
Save it 

OFFICIALLY ENDORSED BY THE CLEAN ENERGY COUNCILISSUE 123  |  APRIL 2021

COMMUNITY BATTERIES  
OPEN THE WAY FOR SOLAR

and  
share it

FREE SOLAR MAP BIG TARGETS

Can state 
ambitions  
upset the  
NEM?

STAY A WHILE

Free EV  
network puts  

towns on the map
MELBOURNE

SYDNEY

BRISBANE

DARWIN

ADELAIDE

PERTH

HOBART

CANBERRA

NEW SOUTH WALES

WESTERN AUSTRALIA

NORTHERN TERRITORY

QUEENSLAND

TASMANIA

SOUTH AUSTRALIA

VICTORIA

Operating: 2,123MW

Committed: 940MW
Probable: 62MW

Operating: 548MW

Committed: 85MW
Probable: 100MW

Operating: 403MW

Committed: 110MW

Probable: 324MW

Operating: 2,105MW solar

Committed: 682MW

Probable: 500MW

Operating: 132MW

Committed: 274MW
Probable: 30MW

SOLAR SITES >30MW

WESTERN AUSTRALIA

1 Merredin Solar  132

2 Pilbara generation project 150

3 Chichester Solar Farm 60

4 Koodaideri Solar Farm 34

5 Greenough Solar Farm Stage 2 30

6 Byford Solar Project 30

SOUTH AUSTRALIA
7 Bungala Two Solar Farm 138

8 Bungala One Solar Farm 138

9 Tailem Bend Solar Project 1,  

Units 1-54 127

10 Port Augusta Energy Park Solar  

Stage 1 110

11 Cultana Solar Project 280

12 Snowtown North Solar Farm 44

QUEENSLAND
13 Daydream Solar Farm 181

14 Sun Metals Solar Farm 151

15 Ross River Solar Farm, Units 1-64  148

16 Darling Downs Solar Farm,  

Units 1-44  138

17 Yarranlea Solar Farm 134

18 Haughton Solar Farm 131

19 Clare Solar Farm 128

20 Lilyvale Solar Farm 126

21 Susan River Solar Farm 96

22 Emerald Solar Park 90

23 Clermont Solar Farm 89

24 Rugby Run Solar Farm 85

25 Warwick Solar Farm 78

26 Childers Solar Farm 75

27 Oakey 2 Solar FarmQLD 70

28 Whitsunday Solar Farm 69

29 Hamilton Solar Farm 69

30 Kidston Solar Project 63

31 Hayman Solar Farm 60

32 Collinsville Solar PV Power Station 59

33 Maryrorough  35

34 Oakey 1 Solar Farm 30

35 Western Downs Solar Farm 400

36 Columboola Solar Farm 162

37 Project Gangarri 120

38 Rodds Bay Solar Farm 300

39 Blue Grass Solar Farm 200

NEW SOUTH WALES
40 Darlington Point Solar Farm  333

41 Limondale Solar Farm 1 306

42 Sunraysia Solar Farm  255

43 Coleambally Solar Farm 189

44 Finley Solar Farm 175

45 Nevertire Solar Farm 132

46 Bomen Solar Farm  122

47 Beryl Solar Farm 111

48 Nyngan Solar Plant 102

49 Goonumbla Solar Farm  89

50 Parkes Solar Farm 66

51 Moree Solar Farm 56

52 Manildra solar Farm 56

53 Broken Hill Solar Plant 53

54 Limondale Sun Farm 2 43

55 Griffith Solar Farm 35

56 New England Solar Farm - Stage 1 400

57 Suntop Solar Farm 189

58 Metz Solar Farm 115

59 Gunnedah solar farm 110

60 Sebastopol Solar Farm 90

61 Corowa Solar Farm  36

62 Vales Point Solar Farm 62

VICTORIA
63 Numurkah Solar Farm 122

64 Karadoc Solar Farm 112

65 Bannerton Solar Park 110

66 Wemen Solar Farm, Units 1-39  110

67 Gannawarra Solar Farm 60

68 Cohuna Solar Farm  34

69 Winton Solar Farm 85

70 Carwarp Solar Farm 100

Solar Map of 
Australia 2021

This map shows locations of solar plants greater than 30MW that are operating, committed 

or deemed by the Clean Energy Regulator to be probable projects as of February 2021.

Data courtesy of the Clean Energy Regulator and Australian Photovoltaic Institute.

Compiled and published by Paragon Media Pty Ltd | ph: (02) 9439 1955, email: editor@ecogeneration.com.au

Visit ecogeneration.com.au for the latest news on Australian clean energy projects.

For additional copies of this map, visit the EcoGeneration online shop at ecogeneration.com.au/shop. 

For advertising enquiries email juliem@paragonmedia.com.au

This map is a schematic representation only. It does not show exact project locations.
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Learn more: fimer.com

Count on us for a 
bright solar future from a kW all the way up to MWs

Residential Commercial 
& Industrial

Utility Microgrid

Supporting any solar project

BUILT FROM THE  
GROUND UP

monfordgroup.com

 

Constructing a renewable future for all 

Contact us today for a competitive and affordable 

rate for your commercial & utility scale solar project. 

1300 781 182 
 

www.wtc.com.au

The Transformer Solution 
Specialist since 1933

MADE IN AUSTRALIA

BUILT SMART FOR LIFE

RENEWABLES 

LEADERS IN DEVELOPMENT APPROVALS, 

ENVIRONMENTAL ASSESSMENT AND 

MANAGEMENT SERVICES 

0 ngh@nghconsulting.com.au 

www.nghconsulting.com.au

 

Hydraulic Pile Driving Machines 

 

 

www.turchi.com.au 

1300 798 553 
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This plant is part of a hybrid project in Queensland  

that will include pumped hydro and wind.

The Karadoc Solar Farm in Victoria,  

a state better known for wind generation.

The Merredin Solar Farm is a proving ground  

for utility-scale PV in Western Australia.

Developers are seeking approval to  

connect to the grid in all mainland states.

Moree Solar Farm in NSW.
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The PVS-10/33 is here

The new PVS-10/33-TL is built to give you complete flexibility.
Fuseless design with 1100VDC maximum DC input voltage, high power 
density with up to 10% extra AC output power and a choice of 2-4 MPPT 
with a built-in DC isolator.  

Optional Arc-fault detection or PID prevention functions and flexible DC 
wiring options for direct connection or via string combiner is also available.  

Advanced communication features built-in such as dynamic feed-in 
control and free monitoring via FIMER’s Aurora Vision monitoring platform 
and Energy Viewer app.

Order the PVS-10/33 today in one of its six power sizes for your next 
project and get the performance, flexibility and reliability you require. 

fimer.com/flex

Available in six sizes: 10 kW, 12.5 kW, 15 kW, 20 kW, 30 kW and 33 kW
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THE TRANSFORMER  

PEOPLEwww.wtc.com.au

MADE IN AUSTRALIA,
BUILT SMART FOR LIFE
Established in 1933 with a proud history, Wilson Transformer 
Company is the largest Australian-owned and based manufacturer of 
power and distribution transformers, operating two manufacturing 
facilities in Victoria. 

We have a proven track record of supplying a wide range of 
transformers across different sectors within the power industry to 
our local and global customers, including power utilities, generators, 
process industries, mining and oil & gas.

Our product range includes:
 Power Transformers 
 Distribution Transformers
 Compact MV Substations
 Skid Solutions
 Special Transformers
 Fault Current Limiters
 Special Applications
 Monitoring & Control Solutions
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FUTURE READY
SMART HOME

Growatt New Energy Australia Pty Ltd
www.ginverter.com.au 1800 476 928

australia@ginverter.com

MIN 2500-6000 TL-XH

Safety
Type II SPD on DC side
AFCI optional

Smart
Touch key and OLED display
24h Self-consumption monitoring

Flexible
Compact and light, easy to install
Flexible monitoring options

High yield
Max. Ef fciency 98.4%
Dual MPP trackers
Battery ready,future proof
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Common sense will always prevail. Sure, it might not sound like 
an aphorism that applies to the Australian energy market, but 
you have to hope it’s a universal law nonetheless. What’s made 

me so optimistic? Community batteries.
Straight away, community batteries make sense. Exports from 

rooftop solar systems around midday are rising at such a rate that 
networks in parts of the country are getting anxious. Well-located 
batteries can absorb that electricity and put it to good use later in the 
day. After all, what’s the use in generating solar energy if you’re not 
going to use it, right? There’s not much point in just waving it 
goodbye as though it’s something bothersome. 

Projects in Victoria, NSW and Western Australia are evidence 
that the age of community storage has dawned, but our feature on 
page 44 investigates how these complex assets will pay for 
themselves and benefit all energy users.

Still on storage, on page 20 we take a look at Wärtsilä, awarded a 
major project for AGL, and I visit the Sydney office of TES, who are 
working on a C&I-scale battery comprised of modules from electric 
vehicles that have reached the end of the road but still have plenty of 
capacity to help push business costs down. That’s on page 30.

At a larger scale, EcoGeneration editorial board member Marija 
Petkovic shares her latest findings on the potential for demand 
response on page 24 and on page 36 we look at a process that might 
one day see coal plant converted to green hydrogen. Imagine that?

Hands up who thinks 2021 will be a record year for renewables...

Dr Bjorn Sturmberg is a research leader in the battery storage and grid integration 
program at the Australian National University, where he works on research, development, 
demonstration and commercialisation of low-carbon electricity and transport systems. His 
background includes a PhD in theoretical physics, an Innovation Fellowship from the Myer 
Foundation, implementation of Australia’s first solar and storage apartment microgrid and 
leading a startup that makes solar work for rental properties from inception to acquisition.

Jacqui Fetchet is an energy lawyer at a major law firm working across the commercial, 
regulatory and financing aspects of clean energy development in Australia and Asia and has 
a background in energy and climate change policy. Jacqui was a youth ambassador to the 
UNFCCC Paris climate conference in 2015 and was selected to attend Climate Reality 
Leadership training in 2019. She participated in the C40 Women4Climate mentoring 
program in 2019 and founded Bright Sparks, a clean energy community for young people.

Marija Petkovic is the founder and managing director of Energy Synapse. Marija is a leading 
expert in wholesale energy markets and the transition to clean energy. She has worked 
internationally across Australia, New Zealand and the United States, where she negotiated 
clean energy deals up to $1 billion in value. Marija and her team advise project developers, 
investors, retailers, corporates and government on renewable energy, storage and demand 
response projects. Her analysis is regularly featured in mainstream and industry media.

Robbie Nichols joined the Clean Energy Council in 2016 and serves in the role of technical 
team leader. He is a third-generation electrician with more than 30 years’ experience in the 
electrical industry and more than 10 years’ experience in renewable energy. His roles have 
included electrical contracting, manufacturer’s technical support, inspections and audits.  
As technical team leader at the Clean Energy Council Robbie enjoys the opportunity to  
help raise the bar in the industry.
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Small in size.
Big on power.

Vertex S is here. It is the first ultra-high power module designed specifically 
for non-utility segments. For residential and commercial applications, 
it promises to boost the power yield for rooftop PV systems by 17% 
compared to previous generations of modules. 

Generating over 400W power output, Vertex S incorporates 210mm cells 
and uses Trina Solar’s superior multi-busbar technology. The modules 
utilise an innovative design that integrates 1/3 split cell, non-destructive 
cutting and high-density interconnect technologies, and are capable 
of handling high mechanical loads (positive and negative). This means 
more durability and reliability, along with lower degradation and, most 
importantly, higher power yield. 

Vertex S is available in black frame and full black, is easily deployed and 
compatible with a variety of mounting solutions and mainstream inverters. 
There is a standard 15 year product warranty (extendable to 20 or 25 
years), and a reduction in overall BOS costs for residential and commercial 
customers. If you’re looking for small size and big power, get in touch with 
the team at Trina Solar today.   

www.trinasolar.com

400W+ Ultra-high Power

Small in size.
Big on power.

Outstanding Visual 
Appearance

High Customer 
Value

High Power & 
High Efficiency

High  
Reliability

High Energy  
 

Negative Load 
Wind - Max 4000pa 

Positive Load 
Snow - Max 6000pa 

Vertex S Multi-busbar Modules. 
Available in black and black frame styles.

15 Years Product Warranty
(Extendable to 20 or 25 yrs)
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News in brief
NEW TECHNOLOGY, NEW PROJECTS, NEW IDEAS

ARENA pushes EVs forward  
with $16.5m boost
The Australian Renewable Energy Agency has committed $16.5 
million in grant funding to attract investment in the buildout of 
fast-charging infrastructure in the country’s major cities and 
regional centres. The funding will support the roll out of 
networks of fast-charging stations (50kW and bigger) across 
eight areas: each capital city and regional centres including 
Newcastle, Wollongong, and the Central Coast in NSW, 

Geelong in Victoria and the Gold Coast and Sunshine 
Coast in Queensland. Each regional location is expected 
to receive at least four fast charging stations, to alleviate 
concern about the convenience of “refuelling” as drivers 
consider whether they should upgrade to an EV. 

A strategy to increase consumer choice was decided on 
after industry consultation identified that a lack of public fast-

charging in major population centres is a key barrier to uptake of 
EVs. Subsequent funding rounds later this year will focus on 

supporting business fleets to transition to EVs, as well as 
exploring opportunities with hydrogen and biofuels.

RedEarth readies 
personal power 
plants
Queensland battery-maker RedEarth 
is hoping its clients will quickly see 
the potential in its personal power 
plant (PPP) offer, where on-grid 
storage systems are linked, 
monitored and controlled so that 
owners can sell, trade or give away 
their stored electricity.

RedEarth is currently negotiating 
with a range of businesses, including 
community-based energy companies 
and property developers, to expand 
the roll-out of the PPP system to 
target communities.

Once live, RedEarth customers will 
have the ability to generate and trade 
or gift their stored electricity to other 
users on RedEarth’s platform, 
providing an ongoing income stream 
while reducing reliance on traditional 
electricity utilities, de-stressing the 
grid and doing their bit to address 
climate change.

RedEarth chief technology officer 
and co-founder Chris Winter said the 
way Australia generated and 
distributed energy would change 
dramatically over the next two 
decades. “We see what we are doing 
as part of the enormous change in the 
electricity industry,” he said. 
“Although we manufacture a lot of 
hardware, one of our main focuses is 
managing data, and from this data we 
are getting knowledge and benefits 
for our customers.”

RedEarth has raised $8 million from 
investors, including the Queensland 
Government’s Queensland Business 
Development Fund, to fund growth 
and research.

World’s largest battery tipped for NSW 
Clean energy fund CEP.Energy wants to 
build the world’s biggest battery at Kurri 
Kurri in NSW, where it plans 1.2GW of 
storage to connect to the Hunter 
Economic Zone under a 30-year lease 
agreement with the Hunter Investment 
Corporation.

CEP.Energy chairman and former NSW 
premier Morris Iemma said the transition 
away from coal requires networks of 
integrated batteries. 

“The clean energy roadmap laid out by 
the NSW Government has provided the 
market with the confidence to invest in 
renewable generation supported by large 
battery storage,” Iemma said.

In its 2020 Integrated System Plan 
released in July last year the Australian 
Energy Market Operator called for 

6-19GW of new dispatchable resources 
(including pumped hydro, batteries and 
gas) to provide firming as variable solar 
and wind generation replaces coal.

The battery would bring CEP’s planned 
network of four grid-scale batteries 
across the country to 2GW. 

Over the next five years the company 
is also working on development of a 
virtual power plant comprised of 1.5GW of 
industrial rooftop solar generation 
supported by up to 400MW of  
battery storage.

The company has secured roofspace 
atop several hundred properties totalling 
more than 10 million square metres. 
Scoping and installation work on the first 
tranche of 70 industrial and commercial 
properties has already started.

RedEarth’s Chris Winter, right,  
and CEO Charles Walker.

CEP.Energy is planning an  
enormous portfolio of storage.
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aunz.apsystems.com

THE MOST POWERFUL  
DUAL MICROINVERTER

 IS COMING 

A NEW  
ARCHITECTURE
PLATFORM

50%
HIGHER POWER

HIGH
PERFORMANCE
& EFFICIENCY

97%

•  900 W AC
•  2 MPPTs
•  Zigbee comms

DS3
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Enel X wins mission critical tech innovation award
Virtual power plant and demand response 
services company Enel X in January won 
the Datacenter Dynamics 2020 Award for 
Mission Critical Tech Innovation for its 
work with Digital Realty, a leading global 
provider of data centre, co-location and 
interconnection solutions.

Digital Realty has enrolled two of its 
Australian sites in Enel X’s VPP, allowing it 

to manipulate energy consumption to 
support the NEM. By switching over to UPS 
and backup power, the sites reduce the 
strain on the grid at peak times. As an early 
participant in Enel X’s VPP program, Digital 
Realty benefits from more efficient use of 
equipment and new revenue that reduces 
the total cost of ownership. 

“Being on call to use less energy from 

the grid at critical times is fundamental to 
enabling more power generation from 
intermittent renewables like solar and 
wind, which reduce carbon emissions and 
the cost of energy for all consumers,” said 
Enel X head of Asia and Oceania Jeff 
Renaud. “It helps to prevent larger power 
outages and reduces the need to build 
more carbon-emitting power plants.” 

NEWS IN BRIEF

Energy-thirsty sectors can become market participants.

PV panels are lining up across the country to 
do their bit for the clean energy transition.

Solar reaches 20GW as rooftop PV grows 40% 
The Australian solar industry defied the economic challenges 
presented by covid-19 to see a record-breaking 5GW of solar  
power installed in 2020, equivalent to almost 15 million average 
solar panels, new analysis by solar industry consultancy  
SunWiz has found. 

With every state and territory except Tasmania smashing records 
for the volume of solar panels and system size installed, Australia 
now has 20GW of solar capacity nationwide, up from 15GW in 2019. 

Australia led the world in uptake of solar on a per-capita basis, 
following a record year for installations in 2019. The annual growth 
rate for rooftop solar has exceeded 33% for the past four years 
and accelerated to 40% in 2020.

“The covid-19 pandemic had major impacts on Australia’s 
economy but the benefits of solar were strong enough to help the 
industry overcome challenges, including supply shortages from 
China, lockdowns stopping installation in Victoria and economic 
uncertainty,” said SunWiz managing director Warwick Johnston.

“In fact, the pandemic had an overall positive impact for the 
industry as people staying home turned to solar to help reduce 
their electricity bills.”

Utility-scale battery projects also became commonplace as 
state governments worked towards meeting their net zero 
emissions targets by opening up Renewable Energy Zones and 
announcing purchasing price agreements and subsidies.
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INDUSTRY UPDATE

Key reforms unlocking 
Australia’s renewable  
energy potential
Crucial reforms currently underway suggest 2021 will be a landmark year for Australia’s 
renewable energy transition, writes Clean Energy Council CEO Kane Thornton.

As the Clean Energy Council’s recently 
released report Clean Energy 
Australia 2021 showed, 2020 was 

another record-breaking year for the 
Australian renewable energy industry. 
However, as the level of clean energy in 
Australia has grown in recent years, it has 
become increasingly clear that the current 
system is no longer fit for purpose. 

Rules and regulations that were designed 
to distribute electricity from large 
centralised generators are now wholly 
unsuitable for an energy system that 
increasingly relies on electricity from wind 
and solar farms and rooftop solar systems.

These problems have been recognised by 
Australia’s energy market regulators, who 
are working on a number of key reforms that 
will fundamentally alter the way electricity 
is produced and distributed in Australia. 

Upon completion, these reforms should 
deliver an energy system and set of rules 
that better support Australia’s energy 

directions paper outlining the reforms it 
will pursue as part of the post-2025 market 
design. These include: 
• managing the entry of new resources into 

the market and the orderly exit of fossil 
fuel generation

• developing fit-for-purpose essential 
system services and scheduling and  
ahead markets

• incorporating the integration of DER  
and establishing a two-sided market  
with associated scheduling, technical, 
regulatory and consumer protection 
reforms, and

• developing the transmission grid and 
access to support investment and reduce 
overall costs.
Many of these reforms are the same as 

those that the renewable energy industry 
has been calling for for several years. 

If they are fully implemented, they will go 
a long way towards resolving persistent 
challenges related to grid connection, 

future, where large-scale renewable energy 
and storage is supported by an extensive 
network of rooftop solar installations and a 
growing suite of distributed energy 
resources (DER) technologies.

FUNDAMENTAL CHANGE
The most important reform taking place this 
year, and potentially in the history of the 
Australian electricity market, is the Energy 
Security Board’s (ESB) post-2025 market 
design. This review, which was 
commissioned by the COAG Energy Council 
in March 2019, is an all-encompassing 
examination of the National Electricity 
Market (NEM). It will redesign the market 
to ensure that the transition from fossil fuel 
to renewable generation is done in a 
managed and streamlined way that delivers 
the best outcomes for Australian energy 
consumers and provides confidence for 
clean energy investors.

In January 2021, the ESB released a J
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INDUSTRY UPDATE

under voltage ride through – being 
incorporated into grid-connection 
agreements and enforced by DNSPs.

There are also many additional proposals 
from DNSPs and the market bodies in 
development, including new export limits, 
remote control of DER, charges for exports, 
new technology requirements and new 
tariff structures. 

Alongside the market bodies and 
DNSPs, the Clean Energy Council (CEC) is 
working with a coalition of consumer and 
industry groups to end unpopular grid-
connection rules, such as static zero 
export limits, and ensure that more 
intelligent, dynamic approaches are 
introduced transparently and with the 
support of consumers and industry.

COMPLIANCE COUNTS
The CEC is also working to ensure that the 
burgeoning DER industry meets the 
expectations of Australian consumers. 
Considering the growing importance of 
rooftop solar and household batteries in 
Australia’s future energy mix, it is crucial 
that the industry maintains the trust of 
consumers and governments. The CEC has 
an important role to play in this area by 
continually working to lift the bar on quality 
and compliance within the industry.

