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10056 Haughton Stage 1 
10057 Lilyvale 
10058 Clermont 
7559 Susan River Solar 
7560 Emerald 
6861 Rugby Run Stage 1 
6562 Childers 
5863 Hamilton Solar 
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30163 Woongarra Solar Farm  Stage 2 29
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87168 Moree Solar 
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53170 Parkes Solar 
51171 Manildra Solar 
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VICTORIA
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27263 Mokoan Solar Project 200264 Kiamal Stage 2 

150265 Kennedys Creek Solar Farm 145266 Lake Mokoan Solar Farm 115267 Heywood Solar Farm 80268 Frasers Solar Farm 
75269 Ravenswood Solar Farm 63270 Red Cliffs 
60271 Woodvale Evaporation Pond Complex 60272 Wodonga SOL1 
54273 Gippsland Renewable  Energy Park 50274 Mooroopna 
35275 Ouyen 
20276 Corop Solar Farm 

320277 Bookar 
200278 Raywood Solar Farm 200279 Kerang 
122280 Wunghru Stage 2 
90281 Baranduda 
80282 Baringhup Solar Farm 75283 Goorambat Solar Farm 75284 Morwell 

70285 Naring 
50286 Stanhope 
50287 Lang Lang 
30288 Stanhope 
30289 Wonthaggi 
30

290 Tragowel Solar Farm 510291 Mallee Solar Park 
250292 Nowingi 
250293 Prairie 
240294 Murrawarra 
235295 Horsham 
130296 Glenrowan 
120297 Wunghnu 
102298 Lemnos 
100299 Macorna 
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STORAGE SITES  >10MW
WESTERN AUSTRALIA312 Newman Battery Storage Project  35 313 Agnew Mine Hybrid Project   13 314 Asian Renewable Energy Hub   800 315 Mungari  
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NORTHERN TERRITORY316 Tennant Creek Solar Farm  10,000 
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 25 

320 Hornsdale Power Reserve  Stage 2  50 321 Lincoln Gap  
 10 322 Goyder South Stage 2 1,200 323 Goyder South Stage 1  600 324 Port Augusta Phase 2  400 325 Yoorndoo Ilga Solar Farm   300 326 Highbury 

 300 327 Kanmantoo Mine Pumped  Hydro  250 328 Robertstown Solar Farm   250 329 Goat Hill 
 230 330 Twin Creek  
 215 331 Cultana  
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 200 333 Solar River Stage 2   150 334 Bungama  
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 100 340 Pangea Project  
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QUEENSLAND
350 Wivenhoe 
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 20 401 Hume Hydro Station   20 402 Quorn Park  
 20 403 Tamworth  
 19 404 Dunedoo  
 15 405 Bomen 
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VICTORIA
409 Ballarat 

 30 410 Gannawarra Energy  Storage System  25 411 Bulgana Green Power Hub   20 412 Kentbruck Green Power Hub   500 413 Murrawarra  
 300 414 Baringhup Solar Farm   150 415 Kiamal  
 100 416 Nowingi  
 80 417 Gippsland Renewable Energy Park   50 418 Stanhope  
 50 419 Bendigo Mines Pumped Hydro   30 420 Ravenswood Solar Farm   20 421 Inverleigh  
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Solar Map of Australia 2020This map shows locations of solar projects greater than 20MW and energy storage projects greater than 10MW 

that are operating, under construction or at various stages of the planning process at February 2020.
Source data courtesy of Rystad Energy, Sydney | ph: (02) 8067 8468, email: sydney@rystadenergy.com

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 and for advertising  
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This map is a schematic representation only. It does not show exact project locations.
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Solar supporting the European Space Agency's  
New Norcia ground station in Western Australia.

Solar is slowly replacing diesel in the Northern Territory.
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Queensland is the leading state for solar  and the pipeline for new projects is huge.
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Rystad bought Sustainable Energy Research Analytics, a company he co-founded.  
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THE ECOGENERATION EDITORIAL BOARD

You have to keep an open mind in the world of energy. Just 
when you think the obvious sources of generation are proven, 
secure and offer good value for money, everything slowly 

changes. It happened to wood, it’s happening to oil and it’s 
happening to coal. (Sure, I’ve probably left a few out but I have 
trouble seeing beyond the Paleolithic Age in my rear-view mirror.)

