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Executive Summary 

The ARENA-funded Smart Grid project (‘project’) is a community smart grid with solar PV 
and battery storage to achieve a carbon positive community title subdivision of 
approximately 150 dwellings in total. An ‘ecovillage’ model for sustainable living including 
social, economic as well as environmental outcomes. 

This report follows on from the first lessons learnt report from October 2020.  

“This project provides a window to the future with 
energy efficient homes and high solar installation.  

The results show that the current regulatory, utility 
and financial models do NOT yet work for 
communities and action is urgently needed.“ 

Delivery 

Practical challenges of delivery included the battery connection to the Ausgrid network and 
upgraded network protection, technical complexity and new safety standards. Due to the 
project’s unique nature, there were unforeseen extra costs. Project Management issues 
included the coordination of different consultants for different aspects of the project and 
the challenges of progressing whilst using volunteer resources including to address the 
education and some resistance of customers throughout the project. 

Operation 

The major issues addressed in this project were developing a profitable financial revenue 
model, accessing relevant regulatory requirements, protecting customer data and 
developing monitoring software. 

Operation of a renewable community smart grid is not currently viable with significantly 
more generation than demand and the need to have a much larger customer base than 50 – 
80 homes. The community is also struggling to find a retailer for the site. 

Community 

A community vision encompassing renewable energy, defined building standards and 
evolving data driven analytics has attracted like-minded co-op members who are 
motivated regarding smart grid acceptance and interaction. 

Community engagement has been positive at a high level with the community endorsing 
models that support a smart grid i.e., by incorporating renewable energy and lower energy 
usage values into by-laws, winning a grant to create a smart grid with a community power 
company, NEV Power.  

Some challenges regarding electromagnetic fields (EMFs) including WiFi have been 
overcome with wired and a low-powered LoRaWAN network. Customer engagement will 
be explored further as time of use billing may be used to time-shift high demand peak time 
usage e.g. of EVs. 
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Utility impact 

Implications for utilities are the need for clear technical standards and requirements and a 
utility understanding of new usage profiles for mid-sized solar generation customers.  

Communities should not connect at HV levels given the additional complexity and cost. 
Smart grid transformers should be installed and operated by the utility to control voltage, 
not by the community. 

One approach could be to lower the number of homes per embedded microgrid, and use a 
smaller community battery. 

Technical – Home v community battery 

Benefits of centralised batteries include resilience (reducing black-outs) and efficiencies. 
Community benefits also encompass contribution to core community values. This is not an 
either/or decision but an “and” solution.  

Community batteries support those who cannot afford their own battery system, as well as 
provide a local window on grid usage to focus, support and look after. They also minimise 
risks of maintaining household batteries, given this is a maturing technology, with 
manufacturers still improving reliability and lowering costs of production. 

Microgrid Economic Viability for each party 

The Narara ecovillage of 150 homes is a good community size but either regulations need 
to change or more scale is needed to pay for additional infrastructure costs. An energy 
revenue scheme, if retained, can be positive for developers but has limited implications for 
builder if the connection is simple.  

The inability to pass through extra smart grid resilience and build costs to customers under 
current embedded network regulations which focus on commercial suppliers creates a 
feasibility challenge for community based/sized projects. This creates a need to have 
significantly more homes to be financially viable (without additional battery revenue 
streams). 

Can renewable smart grids help communities? 

Renewable smart grids can assist community groups to deliver on their targets for 
increased renewables, storage, energy independence and resilience. Further they are a very 
effective way to effect the change, demand response and storm/event resilience that is 
needed. They empower, protect and bring people together.  

Smart grids can enable communities to even be a net generator (with new buildings of 7 
NatHERS stars or above) if there is a minimum solar power requirement such as each home 
is operationally carbon neutral 0ver the year. However the barriers and challenges need 
addressing urgently. 

Action items – Next Steps 

1. A site retailer needs to be found, with battery income to close revenue gap 

2. Additional national support is needed for communities including: 

a. A guide on how to deliver a community smart grid 
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b. Utility connection guide for communities 

c. A new community connection process and standard would be useful in-
between home owner (limited interaction) and major business customer. 

3. Research into methods to compensate local community generation and resilience is 
needed 

4. The village Carbon Offset scheme could be investigated to generate some revenue 
for NEV Power 

Further information, ideas, lesson learnt workshop outputs and questions are shown in the 
Appendix. Please get in touch to partner or if you need more information.  
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Project Overview  

The ARENA-funded Smart Grid project (‘project’) commenced in September 2016 and aims 
to enable NEV Power, a wholly owned subsidiary of Narara Co-operative Ltd, to operate a 
smart grid system using solar PV and battery storage to achieve a net carbon neutral 
community title subdivision of approximately 150 dwellings in total. An ‘ecovillage’ model 
for sustainable living including social, economic as well as environmental outcomes. 

NEV Power has connected its smart grid to the Ausgrid network as a high voltage 
embedded commercial customer. It is an R2 exempt network under AER regulations. From 
the point of the view of the grid, the project will demonstrate a solution for minimising grid 

impacts from high export levels of solar generation and battery storage from a medium 
density housing development, while on the residential side the project will show how an 
urban community can increase energy resilience and sustainability.  

The project involves the design and construction of the energy system at the Narara 
Ecovillage greenfield housing development in Narara on the NSW Central Coast. The 
system operates on a behind the meter basis, incorporating a smart grid to optimise energy 
use within the community and better match to the distributed energy generation that will 
be deployed on site. Figure 1 on the following page shows some of the homes in the village. 

The system will be deployed over time, while the key activities can be separated into the 
following four stages:  

 

1. System tender finalised and contracted (completed) 
2. Installation of smart grid infrastructure (completed) 
3. Connection of 50 dwellings to the smart grid (completed) 
4. Provision of key knowledge including system performance and behavioural 

consumption over time (in progress) 

Community smart grids and microgrids offer a unique model, particularly where there are 

new housing developments being designed to optimise the energy systems through the 
integration of renewable energy and enabling technologies. Deploying smart grids can 
significantly reduce network infrastructure investment, particularly when on-site 

generation can be combined with storage and energy load. 



 

NEV Power Pty Ltd | Page 7 of 45 

 

Figure 1 - Solar panels on residential and community building roofs 

Additionally, a microgrid enables energy generated on-site to be used within the Ecovillage 
either via other residents within the community or through on-site utilities, rather than 
being exported back into the National Electricity Market (NEM) at substantially lower 

tariffs. These types of developments face a number of financial and technical challenges 
such as maintaining voltage levels and significant regulatory barriers in owning and 
operating a power system. The project demonstrates that a high level of renewable energy 
penetration can be achieved across residential properties through a combination of 
distributed energy generation, energy storage and demand side management. This is 
combined with a control system to optimise the matching of intermittent generation and 
energy consumption. The project aims to achieve the following outcomes to develop:  

1. A model for home energy packages to integrate with the smart grid  
2. A model for further deployment of smart home and grid solutions in community 

projects  

3. A model for seamless grid interaction using a high level of local renewable 
generation  

4. Significant data on the interaction of the micro grid with the utility network  
5. Significant data on social impacts and resident behaviour  
6. Lessons learned on delivering a community micro grid.  

A key goal is ‘Sharing the Knowledge’ of the project experience amongst like communities, 
regulators, academics, government and other energy market participants. The Ecovillage is 
unique in a number of ways and with that comes challenges, technical or otherwise, that 
need to be navigated. The smart grid is still evolving with revenue, solar control and 
demand management with community engagement still being worked on. However the 
lessons explored below are allowing the project to evolve and manage the unknowns. 
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Critical questions to improve the competitiveness and supply of 
renewable energy technology in Australia 

1. What are the practical challenges, cost implications and project management issues of 
delivering a renewable energy based smart grid as part of a residential project, from the 
points of view of all participants in the project delivery chain?  

Practical challenges 

Practical challenges have included connection to the Ausgrid network, either HV or LV, 
particularly underground through existing services, as well as co-ordination of new services 
and common trenching. Removal of existing overhead services whilst maintaining supply to 

houses was also required.  