As part of our Accredited Installer 
program, the CEC provides installers with 
all the latest industry developments through 
its continuous professional development 
(CPD) program. This requires accredited 
installers and designers to continually learn 

network congestion and regulatory and 
policy uncertainty. In addition, the reforms 
should help to create a mutually beneficial 
value structure for DER technologies that 
eases the strain on the distribution network, 
better compensates consumers and 
encourages the continued uptake of existing 
DER technologies and the future adoption 
of new ones.

The ESB is expected to deliver its final 
recommendations on the post-2025 market 
design in the middle of this year, and the 
Australian energy sector is eagerly awaiting 
its release to see exactly what Australia’s 
future energy system will look like.

COMING OUR WAY
In addition to the work being done by the 
ESB on DER reform, the market bodies and 
distribution network service providers 
(DNSPs) have been undertaking a 
considerable amount of work to improve the 
integration of DER.

One such change is the potential for 
technical standards for new connections of 
solar PV, batteries and energy-exporting 
electric vehicles to be implemented through 
the national electricity rules. 

This will result in technical standards 
and processes – such as the recently 
published inverter standard AS/NZS 4777.2 
and the Australian Energy Market 
Operator’s test procedure for short duration 

Kane Thornton has more than a decade’s experience in energy 
policy and leadership in the development of the renewable energy 
industry. His column is a regular feature in EcoGeneration, where 
he analyses industry trends and explains the impacts of federal 
and state renewable policies on the energy sector.

Leaving reform  
to the market  
bodies working in  
consultation with 
industry will result  
in far better  
outcomes for 
everyone.

about the industry and upskill as standards 
and guidelines change. The CPD program is 
supplemented by a large range of other 
resources – including Toolbox Talk videos 
and Installer Night events – to provide 
additional guidance and information on the 
latest industry developments and updates.

The CEC also continues to introduce 
innovative new tools to further improve 
the quality and compliance of rooftop 
solar installations. These include the 
recently released commissioning 
checklist, which assists installers in 
ensuring that their installations pass 
commissioning tests and comply with all 
the relevant guidelines and requirements, 
and an upcoming digital platform that will 
help installers meet all their obligations 
relating to documentation and maintain a 
record of their installations.  

For the few installers who don’t adhere to 
guidelines and standards, the CEC has a 
robust disciplinary process. In 2020, this 
resulted in more than 13,000 demerit points 
being handed out for non-compliant 
installations, 150 suspensions issued and the 
cancellation of accreditation for 47 installers. 

LISTEN TO INDUSTRY
The importance of reform to the future of 
Australia’s electricity system can’t be 
understated, so it is critically important 
that we take the time to get it right. 
Thankfully, these reforms are separate 
from the ongoing madness afflicting energy 
policy, meaning that those with expertise, 
rather than political agendas, are 
responsible for plotting out Australia’s 
energy future.

Leaving reform to the market bodies 
working in consultation with industry is an 
increasingly novel way of working in the 
Australian energy industry, but it will result 
in far better outcomes for everyone. 

By allowing those with intimate 
knowledge of the sector to lead the reform 
process, we can avoid the distortions and 
unintended consequences that have 
restricted the industry in recent  
years, clearing the way for a sustained 
acceleration of 
Australia’s renewable 
energy transition. 
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ENERGY TRANSITION

As electric vehicles slowly inch their 
way onto our roads, the poles-and-
wires networks that will carry the 

electricity to charge their batteries are 
preparing for change.

Not much is known about how EV-owners 
will choose to fill up their new wagons. Will 
they all plug in when they get home, 
ignoring price signals and the collective 
stress on the grid? Or will they be wise and 
access cheap solar energy during the middle 
of the day, possibly supplied free at work?

It’s time to plan ahead, and energy 
infrastructure owner Jemena is working 
with three distribution network service 
providers (DNSPs) on a $3.4 million project 
to help them understand the effect EVs will 
have on the grid.

In the trial, the networks will supply 176 
EV-owners with fast-charge hardware and 
network monitoring equipment. Signals will 
be sent by each network – AusNet, United 
Energy (Victoria), Evoenergy (ACT) and 
TasNetworks – to an aggregation platform 
that will communicate with hardware at 
each residence to control EV charging.

The trial will allow the networks to assess 
the potential costs and benefits of managed 
charging so they can forecast future 
expenditure on network infrastructure. If 
strain on the grid from the transition to EVs 
can be minimised, all energy consumers will 
pay less for network charges.

ENERGY LEVELS
The proposal is for network operators to 
control participants’ charging, but it’s far 

the ultimate responsibility for integrating 
EVs into their grids while maintaining 
security of supply and minimising costs.”

PLANNING AHEAD
The many virtual power plants (VPPs) in 
operation or development around the 
country are being promoted as an obvious 
alternative to manage the same problem, 
where aggregators orchestrate widely 
distributed networks of residential solar-
and-storage systems to profit from selling 
stored energy into the grid when it’s 
needed most. 

The Australian Energy Market Operator’s 
Integrated System Plan 2020 calls for VPPs 
as a means to ease the way for distributed 
energy resources, such as solar and storage, 
but research from the University of NSW 
has shown owners of these assets are 
sceptical about sharing benefits of battery 
ownership with anyone else, in particular 
energy companies.

How is a solution orchestrated by DNSPs 
and reliant on the batteries in EVs – capable 
of holding many times more energy than a 
typical residential battery – different?

“Many of the current VPPs are run by 
retailers who have different commercial 
considerations to take into account,” 
Washington says. “A trial run by DNSPs has 
the sole purpose of protecting low-voltage 
infrastructure and ensuring maximum 
penetration of EVs without unnecessary 
upgrades, thereby saving every electricity 
user on the network money. I think this 
infrastructure focus is vital.” 

from a case of them imposing a rigid 
doctrine onto consumers who feel they are 
already doing the right thing by purchasing 
an expensive new pollution-free car.

“At this stage, the DNSPs will run events 
and owners can opt out,” says Tim 
Washington, founder of JET Charge, the 
Australian company that will supply and 
install hardware and software for the trial. 

If an owner’s charging behaviour looks as 
though it isn’t helping the cause of calming 
the grid, that’s too bad – a network will not 
be able to override an EV owners’ charging 
habits. “Owners retain absolute control,” 
Washington says.

FORWARD AND REVERSE
The Jemena trial does not integrate vehicle-
to-grid charging, Washington says, as “we 
deliberately wanted to keep it simple and 
focused”. In Canberra, a similar trial is 
incorporating the possibilities of 
bidirectional charging, where 51 Nissan 
Leaf government vehicles capable of 
vehicle-to-grid will be on call to dispatch as 
and when required by the grid. 

The Jemena trial has been awarded  
$1.6 million in grant funding from the 
Australian Renewable Energy Agency.

“As the penetration of EVs increases, it 
will be important to manage and orchestrate 
the charging of vehicles to avoid negative 
impacts on networks and costs and ensure 
the optimal outcome for all parties,” 
ARENA chief executive Darren Miller said 
in a statement.

“Networks will be key to this as they hold 

A trial to coordinate EV charging at 176 homes will test networks’ tolerance  
for increasing demand in the grid as the national fleet is upgraded.

Networks gear  
up to manage EV  
demand on the grid
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VIRTUAL POWER PLANTS

As exported solar energy causes 
increasing anxiety in cities where 
sometimes more than a third of 

houses host PV, networks are looking at any 
way possible to increase daytime load.

It seems counterintuitive in a world 
where we are encouraged to use less energy, 
but ramping up daytime electricity use can 
clear the way for more renewables in the 
grid – and it can be as simple as 
rescheduling energy-hungry appliances 
usually called on at other times of the day. 

Air-conditioning is an obvious one, where 
systems can be timed to switch themselves 
on as PV output is peaking but no-one’s 
home, so that they are not all dialled up to 
max refrigeration levels when everyone 
walks in after school or work, when solar 
levels are waning.

Back in the early days of managing energy 
consumers’ behaviour someone came up 
with the brilliant idea of timing hot-water 
heaters to run overnight, so night-time 
demand could be bumped up a bit to make 
life easier for massive coal generators.

advantage of arbitrage opportunities and 
provide network services to the grid.

Water-heating accounts for about 23-25% 
of load in the average Australian home, 
Cranch says. 

“We’re trying to turn electric water 
heaters into a device that helps take up that 
excess energy created by solar,” he says. 
“The benefit for consumers is to lower 
energy bills and for the network the benefit 
is to orchestrate a fleet of water heaters 
when they need to.”

To be in the trial, customers must sign to 
Simply Energy and agree to take part in 
system events, such as demand response.

HARDWARE AND SOFTWARE
In the first phase of the program, 400 
participants of the SA Smart network will 
receive a rebate of between $1,430 and 
$2,750 when they purchase a Solahart 
PowerStore hot-water system and up to 
$424 in energy bill credits over two years 
with Simply Energy’s Hot Water Program.

The first 400 PowerStore systems will be 

Turning that idea on its head, a new 
project hopes to suck up some of the excess 
solar in South Australia by pushing people 
– solar owners or not – to run their hot-
water systems during the day.

It sounds so simple it just might work.
“We’ve proved the water heater works [as 

a way to shift demand],” says Stephen 
Cranch, general manager of Rheem 
Australia’s renewables brand Solahart. 

“We want to prove now that we can 
aggregate it and what that means to the 
energy network.”

DANGLE THE CARROT
Solahart’s SA Smart network project will 
test how consumers can be incentivised to 
participate in demand management and load 
shifting by controlling residential hot-water 
systems in South Australia. 

Viewing the hot-water systems like 
batteries, a virtual power plant of about 
2,400 water heaters will be orchestrated to 
manage aggregate load and lower 
electricity usage at peak times, take 

A trial in South Australia will test the load-shifting potential  
of a virtual power plant of residential hot-water systems.

How hot-water batteries  
can soak up solar
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A coordinated crew of hot-water  
systems will wield a lot of power.
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VIRTUAL POWER PLANTS

split evenly between solar and non-solar 
homes; the next 1,000 heating units, with 
the same smart control abilities as 
PowerStore units, will also be split evenly 
between solar and non-solar; and the final 
1,000 participants will see existing heaters 
retrofitted with the ability to use excess 
solar in the case of PV-owners and connect 
to the VPP aggregator, again split evenly 
between solar and non-solar households.

Cranch describes the rebates for the first 
400 as “quite generous”, where an installed 
PowerStore without incentives would cost 
about $4,500. Lower incentives for the next 
1,000 participants reflects a cheaper but 
equivalently smart heater, he says. “We’re 
aiming to get [both types of heater] down to 
under $2,000 installed,” he says.

Combined Energy Technology will 
manage the data flow to the SA Power 
Network, with smart energy systems aiming 
for optimal household energy use within the 
constraints of price tariffs.

Cranch assures EcoGeneration 
participants will notice no difference in 
their hot water amenity. “It takes priority 
over everything,” he says. “We don’t want 
people having cold or lukewarm showers.”

BATTERY OR WATER HEATER?
The deal is yet another lure for homeowners 
to lever some value from their energy habits 
and join the movement to actually do 
something about transitioning the NEM 
away from coal and gas. 

To PV-owners in South Australia today 
the offer also has to be weighed against 
investment in a battery. Which is best?

“They’re not mutually exclusive,” 
Cranch says. “You can have one of these 
and a battery.” 

A battery might cost up to $15,000 
installed, he says, whereas the Solahart offer 
requires an investment of about $2,000 after 
subsidies. “[A water heater connected to the 
project] is a very small first step to take, but 
considering the water heater takes up 
around 25% of the home’s energy use, you’re 
actually addressing quite a big appliance in 
the first place.”

Then, he says, it frees up the option of 
choosing a smaller battery than would have 
first been considered. “It just gives you more 
options.” Many PV-owners who look into 
buying a battery are put off when they see it 
would take up to a decade for the investment 
to pay for itself. 

In the trial, participants will receive half 
the rebate from Solahart after signing up to 
retailer Simply Energy on completion of 

installation and the other half at the start of 
the trial program, near the end of 2022. 

HOT BUT NOT BOTHERED
In the event the participants’ systems are 
called upon to provide emergency demand 
response, it’s unlikely they will notice as it 
will be one of those scorching hot days when 
everyone’s taking cooler showers anyway. 

“Having that fleet of 2,400 water heaters 
becomes quite an aggregated load,” Cranch 
says. “An ability to either push energy into 
those water heaters or take energy away 
from them and back into the grid is the 
opportunity.”

Yes, the project is a nice promotion for 
Rheem technology, “but bigger than that, we 
see this as a transition to a smart, connected 

product. That, to us, is clearly the future in 
solving some of these energy challenges. 
There is no slowing the solar revolution.”

Rheem will operate the project through 
its VPP aggregation platform, integrated 
with energy retailer Simply Energy, which 
reports back to the Australian Energy 
Market Operator and SA Power Networks.

The South Australia Government and the 
Australian Renewable Energy Agency are 
each pitching in $1.98 million for the  
$9.9 million project. 

South Australia is bursting with 
renewables. In the 12 months to February, 
wind and solar made up 60% of generation 
in the local grid. 

The Solahart project aims to harness solar 
that would otherwise be exported. 

In the 12 months to February, wind and solar 
made up 60% of generation in South Australia. 
The Solahart project aims to harness solar that 
would otherwise be exported.
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In South Australia, everyone is looking for ways to 
make good use of midday solar energy.
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STORAGE

As predictable coal is replaced by 
unpredictable renewables in the 
energy system the mechanisms that 

underpin the trading of energy need to be 
updated. The latest manifestation of change 
is an electricity swap contract for buying 
and selling stored energy.

In the first deal for Renewable Energy 
Hub’s Virtual Storage product, announced 
in January, seller Hydro Tasmania and 
buyers Macquarie Group and Shell-owned 
ERM Power will agree on a spread between 
the charge and discharge price for a 
determined daily amount of energy in 
megawatt hours. In Hydro Tasmania’s case 
the energy will be supplied by pumped 
hydro energy storage.

Transactions will begin July 1 for the 
2021-22 financial year but Renewable 
Energy Hub, the broker and architect of the 
offering, is ready to offer the standardised 
contract to operators of other storage assets. 

“The nature of these contracts is much 
more suited to these new technologies that 
are commercialising rapidly and looking to 
go to scale,” says Renewable Energy Hub 
head of markets Chris Halliwell. 

“The key is that they are all based on a 
spot-exposed model, and we know the spot 
price is going crazy because there is so 
much intermittent renewables and negative 
pricing. This is a way to manage a portfolio 
around [renewables] and hedge them. It’s 
much better than being exposed to the 
world’s craziest spot price.”

It would be reckless, he says, for an owner 
of a sizeable portfolio of renewables to rely 
solely on the spot market. Likewise, 
developers must accept that eventually the 
market for power purchase agreements will 
be satisfied. (Halliwell says the Hydro 
Tasmania contract, for 20MW of capacity, 
isn’t part of a PPA – “not at this stage”.) 

OVER THE HEDGE
The market has undergone a permanent 
change in only a handful of years. Whereas 
owners of solar farms a few years ago 
thought exposure to the spot market was 
the obvious lucrative option, these days they 
are trading in a completely different market 
affected by ever-rising levels of utility-scale 
and behind-the-meter rooftop solar. “They 
want to shift from being unhedged to totally 
hedged – and when they do that, they want 
be able to do so with the types of product 
that suit their technology.”

Renewable Energy Hub’s Virtual Storage 
product is part of a suite of standardised 
hedge contracts which includes Super Peak, 
Solar Shape and Inverse Solar. More than a 
gigawatt of transactions have been 
completed since launching last year.

Renewable Energy Hub – part of global 
financial services firm Tradition Group – is 
hoping Hydro Tasmania will leverage 
storage contracts to take its Battery of the 
Nation project to scale. 

“This is a precursor to wanting to build 
that out for further assets.” 

Standardised contracts for energy were 
developed 25 years ago to mimic baseload 
generation, but times have changed. In a 
system where generation relies on daily and 
seasonal weather patterns – all the way 
down to passing cloud cover – contracts are 
needed to match the dynamism of 
renewables. “Different proponents will 
choose them with different motivations.”

Melbourne-based Renewable Energy Hub 
received $845,000 in grant funding from 
the Australian Renewable Energy Agency in 
January last year to develop hedge contracts 
that would allow developers of wind and 
solar projects to better forecast revenues. 

Over the past few years rising levels of 
solar generation have pushed energy prices 
into negative territory around midday in 
some markets. “We’re seeing a significant 
shift away from people wanting merchant 
exposure because of how dramatically that 
risk profile has changed,” Halliwell says. 
“The distribution in half-hourly value across 
the daytime is so dramatic now that people 
want to manage those exposures in a more 
targeted fashion.”

The contract gives Hydro Tasmania the 
benefit of certainty with a prudent hedge to 
volatile pricing but it also means the 
company will miss out on some of the 
opportunities to profit from gyrations in the 
spot market. “Yes, but you need to be able to 
manage the risks,” says Halliwell. “You can’t 
have all your eggs in one basket when you’re 
managing an asset.”

A new option in the energy markets offers developers a prudent hedge against volatile pricing.

Storage swap  
contract steadies  
revenue
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How to share the  
tenets of solar with  
the tenants of SA

SOLAR

Homeowners can rely on solar systems 
to shower them with savings on their 
electricity bills … so long as they live 

under the rooftop where it’s installed. 
Owners of rental properties, however, are 
far less incentivised to invest in the clean 
energy source. Perhaps that’s why 29% of 
owner-occupied dwellings around the 
country have rooftop solar installed, 
compared with just 4% of rented digs. 

“Renters are one part of the market that 
hasn’t been able to enjoy the financial gains 
from installing a solar system,” says 
Australia Institute communications and 
special projects director for South Australia 
Noah Schultz-Byard, who has co-authored a 
discussion paper the institute hopes will 
light a fire under policymakers in Adelaide.

Payback periods for installed solar 
systems (without storage) have been falling 
but renters still rely on landlords to believe 
it’s a good investment. The economics don’t 
make immediate sense to owners when it’s 
the tenants who gain from reduced 
electricity bills.

The Australia Institute report suggests a 

good idea. “That’s just a way to look at how 
much was out there,” Schultz-Byard says. 

South Australia already hosts about 
1.5GW of rooftop PV, making privately-
owned solar the largest generator in the 
state. There is already so much rooftop solar 
in South Australia that there are periods on 
some days where solar will make up 100% of 
supply. Voltage rises in substations in parts 
of the SA Power Networks system are 
causing systems to switch off and 
complaints from solar owners have been 
rising over the past few years.

“There is so much energy going 
backwards through the network it’s actually 
exceeding what used to be going forwards 
– it’s exceeding the thermal ratings of 
equipment,” SA Power Networks general 
manager strategy and transformation Mark 
Vincent told EcoGeneration in October.

Still, the government, SAPN and the 
Australian Energy Market Operator are 
fixed on finding solutions that will allow 
rooftop PV to flourish.

“SA Power Networks is implementing a 
number of initiatives that are aimed at 
doubling the amount of solar that can 
connect to our network by 2025,” Vincent 
said in January, when asked about the 
Australia Institute’s recommendations to 
boost solar onto rental properties.

“We welcome initiatives to provide 
equitable opportunity for all South 
Australians to participate in our renewable 
– and distributed – energy transition. This 
provides the prospect of all South 
Australians having access to abundant, 
reliable, low-cost and low-carbon energy.”

A TRICKY ONE
Owners of investment properties will want 
to know whether a rooftop system adds 
value to a bricks-and-mortar asset. Schultz-
Byard concedes there is scepticism among 
landlords about the potential financial 
dividends that would come from installing 
solar, which is why his study backs an online 
portal similar to one developed by Solar 
Victoria where benefits to owner and tenant 
can be estimated.

“That can then be used to negotiate a fair 
rent increase,” he says, where a bill saving 
would hopefully be greater than interest-
free repayments on a subsidised system.

“It is a tricky one, when it comes to 
figuring out the economic value of having a 
system installed and who gets to benefit – is 
it the landlord or is it the renter. That’s why 
we see such a lesser level of uptake with 
rental properties.” 

scheme where the state government offers 
landlords a rebate and interest-free debt to 
install PV, where some of that cost is 
recouped via a rent increase that would be 
below the expected energy bill savings, so 
the tenant is better off.

It also recommends the state act as a 
“trusted broker” and pay installers’ costs 
and a “finder’s fee” for property managers 
who secure an arrangement between a 
landlord and tenant. Finally, legislation 
would be needed to ensure tenants’ requests 
for reasonable energy efficiency and solar 
are heard, so long as tenants understand 
they’ll bear some cost via rent increases.

There is potential to overcome this “split 
incentive” problem in South Australia, with 
a survey by the institute of 510 respondents 
showing 41% of tenants and 55% of 
landlords would be willing to share the cost 
of installing solar.

The report suggests the amount of empty 
rooftops in the state could accommodate 
17GW of solar (based on a 2019 report for 
the CEFC and Property Council of 
Australia), which isn’t to say that would be a 

A report from the Australia Institute recommends a simple 
way to encourage landlords and their tenants to share the 
benefits of solar in South Australia.
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STORAGE

The world loves reliable power. To 
clean up our air, however, energy 
systems are being converted to 

unreliable renewables. Tomorrow’s grids 
will rely on massive amounts of storage if 
they are to be as dependable as today’s.

In Australia, work has begun on building 
the storage required to ease the way for 
wind and solar plants to come. The 
incumbent energy suppliers – owners of coal 
and gas plants – are part of the action. In 
January, AGL announced it had chosen 
Finland-headquartered Wärtsilä and US-
based Fluence to supply up to 1,000MW of 
grid-scale battery storage.

