

Our Philosophy
The MHC philosophy, validated and reinforced by our work for clients around the world,
holds that the value (V) of a consulting intervention rests on three cornerstones:

Marchment Hill Consulting
Level 4, 530 Lonsdale Street
Melbourne, Victoria 3000, Australia
Phone: +61 3 9602 5604
Fax: +61 3 9642 5626
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