For these changes, there were no clear requirements, application process or pathway for 
Ausgrid approval. This, coupled with differing opinions from different consultants and 
Ausgrid staff, meant that a large investment of time and effort in navigating the process 
was required and was often more difficult that then practical challenge itself. The technical 
complexity of the project required utility level of expertise and procedures, expert 
consultants and utility level technical expertise were not necessarily aligned or agreed on 
the technical solutions proposed. 

Ausgrid were not always up to speed on new technology for dealing with the high level of 
export from inverter-based sources. This resulted in the need to educate Ausgrid personnel 

who would usually be the technical advisors. 

Connection of new homes to LV network requiring power outages are impacted by 
regulations that are lagging behind the technology, requiring redundant safety processes. 

New safety standards and protocols associated with HV equipment and inverters also 
meant that standards were changing during construction of specialised equipment. Retro 
fitting design changes to equipment meant that manufacturers were unwilling to bear the 
cost. 

Finding central locations within the village for infrastructure and equipment (PV panels, 
transformers, battery, HVC, metering, switchboards) was a challenge. Finally, the training 

of operators in the associated systems together with disinterest from suppliers to remedy 
defects and faults impeded operationalising the system. 

Finally, in retrospect an owner’s engineer was needed for the battery procurement and 
tender process given the complexity and variety of options. Ultimately the need to provide 
tried and tested technology meant that a number of solutions were discarded as an option 
in the tender process. It was also hard to find suppliers and installers for a community 
battery size given their focus on home batteries or large-scale systems.  
 

Cost implications 

There were unforeseen extra costs to install the on-load tap changing (OLTC) transformer, 
the smart grid controls, the loss of grid protection and the community battery. This created 
a feasibility challenge for community based/sized projects because of the inability to pass 
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through these extra costs to customers under embedded network regulations which focus 
on commercial suppliers. 

Higher operating and maintenance costs due to the High Voltage Connection (HVC), the 
need for specialised skills on call and high network tariffs were exacerbated by an initially 
low customer base to support these costs. Therefore, there is a need for incentives for 
communities to convert to net export and smart management grids. 

Project Management 

The use of different consultants for power circuits and the Smart grid created issues and 
delays for connection approvals and commissioning of HV equipment/metering. 

Additionally, co-ordination of services proved difficult when using different design 
consultants for water/sewer, electrical, NBN and civil for stormwater. Late changes to 
connection arrangements combined with equipment lead times meant potential delayed 
payments to the head contractor. Overall, the co-ordination of commissioning and cutover 
at each stage was stressful and required detailed planning. 

The large degree of volunteer resources presented difficulties in finding good consultants 
to progress the smart grid element of the project. With the changing political environment 
and technology evolution, there were a number dead ends to be explored, creating the 
need to maintain flexibility, persistence and patience in achieving the smart grid goals. 

Finally, resistance from members/customers to aspects of the smart grid implementation 

demonstrates that good communication and explanation about the project is needed at all 
stages. 

 

 

2. What are the practical challenges, costs, and management issues for the operator of a 
residential smart grid, and what improvements could be made to the business and 
operational model? 

Regulatory challenges 

One of the first challenges was determining the regulatory requirements for customer 
management, billing, complaints handling and records management. Publications which 
consolidated the regulatory requirements for R2 exempt networks were unavailable; 
therefore the relevant provisions were extracted by analysing AER regulation documents. 
As embedded networks are generally small and often run as part of general administration, 
supplying embedded networks with a regulatory guidebook would be an improvement. 

Competitive equality 

Being an exempt network provides an advantage as NEV Power is not required to be a part 
of the NMI scheme. Losing this advantage will entail considerable administrative burden to 
comply with the regulations involved in issuing and maintaining NMI’s. For an organisation 
with fewer than 100 customers and no paid staff, the impact of this administration is 
considerable.  
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The ability to protect customers from being exploited by their embedded network provider 
requires protections to be in place. However, not to allow customers to elect to sign with an 
alternative energy retailer imposes workload on both the embedded network provider and 
the retailer to cross-charge electricity consumption. An improvement is for regulators to 
establish a maximum tariff structure which exempt embedded networks cannot exceed. 

Customer management database 

When NEV Power was established about 5 years ago a web-based software provider was 
considered to provide and customer management and billing system. Ultimately, that 
option was rejected as customer numbers were initially low and the software did not 
provide an interface to the accounting system. A manual approach using Excel 
spreadsheets for records management was used.  

Five years on NEV Power are now evaluating another software vendor. The decision to use 
an off the shelf solution has largely been driven by the work involved in developing an in-
house solution. There is need for time of use billing and a wish to provide customers with 
day-to-day visibility of their production, import/export and consumption profile. This is a 
key requirement to establish best practice demand management. 

The learning is the time and effort maintaining clumsy and error prone excel spreadsheet 
solutions would have been avoided had adopted NEV Power used an external vendor. 

Financial viability 

Running an embedded network which involves a high voltage connection to the national 
grid, a community battery and generating significant excess power is technically complex 
and requires access to experienced electrical engineers. The ability to capture time of use 
metering from each customer, store the data and provide this for time of use billing is also 
technically complex.  

The operating margin for each kWh supplied to customers is currently between 7.5c and 
12c. That may reduce as the current energy retailer, Shell, has declined to renew the 
contract. Given that most customers are net exporters of power the opportunity for 
revenue generation is very small. A fixed daily charge of $1.20 per customer before GST is 
applied. On average, earnings are a net $330 per customer per annum.  

Fifty-one customers provide an operating revenue of $16,830 to cover all the fixed costs of 
running the embedded network. Despite no paid employees NEV Power are still operating 
at a loss of over $52k per annum before depreciation.  

On reaching the projected final customer base of 105 households, losses will be $12k per 
annum.  There are opportunities to increase revenue by adopting a more aggressive 
peak/off-peak tariff structure but, because of the competitive regulations, this can only be 
done with the support of 100% of the customer base. There are also opportunities to 
leverage the stored power in the battery with some form of demand response contract with 
an energy retailer. 

Narara Ecovillage is about much more than economic viability. The opportunity to live 
almost entirely on green energy is a cornerstone of the community. However, NEV Power 
will always be reliant on volunteers to maintain even something close to break even.   
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3. What are the major factors governing community acceptance of a smart grid, and how 
are residents motivated to adopt a zero-carbon building standard, and how do they 
interact with smart grid control systems and demand management?  

The Narara Ecovillage smart-grid exists within Narara Ecovillage, a member-based co-
operative. When joining, the members are therefore aligned with the community vision for 
an environmentally, socially and economically sustainable world. Village By-laws were 
created by members to include values of minimising the use of energy, water and waste 
and these also included a set of Zero Carbon Building Standards.  

The Building Standards encourage high performance houses with few aesthetic constraints 
and include minimum requirements for solar panel installation per house (see Appendix 3– 
NEV Stage 1 & 2 Building Standards). This includes a community aspiration to pay off the 
embodied energy (carbon) of the house within 30 years to help the Australian goal of 
getting to net zero carbon by 2050. Many owners installed an extra 2kW of power above 
their carbon neutral level which should pay back their home embodied carbon within 30 
years, while others chose materials with low or negative embodied carbon e.g. timber, 
earth and hempcrete. 

Members’ motivation to adopt the zero-carbon building standard is driven by this mutual 
community vision, the reduction in heating and cooling costs, supporting resilience to 
climate change and the benefit to the environment. Additionally, the implementation of a 
smart grid supports the NEV Vision as it will reduce reliance on coal fired power, improve 
resilience to outages and balance surplus energy and loads throughout the village. 

 

Figure 2 - Graph showing profile of solar generation and battery charge on a summer day 

The Building Standard Impact is seen in the uptake of the standards. Heat pumps are being 
installed in house design and act like a heat battery for the individual house with timers 
managing the demand. The standards also reward timers and power boards for appliances 
to time-shift appliance usage. 