In a grid where flighty renewables will 
replace predictable coal and gas, large 
batteries can yield revenue for their owners 
by trading the frequency control ancillary 
services (FCAS) markets, which includes six 
contingency markets (6-second, 60-second 
and 5-minute markets to lower or raise 
frequency); and two regulation markets (to 

opportunity in Australia to move to the next 
generation PPA and sell pure renewable 
power, possibly for a premium,” Tang says.

“A lot of the work we’re doing in island 
microgrids becomes very relevant for a place 
like Australia.”

Tang is also watching for arbitrage 
opportunities within the eight FCAS 
markets. “We think there is a way to 
enhance markets but also enhance revenue 
for the asset owner by being able to manage 
supply and demand for each of these 
products,” he says.

Neoen’s 150MW Hornsdale Power 
Reserve in South Australia, powered by 
Tesla technology, has harvested the FCAS 
markets over the past few years to great 
profit but margins are sure to slim as more 
storage assets trade in the same pool.

“The more successful storage is, the more 
flattened those markets will become,” Tang 
says, and trading arbitrage between the 
FCAS markets will further reduce volatility. 

lower or raise frequency). Owners rely on 
software smarts to enable “revenue 
stacking”, where a battery can tap multiple 
revenue sources. Other than transacting in 
the FCAS markets it could mean managing a 
power purchase agreement with a solar plant 
so that a customer is assured of supply 
regardless of the weather. 

“A battery system at rest, neither charging 
nor discharging, doesn’t create value for the 
owner,” says Wärtsilä vice-president of 
energy storage and optimisation Andy Tang. 

“It’s similar to an airplane where, when it 
takes off, any seat that is not occupied by a 
passenger is not monetizable.”

LAND OF OPPORTUNITIES
Wärtsilä is active in Australia, Tang says, 
scoping opportunities for storage at 
microgrids to replace single-wire 
transmission lines and at existing solar and 
wind plants with offtake agreements that 
would benefit from firming. “There is this 

A joint winner of AGL’s 1,000MW battery storage tender is ready to ramp up its presence 
 in Australia, bringing valuable learning from across the globe.

‘Storage is key … and so is 
thermal generation’: Wärtsilä
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Inclusion of storage at a hybrid plant in the Azores 
allowed for a sharp drop in energy costs.
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STORAGE

“That’s exactly what South Australia has 
seen with the Hornsdale system.”

Given the characteristics of our grid, any 
actions that stabilise the system will be 
highly valued as Australia shifts away from 
coal. (Although based is California Tang has 
familiarised himself with the National 
Electricity Market through regular visits to 
Australia over the past four years, before 
covid-19 put an end to all that.) 

“The Australian energy market is really 
exciting,” he says, before listing weaknesses 
in the NEM: reasonably weak grid; some 
inadequate interconnection; localised 
connection issues, especially in Victoria; 
radial design in many parts, without 
alternative routes. “The world is interested 
in the Australian grid because it’s an 
example of the energy transition in action.”

THERMAL ASSETS WILL REMAIN
Storage in whatever form (batteries, 
pumped hydro, hydrogen … one day) is a 
vital component of any energy system with 
medium to high levels of intermittent 
renewables, and Wärtsilä is seeing some fine 
results from projects around the world. 
Tang cites a job in the Azores, about 
1,500km west of Portugal, where the 
addition of storage to a wind-solar-diesel 
hybrid plant saw the levelized cost of energy 
fall from about US26c/kWh to about  
US16c/kWh. Renewables penetration rose to 
60% at the site. 

“We were able to forecast the wind and 
the solar, forecast the load demand and 
optimise when you would be taking energy 
from the solar, when you would be taking it 
from the wind and when engines would be 
turned on and off,” says Tang, speaking to 
EcoGeneration from San Francisco. 

The world is on the path to an energy 
transition where renewables will dominate 
generation. As more dispatchable supply is 
retired, providers of “flexibility services” 
will be called on to “somewhat instantly” 
offer backup when clouds come over or the 
wind drops. Batteries are the obvious tools 
for the task, but there are times they won’t 
be enough. “Sometimes the wind doesn’t 
blow for days on end,” Tang says, “and 
sometimes you will have a storm system that 
may linger.” 

Long-duration battery storage is needed, 
yes, but thermal assets will still provide a 
vital, reliable service. “Do I think we should 
have 24 hours of battery storage,” Tang puts 
it, “or do I think we should be looking at the 
usage of thermal assets … and then migrate 
the fuel over time, so we get to carbon-free 

fuel to power those [thermal] power plants.” 
Hydrogen and biofuels could qualify, or any 
fuel or process that creates heat.

Modelling by Wärtsilä of a theoretical 
100MW city in Germany to reach 100% 
renewables with an over-build of solar and 
over-build of storage resulted in an 
unreasonable cost per kilowatt for 
consumers – “three or four times what 
they’re paying today” – but backing that up 
with a thermal asset expected to run a few 
hundred hours a year reduced the energy 
cost to the equivalent of today.

“Once the politicians get over their 
soundbites and we actually have to deploy 
this stuff and pay for it, that’s when the 
rubber really hits the road on how do we do 
this,” he says.

In the meantime, storage proposals get 
bigger and bigger. 

CHARGE IT
Energy storage was added to Wärtsilä’s 
offering less than four years ago when it 
bought Greensmith Energy, a company 
founded in 2009 with the ambition of 
building a technology-agnostic control layer 
for storage. “We discovered there weren’t any 
hardware programs out there, so we ended 
up becoming an integrator,” he says. “Along 
the way we built what we believe to be one of 
the most robust and state-of-the-art software 
control platforms for energy storage.”

Tang can’t supply much more detail  
about the AGL deal other than saying the 
Australian company’s 1,000MW 
commitment will be divided between 
Wärtsilä and Fluence, with each supplier 
working on distinct systems. More detail will 
be available as AGL and Wärtsilä work on the 
generator performance standards process 
with the Australian Energy Market Operator.

Wärtsilä worked with AGL on its 211MW 
Barker Inlet Power Station in South 
Australia, a flexible gas generator required 
to help integrate renewables into the grid. 

AGL has committed itself to build 
850MW of grid-scale battery storage by 
2023-24, and last year announcing plans 
to build batteries at Loy Yang A power 
station in Victoria (200MW), Liddell 
power station (150MW) and Broken Hill 
(50MW) in NSW and Torrens Island 
(250MW) in South Australia. 

“Our grid-scale battery plans provide 
critical firming capacity to the market and 
will play a leading role in the energy 
industry’s transition over the coming 
decades,” said AGL chief operating officer 
Markus Brokhof. “Grid-scale batteries allow 
AGL to leverage excess solar and wind 
generation to provide capacity when 
renewable sources are not generating.” 
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Containerised batteries hard at  
work in North Carolina.

Andy Tang knows 
storage can 

prove itself in 
the NEM.
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POWER PURCHASE AGREEMENTS

Despite the turbulence created by 
covid-19 – which the International 
Energy Agency declared caused 

“more disruption to the energy sector than 
any other event in recent history” – 
corporate renewable power purchase 
agreements (PPAs) had a record year in 
Australia in 2020. 

More than 1GW of deals with solar and 
wind farms were signed by businesses, 
universities and councils in 2020, a 
remarkable result in the context of a 
pandemic, recession and falling wholesale 
electricity prices.

As retailer investment in solar and wind 
sharply declined after an investment boom 
to meet obligations under the national 
Renewable Energy Target, corporate 
renewable PPAs avoided the boom-bust 
cycle that has been a feature of the 
Australian renewable energy market for the 
past decade. How did this happen, and what 
are the prospects for corporate renewable 
PPAs in 2021?

A RECORD YEAR
Corporate renewable PPAs have quickly 
become a key market segment for large-scale 
renewable energy finance. Under a corporate 
renewable PPA, a corporate or public sector 
buyer agrees to purchase electricity and/or 
green certificates at a fixed price from a solar 
or wind farm, which provides revenue 
certainty to enable project finance.

Since 2017, there have been 88 PPAs 
publicly recorded in Australia (some are 
confidential), directly contracting more 
than 3.4GW in power and supporting the 
construction of more than 8.9GW of wind 
and solar generation.

Most PPAs are “partial”, meaning they 
contract for some of the project output, and 
developers are able to secure finance for a 
larger project on the basis of the revenue 

reducing the short-term financial incentive. 
There are a number of factors behind the 

striking performance of corporate 
renewable PPAs. 

Firstly, a survey by the Business 
Renewables Centre Australia (BRC-A) of 
PPA buyers, renewable energy developers 
and consultants found covid-19 had a 
relatively modest impact on PPA demand; 
only around one-quarter of developers and 
just under one-third of consultants and 
advisers observed a negative impact on 
buyer demand.

Secondly, corporate renewable PPAs 
generally take 12 months (or longer) to 
negotiate, so many of these agreements 
were underway before covid-19 hit. But it is 

still testimony to the resilience of the PPA 
market that deals were able to be executed 
amidst the turbulence. 

Thirdly, the ongoing growth is 
underpinned by buyers with sustainability 
targets or policy goals and/or those that are 
taking a longer-term perspective on the 
value of the PPA as a hedge against volatile 
electricity prices.

THE PROSPECTS FOR 2021
There are a number of considerations to 
keep in mind when thinking about 
prospects for 2021. There may be a hangover 
from 2020, with less deals being initiated 
notwithstanding the lower impacts than 
expected from covid-19. Wholesale 
electricity prices are also expected to be 
relatively stable during 2021.

certainty from the PPA. The volume of 
capacity for projects supported reflects the 
total size of projects with a corporate PPA, 
which is larger than the capacity that is 
directly contracted. 

There were 26 corporate renewable PPAs 
announced in 2020, directly contracting 
1.3GW of renewable energy and supporting 
more than 4.5GW of generation. 

More than $2 billion was invested in 
renewable energy, led by household-name 
businesses (such as Aldi, Amazon, Coles), 
large energy users (Transurban, Newcrest 
mining) and a range of mid-sized public 
sector buyers (including Macquarie 
University, City of Adelaide and the CSIRO).   

Together with publicly-owned retailers 

(CleanCo, Stanwell and CS Energy in 
Queensland, and Snowy Hydro in NSW), 
corporate renewable PPAs prevented a 
collapse in renewable energy investment as 
retailers withdrew from the market.

Corporate PPAs have constituted more 
than 40% of market volumes in most recent 
quarters. As private retailers and merchant 
investment has receded, corporate PPAs 
and the public sector have stepped in to 
keep investment flowing into solar and 
wind farms.

This is an unexpected result. In the 
context of a recession and a pandemic, it 
would be expected that resources would be 
diverted to business survival. Wholesale 
electricity prices also tumbled dramatically 
from $80-$100/MWh to about $35-$45/
MWh across state markets in 2020, 

After a record year for corporate renewable PPAs in Australia,  
Chris Briggs and Finnian Murphy assess the prospects for 2021.

Corporate PPAs rocket ahead 
… but what comes next?

As private retailers and merchant investment has 
receded, corporate PPAs and the public sector 
have stepped in to support solar and wind farms.
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POWER PURCHASE AGREEMENTS

However, there are good reasons to 
expect solid ongoing PPA demand: 
There is an ongoing pipeline of demand: 
The BRC-A industry survey in mid-2020 
found 400-600MW of electricity load 
among buyers actively pursuing a PPA and  
a further 100-150MW among those 
investigating PPAs from respondents. The 
survey does not cover the market and would 
underestimate total demand.
Renewable energy and/or carbon  
targets are increasing: The PPA market 
had the feel of a gold rush in the earlier peak 
of 2018 as high electricity prices were the 
catalyst for new entrants. There may be 
fewer of these buyers looking for short-term 
price relief but there is an increasing number 
of companies signing up to RE100 and public 
sector buyers with 100% renewable energy or 
net-zero carbon targets.
The PPA market has evolved: A dual 
market has emerged with large buyers 
preferring wholesale PPAs directly with 
solar and wind farms (which can achieve 
lower prices) and mid-sized buyers 
preferring retail PPAs where a retailer 
intermediates between the buyer and 
project and integrates the PPA with its retail 
supply agreement.

The retail PPA market has continued to 
develop with a range of offerings for buyers 
with different goals and risk appetites, 
including: LGC-only deals that sit alongside 
standard retail contracts, fixed-price PPAs 
(where the retailer manages risk for times 
when generation and load are not matched) 
and PPAs with full or partial wholesale spot 
exposure for unmatched load.

Retail PPAs were the most common deal 
type last year but more than half of capacity 
contracted by corporate PPAs was through 
wholesale PPAs. Retail PPAs can vary 
considerably and energy managers should 
get independent advice and carry out proper 
due diligence. 
Government programs are likely to 
increase demand: Governments are 
facilitating corporate renewable PPAs in a 
variety of ways, as an intermediating 
retailer on-selling PPAs to corporate buyers 
(Queensland), an aggregator of buyers (such 
as the Melbourne Renewable Energy Project 
Two) or an “anchor buyer” enabling 
industry to join a PPA that will be 
negotiated for their own load (Victoria).

By coordinating investment in transmission 
and generation capacity the renewable energy 
zones (REZ) programs of NSW, Queensland 
and Victoria are also designed to unlock 
investment in large-scale renewable energy.

There are a range of questions to be 
answered about how the REZs will work 
and their impacts on corporate renewable 
PPAs. For example, will the large retailers 
return to the market and, if so, could they 
crowd out corporate renewable PPAs?

However, facilitating PPAs between local 
industry and solar and wind farms has been 
identified by governments as a priority to 
support economic development, benefit-
sharing within the REZs and the fleshing 
out of a social licence for the development 
occurring within regional areas. 

The scale of investment targeted within 
the REZs is likely to create space for a range 
of finance mechanisms which, along with 
ongoing buyer demand, is likely to create a 
role for corporate renewable PPAs.

Whether corporate renewable PPAs can 
back-up a record year is open to question, 
but after riding out 2020 in style they 
appear to be established as an important 
market segment. 

Dr Chris Briggs is technical director at the 
Business Renewables Centre Australia and 
research principal at the Institute for 
Sustainable Futures. Finnian Murphy is 
project officer at the Business Renewables 
Centre Australia and project officer at 
Climate-KIC Australia.

BRC-A is an independent, not-for-profit 
initiative funded by the Australian Renewable 
Energy Agency and the NSW, Victorian and 
Queensland governments to support the 
corporate renewable PPA market.

PPA MARKET SEGMENTS 2019-20

TOTAL AUSTRALIAN PPA CONTRACT VOLUMES
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DEMAND RESPONSE

Demand response could be a key 
source of flexibility in the grid as the 
uptake of clean but variable energy 

continues to grow in the National 
Electricity Market (NEM). 

The concept of energy users responding to 
market signals is not new. Large energy 
users in particular have been providing 
demand response since the commencement 
of the NEM.

However, the characteristics of this 
response have been notoriously opaque. 
This is because demand response has 
traditionally been implemented via 
confidential bilateral contracts between 
energy users and electricity retailers and 
network providers, rather than an open 
market mechanism.

As part of the post-2025 market design 
program the Energy Security Board, 
Australian Energy Market Commission 
(AEMC) and Australian Energy Market 
Operator (AEMO) are investigating 
potential design options for a two-sided 
market that could allow demand response to 
be harnessed more efficiently as we continue 
the transition to clean energy. 

Energy Synapse recently completed a 

flexibility include industrial process 
interruptions, embedded generation, air-
conditioning, hot water, battery storage, 
pool pumps, electric vehicles and more. 

Market reform efforts would benefit from 
taking a broad view of demand flexibility in 
order to better harness the full potential of 
demand-side participation.

Our analysis of demand response 
programs also found that retailers and 
aggregators strongly believed in offering 
customers choice over what resources are 
controlled and the ability to manually 
override an intended response if needed.

The voluntary nature of how demand 
response works in practice needs to be 
emphasised as there can be a 
misconception that demand response is 
“forced” on energy users. 

LOWER ENERGY PRICES FOR ALL
Energy users that provide demand response 
typically receive a financial reward for 
doing so. But the benefits of demand 
response extend much further than this.  

Energy Synapse analysed the generator 
bidding behaviour in each region of the 
NEM to gauge the sensitivity of prices under 

landmark report for the AEMC which shed 
light on the availability and key 
characteristics of demand response across 
residential, commercial and industrial 
sectors. This article summarises some of our 
findings. (The full report is available for 
download on the Energy Synapse website.)

A BROAD APPROACH
Energy Synapse conducted an extensive 
industry consultation to uncover how 
demand response is being implemented in 
practice. We also examined the data in 
AEMO’s Demand Side Participation 
Information (DSPI) portal.

The portal data shows there is a huge 
amount of potential response (4.3GW) 
already in the NEM. This is equivalent to 
the peak power of more than two Liddell 
coal-fired power stations. Note that this is 
an estimate of the theoretical demand 
flexibility that exists in the NEM; it does not 
necessarily reflect how much demand 
response has been physically activated.

Our industry consultation found that 
retailers and aggregators are utilising a 
wide variety of demand-side resources in 
their demand-side portfolios. The sources of 

There is vast potential for many energy users and all  
consumers to benefit as demand response is understood  
and better utilised, writes Marija Petkovic.

Gigawatts waiting  
in the wings
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<100/MWh $100-200/MWh $200-300/MWh $300-500/MWh

$500-1,000/MWh $5,000-10,000/MWh >$10,000/MWh

DEMAND RESPONSE

different conditions. This sheds light on the 
potential price suppression role of demand-
side participation in the NEM. 

Generator bid stacks tend to follow a 
“hockey stick” shape, where high volumes 
are generally offered at low prices (less than 
$100/MWh). However, there is little volume 
that is offered at mid-level prices, before 
breaching the $10,000/MWh bid band. 

The steeper the bid stack, the greater the 
opportunity for demand response to put 
downward pressure on prices, because a 
relatively small volume can have a large 
price impact. 

Over the past three financial years NSW 
has had the steepest bid stack out of any 
region in the NEM. When the dispatch price 
was between $200/MWh and the market 
cap in NSW, a median volume of 0MW was 
offered at bid prices between $500 and 
$10,000/MWh (see chart).

Marija Petkovic 
is the managing 
director of 
Energy Synapse.
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Analysis of both the DSPI data and the 
results of our industry consultation indicate 
a willingness to trigger demand response in 
the $300-$1,500/MWh range. This suggests 
that demand response could provide 
valuable competition to the market in times 
of scarcity. 

This has potential to put downward 
pressure on prices for all consumers, if the 
market were to clear at a lower price as a 
result of demand response bids.

BARRIERS REMAIN
Despite regulatory progress there are still 
barriers to unlocking the full potential of 
demand response. 

Energy Synapse asked retailers and 
aggregators what they supposed were the 
major obstacles in deploying demand 
response across residential, commercial and 
industrial sectors. They told us the biggest 
barriers across all sectors related to building 
a bankable investment case. 

The financial payment not being 
attractive enough – combined with low 
revenue certainty, technology costs and a 
low understanding of demand response – 
made the investment decision more 
challenging for energy users.

Some aggregators suggested that a rebate 
for installing hardware/control equipment 
would make the investment decision easier 
for customers to understand. Other 
respondents indicated that capacity-style 
payments could help firm up investment 
cases by overcoming the uncertainty of 
payments in the spot market. 

Interestingly, ahead notice/markets were 
not seen as something that would help the 
business case materially.

Another recurring theme was the 
challenge of getting energy users interested 
in demand response. This suggests that 
further adoption of demand response will 
require greater consumer education on what 
demand response is and how energy users 
can benefit. This barrier also reflects the 
views of some energy users (particularly 
those from the industrial sector) who prefer 
not to be interruptible because energy 
trading is not their core business. 

It is also important to note that 
“aggregators not being able to provide 
demand response directly to the wholesale 
market” ranked highly among concerns for 
the residential sector. 

This will be an ongoing barrier for the 
residential sector, as it is excluded from the 
wholesale demand response mechanism 
coming into effect this year.  

DEMAND RESPONSE

BIGGEST BARRIERS TO RESIDENTIAL DEMAND RESPONSE

BIGGEST BARRIERS TO COMMERCIAL DEMAND RESPONSE

BIGGEST BARRIERS TO INDUSTRIAL DEMAND RESPONSE

Financial payment not attractive enough/ 
lack of market opportunity

Engaging with customers and getting them 
interested in demand response

Aggregators not being able to provide demand 
response directly to the wholesale energy market

Technology costs

Other

Time/effort of managing  
residential demand response program

Not being certain of the spot price you will receive

Issues with notice periods  
(such as, requiring longer notice periods than are 

practical under current rules)

Financial payment not attractive enough/lack of 
market opportunity

Technology costs

Engaging with customers and getting them 
interested in demand response

Issues with notice periods (such as, requiring 
longer notice periods)

Not being certain of the spot price you will receive

Aggregators not being able to provide demand 
response directly to the wholesale energy market

Time/effort of managing residential  
demand response program

Other

Financial payment not attractive enough/lack of 
market opportunity

Technology costs

Not being certain of the spot price  
you will receive

Getting industrial energy users interested  
in demand response

Issues with notice periods (such as, requiring 
longer notice periods)

Other

Aggregators not being able to provide demand 
response directly to the wholesale energy market

Time/effort of managing residential demand 
response program

Average ranking by respondents (1 = biggest barrier)

Average ranking by respondents (1 = biggest barrier)

Average ranking by respondents (1 = biggest barrier)

1  2  3 4    5 6 7

1  2  3 4    5 6 7

1  2  3 4    5 6 7

Extracted from the Energy Synapse report Demand Response in the National Electricity Market.
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•  Lithium Iron Phosphate
•  5.12kWH up to 35.84kWh  
 with 47U cabinet
•  7.68kWH up to 46.08kWh  
 with 42U cabinet

LITHIUM SYSTEMS FOR OFF GRID SOLAR ULTRA LONG LIFE LEAD CARBON BATTERIES
•  Off Grid Solar/Cyclic use
•  6,000 cycles to 70% DOD  
 at 25 DegC
•  20 years design life  
 at 25 DegC

Battery-energy storage solutions

MADE IN THE EU MADE IN JAPAN
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VIRTUAL POWER PLANTS

“We’re a bunch of climate activists 
who want to make a change 
today and this is our vehicle to 

do that.” Nuno Carneiro is describing Plico, 
an energy offering he believes will simplify 
the experience of owning solar and storage 
down to the equivalent of paying a weekly 
bill. Having come from a career advising on 
mining, oil and gas projects, he’s happy to be 
helping the grid transition to renewables.

The offer is simple. For a subscription of 
$36.50 a week for 10 years, customers are 
offered “solar as a service”, which comes in 
the form of a 6.6kW system with Trina 
panels, a RedBack inverter and 7.2kW of 
Pylontech storage, all installed, maintained 
and covered with a 10-year warranty. 

It’s a two-way deal, however, with 
customers signing over rights for Plico to 
run their new rooftop systems as part of a 
virtual power plant. 

Upon signing up, Plico customers 
become members of a co-operative which 
rents solar and storage systems from a 
special purpose vehicle within Starling 
Energy Group, the owner of the equipment 
and parent of Plico. After 10 years, the 
company’s financier will exit and the co-op 
will become owner of the infrastructure.

happy to break even so long as they are 
replacing dirty generation with clean. 

“Most of our members care about the 
environment and they are willing to 
switch,” he says. 

Over 10 years the subscription payments 
work out to $18,980 without inflation (or 
nearly $17,000 today, applying a discount 
rate of 2.5%). You can probably find a 
cheaper system, he says, but “I would 
question the quality”. Plico had 260 
contracted members at the start of January, 
with 210 systems installed.

VIRTUAL SUPPORT
The offer relies on no government subsidies, 
“and in a way, philosophically, we are very 
keen to keep it that way,” he says. A solution 
that stands on its own merits has a better 
chance of rapid, sustained adoption than 
one which relies on lobby groups and 
handouts. “It’s not that we don’t want 
subsidies; more important than subsidies, 
we want a level playing field,” Carneiro says. 
“We want to tap into those VPP services we 
know we can provide to the network, and 
we want to capture our fair share of that.”

Subsidies play an important role but 
they can distort markets. In Carneiro’s 

Over time, this means that for every 
dollar earned from the VPP’s trading in the 
network, 75 cents will be returned to 
members of the co-op – and the $36.50 
weekly subscription fee will come down.

“The more we can help the grid stabilise, 
the more money we are paid, the more we 
revenue-share back into the energy co-op,” 
says Carneiro, Plico’s CEO. “If it comes 
down to the point where we are saving 
people 20, 30, 40% on their bill, it becomes  
a no-brainer.”

A VEE PEE WHAT?
The concept of expected savings from an 
efficient network makes sense to people 
working in the energy sector but it is hard to 
explain to those who only want their lights 
to work. That Starling will be earning 
money from their rooftop systems by 
trading in the frequency response markets 
and wholesale market will be well over their 
heads. Will they even care? Probably not, 
Carneiro admits.

The $36.50 weekly fee would already 
appeal to energy-hungry households, who 
he says might expect bill savings between 10 
and 15%. But he expects Plico’s offer will 
appeal to plenty of consumers who are 

An energy subscription service is offering Perth residents access to long-term bonus  
savings, so long as its virtual power plant can tap into enough battery assets.

Solar-and-storage service 
comes with VPP leverage
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mind subsidies tend to favour larger 
players, denying oxygen to small entrants 
with revolutionary ideas. “We prefer a 
market that is open and transparent and 
fair,” he says. “I don’t think that is 
controversial. If we could have that, then 
let the innovation win; let the business 
model and technology win.”

Solar is being incentivised regardless of 
the fact it is saturating parts of some 
networks around midday and causing 
problems. Carneiro also admits the Plico 
offering would not work without the CER’s 
Small-scale Technology Certificate credits.

It will take about a thousand well-situated 
households to sign up before the revenue 
earned by the VPP will have an effect on 
bills, on Carneiro’s estimate. Plico’s 
ambitions for its VPP coincide with local 
network Western Power’s rollout of 
community batteries in the southwest of the 
state, where it has connected nine assets 
and is planning 50MW more. Carneiro is 
keen to see the numbers from Western 
Power’s pilot programs to know whether the 
network can provide network services more 
economically than Plico’s orchestrated 
behind-the-meter solution. 

ARE YOU BETTER OFF?
As VPPs spring up around the country 
researchers are testing consumers’ attitude 
to relinquishing control of their pricey 
storage assets. Many homeowners are 
reticent. How can they be sure they’re 
getting a good deal when it’s hard to 
understand the markets an aggregator is 
trading in? With Plico’s model, members 
have no experience of owning storage. The 
agreement they sign allows Plico 
undisturbed access to their PV-and-battery 
systems, with a “better off” clause that 
states any action by Plico must include some 
economic benefit to the customer. 

“Look, it’s not that difficult,” Carneiro 
says. “The household is being paid 7c to 
export excess solar; if the grid believes that 
not producing that kilowatt of solar is worth 
9 or 10c, we’re happy to take that payment 
and turn the inverter off on behalf of the 
household. Where we really add a lot of 
value is when we can do this for a thousand 
homes, or 5,000 homes or 10,000 homes and 
have an immediate impact on the grid. You’ll 
never do that one household at a time.”

Ninety percent of actions will be 
unnoticed by the members, he estimates, as 
the VPP provides services to the grid; 
batteries are likely to be discharged once or 
twice a year to help the grid on peak 

demand days. “We would only do it if it 
doesn’t leave the household worse off.”

THE TRADER MYTH
There is power in numbers, and VPPs must 
sign up meaningful capacity to achieve their 
ambitions as valuable providers of grid 
services. Some architects of connected 
systems have trialled or are promising peer-
to-peer trading between members, or the 
ability to send solar or stored energy from 
Arthur to Martha. Carneiro isn’t a believer. 
First, energy is boring and most people don’t 
want to sit on their couch trading the stuff. 
“All the trials have shown people trade for 
the first couple of days and then don’t pay 
attention anymore,” he says. 

The greatest potential for renewable 
energy sources is that there is zero marginal 
cost; once the generation equipment is 
connected, the fuel is free. For that reason, 
Carneiro is adamant that the future price 
for energy will only reflect the cost of 
getting it from one place to another. 

“Once you start thinking about electric 
vehicles and the impact EVs can have on the 
network, it’s not that hard to think of a 
household that is able to self-generate its 
own power and rely 100% on renewables 
without paying anything on the margin for 

energy trading or different tariffs,” he says.
“At Starling, we don’t waste a single 

minute thinking about [the potential for 
peer-to-peer energy trading]. Our vision of 
the future is that you just get energy, with 
one fixed cost.”

ON APPROACH
The word plico – pronounced plee-koh – 
allegedly has something to do with 
“connecting people”, but the nearest 
Carneiro’s research on etymology gets is a 
Greek word for preparing a ship’s sails for 
approach to port. If that’s the case, it makes 
sense to him. “That’s an apt description of 
what we are trying to do – we are ushering 
in a disruption in the energy market.”

Plico’s offering is exclusive to Western 
Australia, “at the moment,” he says. The 
state suits Plico’s service because parts of 
the grid are labouring under very high 
penetration of solar, where as many as one-
in-three rooftops might host PV. “The grid 
is old and suffering from it,” he says. 

The company announced in January it 
had raised $4 million, most of which is 
allocated to marketing as it extends its offer 
beyond regional trials. “We are WA’s best-
kept secret,” he says, hinting at partnerships 
on the horizon that will boost awareness. 

‘The more we can help the grid stabilise, the more 
money we are paid, the more we revenue-share 
back into the energy co-op.’

Nuno Carneiro says it’s possible to provide a service 
that can benefit the grid and customers at once.
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For solar to really flex its muscle, the 
grid needs batteries. Chemical energy 
storage technology such as lithium-ion 

solutions can be wildly dynamic, capable of 
whip-second transactions in spot and 
frequency markets that allow revenue to 
flow to owners … for now. 

As more storage is added to the grid, 
however, it is likely that investors will be 
forecasting returns aligned with the value 
in self-consumption rather than the 
provision of grid services.

For owners of commercial- and 
industrial-scale rooftop PV systems a 
battery may rate as an extravagance. With 
payback periods about equivalent to 
warranty terms, why do it? (There are, of 
course, many C&I battery solutions that 
have delivered terrific value for clients.)

If only it were possible to order a battery 
that didn’t promise top-shelf performance 

TES quotes data which shows about six 
million batteries from vehicles a year can be 
used to make storage assets suitable for 
commercial applications, with a 40-foot 
container capable of hosting up to 3MWh.

Clean Energy Council data for medium-
scale PV systems between 100kW and 5MW 
shows businesses, governments and schools 
added more than 162MW of capacity in 2019. 
As the commercial PV sector keeps growing, 
storage will become more sought-after as a 
way to justify adding more capacity to 
existing solar systems and to increase 
self-consumption.

For its second-life energy storage systems 
TES is targeting businesses where a battery 
would be an attractive proposition if only 
one could be found for perhaps 20-30% 
lower cost than new kit from the market-
leading brands.

Some C&I solar companies have delivered 

and could be bought for a hefty discount. 
Maybe one assembled with cells from 
electric vehicle batteries?

In Singapore, global technology lifecycle 
company TES has built a 1MW 
containerised storage solution using second-
life EV batteries to test the viability of 
catching the value in an ageing electric fleet.

“Second-life ESS [energy storage system] 
applications are well-suited for projects 
such as deferring transmission and 
distribution investments, providing reserve 
energy capacity to maintain a utility’s power 
reliability and taking advantage of arbitrage 
opportunities,” says TES battery energy 
storage systems lead Joe Johar. “Another 
suitable application is back-up power.”

LIFE LEFT IN IT
When they are retired, EV batteries still 
have about 80% depth of discharge capacity. 

Retired EV batteries packaged into C&I-scale storage solutions may appeal to owners 
of medium-sized PV systems who feel storage is beyond their budgets.

Re-charged … EV batteries’ 
second life as C&I storage 
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large battery solutions for clients but it is 
still uncommon for storage to be included in 
projects. Batteries assembled from second-
life cells retrieved from electric buses and 
commercial vehicles could change all that, 
Johar says.

“Some industries have phenomenal 
loads,” he says. “There is a great opportunity 
in the commercial sector.”

PREMIUM OPTION 
With ample materials sourced from a 
growing fleet of EVs, Johar predicts it will 
be no trouble to manage a range of capacity 
sizes, complete with modules that have been 
tested to UL1974 accreditation at TES’s 
Singapore facility. 

Solutions can be custom delivered in 
containers complete with a power 
conversion system, battery management 
system and fire extinguishers. The warranty 
will cover a defined number of cycles.

“Ideally we want to make this like plug-
and-play cabinets,” says Johar, speaking to 
EcoGeneration at the company’s Sydney 
headquarters in Villawood, where it is 
working on building a demonstration 
battery similar to but smaller than the one 
in Singapore.

“People might say, hang on, second-life 
also means less run time. Sure, but it opens 
up the discussion to say you can still take 
advantage of the system for four years.”

TES is also working with EPC companies 
that may have installed PV systems in areas 
where there is no feed-in tariff and an 

energy storage system would provide 
applications such as load shifting. TES’s 
1MW Singapore battery is connected to 
350kW of solar.

Installers may hold back from selling 
batteries because the value proposition is 
not clear, Johar says, but a second-life 
solution makes the economic argument “a 
whole lot more compelling”. 

About 10 years ago buyers of residential 
solar systems could expect their investment 
to pay for itself after about eight to 10 years. 
Today, it’s more like three to four years. 
Johar says home batteries will see the same 
steep cost falls. 

“The same thing will happen on the 
battery side and we are trying to get in a bit 
earlier on the curve, not on utility scale but 
ideally we are looking at repurposing 
second-life batteries for the commercial 
sector,” he says, hinting that utility scale is 
not out of the question in the long term.

A payback for a new battery may be eight 
to 10 years, say, but a second-life unit could 
pay for itself in less than four years, he says.

LAUNCH PAD
There is a lot of talk about second-life 
batteries, Johar says, but so far in Australia 
no-one is putting words into action. 
“Considering we have this huge adoption of 
rooftop solar this is a strategic market for 
us, so we want to prove our value here so 
Australia can become a launch pad for other 
markets,” he says.

Raw materials can come from anywhere, 
typically busses or commercial vehicles, 
and a battery made up of cells from 
multiple sources will require a battery 
management system that can make them 
all work together.

TES’s main line of business is electronics 

recycling, where it either wipes all the data 
from gadgets before sending them out into 
the world again or pulls them apart to 
recover useful parts and valuable materials, 
like gold, platinum and silver. “We started 
embracing the circular economy concept in 
extending the life of a product,” says Johar. 

In 2007 the company entered a joint 
venture with French firm Recupyl to recycle 
batteries and retrieve lithium, cobalt and 
nickel, and in 2018 it started recycling IT 
batteries. About that time it started talking 
with EV makers about what to do with their 
batteries. “From there it evolved to trying to 
introduce second-life solutions for EV 
batteries,” he says. Full recovery happens at 
the plant in Singapore.

When repurposed correctly, EV batteries 
can be used in non-critical applications such 
as back-up power, load shifting, peak 
shaving, grid stability and spinning reserve, 
Johar says. 

For the future, the company is looking 
into a third-party technology that will be 
able to trace a battery, to see along its supply 
chain to ensure it hasn’t been damaged in a 
wreck or suffered faults. 

Every module set aside for re-use will be 
put through a testing regime, including a 
full charge and discharge to measure 
performance.

A Singapore testing facility due for 
completion in the middle of the year is being 
built to satisfy UL standard 1974. 

An attractive feature about the second-
use solution is the battery will be taken back 
at the end of its life by TES through its 
global network. Transporting storage assets 
is no trivial matter, with strict international 
conventions that cover the transportation of 
hazardous materials – which includes 
batteries – across and within borders. 

The 1MW battery installed at  
the company’s Singapore facility.
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Batteries from commercial electric vehicles will be 
headed here to begin a second life, TES hopes.
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kind – and then we go to councils in 
townships to get that kit installed.”

Kinderis, who created some independent 
wealth for himself over the past decade in 
IT deals, is paying for some of the project 
from his own funds.

“We have no monetisation model; it’s 
sounds like bullshit rhetoric, I know. But it 
isn’t. This isn’t philanthropic. Ultimately I’ll 
own the network, but at the moment it is 
free to use,” he says. “We just want people to 
engage and spend time in the township.”

In the racy world of EV charging the 
Linga model is hardly in pole position. The 
22kW dual-port three-phase AC chargers 
deployed by Linga so far in Rainbow and 
Nhill, western Victoria, will take a 
minimum of an hour to get an extra 10-15% 
charge into a battery.

“We understand there are limitations to 
AC but AC is a stepping-stone solution,” he 
says. “DC is where it’s at but unfortunately 
DC infrastructure to purchase and install is 
very, very expensive.”

The ambition is to build a destination 
top-up charging network, with stations no 
farther than 100km distant from one 
another, with a target of 53 installed in 
Victoria by the middle of the year. 

“We want to put as many dots on the map 
as we can,” he says, with the expectation 
that Linga’s carmaker partners will show 
the network to prospective EV buyers as a 
way to allay fears of range anxiety. 

STAY A WHILE
It’s a hub-and-spoke approach, he says, 
where metropolitan DC fast-charge 
networks built by other companies will 
service the masses who will then call on 
Linga’s chargers when they venture out on 
Victoria’s tourist trails. “People are then 
encouraged to interact with the township 

We all know electric vehicles will 
replace noisy, fuming, troublesome, 
over-engineered petrol-powered 

motorships soon enough, but will Australia’s 
roads be dotted with sufficient charging 
gear to keep us from running out of juice? 
It’s a big country, after all.

Rather than leave it too late, a local 
company is working on delivering a network 
of charging stations in towns around 
Victoria in the first stage of a rollout that 
aims to relieve the tremors of range anxiety. 
If city drivers know they can charge far 
from home, they’ll happily take to the roads 
and tour the state.

“I’m a bit of a car enthusiast and I’ve been 
watching the EV space with some interest 
and noticed the charging infrastructure was 
going very much the way of the internet and 
before that mobile phone companies, where 
it goes to the most populous places first and 
foremost and regional Australia gets left 
behind,” says Linga founder Adrian 
Kinderis, raised in Wodonga and a 
sometime resident of Whorouly.

Having observed that EV charging 
infrastructure is being built “solely” on 
government funds, Kinderis decided to 
pitch a model where drivers charge for free.

“There is no return on investment,” he 
says. “The boxes are very expensive, the 
electricity is very cheap.”

The objective is to build a “cooperative 
network”, where carmakers, electricity 
companies and local councils take a 
collaborative approach to supply something 
they know will be needed tomorrow even 
though demand is lacking today.

“There are two entities that stand to 
benefit the most from EVs rolling out: the 
car manufacturers and the electricity 
companies,” says Kinderis, pictured. “We 
work with them to get the kit – in cash or in 

A rollout of chargers available free-of-charge in weeny 
towns around Victoria will nudge the uptake of electric 
vehicles, a new venture hopes.

Free EV top-ups  
to boost touring
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that they’re in,” he says. “It’s the reason 
we’re working with councils and not with 
private enterprise. It’s about trying to get 
people to head out to these regional centres 
to provide some economic stimulus via the 
tourism our network will support.”

COME AS YOU ARE
Linga hasn’t sought government funds but 
Kinderis (who doesn’t own an EV … yet) says 
if and when that happens it will be via the 
councils, to help subsidise installations. In 
the meantime, the electricity drivers draw 
into their batteries will be supplied free by 
councils – from the grid. 

“We take whatever they’ve got,” he says of 
the electricity supplied, pointing out that 
Linga is on the lookout for green energy 
partners in the long term. “Where it is an 
opportunity we would like to see green 
energy used.” 

If all goes to plan the bright green 
chargers will become as expected across 
country towns as toilet blocks or park 
benches. Councils that offer motorists the 
carrot of free electricity in return for some 
hoped-for discretional spending would 
only complicate matters by charging a few 
bucks, he says. Drivers will know a half-
hour tank-filling fast-charge in the city 
only costs about $20, so the expectation of 
paying for an AC top-up might sound like 
“penny pinching”.

Data collected via the Schneider smart 
boxes will allow for optimal augmentation 
of the network as it matures. 

Linga’s carmaker partners so far include 
Jaguar, Land Rover, VW, Skoda and BMW. 
“The motor industry is very insular, but 
we’re trying to get them to work together. 
This notion of charge anxiety can go away 
very quickly with a small investment from 
all of them.” 
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‘AC is a stepping-stone 
solution. DC is where 
it’s at but unfortunately 
DC infrastructure to 
purchase and install is 
very, very expensive.’

Adrian Kinderis, Linga
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Adrian Kinderis wants there to be no excuse for EV 
drivers to bypass Australia’s cute little towns.
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Depending who you ask, solar is our 
salvation or on the verge of inflicting 
terrible damage on our energy 

system. The problem is that it generates in 
an inverted U shape, peaking at midday. 
Homeowners who have installed PV 
systems to cut their bills may not appreciate 
that often they are way too large for their 
daytime needs. All that surplus energy is 
simply sent to the grid. It then becomes a 
problem for networks to deal with.

It’s too late to change things because 
more than 2.5 million systems have been 
installed around the country – with more 
being rigged up every day.

“If you want your government to lose the 
next election, just take away rooftop solar,” 
says Paul McCormick, emeritus professor in 
the mechanical engineering faculty at the 
University of Western Australia.

“There is so much solar on the roofs that 
it out-produces the conventional generation 
[in parts of the country]. The problem is 
[solar] goes to zero very quickly at 4 o’clock. 
You cannot start up a coal-fired power 
station that quickly.”

A solution to levelling out residential load, 
McCormick says, is to rollout batteries.

McCormick has modelled the effect of 
mass adoption of residential batteries in 
Western Australia and found an opportunity 
exists to effectively make the state’s 
360,000-odd solar households disappear. 
Currently, they export about 1.1GW at noon, 
he says, but the addition of a 20kW battery 
would have the effect of making the cohort 
of PV owners totally self-sufficient.

LEVEL OUT LOAD
By adding a 10kWh battery to every home 
PV system in his state, McCormick’s 
modelling shows exports would be reduced 
by more than 60%, from 17.5kWh to 7.5kWh. 
Self-consumption levels would rise from 

“I think that would be a great idea … and 
they could make it economically viable so 
no-one could complain.”

OUT OF PHASE
McCormick’s modelling shows only 38% of 
available solar from a 4kW system is used in 
the home on a clear day, when rooftop solar 
is the single largest generator in Western 
Australia. “Household energy supply and 
demand are out of phase,” he says. “That’s 
the real problem with renewables now.”

In the days before solar the power 
companies had a very regular load – the 
industry load – so they could predict 
demand. Today, the load probably hasn’t 
changed that much but the supply of energy 
has changed drastically. “You could say the 
big mistake was to allow people to put 
rooftop solar on in the first place,” 
McCormick tells EcoGeneration.

Many reports on the use of residential 
batteries and their effect on networks points 
out that they often are fully charged before 
noon, so that peak exports are no lower in 
areas where solar systems include storage. But 
there is a simple solution, says McCormick: 
owners can limit the current going into a 
battery. “Instead of allowing the battery to be 
charged as rapidly as the size of the array, you 
can simply put a throttle on it,” he says, “so it’s 
still charging when you need it to be charged, 
towards the end of the afternoon.”

By lowering the current into the battery it 
would not take the full power in the 
morning. “It shifts excess current you might 
be generating in the morning to the grid, 
and the grid doesn’t have much problem in 
the morning taking that, because the 
radiation levels are lower.”

The battery will then be charging away at 
3 or 4 o’clock, which will help lessen the 
afternoon ramp.