In 2022 a survey of village member provided data showing house design and appliance 
information. This shows information on NEV Household heating and cooling loads, hot 
water, air conditioning and heaters, washing machines that heat hot water. Survey results 
indicate that of the 39 resident respondents: 

 Many homes have low cooling and heating energy requirements (nearly 40% greater 
than 7.5-star NatHERS = 42 MJ/m2/a – around 20 MJ/m2/a for both heating and cooling) 

 About 50% of homes have no air conditioning, 30% have not stated they have any 
electric heaters and 2 homes have mechanical heat recovery ventilation (MHRV) 
systems 
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 Most have heat pumps on timers (1 solar hot water), but 25% still heat their clothes 
water from electricity 

 Only 2 households have wood stoves or heaters. 

How do residents interact with smart grid control systems and demand management? 

The Smart Grid Control Systems provide an automated report each day to the members’ 
messaging channel, and reports grid imports, exports, net and battery use. Additionally, 
individual households currently use inverter or smart meter apps e.g., Fronius, Powerwall, 
that provide PV production for time of day, or home battery state of charge (SOC). This will 
be enhanced with time-of-use reporting data provided by NEV Power that households can 
use to analyse and adjust energy usage. See figure 2 on the previous page for overall 
community energy usage as the community battery is charged and discharged each day. 

Demand Management is currently in its infancy but include SLACK and SMS alerts for low 
battery levels to village members, word of mouth approaches to energy management. 

NEV Power is considering 2-way communications with households with possible demand 
management of appliances such as heat pumps (e.g. refrigerators on a dedicated line, or 
hot water systems which may be connected via a smartmeter channel to allow power 
reductions) where short periods of interruption of power, or lowering its level, will not 
degrade the overall service for each household. But when this strategy is applied across 
many households, this could lower demand peaks which might threaten wholesale 
threshold levels and raise wholesale overhead prices for the next period.  

A special tariff category could also be used to reward this participation. 

4. What are the implications of a grid-connected renewable smart grid for the utility in 
whose network the smart grid is embedded?   

Ausgrid, an Electricity Distribution Network Service Utility, supply NEV Power as a high 
voltage customer via an 11kV cable from Research/Monarchy feeder powered from the 
West Gosford substation 4 km away. Power system checks before their approval of the 1 
MW import/export connection included: 

 Thermal capacity of the existing feeder to support an extra 1 MW of load at peak times 

 Voltage profile staying within limits during import/export of 1 MVA in various conditions 

 Protecting the network under fault conditions including ability of equipment to 

withstand larger single and 3 phase fault levels with an extra 1 MW of local generation 

 Installation and testing of loss of grid protection to trip NEV Power switchboard 

 Ensuring that generation and battery inverters comply with the relevant performance 

standards to maintain quality of supply. 

Ausgrid checks considered not only current network conditions but the projected changes 
to the network loads and fault levels in the future. Ausgrid also agreed an operating 
protocol with NEV Power to ensure the local system operations and maintenance was 
conducted safely and in accordance with their procedures. 

Differences between the NEV Power smart grid changes and a conventional subdivision are 
a higher level of installation of PV and battery inverters and the ability to significantly 
change the energy usage profiles through more sophisticated demand management and 
use of a centralised community battery. The conventional approach to manage the voltage 
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profile for a relatively high level of embedded generation is to install on-load tap changing 
(OLTC) transformers. NEV Power adopted this solution but Ausgrid had no experience 
using OLTC for urban kiosk distribution substations. Today, the use of grid forming 
inverters can achieve a similar result at lower cost. Ausgrid has had to come to grips with 
both approaches when analysing new connections as different communities apply to 
connect significant amounts of embedded generation. 

Ausgrid has recently accepted that historic network tariffs provide incorrect price signals 
and are economically inefficient in managing their network. They have embarked on 3 
trials: 

1. Dynamic network pricing which provides capacity signals to DER (Project Edith). 

2. Trial tariffs for low voltage 2 way residential (EA959/960) and community battery 

(EA962/3) 

3. Three community batteries. 

Project Edith is supporting more value for and from DER by testing the extent to which 
dynamic pricing can be used to allocate distribution network capacity in a decentralised 
manner and reward network support, such as voltage support. 

There are a variety of residential trial tariffs which aims to penalise solar export in the 
middle of the day and reward battery/other generation export at peak times. 

The Ausgrid Community Battery trial aims to show how the benefits of community 
batteries can be shared between local customers, the wider community and electricity 
networks, and how community batteries can help deliver cost savings and support the take 
up of solar power by households and businesses. 

Although Ausgrid has expressed some interest in obtaining voltage generation/load data 
from NEV Power, there has been no direct contact regarding the smart grid. The above 
Ausgrid initiatives do demonstrate however, the need for the Utility to improve the price 
signals for network services and to appreciate and value the contributions from community 
power resources. 
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6. To what degree does a smart grid maximise the benefits of battery storage compared 
to home-by-home systems, and what value does a smart grid deliver to the community? 

A centralised community battery linked to multiple solar generating systems on residential 
or community owned buildings via a smart grid has a number of efficiencies: 

 During periods of poor solar efficiency (bad weather) many home-to-home batteries 
would not be fully recharged during the day. A community battery can access the power 
from all customer solar systems and will therefore maximise the storage of available 
solar generated power 

 Most households will be absent from their homes for at least 30 days per annum. On 
each of these days the battery will remain fully charged and they will not be available to 
support the community in power shifting between day and night. Effectively neither the 
customer nor the community receives any benefit. The battery is a stranded asset. 

 Home to home batteries systems require additional investment to deliver islanding 
support to the home. This islanding capability is handled more efficiently via a single 
maintenance location at a community level. Additionally, technical expertise is on hand 
to ensure a smooth transfer from grid power to local power. 

Table 1 – Benefits of Centralised and Decentralised Battery Energy Storage Systems 

Item 
Centralised 

Battery 
Comments 

Decentralised 
Batteries 

Comments 

Cost  $1,811/kWh 

includes shading, 
noise-proofing, grid 
protection, cabling, 
switchboard setup;  
no payment for many 
volunteer hours 

$1,250/kWh 

Includes battery, 
inverter, installation 
(solar choice data - 
average 6-10kWh 
battery) 

Maintenance 

NEV 
managed, 
air 
conditioned 

Easier to maintain, 
Likely to last 15 years. 
Warranted for 10,000 
cycles;  
 

Owner-
managed 

ARENA funded ITP lab 
shows home batteries 
can have reduced life 
5 year warranties. 
Last under 10 years? 

Table 1 shows a comparison of NEV’s community battery (see a picture of it in Figure 3 on 
the following page) and household batteries to consider the costs and benefits of each 
approach. The centralised battery has the advantage of being community managed with less 
risk to owners, given the relatively new state of battery technology. There is a difference in 
the assumed lifetimes of the centralised and decentralised batteries, which means that the 
cost per year is likely cheaper for the community battery. However, the large number of 
voluntary hours needs to be considered, so it is difficult to compare the two options. 

The other interesting aspect though is that to take advantage of any wholesale contract 
which could reward short periods of battery output to the grid, the decentralised approach 
with hybrid batteries could be more advantageous. This is because one hybrid inverter can 
be used rather than solar inverters and the community battery inverters, which limit the 
maximum supply (given Ausgrid nameplate rating restrictions for the site). 
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In addition to technical and cost efficiencies, benefits of a smart grid include power 
reliability when there are grid outages, distribution of high loads in one village area can be 
balanced with generation or storage and more opportunities for EV charging with excess 
solar.  

With different solar panel orientations and locations there is an aggregated green power 
supply above that of one household in a suburb especially since tree-shading can impact 
individuals houses at certain times of day reducing their individual generation capability 
which is mitigated by aggregation of all households. 

 

 

Figure 3 - The 437kWh Community Battery at Narara Ecovillage 

There have been no recent cost escalations, although most retailers raised prices, due to 
wholesale plan the community has signed up to with the retailer. However, this is up for 
renewal soon. 

Although the community sees value in a centralised battery, there are potentially some 
advantages for a home-to-home battery system: 

 A home solar system with integrated battery will minimise the loss of power associated 
with conversion from DC to AC. Moving power around the embedded network will 
involve some power loss. The more movement that occurs the greater the loss 

 People prefer to be in control of their own systems. Whilst it may not be technically or 
economically efficient to invest in a home-to-home battery solution there will still be 
customers who value the sense of independence they get in having “their own system”. 
That’s why NEV Power has never sought to prevent individual owners from choosing 
this pathway 

 Technical advantages include centralized monitoring of individual household systems 
can alert to issues which may not be noticed by the householder e.g., inverter. 
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7. What is the ongoing cost-benefit of a grid-connected solar smart grid, from the point of 
view of a financier or investor, the developer, the builder, the community and the utility?   