Further modelling will look at the 

38% to 82%. On clear days in the state, 
rooftop solar supplies about 1,100MW 
power at midday – equal to about 45% of 
peak demand. With 10kWh of storage in 
each solar household, exports would fall 
from 57.2GWh to 7.5GWh, an 87% decrease.

That energy would be used after 3pm, 
during the evening peak. The daily ramp up 
needed to meet afternoon load would be 
reduced from about 1,050MW to 460MW,  
a 56% reduction.

A 20kW battery sounds extreme, when 
10kW is about standard for the minority of 
new systems that include a battery, but it 
illustrates the potential for storage as prices 
fall. Plenty of people will tell you a battery 
isn’t worth it, with payback periods about 
equal to 10-year warranties, but McCormick 
sees it differently. “The economics depend 
on how much you have to pay for your 
energy and how much the government is 
willing to pay you for your energy. In 
Western Australia now it’s quite good. That 
economics argument is falling away.”

Besides, if networks are buying batteries 
themselves, isn’t that a good indication that 
the investment makes sense? McCormick 
says there is very little price difference 
between big and small batteries. With 
residential batteries, however, there is no 
need for additional network infrastructure 
and maintenance.

OK, let’s say batteries are installed at such 
a scale that daytime demand – the belly of the 
duck – rises back to a pre-solar level. What 
would be the effect on tariffs? “I would think 
the tariffs would go in favour of all that 
because it just released the grid of a lot of 
work and energy and it would slow down the 
depreciation of the assets of the grid because 
you’re not putting that much current through 
it anymore,” McCormick says.

Will there be a point when batteries 
become compulsory in home PV systems?  

Batteries may be expensive but modelling shows how residential storage  
can be a powerful force in steadying a grid in transition.

How home batteries  
can solve the grid’s woes
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difference between summer and winter. 
“Winter is a different problem because the 
batteries are sitting around relatively 
unused because radiation levels are lower.”

FORWARDS, NOT BACKWARDS
Household solar is a giant in the Australian 
energy system and tempering it with storage 
would avoid regressive strategies such as 
limiting and controlling rooftop and utility-
scale PV generation.

Utility-scale batteries such as Neoen’s 
Hornsdale Power Reserve aren’t doing 

20/10 21/10 22/10 23/10 24/10

EFFECT OF ADDING 10kWh BATTERY TO EACH HOUSHOLD

P
ow

er
 (

kW
) 3000

2500

2000

1500

1000

500

0

Operational demand Underlying demand Rooftop solar Source: UWA

20/10 21/10 22/10 23/10 24/10

POWER GENERATION FOR OCTOBER 20-24

P
ow

er
 (

kW
) 3000

2500

2000

1500

1000

500

0

Operational demand Underlying demand Rooftop solar Source: UWA

HOUSEHOLD ELECTRIC POWER

P
ow

er
 (

kW
) 4

3

2

1

0

-1

-2

-3

-4
0 4 8 12 16 20 24

Time of day Source: UWA

PV power Load Net power

NET POWER FLOW WITH AND WITHOUT BATTERIES

P
ow

er
 (

kW
) 3

2

1

0

-1

-2

-3

-4
0 4 8 12 16 20 24

Time of day Source: UWA

Net power no battery With 10kWh battery With 20kWh battery

much to address the issue of drooping 
demand. “Large batteries are there just to 
patch up the grid; very little of the battery’s 
capacity is used for anything useful. They 
just sit there 50% charged – day-in, day-out 
– in case they’re needed. My view of 
batteries is they are for storing energy – 
energy to be used for something useful.”

Community-scale batteries, such as those 
deployed by Western Power, are treating the 
symptom and not the cause, he says. “I don’t 
see anything that would favour the usage of 
a community battery over a household 

battery. With the community battery you 
then have to rewire everything. The nice 
thing about household batteries is there is 
no infrastructure cost. What you buy is 
what you get – and the price generally 
includes installation. That has a great effect 
on the grid in that it takes away all the high 
currents and low currents that they’re 
worried about.

“Since the ‘duck’ problem originates on 
the rooftops of individual households, it 
makes sense to solve the problem there, 
behind the meter.” 
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Hero in waiting …  
the clean catalyst  
that can knock out coal

HYDROGEN

with oxygen using its Hero technology.
Hero is the company’s name for a thin 

catalyst coating which, when exposed to 
hydrogen and oxygen, creates a condition 
where the atoms are joined. 

It’s a purely chemical interaction, but 
when water is made from hydrogen and 
oxygen a large amount of excitation energy 
– the speeding up of atoms – results. 

“Per kilo, it’s five times more energy than 
coal,” says Star Scientific global group 
chairman Andrew Horvath.

When the coating is applied to a substrate 
material, be it a metal, ceramic or Inconel [a 
family of superalloys], all of that heat is 
transmitted to the substrate and then 
directly to whatever it is you want to heat.

“In the case of a power station,” says 
Horvath, “it would be water to make steam.”

A quick look at the National Electricity 
Market will tell you Australia is 
deeply commited to coal. Over the 

past 12 months about 65% of supply of 
electricity relied on the combustion of black 
and brown coal. Those plants will not be 
switched off tomorrow, but the outlook for 
them is bleak … unless, of course, they could 
be reengineered to run on a clean fuel.

It sounds like a fantasy, all those reliable 
turbines being reborn in a deep shade of 
green. In a world where variable sources of 
generation – wind and solar – are being 
touted as ideal power sources to 
manufacture hydrogen as well as supply 
the grid, could renewables indirectly fuel 
the generators in coal plants?

Sydney-based company Star Scientific 
says yes, if that hydrogen is combined  

A clean source of heat has 
the potential to extend the 

lifetimes of the thermal 
power stations that deliver 

stability in the grid.
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HYDROGEN

TRUE CATALYST
The Hero technology is what’s known as a 
“true catalyst”, or a home for a process to 
happen. It doesn’t get used in the process.  
A demonstration unit in the company’s 
facility at Berkeley Vale, NSW, has clocked 
up thousands of hours’ run time, Horvath 
says, with no wobbles. About 20 other units 
are being tested, all set to slightly different 
temperatures. The largest one is producing 
supercritical steam on a daily basis, suitable 
for running a turbine. 

“With Hero, we can move 90% of the 
energy out of the hydrogen into whatever 
you want to heat,” Horvath says.

The world relies on thermal generation 
plants with working lives ahead of them 
measured in decades. The only problem is 
that they rely on fuel which produces 
pollution when burned. “There is nothing 
wrong with them, you just need to replace 
the CO2-emitting part.”

Horvath looks at this existing energy 
infrastructure as an enormous opportunity 
to apply the Hero solution as a primary heat 
source. Plants fuelled by Hero need only be 
half the size they are today, once the coal 
front-end and pollution back-end are 
removed. “It saves an enormous amount of 
money a year; it turns the plant green and 
they’ve got their business model back.” 

Beyond those benefits, of course, the  
well-known strengths of thermal generation 
are allowed to work their wonders guilt-
free, with spinning mass bringing automatic 
stabilisation.

EVERY ELECTRON IS VALUABLE
It sounds ideal, but where will the hydrogen 
come from? “Our line has always been that 
the solar guys and the wind guys should be 
making hydrogen, because then no-one will 
tell them when they can and when they 
can’t [generate] – every electron is valuable 
in that game.” Hydrogen is the best storage 
mechanism, Horvath says, outperforming 
batteries 100 to one. “It is so much better 
than batteries.”

Around Australia and the world some 
industries are finding that hydrogen 
manufactured and utilised on-site offers the 
best value solution. 

Horvath is looking further ahead, where 
hydrogen is distributed from multiple points 
of manufacture to wherever it is needed, 
whether that means through pipelines or in 
liquid form. He says the alternative option 
of combining hydrogen with nitrogen to 
make ammonia is a complicated process that 
won’t be economic in a world overflowing 

with hydrogen. The phone is running hot, 
he says, with requests from power utilities 
in the United States to individual companies 
looking for clean heat processes.

In the beginning of this year Star 
Scientific announced a deal on the 
sovereign scale, signing a memorandum of 
understanding with the Philippines to 
convert more than 10 coal plants to clean 
fuel. Solar and wind have struggled in the 
South-East Asian archipelago nation and 
the idea is to develop offshore wind to 
power electrolyzers at thermal plants 
where Hero’s solution is installed to 
replace coal and oil.

The transitioning of dirty generation to 
clean is part of a strategy to prepare the 
county for a step up the value ladder. “They 
have 108 million people, and half of them 

are between 15 and 21,” Horvath says. 
“There’s a big population about to get a job 
and they’ll all want to move to Manila at 
once.” The government wants to sidestep 
this bottleneck by building new cities and 
becoming a green manufacturer to attract 
business from regional competitors.

It’s part of a global trend, he says. “We’ve 
got very big connections with a lot of the big 

youth groups around the world and the 
theme that’s about to swamp us is they are 
about to make a big call to say we’re not 
buying something unless it’s zero emissions, 
recyclable and slave-free.” 

A clean grid will put the Philippines on 
course to become the next South Korea, 
perhaps. “And they’re not the only country 
we’re talking to.” The Hero process takes 

‘We can move 90% of the energy out of the 
hydrogen into whatever you want to heat ... in a 
power station, it would be water to make steam.’

Andrew Horvath, Star Scientific

Australian ambassador Steven Robinson,  
bottom left, signs the deal with  

the Philippine Department of Energy.

Andrew Horvath says it makes  
sense to use a clean fuel to extend  

the life of thermal generators.
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HYDROGEN

about three minutes to reach 800°C, but it 
can be specced to lower temperatures.  
At the 8,500-square-metre laboratory in 
Berkeley Vale engineers are working on 
designs for modules between 30-50MW that 
can be linked to suit tasks up to hundreds of 
megawatts in scale. “It can be scaled to 
whatever you need; it doesn’t make any 
difference.” All engineering is completed 
in-house. 

Star Scientific is also about to start work 
on an alkaline electrolyzer. “It’s a very 
unique, very clever system out of Chile, and 
we’ve bought into that,” Horvath says. 

The water produced by the Hero process 
can be run back through an electrolyzer, 
with about a 20% loss. “It really doesn’t use 
as much water as people think it does to 
make hydrogen.”

FREQUENCY CONTROL
As renewables connect to the grid 
dispatchable generation and storage will 
become vitally important. The grid cannot 
operate without them. But thermal 
generation assets are not attractive in the 
eyes of the renewables crowd. The attitude 
seems to prevail that the sooner they are 
retired and their smokestacks dynamited, 
the better.

Energy security isn’t a topic where 
ideology should go unchallenged, and coal 
plants that have been converted to a clean 
fuel can make a mighty fine contribution.

“Solar and wind are unreliable,” says 
Horvath, only stating the facts. “You’re 

never going to get the same energy at any 
point from the sun. What you have to do is 
grab that energy and store it. Spinning mass, 
however, form the electricity systems and 
the way everything is designed to work. 
Every resistor, every capacitor, is designed 
to work at stable frequency. Having 
frequency-stable power is the key.”

As large generators are inevitably 
switched off, perhaps after their lifetimes 
have been lengthened thanks to Hero 
technology, Horvath says the grid might 
evolve to rely on distributed supercritical 
CO2 generators that will be able to solve 
localised problems with predictable supply.

“Thermal heat is going to be the key to all 
those, but it’s way more efficient – up around 
the 60% mark. It’s a closed loop system and 
the only fuel going in is hydrogen.”

CLOSER TO HOME
If the objective is to deliver a reliable grid, 
there’s no point taking a reactionary 
stance against turbines. Owners of wind 
and solar plants shouldn’t be worried if it 
sounds as though thermal assets have a 
reason to dig their heels in. They will 
make just as much money if their purpose 
is adapted to manufacturing hydrogen 
instead of a sole focus of supplying the 
grid, Horvath says.

“Mr X makes hydrogen from his solar 
farm and sells that green hydrogen in under 
his blockchain into a bank somewhere. It 
means you can sell that hydrogen 
somewhere else out of another bank. It can 

be used as a commodity, it can be pumped 
around; it moves way quicker than natural 
gas in a pipe. We know how to pipe it, we 
know how to transport it. It’s not hard.”

In this future scenario no wind or solar 
plant will ever be curtailed. Every electron 
will be used. Storage of hydrogen will also 
be an option, he says, with three to four 
days’ capacity possible in underground 
vessels at generation sites.

The agreement with the Philippine 
Department of Energy will likely see Hero 
put to work on power stations between 
600MW and 50MW, where hydrogen will 
be produced by electrolyzers powered by 
“deep offshore” wind plants.

Closer to home, Horvath admits he has 
his eye on a local coal plant. “I’ll say yes but 
I won’t tell you where,” he says. “There is no 
shortage of offers on the table.” 

Inquiries are also coming from economies 
that are far more energy-hungry than ours, 
including parts of the United States where 
the story runs a little like: ‘We don’t want to 
shut down our coal [plants]; the assets are 
brilliant. If we can keep them running it’s 
going to make running the state a heck of a 
lot easier.’

Horvath can see the logic in that. 
“Why scrap trillions of dollars of working 

infrastructure – power lines, connections 
into the grid – when you can just run it the 
same as you did the day before but it’s just 
running on a new fuel source? It just makes 
more sense. It also makes the transition 
away from CO2 a lot, lot faster.” 

The Hero technology is being trialled for its  
potential as a fuel source in thermal power stations.
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Offshore wind and  
green hydrogen  
still expensive

Australian offshore wind and 
hydrogen projects are still a long way 
over the horizon but developers here 

will be watching the North Sea, a proving 
ground for the technology where hydrogen 
production is also being floated. 

The area – between the UK, northern 
Europe and Scandinavia – not only has 
plenty of ageing platforms and pipelines that 
could host production and transmission of 
hydrogen cheaply, but also salt caverns to 
store it at low cost. 

This hybrid approach offers promising 
elements but the high costs – at least for 
now – remain a show-stopper, according 
research from Rystad Energy.

The modelling is based on combining a 
green hydrogen project with an offshore 
wind farm of 1GW, assuming that about half 
of the farm’s generated power is excess and 
used for hydrogen production. The analysis 
shows that at current break-even costs, the 
bulk of the hydrogen produced needs to be 
sold at €5.1 per kilogram, or about four times 
the price of hydrogen made from fossil fuel.

In this scenario, the wind farm’s assumed 

reduction of offshore wind farms’ capital 
costs might accelerate the learning curve for 
hydrogen production by lowering the cost 
for electrolyzers and potentially for 
hydrogen storage.

With the future cost scheme, the prices at 
which the power and bulk hydrogen need to 
be sold are more reasonable, although there 
is considerable uncertainty surrounding this 
cost trend prediction.

GREEN TURNS TO BLUE
Determining the full potential that 
hydrogen can unlock is challenging, Rystad 
says, as hydrogen may open opportunities to 
decarbonize sectors that would otherwise 
be difficult to electrify, such as industries, 
building heating, marine shipping and 
aviation. But early-phase support and 
subsidies can cut costs tremendously, it says.

“Offshore hydrogen production may 
become more interesting if a higher carbon 
tax is imposed on grey hydrogen 
production. This would force existing 
hydrogen manufacturers to shift more of 
the production to blue hydrogen [grey 
hydrogen coupled with carbon capture and 
storage], which in turn would make green 
hydrogen projects more cost-competitive,” 
says Petra Manuel, energy research analyst 
at Rystad Energy.

The modelling is based on the 
electrolyzers being operated offshore, to 
minimize power infrastructure to 
transport the power onshore, thereby 
minimizing the power loss to generate 
hydrogen. The salt caverns are also 
assumed to be offshore, based on research 
about salt cavern potential in Europe.

Australian developers planning onshore 
hydrogen production powered by offshore 
wind may be disappointed to hear Rystad’s 
views on the prospects of liquifying 
hydrogen for export.

“I have not modelled for liquified 
hydrogen, but I’d say it takes a huge cost to 
liquefy and store – and probably it requires 
hydrogen tanks that are more expensive 
than salt caverns,” says Manuel, responding 
to a query from EcoGeneration. 

In Norway, a consortium led by 
TechnipFMC is working on a pilot project 
where offshore wind turbines will power 
electrolyzers at sea to produce hydrogen 
that will be stored in tanks on the seabed.

The €9 million pilot, dubbed Deep Purple, 
will be hoping to beat Rystad’s expectations 
and prepare a system for large-scale 
commercial use. Let’s hope there’s no smoke 
on the water. 

break-even power price is €85/MWh. The 
scenario project is coupled with on-site 
hydrogen production, consisting of proton 
exchange membrane electrolyzers, and 
storage in a salt cavern.

According to the US National Renewable 
Energy Laboratory, storing hydrogen in a 
salt cavern costs €70/MWh, with negligible 
change over the next 10 years. The Rystad 
research also considered the cost of 
compressors, used to level the pressure of 
the electrolyzer output with the pressure of 
the salt cavern.

Unfortunately for green hydrogen, even in 
a scenario where the wind farm’s assumed 
break-even power price falls to €61/MWh 
by 2030, a €3.7/kg bulk hydrogen selling 
price would be required – a far cry from its 
much cheaper fossil-fuel-made version.

The business case calculations show that 
a combination of offshore wind and a 
hydrogen plant is not economically viable at 
the current cost scheme, as the bulk green 
hydrogen price will be too high compared 
with the current price for grey hydrogen.

However, on the flip side, the rapid 

Research shows green hydrogen produced by offshore 
wind will struggle to be competitive.
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Offshore production 
comes at a premium.

ENERGY TRANSITION
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C
lean energy targets are useful but does it help 
when they are very big and very far away? As 
Canberra avoids clear commitment to 
change, many of the states and territories 
have declared strong intentions. Tasmania is 

pitching for 200% renewables by 2040 and South 
Australia 500% by 2050, both hanging their hopes on 
establishing strong green energy export links. 

Ambitious state targets linked to clean energy exports 
are a good thing for the country, unless it means 
disruptions to the primary task of fixing the National 
Electricity Market. 

With state targets that rely on enormous capacity of 
intermittent wind and solar generation, which will 
generate when it wants to, powering the manufacture of 
exports in a world of commodity pricing and trade 
volatility – what can go wrong?

“I would hope that addressing local markets and local 
demand would be a safer bet for investors than export 
opportunities,” says Bjorn Sturmberg, research leader 
on the Australian National University’s battery storage 
and grid integration program. 

There are much greater efficiency losses in sending 
power through undersea cables or creating hydrogen, 
then condensing it and shipping it overseas, than using 
the same electricity locally, Sturmberg says. Besides, 

local demand is much easier to forecast than export 
demand. “[Building clean energy generation to supply 
local demand] should be a much lower risk investment 
proposition,” he says. “You would hope that would be 
the place to start.”

Transmission is a further complication. Tasmania’s 
plans for 200% clean energy will rely on a second 
interconnector with Victoria, the Marinus Link. “Who 
pays for that and how that works are still very much 
contentious questions,” says Dylan McConnell, research 
fellow energy systems at the University of Melbourne’s 
Energy Transition Hub. 

Under the current rules Tasmania and Victoria would 
be expected to pay for the link, but Tasmania in 
particular figures that because the entire NEM will 
benefit that the bill should be shared around. 

Similar anguish clouds the EnergyConnect project 
that will link NSW and South Australia, where projected 
costs have increased from $1.6 billion to $2.5 billion  
over the past year (estimates included in the Australian 
Energy Market Operator’s 2016 National Transmission 
Network Development Plan ranged from $500 million  
to $1 billion).

“The question around who benefits, who pays and 
what is the right allocation is still very much up in the 
air,” McConnell says.

Leaping ahead to build massive amounts of renewables to secure green energy 
exports will only make the job of fixing the NEM more puzzling.

The trouble with 
big targets …  
it’s exports 
versus the NEM 
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ENERGY TRANSITION

FEDERAL FOG
If the states appear aggressively ambitious in their 
targets it could be because there has been no clear 
direction offered by the federal government in how to 
achieve a clean energy transition, says BloombergNEF 
head of Australia research Leonard Quong. 

“Some have been more ambitious than others, some 
have been more direct than others, some have offered 
different types of strategies pursuing different 
pathways, desiring different outcomes,” Quong says. 
“With that sort of policy patchwork there are challenges 
with the developments becoming efficient for 
consumers, efficient for industry, efficient for investors. 
But what we see is, by and large, some direction is better 
than no direction.”

As far as transitioning the NEM to renewable energy, 
state targets well beyond 100% are surplus to 
requirements. With adequate interconnection, yes it 
makes sense, especially if neighbours are taking longer 
to turn down their reliance on fossil fuels. But a 
connected NEM that solely relies on solar, wind and 
storage still only exists in theory.

Electricity is a fundamental service, Quong says. “It’s 
a requirement; it keeps the lights on and it keeps 
businesses going.” Beyond 100%, it can only be useful as 
an export. If our trading partners are thinking the same 
way, then “Australia deserves a seat at the table,” he 
says, whether it be as a producer of hydrogen, ammonia, 
steel or aluminium created using clean energy that is 

South Australia
Tasmania
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surplus to domestic demand. Whether or not a 500% 
target like South Australia’s should be taken seriously  
is another matter. 

The implications for business and consumers are too 
remote and unknown to speculate over. Such 
announcements are more than just green window-
dressing, however, if they turn out to be harbingers of 

500% 200%

GW
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change to mechanisms and policies required to reach 
the destination. “All change begins with a little bit of hot 
air, typically,” Quong says.

1,000% RENEWABLES
Australia, unlike any other country in the world, has the 
opportunity to decarbonise the world from its vast 
renewable resources – or so says H20hm Engineering and 
Consulting Services general manager and founder 
Warner Priest. “To do that it would need to increase its 
renewable penetration from what it is today, around 22%, 
to in the region of 700-1,000%, just to be able to export its 
sunshine, its wind,” Priest says. “In doing that, 
[Australia’s] domestic use of energy is really a parasitic 
use – it’s a fraction of the electricity needs that can be 
generated by this country to serve other countries.”

As the local industry becomes more expert at 
installing and running clean energy generation, 
electricity prices will fall to be among the lowest in the 

world. “We will have the lowest energy cost of any of the 
other countries,” says Priest, with obvious benefits for 
manufacturing, mining and steelmaking, among other 
sectors. “We’ll be able to compete with low-labour-cost 
countries on the back of very low energy costs.”

None of this will happen, of course, without offtake 
agreements with major trading partners. Priest points to 
Japan’s recent habit of signing offtake agreements in 
return for the opportunity to invest. “They’re basically 
servicing both ends.”

SURPLUS TO REQUIREMENTS
The temptation to announce targets as multiples of 
100% is misleading and potentially unhelpful when 
voters are slowly getting used to the language and 
mathematics of the energy market they rely on every 
day. For a start, you cannot run a system on 100% 
capacity because there is always the risk that 
maintenance, failure or lack of fuel or resources would 
see supply fall short of demand. Secondly, no state 
should host too little capacity in the expectation that 
shortfalls will always be supplied by surplus from 
neighbouring states. 

In a connected NEM, however, can ambitious targets 
of 200% to 500% in some states distract neighbours 
from their plans to replace coal and gas generation, not 
to mention scare off investors? 

An overbuild of wind, say, in South Australia would 
keenly affect prices for wind generation in a more 
strongly interconnected NSW. That might influence an 
earlier exit of coal generators from the market, but until 

that happens it would also be bad news for wind 
developers planning new generation in NSW. 

“Investors have learnt a lot about the energy 
transition in the past five years,” Sturmberg says. “The 
effect very cheap renewables have had on market prices 
will be significantly intensified if we get to 500% wind 
in South Australia, or similar. Investors have to go into 
these schemes eyes open.

“There is some uncertainty about what kind of a 
market will be suitable for a system that has a huge 
amount of renewables.”

THE WEST WIND
Western Australia may not have declared its clean 
energy intentions in multiples of 100% but that’s where 
the largest export projects have been proposed. Massive 
wind and solar projects linked to hydrogen exports 
include the 26GW Asian Renewables Energy Hub in the 
Pilbara, the 5GW Murchison Renewable Hydrogen 
Project and 1.5GW project in Oakajee. At Bell Bay in 
Tasmania it is proposed electrolysers will run up to 24 
hours a day. “One of the problems with solar is your 
utilisation is only five to six hours a day,” Warner says. It 
remains to be seen whether SunCable’s proposal for 
10GW of solar in the baking centre of Australia, not ideal 
conditions for solar, will pass go. 

Net-zero announcements from major economies 
China, South Korea and Japan augur well for hydrogen, 
although it’s still unclear which sectors will adopt it, 
when it will start to be used in earnest and the volumes 
that will be required. Until then, it’s important that 
mechanisms are developed to support the transition. 
Corporate targets for sustainability are another good 
indicator of the market’s intentions to adopt the clean 
fuel, so long as they are acted on.

BloombergNEF has seen a growth in clean 
intentions – very obvious in 2020 – across resources, 
utilities and investors. To understand whether words 
will relay into actions, the analyst attempts to 
measure momentum towards green targets. “Is there 
movement, is there inertia behind this growing 
direction to decarbonise,” Quong says. “I think the 
answer to that is a very clear yes.”

Hydrogen production is the much-touted end use for 
all this excess clean energy that’s been mooted, without 
too much detail on demand, storage, transport and 
which sectors it is meant to serve. “Some of those 
questions cannot be answered by the state governments 
alone; they rely on international governments to develop 
policies to drive decarbonisation of industries,” Quong 
says. “These are questions global governments are 
grappling with themselves.”

In the meantime, the clean energy generation sector 
will be waiting to see when and how investment will be 
triggered, through formal policy announcements and 
reverse auctions or via institutional and private finance.

“Is it up to governments to decide where investment 
goes or is it up to the market? At the moment we have a 
pretty messy blend of both,” says McConnell. “That’s a 
challenge I don’t think is going away any time soon.” 

‘The effect very cheap renewables have 
had on prices will be intensified if we get 

to 500% wind in South Australia.’

Bjorn Sturmberg, ANU
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Behind-the-meter storage might be  
an efficient way to make the most of  
a household PV system but far larger 
batteries are needed at network scale  
if room is to be made for more solar. 
The age of community batteries has 
begun, writes Jeremy Chunn.
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T
he rise of rooftop solar brings 
plenty of clean, free energy into 
our homes but the surplus that’s 
exported into the grid is causing 
trouble. Daytime demand in parts 

of the country where as many as every third 
house might host a PV system is falling to 
levels where networks are worried. 

Our electricity system is designed for 
“one-way” traffic, and dwindling load can 
trigger issues.

A drastic solution would be to discourage 
new PV connections or somehow cut back 
exports from existing ones, but that 
wouldn’t make sense in a world where any 
form of clean energy is an obvious contender 
to replace polluting generation. Instead, it’s 
a case of catching excess solar energy and 
storing it for later use. Owners of solar 
systems can buy their own batteries, of 
course, but the scale of the problem and the 
high cost of residential storage indicates 
bigger applications may prevail.

Shared storage assets that can charge 
during peak solar generating hours and 
discharge during peak load times will help 
calm the market. Networks, who face 
towering capital expenditure commitments 
unless solar is contained, will benefit if 
community-scale batteries are deployed at 
stress points in their systems. By forming 
partnerships with retailers, networks are 
ushering the era of community batteries.

In Western Australia, which is separated 
from the National Electricity Market, the 
Western Power network is moving to defer 
expensive upgrades by investing in 50MW 
of storage at parts of its system where it is 
anticipating strong growth in load. 

who either don’t want to install a behind-
the-meter service or aren’t able to,” Kirby 
says. Tesla technology has been used so far 
but there’s no guarantee it will be an 
exclusive arrangement. 

WELCOME TO THE COMMUNITY
Over on the east coast there’s a bit of catch-
up going on. A trial of two community 
batteries mounted up power poles on United 
Energy’s Melbourne network went so well 
that it is looking to install 40 more similar 
units, at about 75kWh each, near substations 
where voltage levels are being affected by 
solar exports. In NSW, Ausgrid has plans for 
community batteries around 500kWh each 
at two Sydney locations and one in Lake 
Macquarie, north of the city.

About 25km away, in the Hunter Valley 
town Kurri Kurri, a community battery is 
planned as a project of Enova Community 
Energy, keeping with its spirit of shared 
ownership and benefits. 

Five-hundred customers – half of them 
solar owners – will be connected to the 
1MW/2MWh battery, otherwise known as 

“This is the first foray into giving the 
market as much notice as we possibly can as 
to where there are network issues and 
where we can potentially engage in a 
commercial service so we’re not upgrading 
just for a small service of the peak load,” 
says Western Power principal engineer 
Nathan Kirby.

Western Power was an early mover in 
community storage and has so far connected 
three “PowerBank” batteries to its network 
– as part of a trial with retailer Synergy – 
and nine community batteries, each 
typically providing four hours’ storage. 

Customers with solar who are taking part 
in the PowerBank trial can see their 
transactions with the battery on their 
electricity bill. 

“The whole principal is that it’s a virtual 
storage product,” says Kirby. “For those 
customers who have solar and large energy 
needs in the peak it’s a perfect product.” 

The trials have been popular. Owners of 
PV systems who had been considering an 
expensive battery retrofit would be 
especially tempted. “There are some people 

Tesla technology makes snap decisions in one  
of Western Power’s PowerBank assets.

‘For those with solar and large energy 
needs in the peak it’s a perfect product.’

Nathan Kirby, Western Power
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The Beehive Project. “We want to store the 
excess solar from our customers’ rooftops 
in the battery and discharge it into the grid 
at times of peak periods and monetise that 
so we can pass those savings back to our 
customers,” says Enova Energy CEO 
Felicity Stening.

Sixty percent of Enova customers have 
rooftop PV, Stening says, “and that means 
50% of the energy we purchase for our 
customers comes from our own customers’ 
rooftops” – which she says is about two-
thirds more than any other retailer on the 
east coast. 

Daytime solar is a great hedge against 
price spikes in the wholesale market, where 
Enova purchases the other 50% of energy it 
needs to supply customers, but those spikes 
occur nearer sundown. Solar energy that is 
stored, therefore, is a doubly powerful lever 
against high prices.

Enova is a small energy retailer with 
nearly 10,000 customers and about 1,600 
shareholders. 

The company is working on an agreement 
that will allow NSW network Ausgrid to 
access the battery to manage constraints, in 
exchange for storing the containerised 
battery on Ausgrid’s land. Enova will be 
transacting in the spot arbitrage and 
frequency control ancillary services markets 
to maximise revenue for the asset.

Customers who use the peer-to-peer 
energy trading option included with the 
offer will be able to buy energy from each 
other or donate it to another customer. 

United States-based energy company 
LO3 has been operating a peer-to-peer 
platform in Brooklyn, New York, where 
solar energy can be traded among 
customers. It opened an operation in 
Australia some years ago which at once 
stage was working on a peer-to-peer trial 
with Yates Electrical Services, builder and 
owner of solar plants under 5MW. Covid-19 
put LO3’s local operation on ice.

Peer-to-peer trading might be facing an 
uphill battle. The regulations around 
electricity dictate that network charges are 
calculated on an import basis, so any power 
bought from a battery connected to a peer-
to-peer platform will bear two whacks of 
supply charges. Regulatory exemptions 
would need to be sought for trials to stop 
participants being double-charged. 

Peer-to-peer energy trading has the 
potential to allow customers to whittle away 
some of a retailer’s margin and for PV 
owners to earn a wee bit more than the feed-
in tariff, but savings are unlikely to be 

significant. Also, you have to sit there 
watching the market like a day trader and be 
ready to change your behaviour around 
energy use to have much chance. How likely 
that is, it’s hard to say.

In the US, LO3’s “Brooklyn electrons” 
have sold at a premium to the market rate, 
showing that peer-to-peer is maybe an 
emotional decision not an economic one.

THE LEVELLERS
Community storage’s strength will be in 
the provision of system strength, says Bjorn 
Sturmberg, research leader of the battery 
storage and grid integration program at the 
Australian National University. The same 
can be said in theory for residential 
behind-the-meter batteries connected in 
virtual power plants, but research so far 
has shown community storage is a better 
solution because there are many fewer 
customers to deal with and higher surety 
the asset will provide services at the 
critical time they are needed. 

“There is less variability involved for the 
customers,” he says. “It’s easier to get the 
power capacity you need in one hit in one of 
these community batteries rather than 
hoping someone can convince a very high 
percentage of local customers to buy 
batteries and to make those batteries 
available. A community battery is a lower-
risk proposition than VPPs in that sense.”

The most efficient use of solar is on-site, 
there is no question about that. Not all the 
solar energy that is stored in a battery can 
be retrieved, thanks – or no thanks – to 
round-trip efficiency losses which can be as 
high as 15%. Because of such losses the same 
amount of solar generation will see more 
electrons exported as surplus into the grid 

than available to a VPP or peer-to-peer 
trading platform. “It’s not clear to me how 
peer-to-peer trading with a battery creates 
additional value,” Sturmberg says. “In the 
end the electrons are going to flow to your 
friends down the street by the laws of 
physics anyway.”

The no-nonsense additional value in 
batteries is most evident when they are 
recruited to manage physical constraints 
(by allowing more solar), to take parts of a 
network off-grid, to provide islanding in the 
case of an emergency to form a microgrid to 
improve reliability and resilience. Western 
Power’s plan for application of the 
technology is a textbook example. It may 
take operators of community batteries a 
while to figure out a tariff structure that 
benefits all owners of solar PV, however, as 

A trial of pole-mounted batteries  
in Melbourne is being extended.

The first of three trial units for  
Ausgrid was completed in February.
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the trial in Western Australia showed some 
customers were better off under the pre-
trial tariff structure.

Enova will be launching a new tariff 
structure for the project “to recognise that 
some of their energy will be coming from 
the grid and some from their neighbour’s 
solar system,” Stening says.

BUSY BEES
Enova’s Beehive Project relies on the 
Powertracer energy-trading platform 
developed by technology company Enosi, 
which allows users large and small to 
identify the source of energy and see it 
priced in a differentiated way.

“The heart of traceability is you are not 
buying energy unless that source is 
generating, so you can’t buy energy from the 
battery unless it’s discharging. The only 
trades that happen with the battery are 
when it’s charging or when it’s discharging,” 
says Enosi CEO Steve Hoy.

“True renewable sourcing requires it  
to be matched on the same grid, in the  
same half hour.”

A platform that identifies the source of 
energy allows this to happen. Enova’s 
actions in the FCAS or arbitrage markets 
take priority over consumers who are 
members of the project. Nevertheless, the 
battery will likely charge during the day and 
discharge in the evening peak, so consumers 
can expect a slice of the action.

“Operation of the battery is best put in the 
hands of the retailer, but the project is 
hoping to show there is sufficient benefit 
that can be distributed to the community by 
means of their power bills,” says Hoy, a 
former global lead for IBM’s global smart 
grid systems.

“We’re sharing the use of this asset and 
doing it physically by proving that when  
the battery’s charging I’m selling and  
when the battery’s discharging I’m buying. 
We’re trying to prove the case that a 
community-owned battery can deliver to 
the community.”

OPEN THE DOOR TO MORE SUN
The addition of storage in front of and 
behind the meter is a priority to facilitate 

the continued uptake of rooftop solar in 
Western Australia’s South-West 
Interconnected System (SWIS), a key 
objective of the state government’s 
Distributed Energy Resources Roadmap, 
released in December 2019.

“Large scale front-of-the-meter storage 
can unlock the full capability of storage to 
provide power system and network 
benefits,” the authors of the DER Roadmap 
wrote. “Larger battery banks also achieve 
economies of scale and lower installation 
costs. Battery banks can also allow for 
centralised management of maintenance 
and quality control.”

Kirby says Western Power’s little 
squadron of 12 community batteries, 
although “hardly material”, is performing as 
hoped. “The larger you go the more 
efficiencies you gain in the connection and 
you also get that network response,” he says. 
“Unlike the NEM we don’t have anywhere 
we can pump the excess energy.”

Storage is a priority if renewables are to 
continue replacing coal and gas in the 
Western Australia’s energy mix, where coal 
and gas can make up between 65% and 80% 
of generation.

The CSIRO has forecast behind-the-meter 
battery storage in the SWIS will grow 24.9% 
a year, from 54MWh in June 2020 to 
398MWh in June 2029. 

To avoid system security issues flaring up 
over the next few years in parts of the country 
where solar is becoming standard on rooftops, 
batteries will need to be stationed in houses, 
businesses, on street corners, up poles and 
next to distribution nodes. They will hold the 
power in more ways than one. 

The Beehive Project in NSW will rely  
on Tesla’s Megapack storage technology.

A Western Power community battery  
at Port Kennedy, Western Australia.
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T
he country’s most energy-hungry 
state needs to catch up. Black coal 
fuelled nearly 72% of generation 
in NSW in the past year and only 
Queensland has lower 

penetration of renewables, going on CEC 
data for 2019. At the start of 2020 there were 
more rooftop PV systems under 100kW in 
Queensland than in NSW.

In anticipation of rising demand for solar 
and vehicle-charging connections among its 
1.8 million customers, the Ausgrid network 
– which covers much of Sydney and the 
NSW Central Coast and Hunter Valley – is 
testing the efficacy of community batteries.

Ausgrid chief customer officer Rob 
Amphlett Lewis explains the strategy  
to EcoGeneration.

What are the problems you are trying to 
solve with community batteries?
The problem is decarbonisation, to be 

honest, and how can an electricity network 
support the endeavours of society to 
decarbonise its energy system and become 
cleaner and greener. 

One of the ways we can do that is by 
providing a community battery service. 
That provides three really valuable services 
to the community, customers and the whole 
energy system: it provides cheaper energy to 
the end customer, as they get to consume 
their own solar; we get to defer network 
investment because we can manage those 
really short periods in which the network is 
constrained, and; we get to manage voltage 
and power quality issues, sometimes 
associated with very high levels of solar. 

If you look at the community battery as a 
suite of connected batteries, those batteries 
can then bid into the FCAS markets, the 
power arbitrage markets and all of those 
value streams a battery can access.  
So, there are three targets: the customer, 

the network and the system. The battery 
can provide value to all three.

You haven’t partnered with a retailer yet 
but can you explain how customers with 
solar will interact with the battery?
We are not charging the customer anything; 
we are effectively running this as a net 
benefit to the [solar-owning] customer. If 
the customer was going to rent this from us 
for, say, $500 a year, and he saves $800 a 
year, he’s $300 a year better off. We won’t 
have a situation where we are charging the 
customer for the service, and that’s a way 
we can get around the [Australian Energy 
Regulator’s] ring-fencing process. 

If this trial was never going to use a 
retailer, we would need a market participant 
to access FCAS and wholesale markets. But 
we don’t need a retailer to provide the 
service to the end customer.

That’s the benefit of networks providing 

FLEXIBILITY 
IN THE 
NETWORK

Ausgrid hopes its trial of community 
batteries in and near Sydney will be a first 
step in a major rollout of shared storage.

Rob Amphlett Lewis says community batteries can 
benefit customers, networks and the energy system.
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likely to use it. We’ve got a 256kWh unit and 
a 450kWh one and that’s set by the number 
of customers that are expected to sign up.

What are your thoughts on residential 
battery storage?
For us, we think sharing is always so much 
better. Residential storage is fairly high-
cost. You don’t have the scale benefits or 
the diversity benefits that come from 
sharing. We feel shared community 
batteries offer a much better economic 
outcome and can really support 
decarbonisation in a much broader sense 
than just an individual home battery.

Tesla has recently put its battery costs up; 
we think there is going to be a large drive 
for EVs globally, which is likely to put 
upward pressure on batteries. That just 
makes it more important to do things as 
efficiently as you can. 

In that case, it’s generally better to share 
assets and share infrastructure. 

What happens in the middle of a hot day 
if it’s more profitable to discharge than 
charge with solar exports?
The battery will operate to make sure the 

this service; you can have a rental space 
within a community battery and you can 
switch your retailer without having to have 
a new contract with a different retailer.

How did you choose the three locations 
for the trial?
There is a confluence of a few different 
things: one, high solar penetration; two, 
interest from customers signing up to the 
community battery trial, and; three, a 
council that was supportive and innovative. 

The solar penetration at the Beacon Hill 
site [where the first unit is installed] is 
about 25%. [Batteries will also be deployed 
in Lake Macquarie and the Canterbury 
Bankstown areas.]

Do you have any thoughts on what would 
be a saturation level for solar?
It’s an interesting question but it really 
depends on the network characteristics. 
There is no one simple answer. In an area 
with high solar penetration, when you get to 
minimum load you can have power quality 
and voltage issues. I know in parts of 
Queensland and South Australia penetration 
levels around 40% are creating problems. 
We don’t have a lot of those issues in our 
grid. We’re trying to set ourselves up for the 
arrival of electric vehicles and ensure we 
have the solutions before we get to those 
levels of penetration.

How do you choose a battery?
It’s a combination of a number of variables: 
how big do you want the physical battery to 
be, how long do you want it to operate for, 
how long are you going to need it to support 
the network and how many customers are 

network is stable; that’s our primary 
concern. The beautiful thing about the 
virtual battery is that if that solar energy 
gets used to prevent a problem occurring for 
the community, when an individual draws 
down from the battery – and the battery 
hasn’t got spare capacity – they’ll be 
charged as if they had drawn their own 
power from the battery. 

Where there is surplus, and the battery is 
discharged, the individual will draw down 
from the grid and be charged as if they were 
drawing from the battery. It’s that 
characteristic that makes it cheaper than 
owning your own battery. The customer will 
have the financial experience of owning her 
own battery, but the battery she is 
contributing to will perform the best 
outcome for the local community.

Flexibility in the network is the most 
important characteristic that will help us 
decarbonise. We think this has a huge role 
in providing flexibility of demand supply 
into the grid at a low cost.

If the trial goes well, how many 
community batteries would you expect  
to deploy around Sydney?
The NSW Electricity Infrastructure 
Roadmap calls for 2GW of storage by 2030, 
and we could provide 400MW of batteries 
through this model – effectively 20% of the 
batteries required by the state. That would 
mean 2,000 or 3,000 [of Ausgrid or similar-
sized community batteries] across the state. 

Lastly, what’s the benefit for anyone who 
doesn’t own solar?
Batteries will allow us to avoid further 
network upgrades and provide power 
quality support within a community. They 
act as a lung that can breathe in surplus 
renewable energy from anywhere in the 
state and breathe out when it’s needed. That 
reduces the cost of the network and reduces 
the cost of firming renewables. 

It’s downward pressure on the cost of 
transitioning to a decarbonised economy. 

Ausgrid’s first community battery,  
delivered in Beacon Hill, northwest Sydney.

‘Community batteries offer a much better 
economic outcome than a home battery.’

Rob Amphlett Lewis, Ausgrid
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T
orrents of solar energy exports 
around noon are forcing some 
networks to take action unless 
they want to fork out for upgrades 
to manage voltage volatility. But 

if all that excess electricity can be sucked 
into storage for use later in the day, then 
who’s to say homeowners and businesses 
can’t carry on happily adding or extending 
PV systems into the future?

Residential storage is catching on and 
some networks have worked out the power 
they can wield by partnering with retailers 
and deploying community-scale batteries.

A recent announcement from Victoria 
shows community storage is going 
mainsteam. In late January electricity 
distributor CitiPower and the Yarra Energy 
Foundation signed an agreement to plan and 
build a battery network in the Melbourne 
CBD and inner-city suburbs.

“It’s a fairly complex environment in the 
urban community we are tackling together 
here,” Yarra Energy Foundation commercial 
program manager Chris Wallin tells 
EcoGeneration. “CitiPower’s network is being 
challenged with so many people putting on 
solar and not being able to export or finding it 
difficult to do so. Community batteries is a 
way to absorb a lot of that solar energy.”