Financier or investor 

The net operating margin, using today’s competitive tariffs, is in the region of $330 per 
customer per annum. The current regulations require a high degree of market competition 
so there is little opportunity to increase this margin 

It becomes an organisational question to determine the fixed costs associated with 
managing and maintaining an embedded network. Large residential communities such as 
retirement homes can share the administrative costs across many activities. Caravan parks 
are usually technically simple and therefore have a consequent lower technical cost to 
support. 

There are embedded network providers who provide their service for multiple embedded 
networks. This enables them to share administrative and operational costs across multiple 
networks. Overall, a financier should be aiming for embedded networks of at least 1,000 
customers. This generates a gross revenue before overheads of $330,000. 

Developer 

The developer is looking for revenue streams that can be monetised. As identified above, 
an embedded network of 1,000 houses would generate an annual income stream of 
$330,000. The developer has the opportunity to sell this revenue stream to an embedded 
network provider. 

The income stream probably has a net present value in excess of $3million. If the cost of 
creating the embedded network infrastructure including the connection to the national grid 
is less than $3million then this revenue stream clearly has a value to the developer. 

Builder 

The builder has very little involvement in an embedded network. The builder will connect 
the house into the embedded network grid. The builder will want the simplest and most 
conventional connection possible to minimise potential problems and delays.  

Community 

Depending on how the development is managed and whether or not and embedded 
network manager has been contracted there are still opportunities for a community to 
leverage the embedded network. 

The community can look at funding and establishing a community battery. This will be a 
more efficient way of maximising the value of solar generated power and reducing 
exposure to grid power shutdowns than each house installing their own battery. 

The community can then look at opportunities to leverage the stored power in the battery 
with some form of demand response contract with an energy retailer. 

Utility 

The utility, if defined as the grid network manager, has potential advantages 

 The utility has the opportunity to assess the power consumption profile of a large group 
of closely coupled houses operating behind a single meter. This should make the tasks 
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of load management, voltage and frequency control much easier than the current 
residential model where everything is largely invisible to the grid 

 A community operating an embedded network derives greater benefits from solar 
produced power. This should increase the amount of solar power produced by the 
embedded network. Excess solar power will be exported to the grid. This increases the 
overall availability of green energy to the network manager. This will become 
increasingly important as Australia increases its requirement for solar generated power. 

 

 

8. Can renewable smart grids assist community groups to deliver on their targets for 
increased renewables, storage, energy independence and resilience?  

Technical, Social, Regulatory, financial combined Impact 

This project is a small example of the shift needed for the National Electricity Market 
moving from centralised fossil generation to a 100% renewable, active 
community/homeowner ownership and close to energy self-sufficiency. 

Without the smart grid, Narara ecovillage would have relied on individual homeowner 
action for renewables and storage and likely had restrictions as to how much solar could be 
put on the energy efficient homes. The community would have: 

1. Less solar on rooftops 
2. Limited energy storage, relying on homeowner abilities to invest in individual 

batteries  
3. No energy independence, with daily reliance on the Ausgrid network 
4. Limited resilience, with outages mirroring network outages 
5. Higher energy and network costs 

The smart grid enabled a technical solution as well as a conversation and engagement with 
the community. The smart grid transformer solves voltage issues and enables up to 1MW of 
solar powered generation on the site, removing the need for a second transformer. While 
this capability is useful, it has been superseded by a centralised battery, ownership of which 
has brought engagement and a drive for behaviour change and demand management 
within the community. The battery can now also do the things that the smart grid 
transformer can do, so the community would retrospectively become a low voltage 
customer (standard three phase 400V connection) and return the transformer back to 
Ausgrid, were that an option. 

The homes are all energy efficient and over 7 star (once a stretch target when this project 
was started and now a requirement from 2023 for new homes). This combined with cheap 
solar has meant that despite the small size of a number of the homes there is 7.7kW 
average of solar on the homes. This combined with a big reduction in energy usage (new 
NEV homes are estimated to require 60% less heating and cooling than new Central coast 
homes) means that the homes are big energy exporters and NEV exports over 7 times 
annual kWh than imported to the site. 

The smart grid battery has unlocked a self-sufficient energy system and provided a focus 
for the community to “look after it”. This has fostered a wish to not use energy when 
operating on battery and encouraged home batteries for example   
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Therefore, the smart grid has turned a passive old style energy dependant community 
system into a self-sufficient 100% renewable smart grid / microgrid that can provide its own 
needs and shares excess generation to surrounding suburbs. 

The community is now actively asking how it can undertake demand management and 
have requested a backup generator to extend their energy resilience. Therefore, the smart 
grid has unlocked local investment and engaged the community. In times of extreme 
weather events the community can be self-sufficient and operate themselves. 

The renewable smart grid also unlocks the usage of increased renewable penetration. It 
provides an educational process and engagement for an energy transition that is an 
exemplar model. 

The lessons learnt workshop minutes provides some ideas and starting points for this 
journey. Those wishing to incorporate learnings into your research project can review more 
information on Narara Ecovillage at www.nararaecovillage.com.au or reach out to NEV 
power at power@nararaecovillage.com 

 

  

mailto:power@nararaecovillage.com
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Conclusion 

The installation of a smartgrid at Narara Ecovillage has been a very valuable learning 
experience for setup and delivery of a community energy system. 

The smart grid has turned a passive “old style” energy dependant community system into a 
self-sufficient 100% renewable smart grid / microgrid that can provide its own needs and 
shares excess generation to surrounding suburbs. 

While it is still early days of the integration of the battery into the smartgrid it is already 
making a real and lasting difference for the community. 

What is interesting is the community is now an energy generator providing substantially 
more than it uses. The systems to charge the community have not kept pace and the 
economic equation does not yet stack up. The retailer can no longer keep the community 
as a customer, and additional revenue from the battery is needed for the maintenance and 
replacement of the battery. The skillset for this project is beyond most communities. 

Not all communities can or will undertake projects like this, and so research and 
policy/regulations need to now take these learnings and ensure that the intangible benefits 
and volunteer hours are accounted for in system design and that similar communities are 
supported. The system achieves climate mitigation and adaptation measures, reducing 
strain on health, disaster recovery, energy sector. The economic model needs to be fair and 
equitable for embedded network communities and more diverse communities. 

 

Next steps 

The next stage will focus on: 

1. Finding a new retailer for the community as a net power generator 

2. Earning revenue from battery and system to be released (to save up for battery 
replacement), such as signing up as Virtual Power Plant (VPP) participant 

3. Install a backup diesel generator (to be carbon offset when used) for resilience 
and to enable greater use of the battery for revenue and grid support. 

4. Home energy tariffs e.g. TOU to be determined, with research updated 

5. Sustainable Developer lessons learnt report is suggested (outside of this project 
scope) 

6. Operational user survey to capture how the operational project stage has 
impacted the community 

7. Data analytics from the fully operational smartgrid through the year (please 
reach out if you wish to collaborate on this research and knowledge sharing) 

This report was written by the NEV Power smart grid project team, in conjunction with 
Toby Roxburgh of Carbon Neutral Delivery Partners. 

Narara Ecovillage Smart Grid Lessons Learnt Report 1 is available here - 
https://arena.gov.au/knowledge-bank/narara-ecovillage-smart-grid-project-lessons-
learnt/ 



 

   

Appendices 

Appendix 1 – Household Generation and Demand Trends 
 

Figure A1 shows solar generation and major demand criteria per household. Households are along the x-axis, sorted by the largest solar power.  

 

Figure A1 - NEV Household generation and batteries, projected EVs, and with number of bedroom and residents, sorted by solar power size. 



 

   

 
 
On the negative axis is the solar generation shown by negative solar panel size (blue squares) 

The positive left axis has the NatHERS heating and cooling demand and these are shown on the graph for 
each home with yellow triangles (this is from the design star ratings).  