FIRST MOVE
About 5% of rooftops connected to 
CitiPower’s infrastructure host PV systems, 
which doesn’t sound like a lot when you 
consider some other metropolitan networks 
are grappling with penetration levels 
between 33% (Western Australia) and 38% 
(Queensland). It will be a different story by 
2026, Wallin says, when nearly one-in-four 
rooftops on the CitiPower network are 
forecast to bear solar arrays.

If Yarra, a not-for-profit energy 

consultancy established by Yarra City 
Council in 2010, and CitiPower build an 
adequate army of storage assets the ground 
will be set for a rapid uptake of PV by 
homeowners and businesses. 

Wallin expects hundreds of batteries  
– generally between 120kWh and 500kWh 
– will be connected to the network over the 
next seven to eight years. 

“On the one hand we want as much energy 
as possible to offer services,” he says. “On the 
other hand we don’t want [a typical battery] 
to be too big, so that we can have more of 
them visible to each community, so they can 
develop a connection with them. It’s not so 
helpful when there is a community battery 
but it’s five blocks away.”

Storage capacity will increase as the 
program matures, Wallin expects, in line 
with improvements in technology.

PROPOSAL IN PROGRESS
Yarra expects to finish its investigation into 
feasibility by April, when it will have 
information for CitiPower on what extent 
the network should expect to rely on the 
services of the battery and what returns 
institutional and community investors 
might expect from the project. An initial 
trial site will also be recommended. Several 
retailers will need to be involved to ensure 
retail contestability for the consumer.

Wallin says it’s too early to have set a 
minimum investment amount for retail 
investors or declare how much capital is 
being targeted. Institutional investors, he 
says, will be tempted by income streams 
from spot market arbitrage and FCAS 
support. So far, the response from 
institutional investors has been positive, 
he says, “because the assets are not [to be 
built] far away”.

“We’re looking at different structures on 

how to allow the community to take 
advantage of the battery, either as 
investors, consumers or prosumers – 
producers of solar energy as well as 
consumers – whether these consumers are 
in a flat, a house without suitable roofspace 
for solar or small-medium businesses,” he 
says. “It’s a real level playing field with 
community batteries.

“If we can crack the nut on how to make 
the business model work I think this could 
spread very rapidly right across urban 
settings, whether it’s Melbourne, Sydney, 
Brisbane or elsewhere.

“The idea is to make it as replicable as 
possible,” he says. “We can get to 2030 and 
have many hundreds of these installed – and 
that’s just in Melbourne.”

The alternative to community batteries is 
widespread adoption of residential storage. 

“Residential batteries are great, if you can 
afford them,” Wallin says. “They provide a 
much better way of self-consumption 
because they can store that energy to use 
when you need it at home. The issue today is 
that home batteries are quite expensive and 
there are quite a lot of restrictions of how to 
have them installed, and the maintenance 
aspect. All these things are taken away with 
a community battery, where it is managed 
by a local structure that has been designed 
to take care of it.”

The tariff structure or subscription 
system would be determined based on the 
type of customer, he says, with storage 
included as part of a retail offering. The 
project also aims to take advantage of 
legislation for crowd-sourced equity 
funding to find how to create a structure of 
investment into people’s local battery while 
offering institutional investment. “The legal 
structures are also part of this investigation 
as to how we will structure this.” 

The Melbourne network is moving to pre-empt  
solar-related constraints with a plan that could see 
hundreds of storage assets connected by 2030.
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SOLAR INSTALLER | RULE CHANGE

New inverter standard  
to manage ‘tripping’

A rule change from December will see inverters in new or upgraded rooftop  
PV systems meet regulations that aim to encourage more solar.

The Australian Energy Market 
Commission has given the green light 
to an amendment to the electrical 

standard governing solar installations that 
will ensure rooftop systems do not 
disconnect when there are voltage 
disturbances on the network.

The rule commences December 18, when 
AS/NZS 4777.2:2020 will come into effect.

The rule creates a definition of distributed 
energy resources (DER) Technical 
Standards that incorporates AS/NZS 
4777.2:2020 in the National Electricity 
Rules (NER) and requires DER Technical 
Standards to be embedded in distributed 
network service providers’ model standing 
offers for basic connection services.

Under the new rules, networks will be 
obliged to ensure that connecting inverters 
meet the new standard.

“These new minimum technical 
standards are part of a raft of changes we 
are looking at to future-proof the power 
system so it can confidently handle more 
solar,” said AEMC chief executive Benn 
Barr. “The rapid uptake of solar means we 

“But we need to do this in a way that 
helps more people to connect, protects 
those that don’t, and helps the system run 
smoothly overall. This means restructuring 
the system, including the market incentives 
and rules.”

The standards follow a rule change 
request from the Australian Energy Market 
Operator (AEMO) seeking to set up a 
framework for AEMO to set minimal 
technical standards.

Energy Networks Australia CEO Andrew 
Dillon said it was particularly positive that 
the AEMC had decided to introduce the 
standards within the existing framework 
rather than create new rules.

“It is important that regulatory bodies 
support the most efficient pathways to 
enable new technologies and integrate 
distributed energy resources like solar and 
batteries into the grid,” Dillon said.

“These new standards will help networks 
ensure the growing amounts of rooftop 
solar can operate efficiently and safely and 
more customers can connect their devices  
to the grid.” 

must act now to make sure this technology 
and the system it uses work hand in hand.”

The new standards will apply to inverters 
and ensure that household energy systems 
won’t “trip” or disconnect when there are 
voltage disturbances on the network.

The rule change will only apply to new 
and upgraded systems, following the 
December 18 start date. 

It applies to all jurisdictions in the 
National Electricity Market.

Other changes being considered by the 
AEMC include how to change the pricing 
structure to give incentives to owners of 
distributed energy resources to export 
power when it is of most value to the system.

The Energy Security Board is also 
considering the issue of integrating 
distributed energy resources, with 
recommendations for public consultation 
due in March.

“It’s imperative that we make sure the 
right structures are put in place to support a 
whole new energy mix and a very different 
looking power grid than the one we’ve 
relied on in the past,” Barr said. Fo
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Sunways shines in Australia

German brand Sunways is hoping to fill a gap in the inverter market by supplying 
European quality at a lower price point than other German inverters. Sunways 
inverters have been designed to offer high redundancy due to quality component 
selection which allows an option for a continuous 10% AC output boost. 

For example, the 5kW inverter can be boosted to continuous 5.5kW if the local 
network allows the extra output. Lightning protection is included as standard in all 
Sunways inverters, with DC- and AC-side surge protection. 

A monitoring portal allows easy O&M via real-time fault alerts and analysis with 
remote firmware upgrade and configuration. Most problems can be solved remotely  
by Sunways’ engineering support, the company says. 

An advanced software algorithm enables inverters to instantly adapt to complex 
power grids, with high performance efficiency and reliability no matter the weather 
conditions. Sunways inverters have a built-in ARC device that detects real-time power 
from the grid and feeds the signal back to the inverter. The inverter then dynamically 
adjusts its power output in order to achieve export limitation requirements to the grid. 
The inverters come with a 12-year warranty.

NEWS | SOLAR INSTALLER

Trina Solar releases Vertex S  
as PV demand grows

On the back of 15% growth levels for Australian rooftop PV Trina 
Solar has launched its Vertex S panel, pitched at residential 
customers as well as small-to-medium enterprises in the commercial 
and industrial market. It will be available in Australia from April in  
all states and territories.

The 390-405W Vertex S modules weigh 21kg and are 1.75m long  
and 1.09m wide, making lighter work for Australian installers. The 
company is introducing Vertex S into Australia in several power sizes: 
a 400W Vertex S module suitable for solar systems up to 100kW and  
a 390W panel suitable for a typical residential system is 6.6kW.

The Vertex S has a maximum power efficiency of 21.1%, achieved by 
larger size wafers which are 210mm in diameter. Trina Solar Vertex 
series also incorporates new packing technologies that minimizes the 
space between each cell, further improving efficiency.

Trina Solar offers an option where the Vertex S uses polyolefin 
elastomers (POE) instead of ethylene vinyl acetate (EVA) inside the 
module. Customers installing Vertex S in humid environments that are 
also very hot, such as parts of northern Australia, are recommended 
POE encapsulant.

The panels come with a 15-year warranty that can be extended to  
25 years upon request and evaluation.

Inverter brands 
adapt to 210mm 
Ultra-High 
Power Modules

Leading PV inverter brands have 
launched models compatible with  
the 210 Ultra-High Power Modules,  
as panel manufacturers rollout 
technology that uses larger wafers. 
The industry shift is underlined by  
the 600W+ Photovoltaic Open 
Innovation Ecological Alliance, 
initiated by Trina Solar.

Huawei, Sineng Electric, Sungrow, 
SMA, GoodWe, Ginlong, Kstar and 
other inverter-makers have 
announced the availability of 
inverters that can support panels with 
210mm wafers that can produce 
power of 600W and over.

The compatibility of the 210 
inverters and modules could result in 
more value in the application process, 
Trina believes. Specifically, low-
voltage, high-current modules can 
realize a longer string, thereby 
reducing the number of strings and 
the cost of PV DC cables, lowering 
LCOE, highlighting the power 
generation gain and cost advantages 
of high-power modules.
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SOLAR INSTALLER | COMPLIANCE

CEC and CER crack down  
on STC compliance
Installers who break the rules for claiming STCs are on notice, 
writes Robbie Nichols of the Clean Energy Council. 

In 2020, the Clean Energy Regulator (CER) 
investigated fraudulent claims for Small-
scale Technology Certificates (STCs) 

under the Small-scale Renewable Energy 
Scheme (SRES). That investigation led to 36 
installers having their Clean Energy Council 
(CEC) accreditation cancelled. 

Evidence from the CER proved 
unequivocally that in each case the installer 
who had signed the declaration for the 
eligibility of the system to claim STCs had 
not been on site for either the entire 
installation or at least for the start, middle 
and commissioning of the installation.

Clean Energy Regulator executive general 
manager Mark Williamson says the CER 
and CEC have been very clear that 
accredited installers must be onsite 
supervising the installation at least at the 
start, middle and end for it to be eligible for 
the Commonwealth STC entitlement. 

“There are still a material number of 
CEC-accredited installers signing off on the 
written statement of STC eligibility when 
they haven’t been on the site at all during 

for those of us abiding by the rules to hear of 
others who  are happy to sign off on things 
for a fee or to have unqualified, 
unsupervised people performing the installs 
while they sit in an air-conditioned office or 
on a beach somewhere.

The CER and the CEC will not tolerate 
this sort of behaviour.

“We understand these individuals will 
not like the actions the CEC has taken  
in cancelling their accreditation, but we 
don’t shy away from this critical task and 
have strong and transparent processes we 
follow when we are made aware of poor 
behaviour,” says CEC chief executive  
Kane Thornton.

“We note recent public comments from 
some people concerning actions we have 
taken to ensure compliance. While the CEC 
will not make public comments on specific 
cases and actions, we will defend our 
actions vehemently and continue to enforce 
the standards of practice critical to 
protecting the reputation and future of the 
Australian solar industry.

installation,” Williamson says. “If they 
continue this practice, they will get caught 
and run the risk of being prosecuted, their 
accreditation being revoked and their state 
electrical licence being put in jeopardy.”

The CER says it has automated its 
sophisticated analytics model that can 
identify installers unlikely to have been on 
site in accordance with CEC requirements. 
Those installers can expect to receive 
statutory notices from the CER to prove 
they have been onsite at the addresses 
during installation. 

Where necessary, the regulator has other 
investigative avenues to confirm whether 
accredited installers were on site during the 
installation. Williamson says the CER can 
and will disclose details of its investigations 
to the CEC and state or territory regulators 
in addition to pursuing prosecutions.

CATCHING THE COWBOYS
As the CEC’s technical team leader, a small 
business owner, an installer and a CER 
inspector, I understand how frustrating it is Fr
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Robbie Nichols 
is technical team 
lead at the Clean 
Energy Council.

“The vast majority of solar installers do the 
right thing and have nothing to worry about.”

Any accredited installer suspected of 
undertaking this behaviour will be sent a 
“show cause” letter from the CEC, asking 
them to provide evidence that they were 
physically on site for the entire installation 
or, as a minimum, for the beginning (set-up), 
middle and end (commissioning).

“One way or another, this practice of 
accredited installers signing written 
statements without supervising the 
installation is going to stop,” Williamson 
says. “We hope the offenders choose the 
path of compliance in the future as we won’t 
hesitate to take enforcement action.”

The obligations relating to the installer 
being on site are detailed in version 13 of 
the CEC’s Installation Guidelines. Apart 
from the number of installations an 
installer can undertake in a day (now two), 
the obligations have been the same since 
version six of the guidelines, issued in 
September 2010.

The CEC has recently reiterated 
accredited people’s obligations in the 
December 2020 issue of EcoGeneration, 
Installer News and a Toolbox Talk video.

COMPLIANCE MADE EASY
To make things as easy as we can for those 
following the rules, the CEC’s new 
commissioning checklist includes 
declarations for the accredited person 
responsible for the installation to sign and 
for the system owner to sign.

The CEC has also recently added a section 
for a situation where you are not going to be 

on site for the entire installation. If this is 
the case, you must nominate the licensed 
electrician in charge of the installation in 
your absence. You must also consider if this 
person is appropriate for the supervision of 
any apprentices or other workers on site in 
relation to the local state electrical regulator 
licensing and supervision requirements.

Installers are required to maintain a 
record of their installations, including 

evidence that they were on site for the 
installation work.

The CEC is also working on a digital 
platform that will assist installers in 
meeting all their obligations relating to 
documentation and maintaining a record of 
their installations. Some of the Solar Panel 
Validation apps also provide options for 
installers to prove they have been on site. 
The CEC and CER will jointly communicate 
further on this issue with all accredited 
installers in the coming weeks, including 
expectations on record keeping.

SERIOUS CONSEQUENCES
If you are one of the installers either signing 
off on work you did not do or signing off on 
sites you did not attend, be warned. 

To all the installers doing the right thing, 

these investigations and enforcement action 
will hopefully get rid of the dodgy installers, 
forcing the companies that deliberately use 
them to stop.

My suggestion is for you all to value your 
accreditation. You are highly qualified 
people that have returned to do additional 
training to obtain accreditation. Your 
knowledge, experience and skills make that 
an asset that should be considered when 
negotiating installation rates.

The CEC has developed a sub-contractor 
agreement template to assist you if you need 
it. It will help identify roles and 
responsibilities when sub-contracting and 
hopefully assist in a mutually beneficial 
working relationship. 

Keep these things in mind when you get 
the next call offering you installs. 

‘The practice of installers signing statements 
without supervising an installation is going to stop.’

Mark Williamson, CER
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Visit holmesglen.edu.au/renewable or call 1300 639 888

Renewable Training

RTO: 0416. CRICOS Provider Code: 00012G. 

Gain new skills in 2021 with our range of nationally accredited renewable energy 
short courses. Learn about Grid Connected PV, Battery Storage, Stand-Alone 
Power Systems and Working Safely in the Solar Industry. Our renewable energy 
training centre is located at Moorabbin.
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In renewables, you  
have to think ahead

SOLAR INSTALLER | SOLAR

static; you have to be asking, what’s going to 
happen 12 months from now and what do  
I have to do to stay relevant,” he says. 

Competition in parts of the solar industry 
can be “relentless”, he says. “Ultimately it’s a 
good thing, as far as getting emissions 
down, but it’s a tough market to operate in.” 

Running a business, Bateman has to look 
for opportunities in a market that never 
stops moving. It means going beyond what’s 
happening today, he says, to anticipate 
where the company can offer premium 
solutions that solve more complex problems. 
It’s been obvious in the C&I solar space, for 
example, where he says there has been a 
“commoditisation” of installation 
companies’ services as they battle for work.

“When we first started there was a real 
angst [in winning work],” he says, referring 
to the years before solar was anywhere near 
as affordable as it is today. “We were able to 
offer quite a lot of value to national 
companies that were doing larger installs.” 
Everything changed when Australian 
Standard 4777.2 rolled out in 2015 and the 
market “settled down a bit”. 

TIME TO DIVERSIFY
As C&I solar grew more competitive, 
Bateman says CTP decided to concentrate 
on other parts of the market. “We’re not 
providing a lot of engineering services for 
anything under 500kW now, and that 
threshold is getting higher all the time,”  
he says.

All of this is not to say Bateman is down 
on C&I solar. “It’s probably a stronger 
market [than utility] in some ways,” he says. 
“You don’t have the impacts of negative 
pricing and marginal loss factor issues you 
have on front-of-meter projects, but it is a 
very commoditised space now.”

A subsidiary company, Clean Technology 
Controls, was established to more finely 
target the C&I area with switchboards, 
testing and optional engineering. 

Having worked in renewables for about 15 
years, Bateman understood how long it can 
take to deliver a product or new service. “If 
your target price is linked to the current 
market price, you’re always going to be 
playing catch-up,” he says. “That’s what 
informed the spin-off of our business Clean 
Technology Controls. We knew if we kept 
doing what we were doing that we would 
have to step away from that market.”

Bateman says CTP has clocked up more 
than 1,500 projects, contributed to more 
than 2.5GW of clean energy generation and 
delivered 150MWh of storage. 

A 10-year anniversary is a big deal in 
the up-and-down world of renewable 
energy. Clean Technology Partners 

founding director Lachlan Bateman admits 
one of the biggest lessons he’s learned over 
the past decade is to think ahead. 

“We started life as a consultancy with  
an electrical engineering focus and for a 
good chunk of time we were almost solely 
focused on solar,” Bateman tells 
EcoGeneration. “But we look at the 
renewables market now as three categories: 
utility PV projects and behind-the-meter 
C&I solar; hybrid projects, including off-
grid or renewables with a dispatchable 
element, and; detailed design.”

Bateman’s tip for owners of installation 
companies is to never sit still. “You can’t be 

A Melbourne-based clean 
energy company shares some 
wisdom gleaned from 10 years 

of trying to stay ahead in  
a relentless sector.
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when the first 30kW string inverter came 
out. “That was the point when rooftop C&I 
solar started to become commercial. I think 
we’re starting to see similar products start to 
come out in the C&I energy storage space.”

An interesting observation, which is an 
obvious niggling frustration for an engineer, 
is that connection regulations are less 
stringent for stand-alone storage assets as 
they are for those co-located with 
generation. “It strikes me from an 
engineering perspective that it would be 
more efficient to tie a battery to an existing 
asset, but there are quite a lot of 
impediments to that, it seems.”

The Melbourne-based company is 
currently working on large front-of-meter 
storage projects in two states. “It feels like 
2021 is the energy storage equivalent of 
what 2013 was for solar.” 

Instead of looking for simple ways to 
grow, a company can always take the route 
of pitching for harder nuts to crack and 
charge an appropriate premium. An 
example in CTP’s book is its e-Cube product 
(pictured), where it spied an opportunity to 
supply a turnkey grid-connection solution 
for utility-scale solar clients. 

For solar projects up to 5MW the e-Cube 
solution offers a counterbalance to ever 
more complex grid-connection study 
requirements by the Australian Energy 
Market Operator.

UTILITY-SCALE EARLY BIRD
Bateman says a great experience during the 
long solar ramp-up over the past few years 
was working with SunSHIFT, a company 
that deployed rugged portable PV systems to 
mining sites around the country. 

For CTP, it was a case of putting ambition 
to the test. “We were confident,” he says. 
“We backed ourselves.”

It wasn’t the first time. CTP was involved 
with the first utility-scale solar farm that 
connected to the NEM: the 3.5MW Mildura 
Solar Farm, which predated the 20MW 
Royalla Solar Farm in the ACT by a few 
months, he says. “That was our entry into 
utility scale and also our entry into power 
system modelling, which is now about 40% 
of our business.”

CTP works on power systems connection 
studies for utility-scale wind and solar 
projects up to 100MW-plus and behind-the-
meter projects as large as 10MW, he says. 
Among its portfolio of hybrid system 
projects is a large tourist destination off the 
coast of NSW where diesel is being replaced 

by a solar-and-storage system that will 
provide up to two-thirds of the island’s 
energy needs.

“I could reel off dozens and dozens of 
really high-profile projects we’ve been a 
key part of, but because we’re working a 
couple of levels down solving those 
engineering problems it’s not easy to get 
the relevant approvals so we can talk about 
them,” he says.

CTP’s technical advisory work at the 
moment includes a 35MW project in 
Queensland, acting as commissioning 
managers on a 140MW solar plant in 
Victoria and working on other solar assets 
in the pineapple state.

THE NEXT 10 YEARS
It’s been a busy 10 years and the decade 
ahead will be just as fast-paced. Is it a 
satisfying industry to work in? “I’m 
passionate about the industry; I see it as one 
of the most effective ways to have an impact 
on climate change – which is my starting 
point. But it’s quite tough to be 
commercially successful. That’s why the 10-
year anniversary is such a milestone for us, 
to be honest.”

With the development pipeline for energy 
storage recently outstripping the pipeline 
for solar (acknowledging that many of these 
projects will never be built), Bateman says 
the storage sector feels like the solar sector 
did about 10 years ago. “The demonstration 
projects have happened and we’re pretty 
close to seeing the first stand-alone energy 
storage projects that stand up in their own 
right,” he says.

For Bateman things feel a bit like they did 
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www.cobaltsolar.com.au

1300 273 111

SS Cable Ties & Clips 

Lachlan Bateman says PV install companies should 
be prepared to back themselves and take risks.
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As rooftop PV systems age, installers need to understand how system performance  
can be affected by potential induced degradation, writes Mchelle McCann.

Framed! The perils of 
potential induced degradation

SOLAR INSTALLER | PANEL DEGRADATION

Potential Induced Degradation (PID)  
is a failure mechanism for solar 
panels. Panels that exhibit PID can 

have profoundly reduced output power, 
with complete failure (0% power output)  
a possibility. 

Potential induced degradation occurs 
when panels are at a high (negative) 
electrical potential relative to ground. 
Essentially, ions in various parts of the panel 
find themselves free to wander about and a 
current pathway is created between the 
solar cells and the frame of the module, 
leading to current leakage from the module 
to ground. 

PID accelerates with higher 
temperatures, higher humidity and higher 
system voltages. While the exact 
mechanism of module degradation remains 
a subject of active research, it is clear there 

are acknowledged: not just PID, but also 
LID (light induced degradation), LeTID 
(light and elevated temperature induced 
degradation) and STBID (soon-to-be- 
identified-degradation). 

IS IT A PROBLEM? 
Since PID can occur in systems above 600V, 
it can occur on anything above a mid-sized 
rooftop system. 

Domestic systems have two sets of 
groundings. Firstly, there is equipment or 
protective grounding, whereby the module 
frame is connected to earth. This is an 
excellent idea for safety reasons and is done 
in all domestic systems. 

Secondly, there is system or functional 
grounding. This can be done to the negative 
pole of the inverter, or the positive, or 
occasionally floating between. 

PID only occurs in panels that are under a 
high negative potential. It can therefore be 
avoided completely when the negative side 
of the inverter is grounded, such that all 
panels experience a positive potential 

are multiple pathways to degradation and 
that a favoured explanation for at least some 
of the degradation is due to the migration of 
sodium atoms from the glass. Regardless of 
the exact cause, the result of PID is reduced 
system output. 

Ion migration may be the root cause of 
PID but another way of conceptualising the 
situation is to acknowledge the fact that the 
combination of sun, high voltages and 
outdoor life is quite powerful, really, and if 
you leave things outside for long enough, 
changes will occur. These changes usually 
lead to less power output from the panel. 

Solar panels operate in some of the 
harshest environments our world can throw 
at them. They undergo high temperatures, 
high temperature variations (sometimes in 
very short time periods), extreme weather 
events, strong UV, are subjected to a high 
electrical potential and we expect them to 
perform for decades.

Evidence that the outdoors is a harsh 
environment for our solar panels exists in 
the number of degradation mechanisms that 

P
V

 L
ab

Potential induced degradation can dramatically strike down the output of solar modules.
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partner at  
PV Lab Australia 
and has twice 
held the world 
record for  
high-efficiency 
solar cells.

PANEL DEGRADATION | SOLAR INSTALLER

relative to earth. Grounding is usually done 
following recommendations of the panel 
supplier and inverter manufacturer and is 
subject to specifications of the inverter and 
panel technology. In many cases this will 
mean the negative side of the inverter will 
not be grounded. 

In some cases PID can be reversible, but 
only if symptoms are mild and it is caught 
in the early stages. Most residential 
rooftop systems would not warrant 
monitoring sophisticated enough to 
capture PID problems.

Given increasing price pressure on 
manufacturers, it is hardly surprising that 
shortcuts are sometimes taken in material 
quality and workmanship. There is no 
doubt, however, that solar panels can be 
made to perform for decades. Recent studies 
from the TISO 10kW plant, which has been 
in operation in Lugano Switzerland for over 
35 years (it was installed in 1982 and was the 
first grid-connected PV plant in Europe!) 
show some stellar panels still operating at 
95% of their initial power. 

If you suspect that modules may have 
degraded, you can test for this: a 
combination of electroluminescence and 
STC power tests can usually determine 
whether or not degradation has occurred. 
What can you do to ensure PID won’t be a 
problem? Purchase carefully and test, test 
test the products that you buy. 

CONTROLLING PID
Many module manufacturers offer  
“PID-free” modules, but not all modules 
marked PID-free are free from the effects of 
PID. Testing for PID is a mandatory 
requirement for most solar farms built 
globally, but there is currently no possibility 
to test for PID in Australia. 

The standard for PID testing is IEC 
62804. There are two tests in this standard, 
the aluminium foil test and the chamber 
test. The chamber test is the better of the 
two and is done in a damp heat chamber. It 
requires the panel to withstand 60°C at 85% 
humidity under a bias of 1,000 or 1,500V 
(according to the module specifications) for 
96 hours. A module can be labelled as “PID 
free” if, following testing, the drop in output 
power is less than 5%.  

Many manufacturers are opting for more 
stringent testing; up to 600 hours and there 
are moves to require the test to be done at 
85°C. Nonetheless, even a “PID-free” 
module is not necessarily free from the 
effects of PID. In many cases a deeper 
understanding of the test results is 

detail and decided to aim high and develop 
the chamber test for the Australian market. 

The second stage was the tendering for 
and purchase of equipment. Our equipment 
is in two parts: the chamber that will house 
the modules during testing and the 
electrical rack that connects to the panels 
and supplies the high voltage during the 
test. The chamber was purchased from 
Labec, a specialist manufacturer in Sydney.

The rack was built together with 
assistance from staff at the Australian 
National University. 

We are about to enter stage three, our first 
tests on commercially available modules. 
Watch this space for our first results! 

A combination of electroluminescence and  
STC power tests can usually determine whether 
degradation has occurred.
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The effects of PID can be catastrophic. This chart shows measurements from two typical PID tests of two panels 
from six different module manufacturers. Source: PV Lab Germany.

EFFECTS OF POTENTIAL INDUCED DEGRADATION ON MODULES
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warranted. In response to the fact that there 
is currently no possibility to test for PID in 
Australia, PV Lab Australia submitted a 
grant application to develop PID testing 
capability. Happily, the application was 
successful and with assistance from the 
ACT Government under the Renewable 
Energy Innovation Fund we have begun to 
develop this capability. 

The work was divided into four stages. 
In the first stage we worked closely with 
Dr Peter Hacke from National Renewable 
Energy Laboratory (NREL) in Colorado. 
Dr Hacke, one of the leading global 
experts in the field of PID, led the panel of 
experts that developed the first IEC 
standard for PID testing (IEC 62804, 
released in 2015). 

The grant allowed for a research trip to 
NREL and timing presented an opportunity 
for us to combine this with attending 
NREL’s PV Reliability Workshop. The 
workshop was outstanding value. 

Following the workshop, we spent some 
days at NREL with Dr Hacke and various 
members of his team. We discussed both the 
aluminium foil test and the chamber test in 
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DC isolators  
cop flak as  
PV fire risk 
story spreads

SOLAR INSTALLER | DC ISOLATORS

Rooftop solar isn’t perfect. 
Performance can be affected, not 
surprisingly, by hailstones the size of 

tennis balls, temperature extremes and Old 
Man Time. Poor-quality equipment and 
shoddy installation work will also 
compromise output. But it never helps when 
the media weighs in with stories about 
systems catching fire and pins the blame on 
DC isolators.

“Over the last five years we have seen 
solar panel-related fires increase five-fold,” 
Fire and Rescue NSW manager fire 
investigation and research Graham 
Kingsland told regional media last year. “It 
is not uncommon to see solar panels cause 
house and building fires.”

Kingsland’s comments followed a bad 
week for PV in NSW. In November last year, 
solar panels were found to be the cause of 
five fires in the state: four that started in 
isolator switches and one in a fuse box. The 
agency reported fire incidents related to 
solar panels were up by more than 20% 
compared with late 2019, “with solar 
isolation switches causing almost half of all 
solar panel-related fires”.

Between December 1, 2020, and January 
12 this year Fire and Rescue NSW 
responded to about 15 fires across the state 
related to solar panels. 

It is true that an incorrectly or badly 
installed DC isolator is a fire risk. It’s a 
stretch to say fires caused by solar panels 
are “common”. Statistics from the 
Australasian Fire and Emergency Service 
Authorities Council show faulty solar 
systems caused 400 residential fires for the 
seven years from 2009 to 2015 (the most 
recent statistics available), or about 1.5% of 
all reported fires. 

WHERE THERE’S SMOKE
When attached to a string system, a DC 
isolator must manage a high current and 
voltage. If a DC isolator is faulty, water has 
entered it or cabling is loose, there will be a 
chance of arcing, which creates heat that 
can lead to smoke and sometimes fire. Many 
such fires are contained to the boxes, but 
they can spread. 

“DC won’t trip a circuit breaker or blow a 
fuse; it will burn until it separates,” says 
Clean Energy Council technical team lead 
installation integrity Robbie Nichols. 

Rooftop DC isolators are mandated in 
Australian Standard 5033, which sets down 
the safety and installation requirements for 
PV systems. (Although the standards are 
shared with New Zealand, the industry Im
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A media report of a rise in house fires 
started by faulty PV systems only 
underlines the importance of quality 
work and ongoing maintenance.

Any fire that starts in a PV system  
is bad news for all installers.
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there successfully called for the removal of 
the clause on DC isolators.)

The CEC’s guidelines around DC 
isolators, which have been refined since 
they were introduced around 2012, stipulate 
the use of multi-hole glands to prevent 
water ingress and no top entry points. 

Some DC isolators may have been in 
service for nearly a decade, however, and 
anything exposed to the elements that long 
will have taken a beating. Plastic housings 
may be prone to corrosion and seals could be 
cracked or warped, allowing for water to 
enter. It’s a maintenance issue that affects 
older systems, Nichols says, as current 
installation practices have done much to 
reduce the chances of failure. 

Nonetheless, the CEC is leading a re-write 
of the Australian Standard that deals with 
the installation of rooftop DC isolators. 

The committee working on the re-write 
includes state and territory electrical safety 
regulators, fire safety and emergency 
services, peak industry bodies and product 
manufactures.

A spokesperson for the CEC said, “We are 
not against the removal of rooftop DC 
isolators, but we do want to see the safest 
and most practical solution implemented.” 
The most recent data from the CEC shows 
1.7% of PV systems inspected are being 
classified as unsafe. 

Enphase, whose technology includes 
microinverters and relies on AC isolators, 
has released a report that underlines the 
threat of fire risk in DC isolators. 

Some media pieces have linked to the 
Enphase report. There is no risk of DC 
arcing with AC isolators.

BOOK A CHECK-UP
If some are claiming that DC systems are 
unsafe, SolarQuotes founder Finn Peacock 
disagrees. “A properly installed DC system 
is perfectly safe,” he tells EcoGeneration.

Peacock says the problem is that the 
rooftop units take a beating from the 
weather, simple as that, and metal shrouds 
stipulated over the past few years to protect 
the boxes is a good move. “The DC isolators 
that were on the roof before the shrouds 
came into force should probably all be 
inspected and retrofitted,” Peacock says. “If 
water gets into a DC isolator it’s bad news. 
High-voltage DC arcs so easily.”

Installers have a hectic time running 
from one job to the next but their sales pitch 
to customers should include an offer of a 
paid service check a few years down the 
track. “I think systems should be inspected 
every five years,” Peacock says. “The 
problem is, I suspect 95% of systems don’t 
get inspected every five years … even though 
it’s mandated in some of the DNSP areas.” 

A catch-up with old customers is a great 
opportunity to talk about adding a battery, 

upgrading a water heater or upsizing the PV 
system, he says. “If you got a solar system 
five years ago it’s probably too small.”

Perhaps the last word on the subject 
should go to Kingsland from Fire & Rescue 
NSW. “By ensuring solar panels are 
installed by a licensed installer,w and are 
well maintained by a professional, you can 
prevent a tragedy.” Every solar installer 
would agree with that. 
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Delivering courses in Western Australia
and Northern Territory
• Theory Online with Zoom, then a one day of Practical work
• Grid Connect Practical Days – Alice Springs, Darwin, Broome,
 Port Hedland, Karratha, Geraldton, Perth and Kalgoorlie
• Battery Storage Practical Days – Alice Springs, Darwin,
 Broome, Karratha and Perth

www.skillbuild.edu.au
1800 059 170

Alice Springs • Darwin • Katherine • Kununurra • Broome • Port Hedland • Karratha • Geraldton • Perth • Kalgoorlie

See our website for
theory and practical dates

Water ingress is a common cause of  
arcing, which can sometimes lead to fire.

The aftermath of a rooftop  
fire ... but how did it start?
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Time to get tricky

SOLAR INSTALLER | PROFILE

Tell us about your history in solar.
I’ve been doing it about 13 years now.  
I started working for a Perth installer, 
doing the little 60-watt by 24 panel jobs.  
I did that for a couple of years and then 
went back into the commercial industry 
when I moved down south to 
Dunsborough. I did little jobs here and 
there and about six years ago started up 
Green Earth Electrical.

What sort of work did Green Earth start 
out doing and what are you doing now?
At the beginning it was more residential 
with the odd commercial job. At the moment 
it’s a bit of a mixture. On the commercial 
side I’ve done a dairy, a vineyard, a 30kW 
installation at a school, a couple of hybrid 
jobs with 90kW of batteries, three different 
off-grid jobs.

Western Power, your local network, has 
replaced a line with stand-alone systems. 
Are West Australians more aware of 
alternative energy solutions now?

batteries and a large PV system. They also 
run a generator in back-up, which they run in 
sync with the system. It’s coping really well.

Are solar exports becoming an issue for 
the network in parts of your area?
I think it is becoming an issue. The network 
we’re connected to is definitely getting 
saturated with PV. Western Power is trying 
to guide people towards batteries. [In 
September last year the daytime feed-in 
tariff was changed from 7 cents to 3c and 
the feed-in tariff for 3-9pm increased to 10c, 
to encourage storage in residential systems.] 

Do customers understand how to use PV 
and storage so they can save money?
It’s getting a little bit tricky. They’re asking 
questions. When you tell them they’ll get 3c 
[for daytime exports] they’re quite put off by 
it. You’ve got to explain to them that you 
don’t really want to be feeding your energy 
back into the grid. Instead, you want to 
consume the energy you are producing. 
Because you are getting so little for a feed-in 

They are definitely becoming more aware.  
A lot of the farmers you get in touch with 
are looking at the battery option and it’s the 
same with solar. It’s taken them a while to 
realise that solar is good value for money 
and you can run your house at very little 
cost. Farmers don’t like spending money if 
they don’t have to.

What loads are they running and what 
are their energy requirements?
They’re normally running pumps – they’re 
pumping a lot of water. At the vineyard I 
worked on down in Donnybrook the owner 
had a 24kW pump. It was enormous, so we 
were trying to cover that load as much as we 
could. It was running pretty much all day 
during summer. 

For the customer who has two off-grid 
systems and a hybrid, he’s running a yoga 
studio and a six-cottage retreat with a 
manager’s quarters that includes a 
commercial laundry. They had grid 
limitations. It was single phase with a 20kVa 
transformer. He kind of had to go with Im
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Jase Pearson of Green Earth Electrical says there are still plenty of ways solar  
and storage can help people save money in his corner of Western Australia.

A ground-mounted system makes plenty  
of sense if your client has lots of  

land and not much roofspace.
Jase Pearson gets to cover  
a lot of ground in his job.
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tariff you want to be using it in the house  
or in any way you can.

Do you think a 5kW system is sometimes 
too big for residential clients?
Probably. If the owner is only paying $150 
[for electricity] per billing period I’d 
definitely say if you put a 5kW system in you 
will be exporting more than you need to. 
The majority of my clients are paying $300-
$800 per billing period, so a 5kW system is 
pretty much where you want to be.

What sort of daytime load are residential 
customers in your area running?
Pool pumps, water pumps, heat pumps, all 
those appliances. Air-con is not used so 
much in my area. We’re about three hours 
south of Perth and the temperature is a little 
bit cooler.

There’s been a bit of coverage recently 
about DC isolators being a fire risk. Do 
you have any thoughts about that?
I’ve had issues, but not with my own jobs. 
I’ve been called to jobs where I’ve had to fix 
issues with a burnt-out or melted isolator. If 
they are installed correctly they work. I did 
plenty of jobs back in the day with fuseboxes 
and they all worked perfectly fine as well. 

I can understand the need for isolators 
from the perspective of the fire brigade. I’ve 
got some mates who are volunteers and if a 
house is on fire they’re not going up on the 
roof – it’s too dangerous. 

Do you have any comments about the 
standard of installation work you see in 
the solar industry?
Most of the guys down here are doing a 
pretty good job. You get a couple of 
cowboys come down from Perth every now 
and then to do installs for the companies 
up there and some of them could pick their 
standards up a bit. They’re not getting paid 
appropriate rates and they’re probably 
cutting a few corners.

Solar is an obvious choice for schools,  
where almost all energy is used during daylight hours.

Im
ag

e 
su

pp
lie

d

How about business standards in the 
solar business in general?
The training has really improved in the 
industry. There is a lot more online training, 
which is great for me – running a business 
with an apprentice and being so far from 
Perth. As for manufacturer support, my 
experience with callbacks is pretty low 
because I only use the gear from the top end 
of the market. I try to keep away from the 
other stuff. My experience with faults is also 
pretty low. I’ve dealt with other customers 
who may have gear from the cheaper end of 
the market and it might take two months to 
get a replacement inverter.

What’s your favourite type of install?
I’m really enjoying the bigger battery jobs 
and the hybrid jobs. They make you think a 
bit more. You can get right into the 
customer’s load and see where they’re using 
their energy, sizing up the battery to suit 
their needs. Those jobs are always a little bit 
trickier; there may be limitations or they 
might not be connected to the grid.

What’s your least favourite type of job?
One with multiple rooves. Every installer 
hates them. Little, tiny, multiple rooves. 
They’re just a pain. As for customers, it’s 
ones who don’t want to be able to see PV 
panels on their roof. I think, really? But 
you’re doing something good! 

Energy & Investment Series: Large-scale 

Solar, Energy Storage, Off-grid Power

23-24 March 2021, Sydney

energyinvestmentseries.com.au/

Smart Energy Conference  

& Exhibition 2021

12-13 May 2021, Sydney

smartenergy.org.au/events/

CEC Wind Industry Forum

18 May 2021, online

windindustryforum.com.au/

Australian Clean Energy Summit

13-14 July 2021, Sydney and online

cleanenergysummit.com.au/

Energy Next

13-14 July 2021, Sydney

energynext.com.au/en-gb.html

Solar Energy Future Australia 2021

19-20 July 2021, Melbourne

leader-associates.com/sefa

Enlit Australia

21-22 July 2021, Melbourne

enlit-australia.com/

EN2021

9-11 November 2021, Brisbane

energynetworks.com.au/events/en2021/

CALENDAR  
OF EVENTS
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Clean energy market wrap
LARGE-SCALE GENERATION 
CERTIFICATE (LGC) MARKET 
The final weeks of the Cal 20 compliance 
year saw similar outcomes to the end of 
the Cal 19 compliance year, with some 
late volatility in the spot market and 
another large under surrender of LGCs. 
The spot market spent most of January 
trading either side of $40 before the 
buying dried up and the market crashed 
to $34.50 only to rebound to $38.50 in 
early February. The spot then once again 
declined sharply from that point to the 

SMALL-SCALE TECHNOLOGY 
CERTIFICATE (STC) MARKET 
The spot STC market climbed gradually 
across the early part of the year from the 
low $38s to reach $38.70 at the time of 
writing. Forward market activity increased 
across the period with the forward curve 
flattening out as the spot price climbed, as is 
frequently the case as the market 
approaches its $40 cap.

With a large surplus of STCs having been 
rolled over from 2020 into 2021, the 2021 
Small-scale Technology Percentage (STP) is 

end of February at $33.10. With the 
scheme’s regulator now endorsing the 
approach and the forward curve in steep 
backwardation (where forward prices are 
lower than spot prices), the shortfall 
strategy of paying the penalty in the 
current year instead of surrendering LGCs 
– in order to make good on those 
certificates within three years – makes 
clear financial sense. 

Not surprisingly, it was utilised again in 
Cal 20 with an under-surrender of circa 5.5 
million LGCs ultimately taking place.
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ENERGY EFFICIENCY DAILY CLOSING SPOT PRICE

DAILY CLOSING SPOT LGC PRICE
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Marco Stella is senior broker, environmental markets at TFS Green  
Australia. The TFS Green Australia team provides project and  
transactional environmental market brokerage and data services across  
all domestic and international  
renewable energy, energy  
efficiency and carbon markets.

SPOT LGC PRICE (2019)

SPOT LGC PRICE (2020)
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DOMESTIC CREATION SPOT PRICE ($)

LGC — Large-scale Generation Certificates 292,123,581 33.10

STC — Small-scale Technology Certificates 301,061,064 38.70

VEEC — Victorian Energy Efficient Certificates 63,959,178 45.50

ESC — NSW Energy Saving Certificates 3,572,109 29.55

INTERNATIONAL DEC ’21 PRICE (€) DEC ’21 PRICE ($)

EUA — European Emission Allowances 37.28 58.04
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going to need to increase considerably for 
the fourth year in a row. The STP must be 
released by the end of March, however 
recent form has seen the figure released 
closer to the middle of the month.

ENERGY EFFICIENCY MARKETS 
(VEECs AND ESCs)
While the suspension of residential activities 
was eventually lifted late in 2020 after nine 
months, many businesses did not have much 
of an opportunity to resume activity before 
the Christmas break hit, thus interrupting 
the flow of VEEC supply further. When 
buyers came back to the market in early 
January, the sellers were simply not there, 
and the price started climbing sharply on low 
liquidity. Having eventually reached $50 in 
early February, the market began losing 
ground. While liquidity improved 
significantly and volumes grew, the market 
continued to slip back to the $45.50 level in 
the spot by month’s end.

The ESC market also saw some volatility 
across the period with the spot rallying 
from the low $28s to reach the $31 level on 
several occasions, before promptly 
correcting back down to the mid to high 
$29s. The future targets for the scheme 
were officially adopted without great 
fanfare, with the predictable approach of a 
0.5% increase per annum adopted, 
beginning in 2022, to take the current target 
of 8.5% to 13% by 2030. 

This information has been provided by TFS 

Green and relates, unless otherwise indicated, 

to the spot prices as of February 26, 2021.
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