The right hand axis has numbers for  

 the number of bedrooms (see red squares on the graph) and  

 the type of hot water system (green crosses) where 1.5 indicates a heat pump, 2.5 is solar hot 
water while 5 is electric.  

This information is from the initial survey (see Tables 1-3 above) and of the 39 households which 
responded: 

 67% have greater then 5kW solar panels; 7% have batteries; there are 3 EVs already in village, and 
another 7 proposed. 

 There are large solar power installations (the minimum was the number of bedrooms in the home 
+1). 

 Bedrooms and resident numbers influence the size of the solar power system 

 Many homes have low cooling and heating energy requirements (the average for the village is 7.7 
stars), and about 50% have no air conditioning, although they do have electric heaters and only 2 
have wood stove/heaters 

 Most have heat pumps on timers (1 solar hot water), but interestingly 25% still heat their water 
from electricity 

 Two households have mechanical heat recovery systems  

 If V2G could be harnessed, we may have storage capability similar to the BESS from owner 
financing. However, discharge/charge cycling/payments would need to be acceptable and grid-
connect issues resolved. 

 

Typical Australian home Energy Usage 

Figure A2 shows the energy end use in a typical Australian home, in 2014 and in 2030. NEV’s end use 
pattern would be closer to the 2030, with new homes having efficient appliances and LED lights etc.  

However, NEV’s overall average energy use should be lower due to the use of heat pump hot water 
systems, and lower requirements for heating and cooling energy. 

Since heating and cooling and use of appliances are a large proportion of energy used in a household, 
more education will be provided around: 

 Clothing and the operation of windows, doors and curtains to improve comfort and lower heating 
and cooling energy 

 Timers on appliances 
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Figure A2 - Share of End Uses in Australian Homes in 2014 and projected for 20301 
 
 
 

  

                                                      
 
1
 P. Ryan and M. Pavia, “Residential Energy Baseline Study: Australia” (Jindivick, Victoria, Australia: trans-Tasman Equipment Energy Efficiency 

(E3) Program for Department  of  Industry  and  Science, 2015), 
https://www.energyrating.gov.au/sites/default/files/documents/Report_Residential_Baseline_Study_for_Australia_2000_-_2030_0.pdf. 
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Appendix 2– Lessons Learnt workshop – 21 August 2022 
 
The workshop started with a tour of the Narara Ecovillage (NEV) community with 50 homes built and 
stage 2 civil works underway for another 34 sold lots (stage 2). The variety of energy efficient homes, and 
very low energy usage with large solar arrays set the scene for the workshop. 
The project is a 1000kVA smart grid transformer, main switchboard, 437 kVA Battery, 7.7kW on average 
on homes (379kW), 30 kW central solar system, back up diesel generator and smart metering with a whole 
new utility NEV Power created to run the energy system. But it is much more than this. The workshop 
brought out wide ranging discussion across the development, community, operation, economic, 
technical, policy and energy transition state. Covering a large amount of the expanded mandate of 
ARENA and very topical energy discussions that Australia is grappling with. 
The site is now a large battery and solar PV energy generator with significantly more (~7 times) exported 
energy than imported energy. There is “No rule book” for what this project is and what has to be done. 
The community is made up of skilled and knowledgeable people from retired AGL employees to 
Electricians, generator control system programmers, business sustainability professionals and may 
others. 
Questions the project aims to answer and context for the lessons learnt  
The lessons learnt workshop covered significant ground and focused on answering the following 
questions: 

a) what are the practical challenges, cost implications and project management issues of delivering a 
renewable energy based smart grid as part of a residential project, from the points of view of all 
participants in the project delivery chain?  
b) what are the practical challenges, costs, and management issues for the operator of a residential 
smart grid, and what improvements could be made to the business and operational model?  
c) what are the major factors governing community acceptance of a smart grid, and how are residents 
motivated to adopt a zero carbon building standard, and how do they interact with smart grid control 
systems and demand management?  
d) what are the implications of a grid-connected renewable smart grid for the utility in whose network 
the smart grid is embedded?   
e) to what degree does a smart grid maximise the benefits of battery storage compared to home-by-
home systems, and what value does a smart grid deliver lo the community?   
f) what is the ongoing cost-benefit of a grid-connected solar smart grid, from the point of view of a 
financier or investor, the developer, the builder, the community and the utility?   
g) Can renewable smart grids assist community groups to deliver on their targets for increased 
renewables, storage, energy independence and resilience? 

The discussion and lessons learnt was organised into the following areas, acknowledging that the topic 
can span multiple areas and so the most relevant one was chosen. 

1. Community 

2. Balance 

3. Economic 

4. Regulatory / Policy 

5. Technology 

6. Other 

 
Community and project size, and how to apply to other communities 
The Narara Ecovillage (NEV) community felt like a small fish when dealing with other stakeholders, 
suppliers and network provider. This lack of size required a large input of volunteer time to make it work 
as it was not possible to pay for all the input time on the project. 
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From community modelling, 100-125 homes seemed to be a good size to make this type of project work, 
noting that already 50-80 homes is a large community to keep together and functioning well. 
There is a pull between the financial / economic side where it needs to be a lot larger (more like a full 
suburb of people and at least 300 homes perhaps) with the community objectives, communication, and 
support to look at the energy system. 
There is also a culture clash of community and how it runs with the community owned NEV power and its 
responsibilities under regulation. While the regulation is meant to support communities and choice of 
retailer it is not providing for genuine communities such as NEV. Further the culture socially of a 
community and business structure culture is hard to align. 
With the network provider Ausgrid is no longer community owned, the power of the network provider, 
expiry of the agreement to work with NEV on a trial / sandbox solutions (without sufficient notice) and 
returning to normal operation were hard to keep track of, combined with the ongoing turnover of contact 
people at Ausgrid and who NEV had to deal with. 
The Regulation and utility hoops felt too high for the NEV community and changing goal posts set by 
Ausgrid. The community needed balance and choice but here the system support was lacking. 
It is a large community and technology interaction with NEV running workshops, getting the whole 
community actively involved. This was seen as a really good model to share with other communities and 
through Australia given the unique nature of the high voltage connected embedded network that NEV 
power is running. 
 
Balance 
A very strong theme was the need for NEV Power as the community energy provider to balance: 

1. Technical 

2. Price 

3. People / community side 

With the energy efficiency focus, plus solar on roofs a 3.4kW peak normally in Narara as a suburb has been 
reduced to a 1.2kW peak now per house at NEV. 
NEV Power now needs to be more active on getting a new (wholesale) retailer (existing retailer Shell is 
cancelling the contract as per their August 2022 letter).  
Tariff ideas include: 

1. All you can eat tariff?  

2. Penalty clauses for energy usage at peak times 

3. Daily charge – include some usage? 

More tariff ideas are shown in the economic section. 
The majority of lessons learn items were captured under topic areas. These included (under the 
community heading): 

1. Need to use overseas lessons learnt more 

2. NEV is one of only 3 urban ecovillages in Australia  

3. Building community is very important and ongoing task 

4. NEV Power is a volunteer organisation so harder to action items quickly 

5. Additional information needs to be planned on “How to design consumption in new homes and 
distributed energy resources (DER) effectively”? 

6. NEV Test case needs to be used more widely 

7. Zen Industrial Story – Jobs, Hannes Electrician training into solar and smart grids/microgrids, 
expanding jobs and setup onsite. 
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8. Job creation can be expanded from NEV, e.g. Green Electrician, Green Plumber, building natural 
buildings etc. 

9. The community has really got behind supporting the infrastructure and “taking the strain off the 
battery”. This shows how community care and approach with everyone to do their bit with Solar 
and now batteries in their homes. 

10. Caution about use of WiFi (in general) in the community is indicative of reticence to hand over 
control to smart grid. NEV Power needed to use own wireless solution to gather smart meter data. 

11. Nexus – Water, energy, smart grid, food. These all need to be looked at together as a whole as 
they all impact each other and can’t just be looked at individually. Community is very good at 
working together and enabling a sustainable solution. 

12. The community is based in an existing suburb and not isolated remotely in the bush. Learnings 
therefore can be applied to urban Australia and provide an important viewpoint as to how the 
network will be in 15-30 years. 

13. Being a member (and ARENA) funded solution, there were not the financial constraints imposed 
by banks as to timeframes and what can and can’t be done on the site. Flexibility and ability to try 
new things is so important to enable the change. 

14. Individual homes such as at Dave & Lyndall Parris home with solar and car battery are still 
important as each home tries to do their part. Especially as electric vehicle penetration increases. 

15. Cluster homes (terraced homes) provided a good way to get a large number of homes built quickly. 
But there were Issues with builders going bankrupt (to name just one) really impacted the 
community and build out time / effort. 

16. Tiny homes (such as used by Chris Wenban) have been introduced at NEV for affordable living. 
Benefits already identified include land sharing for the original member, adding extra solar power 
according to the Community Association requirements, separately metering the energy, creating 
minimal waste, and fertilising the garden.  

17. Change management and how to implement demand response is eagerly supported by the 
community, with them keen to have tools and knowledge. How to do this with Price, technical 
settings of devices (on holiday mode?/auto) and community education needs to be looked at 
further 

18. In terms of energy resources control, around half of the community is happy for their solar 
invertors to be controlled (to help manage the NEV smart grid) 

19. Innovation for the community with technology is sometimes surprising, for example in the 
transport slack channel, people can post with pickup requests noting the arrival time of their train. 
How else can this be applied? 

20. Construction of homes is a huge variety but the homes are all over 7 star NatHERS energy rating 
(the new adopted energy standard in Australia as of 2023) 

21. There is a positive consumption drop with the increased efficiency of homes, enabling the carbon 
positive community approach 

22. DER control has not yet been implemented but needs to be for the majority of houses 
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23. The Community Forum on energy was very well received with interesting graphs explaining when 
the battery is charging, discharge etc. The community was keen to help “flatten the curve” to 
enable the battery to be used more effectively and reduce peak demand costs. A parallel with the 
COVID-19 approach was noted as this is how energy costs (and carbon emissions) are to be kept 
down). Forum topics to date include: 

a. NEV Power financials 

b.  demand management tips 

c. Solar power generation and battery operation data 

24. An idea for NEV power to install streetlights to show good times to use energy was suggested (as 
is done in at least one home) RED – Battery, NO grid, Green PV powered, Amber – under battery 
power 

25. Additional system automation is needed as the site is run by volunteers 

26. NEV is unique as this is not a virtual power plant it is a real site and so easier to see what is 
happening 

27. Strata – how does the NEV power example apply to Strata’ apartment blocks for example? 
Additional research study could be used to approach this. Community title for the site is a little 
more complex and has had lots of issues from a local council amalgamation, council staff changes 
and council cost cutting increasing all development timelines. 

28. Building construction – carbon neutral standard development by NEV which goes well beyond 
standard practise. Energy / carbon positive community looking to share energy and support for 
the grid, noting that this needs to be financially viable. 

29. Customer intervention and pressure for some to leave NEV Power. This would make it even 
harder to administer the smart grid and local grid operation as an embedded network. 

30. Energy education – more needed, citizen forums, Comfort (too hot, too cold) education on the 
homes 

31. The decision drivers of each person / household are different. The solution or energy tariff needs 
to ensure that these decision making traits are used when setting tariffs. One size does not fit all. 
The main ones are:  

a. cost,  

b. efficiency,  

c. green/sustainability/climate change.  

32. Given the valley that NEV sits in, west facing solar panels are very useful way to encourage more 
generation late in the day as direct sunlight access is lost early. 

33. NEV Power information sessions have been run during experience weekends and when external 
tours or visitors are on-site 

34. With the improved smart grid and off-grid operation as a separate microgrid, there are 
implications for the NEV for choices during electricity outages / blackouts as the community now 
continues to be powered while the surrounding homes are not. Does NEV power offer phone 
charging for local residents for example. There are additional implications to consider that have 
not been discussed yet. 
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35. Development of some home sites has also taken longer due to the sale of lots. This is due to 
change in each household’s circumstances. Each change can add on 2 years to the build time 
(required time to build post purchase). One lot has changed hands 3 times. 

 

Economics 

The financial and wider economic impact of energy is a big driver and concern as the cost of living 
continues to climb.  

36. It is not economic for NEV Power to be a high voltage customer (due to the one transformer). It is 
recommended that other communities stay as a low voltage customer for this reason. The ability 
of the battery grid forming inverters to control voltage (and manage solar as a low voltage 
customer) means that that this is a better option for communities. 

37. The utility (Ausgrid) should be the one providing smart grid / auto-tap transformers where needed.  
The site is too small currently. The transformer was sized on solar export and given the reduction 
in load, could have been smaller where solar export is not driving capacity. 

38. Medium sized battery like this is too expensive (now cheaper to get a home battery) 

a. Revenue from system does not include enough to save for a replacement battery even with 
ARENA investment to date. 

b. But the revenue from the batteries and virtual power plan (VPP) comparison has yet to be 
done. 

c. No real value in shifting solar currently under Shell tariff, value is in the grid connection 

d. Optimisation of the connection and usage of more hybrid invertors (as Ausgrid have 
specified the limit as 1000kVA of inverter connections in total without considering it at a 
more granular level. This is driving economics a certain way. 

i. Hybrid inverters DC coupled allows more value for connection 

39. NEV Power requires 80-100 operational homes to be economic given the overheads of HV 
customer, running NEV power and retail energy and network costs. 

40. Tariff options can be tested onsite and this is the next phase; ideas so far include: 

a. NEV Power has a 2-8pm load surcharge if above a certain limit on the gate supply 

b. Pass through price off-peak, peak? 

c. Systems may not all be behind same meter such as for this site 

d. Clarity on financials for households needs to be given - e.g. tariffs, feed-in vs outside 
supplier 

e. Tariff time of use (TOU)? TOU tariffs impact on grid constrained inverters, demand 
management 

f. PHD candidate suggested tariff options but these more complex tariffs have yet to be 
tested 

g. Ecowarrior rate? Control load tariff? 

h. Demand charge to customers 

i. Carbon positive – 7x export needs to be considered 
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j. Gamify own power only? How do you make it fun / engaging for people to manage their 
demand and care about energy usage? 

k. No retailer, no power – Difficult as communities become power generators. Electric 
vehicles needed to increase the demand again 

i. Shell just pulled out and noted won’t be a retailer anymore (2 weeks ago) 

l. Night time rate, day rate 

m. Dynamic tariff – replace existing and show close to the market price of energy (not a 
flattened price) 

n. Income opportunities for standby power from batteries 

o. VPP – guarantees revenue from battery usage 

p. VPP aggregator for existing suburban homes 

 

41. Ausgrid as the utility: 

a. Takes no risk (given electricity rules) 

b. Utility not focused on small networks 

42. Supply chain: 

a. External vendors – we are a small fish 

b. Hard to get battery supply given size requirement and community purchaser 

43. Can we maintain intellectual property and monetise our experience with the smart grid? By what 
metric do we value the intellectual property we have amassed on the smart grid? 

44. Right to consumer power guarantee – how is this incorporated? 

45. Funding: 

a. Member funded development – no banks, Solar Panels, home batteries, Solar panels 
funded by members – Zero carbon building standards 

b. Difficult to recover sunk capital costs, 2 c) cost 

c. Financial viability – earthing work, battery replacement, grid income required for this 

46. Builder offset contribution (carbon offset) – worked well with one builder to put in kind / build 
brand value / good business citizen 

 

Regulatory / Policy 

47. NEV is a very good case study as to what suburbs are going to be in the future. This is net 
generators with minimal energy consumption especially in the Sydney basin or similar with the 
good annual climate temperatures. 

48. The minimal energy usage (and more export than import) is a key challenge that needs to be 
solved 

49. There is no embedded network playbook 

50. Given the control and impact of Ausgrid as the local utility, it would be much easier if it was an 
active part of project: 
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a. Ausgrid did provide 12 month window to give time to work out a way to structure solar but 
this finished abruptly with no leeway despite project delays 

b. Difficult to talk to 

c. Ausgrid privatised – seems to be focused on financial side and not supportive of project. 

d. Conflict with Ausgrid – no drive for them to work with us. They just used a big stick of loss 
of mains protection at HV level for example when could have been solved at low voltage or 
invertor control side / battery side. 

e. If Ausgrid fully state owned again then it could focus more on community support? 

f. Cost of network is a big portion of bills given minimal gross or net energy usage on the site. 
More flexibility needed to work with them to have a more dynamic approach / combined 
benefit and usage of the battery  

51. Regulation – Allowing members to move to external parties is cumbersome and costly, this needs 
to be simplified and perhaps more virtual ways used? 

52. Inability of embedded network to charge its smart grid costs onto the customer is an issue for NEV 
power. The lack of energy usage on the site is a big issue currently. 

53. Community has shown a high support for the NEV battery. For suburbs without smart grids, 
households could be encouraged to see which suburb is greenest or has lowest cost; which suburb 
uses the least energy via gamification or by using published statistics.  

a. Take NEV learnings and apply to other suburbs 

b. AER data on each suburb energy usage could be used to award “best suburb”, like the old 
cleanest suburb competitions. This could foster pride in the community and gentle healthy 
competition to keep improving. 

54. DM research project (already had 2 projects based on the smart grid) needed for the NEV smart 
grid 

55. Regulator – Can be an incentive agent or detractor for strata usage of roof solar for example 

56. Division of regulation into retail + network inhibits efforts to increase use of renewables by 
communities. How can these be more integrated? Perhaps virtually? 

57. How can NEV power sell grid optimisation services? How do communities connect with more 
applicable retailers? 

58. What is the best size – 200 houses good for community but perhaps 400 houses works for 
economics? Push/pull of different factors 

59. Expansion of battery not economic without other energy revenue from Reliability and Emergency 
Reserve Trader (RERT), Frequency and control services (FCAS) or similar 

60. Vehicle to grid policy vacuum – how can NEV power be ready for EVs? 

61. Level playing field competitive access, right to change, support for small community plays like 
NEV Power is needed 

62. Uniqueness of the project – no playbook 

63. Requirement for 2-way network grid forming inverters that communicate with each other. How 
does this work from a regulatory side? 

  



 

NEV Power Pty Ltd | Page 30 of 45 

 

Technical 

There were a large number of lessons learnt post the major smart grid transformer and lot infrastructure 
roll out. 

 

64. Overall system 

a. Site – 1000 kW export / import through the transformer 
b. Due to low demand, do not need another battery but need backup power during long 

outages. 
c. Seems to have “2 transformers” on site, Ausgrid and community one 
d. Actual 1MVA smart grid autotap transformer should be owned by Ausgrid and 

community have a low voltage supply. 
e. Community now only using 30kVA supply given the battery usage.  
f. Smart grid transformer now seems a little redundant/overkill given battery and 

technology advancement and ability for battery to set voltage. Range of battery 
voltage needs to be tested further. 

g. This is important given how site operates should really be a battery tariff and then all 
homes are batteries and not loads! Battery technology now does what the smart grid 
transformer was meant to do for the site. Reduction in usage not taken into account 
from bill from Network (Ausgrid) provider. More reflective pricing? 

h. Project boundaries. Where are these? Are virtual ones created or just at the gate meter? 
i. High voltage and grid protection 

a. Sophisticated loss of grid protection unsuitable for communities 
j. Inverter control to turn down is a separate system but this has yet to be fully tested and 

commissioned. 
k. Offsets to be used for the Diesel generator 

l. Stage 2 now being constructed: east/west facing panels, early washing machine usage 
to dry clothes, Building standards and requirements to be updated for stage 2 contracts 

m. University research projects already undertaken on site, more suggested e.g. Tariff 
project – Monash, ANU, UNSW, UTS (last 2 were previous PHD projects) 

n. “Common knowledge” smart meters lower load. Is this correct? 

65. Battery 

a. Difficult to get battery system  

i. Needed to use an owners engineer as struggled to get design and construct bids 

ii. Only 4 supplier options for batteries were found at the right size 

iii. Industrial solution (high noise), no community option 

b. Battery transformer cooling creates a large amount of the fan noise. Next time put the 
transformers outside battery enclosure to reduce fan usage / cooling noise.  

iv. additional baffles added to reduce noise, cover to be added over unit to protect and 
reduce direct sun heating of battery module 

c.  battery suppliers – how do they get feedback (e.g. noise level is too high)? 

d. Is another future battery needed?   

e. How is this funded and cost recouped?  
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f. battery funding loans from community? 

g. Few community battery vendors around 

h. Battery – stay within certain temps, requiring an air-conditioner,  

i. Permanent backup diesel generator set was found to be needed so that the whole battery 
can be used and backup power is still provided. 

66. Solar generation 

a. Valley shading made solar west facing more attractive, but hard to get community to 
provide this 

b. 7.7kW average / home solar system 

c. Some E+W solar from roofs spreads out the generation 

67. Homes 

a. Home energy ratings post build are important given that one home achieved 9* rating 
during build “by mistake” up from 7 star 

b. Stage 1 – houses build cumulative Stage 2 – slower (costs, builders) 

c. Bespoke distributed meter / solar monitoring systems used 

d. Grid forming inverters needed for site in blackout, control and operation off grid. 

e. Linkage between energy efficiency and building techniques. 

68. Metering & communication 

a. LoRaWAN (low power area network) has been installed as the home or community WiFi was 
unreliable. Fibre optic cables were not available and 3G costs were high. RAK brand was used 
and had hardware issues with dropouts of data. System still being fixed to provide good quality 
data. 

b. Ideally each home needs a fibre connection to all power consumers for hardwired meter data 

c. New Zealand community are interested in how the wireless meters are done 

d. Grafana used as a free visualisation tool for the community. Each home owner is provided with 
their usage graph etc. Programmed open source solution 

e. Use of slack, automated daily sharing of battery data, team communications to coordinate a 
volunteer team has been essential. 

 
69. Transport 

a. Transport – public transport, fewer cars, use of technology for lifts is important for example 
SLACK 

b. Narara – could it be used as an Electric vehicle test behind meter? 

c. NEV is planning to have shared electric vehicles 

d. Load growth from Electric vehicles and reducing transport emissions using surplus PV 
energy 

e. Electric vehicle to supply the home is agreed, not sure there is technology for isolating the 
grid supply? 
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f. Electric vehicles in stage 2 development need to have more demand management control 
if possible 

g. EV chargers can take a big amount of load from the battery. EV chargers may have some 
additional charges applied or indication beside them e.g. green light – solar charge, red 
lights – from grid or from battery. Encourage all vehicles to charge with the free sunlight 
(may need faster charging options for this). 50kW charger with 2 ports perhaps to 
encourage day charging? 

h. Look at NSW grant for a community destination charger  

i. Could use of vehicle to grid from electric vehicles support or reduce requirement for backup 
generator? 

70. Suppliers & issues 

a. SwitchDin kindly supplies its energy monitoring systems initially but with setup delays the 
offer of assistance lapsed and it became too costly and less applicable 

b. carbonTRACK metering was trialled but need for accredited cost effective smart meter 
meant that this could not proceed. 

a. WiFi communications proved unreliable for metering since it was not always available e.g. if 
the household did not have one, or when the router was turned off, or its password 
changed. 

c. LoRaWAN was used instead of WiFI, but there have been LoRaWAN RAK metering issues 
with reliability and these are being managed with the help of the supplier 

d. Standard home hot water systems set to wrong default settings e.g. night time hot water 
default. This needs monitoring and suppliers / installers need to setup correctly for solar 
usage 

e. Generator – Hard to get warranted biodiesel generator, so offset diesel generator selected 

f. Hydrogen – Plan for hydrogen generator to replace diesel when available/cost effective 

71. Discretionary tariffs  

a. – A class of appliances that can run on cheapest tariff (EW, EV) but consumer can choose to 
use power now 

Other (Benefits) 

72. Benefits vary depending on the company / stakeholder on top of social, health and other economic 
general benefits for all: 

a. Grid developers 

i. Costs 

1. Transformers  

2. Battery 

3. Cabling 

ii. Benefits 

1. Green power 

2. Resilience 
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3. Payment for FCAS and grid support 

b. Grid Operators 

i. Costs 

1. Skilled staff 

2. Contractors 

3. Meet regulations 

ii. Benefits 

1. Volunteers 

c. Grid Residents 

i. Costs 

1. Loan to buy 

2. Co-op fee 

ii. Benefits 

1. Green power 

2. Fewer blackouts 

3. Less coal fired power 

4. Low costs 

d. Grid Utilities 

i. Costs 

1. Connection costs 

ii. Benefits 

1. Green power 

2. FCAS and voltage control 

3. Less load 

4. Monitor 

 

Action items: 

1. Additional external research is needed to use data and affect chance (2 good research items 
undertaken to date including Tariff work) 

2. New retailer to be found for NEV Power gate meter 

3. Revenue from battery and system to be released (to save up for battery replacement) 

4. Home energy tariffs to be determined 

5. Sustainable Developer lessons learnt report is suggested (outside of this project scope) 
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Appendix 3– NEV Stage 1 & 2 Building Standards 
 
The ecovillage has adopted a net zero carbon building standard where all homes must generate as much energy as they use in a year.  
 
This includes efficient homes designed to 
at least a 7 NatHERS star rating, very 
efficient appliances, incentives to lower 
Peak Power, and smart grid standards for 
appliances including: 

 IP controlled Appliances 

 Air Conditioners 

 Hot water Heat pumps 

 Inverters 

 Solar Panels 

 Batteries 
 
The village is also considering monitoring 
home sustainability conditions such as 
temperature, humidity and waste in 
addition to energy and water which are 
currently monitored.  
 
The data may be able to be presented to 
householders in real time to allow them to 
modify their behaviour. 
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Appendix 4 –Smart grid controls overview 
 
NEV’s embedded network has centralised controls in the Battery Energy Storage System (BESS), and 
there are proposed extensions to BESS, as well as other controls that are used within the village to 
manage the smart grid. 
 

1. Centralised Controls 
 
NEV’s BESS has the centralised controls: 

 Uninterrupted power on grid outages (unplanned islanding) 

 Automatic Recharge 

 Grid support for correct frequency and voltage 

 Operational Controls 
o Local or remote Start/Stop  
o Local or remote Connect/Disconnect  
o Black start capability (if batteries are online)  

 
The processes of the BESS are shown in Figure A3. 
 
Uninterrupted power on grid outages 

When there is a loss of power by Ausgrid, the external grid supplier, or if there is a short “power trip”, the 
Powerstore system within BESS can automatically switch over to maintain the site load power if it has 
sufficient charge.  

BESS will have sufficient charge if there has been sufficient sunshine i.e. not too many cloudy days, or if 
the diesel generator has had sufficient time for recharge, to ensure there is a minimum charge to supply 
the village loads.  

Currently the larger village loads are managed manually but there are plans to automate this in the future. 

When the Powerstore detects a loss of grid supply, the grid incomer at the station is immediately tripped, 
and then the PowerStore picks up the load and switches to grid forming, which maintains frequency and 
voltage regulation. 

 
Automatic Recharge 
The Powerstore has an automatic recharge algorithm to return the battery state of charge (SOC) to a 
target value. A target SOC can be set so that the BESS returns to that value automatically whenever the 
battery is discharged. .



 

NEV Power Pty Ltd | Page 40 of 45 

 
 
 

 
Figure A3 – NEV Battery Energy Storage System (BESS) Process Hierarchy 
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Grid support for inertia & correct frequency and voltage 

BESS has synthetic inertia and grid-forming capabilities like a flywheel using battery-based grid 
stabilisation technology, supporting high penetration of renewable power generation. 

In addition BESS manages frequency and voltage which increases the reliable operation of the grid and 
reduces the need for expensive additional generation facilities. 

The Energy Storage is charged or discharged depending on an increase or decrease, respectively, of grid 
frequency as shown in Figure A4 and Figure A5. This method of frequency regulation is particularly 
attractive due to the rapid response time and emission-free operation. 

Figure A4 - BESS Grid Services2 

                                                      
 
2
 Javier Ruiz, “PowerStore Microgrid Solutions” (National Business Association of Colombia, Colombia, 2018), 

https://www.andi.com.co/Uploads/Javier%20Ricardo%20Ruiz.pdf. 
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Figure A5 - BESS Frequency Management3 

The BESS peak lopping (see Figure A6) limits power flow to the external grid to pre-determined maximum 
and minimum thresholds. Peak lopping is also used when unloading, so that the load to the BESS is 
redistributed for a smooth transition to islanding operation. 

 

Figure A6 - BESS Peak Lopping Feature4 

Figure A6 shows how BESS carries out peak lopping, charging to absorb insufficient grid power, and 
discharging to absorb excess grid power. 

Unfortunately these beneficial grid services which can be quite significant to the wider network are 
unrewarded for smaller embedded microgrid participants. 

 

                                                      
 
3
 J. Gordon et al., “Functional Design Specification Narara Ecovillage Battery Energy Storage System (BESS)” (Sydney, Australia: Hitachi Energy 

Australia and ABB Australia, June 7, 2021). 
4
 Gordon et al. 
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Operational Controls 
Local or remote Start/Stop  
BESS has manual controls for connecting and disconnecting the grid providing smooth transitions. 

Local or remote Connect/Disconnect 
The BESS Local or remote Connect/Disconnect controls are for seamless transitions. 

Black start capability  
If the microgrid is isolated from the grid (in an islanded state) and experiences an outage, the Narara BESS 
can energise a black bus (i.e. without any power) and restore the local power supply if it has sufficient 
SOC. 

2. Proposed Extensions to BESS  

Capacity 

It is expected that additional homes can be accommodated within the existing capacity as we gain more 
experience with the functionality of BESS; as the tariffs help reduce overall and peak demands; and as 
NEV Members learn more about energy demand management. 

However, BESS can also be extended with additional capacity for future loads such as additional homes 
before an additional PowerStore cabinet is required.  

Proposed Functionality Extensions  

1. An external power control algorithm so that we can charge from the grid when BESS has a low 
charge or for arbitrage reasons. 

2. An algorithm to set the minimum State of Charge (SOC) so we can allow a certain BESS capacity 
to be held for bad weather forecasts to keep an adequate battery charge when community solar 
charging may be lower than normal.  

3. The purchase of a biodiesel genset for backup especially when there is a grid outage and the BESS 
SOC is low (see Figure A7). 

 
Figure A7 - A BESS Genset Recovery Scenario5 

  

                                                      
 
5
 Carlos Nieto and ABB, “Introduction to Energy Storage Solutions ELDS – Packaging and Solutions” (Estonia, 2021), 

https://search.abb.com/library/Download.aspx?DocumentID=9AKK107992A9211&LanguageCode=en&DocumentPartId=&Action=Launch. 
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3. Other Controls 
 
Customer Alerts 
NEV Power may alert its Customers during peak demand periods or when BESS has a low SOC using such 
applications as Grafana or SLACK. 

Customer Education 

NEV Power held a Citizen Forum on 19/6/22 in person and on Zoom explaining how the smart grid works, 
and began education around using appliances appropriately. 

New tariffs 

NEV Power is considering the impact of the new Time of Use (ToU) wholesale charging framework that is 
occurring this year, as our wholesale contract is due for renewal. These considerations and our eventual 
supplier will determine the style of tariffs we will adopt, keeping in mind the majority of our customers are 
net exporters of energy to our grid. 

Electric Vehicles 

As more EVs are purchased by NEV Members, there may be opportunities for Vehicle to Grid (V2G) or 
Vehicle to Home (V2H) to decrease the load on the smart grid, assuming any EV charging issues can be 
managed. 

Controlled Loads 

There may be possibilities for demand response to be automated during peak load events with 
appropriate tariff structures where control may reduce power to appliances via controlled loads, or via 
inverter switching. This may allow load reductions in individual homes for: 

 Heat pump hot water – lowering demand by 25%, 50% etc. 

 Air conditioning – lowering demand by 25%, 50% etc. 

 Fridges and freezers for short periods. 

Shifting summer PV generation for winter 

During some cloudy winter periods when the BESS is mostly depleted overnight and does not recharge 
sufficiently, we may be able to use a generator based on either biodiesel or Hydrogen. 

 