There seem to be so many ways of getting the same thing – 240V 
from the nearest power outlet – that there’ll always be this illusion 
we are perpetually on the cusp of finding some new way of 
producing electricity that will replace all the other methods. But 
we’re all old enough now to know it doesn’t work that way. (Sorry to 
hit you with the bad news, nuclear power...)

Truth is, it’s going to take a big colourful mix of generation types 
to replace the 76% of supply from coal and gas in the NEM. And 
what I’ve noticed working on EcoGeneration over the past few years 
is it’s the slightly off-centre stuff readers seem to get excited about.

Well, we’ve got plenty of that action in this issue.
How about a waste-to-energy project south of Perth, which will 

be the second in the city to send energy to the grid if all goes well 
(page 38). And we all know Australia needs storage to ease 
constraints, so a big battery for Queensland is very good news (page 
48). Wind has proven itself already, but on page 20 we ask if the 
sector can deliver three times the current capacity or more. The 
answer is yes, if communities are handled with care. And what about 
hydrogen? That’s a tough one, as you’ll learn on page 26.

Enjoy the issue!

Jeremy Chunn
EcoGeneration editor
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A large PV array at Wilpena Pound in Victoria.

Solar supporting the European Space Agency's  New Norcia ground station in Western Australia.

Solar is slowly replacing diesel in the Northern Territory.

The Ross River facility near Townsville, Queensland.

Queensland is the leading state for solar  and the pipeline for new projects is huge.

The Royalla Solar Farm,  close to the nation's capital.
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Sign up for the FREE weekly newsletter and check out our website at ecogeneration.com.au

 » The latest in policy
 » Project updates
 » Industry news

NEWS IN BRIEF
NEW TECHNOLOGY, NEW PROJECTS, NEW IDEAS

CAN’T WAIT FOR THE NEXT EDITION OF ECOGENERATION? 

MORTLAKE SOUTH 
WIND FARM POWERS 
ON WITH WILSON
With the last of 35 foundations poured at the end of January 
at Acciona’s Mortlake South Wind Farm, the project reached 
another milestone recently with the unveiling of the main 
power transformer. Minister for energy, environment and 
climate change Lily D’Ambrosio was joined by Acciona Energy 
managing director Brett Wickham and Wilson Transformer 
managing director Ed Wilson to view the 200-tonne 
transformer at Wilson’s facility in Glen Waverley. The project is 
on target for construction completion at the end of 2020, 
pushing Acciona’s capacity in Australia to 592MW.

Risen Energy has finished work on the 100MW Yarranlea 
Solar Farm, which is undergoing staged commissioning 
procedures that will see it move toward 100% output in the 
first half of the year. “Staging the transition to full output 
ensures that the network is stable as this is relatively new 
technology to the Darling Downs area,” said Risen Energy 
(Australia) general manager Eric Lee. “This commissioning 
regime ensures that there is minimal potential for disruptions 
to stable power supplies to the community.”

The Yarranlea Solar Farm is located near Pittsworth, about 
50km west of Toowoomba on the Darling Downs region of 
Queensland. It utilises more than 360,000 Risen solar panels 
mounted on a single axis tracking system. The farm will 
generate renewable electricity to power up to 32,000 homes. 

At the end of the facility’s 30-year operating life, all 
physical infrastructure will be removed and the land returned 
to its former agricultural use. Integrated battery storage will 
ultimately be incorporated in the solar farm to provide 
continuous power during periods of peak demand, Lee said.

QUEENSLAND UNI 
CLOCKS EFFICIENCY 
LEAP FOR NANO PV
The economic viability of a flexible solar technology in 
development at the University of Queensland has received a 
boost as researchers recorded 16.6% efficiency, up from a 
previous record of 13.4%. The solution relies on nanoparticles 
called “quantum dots”, which pass electrons between one 
another and generate electrical current when exposed to solar 
energy in a solar cell device.

Professor Lianzhou Wang said conventional solar 
technologies used rigid, expensive materials. “The new class 
of quantum dots the university has developed are flexible and 
printable,” he said. “This opens up a huge range of potential 
applications, including the possibility to use it as a transparent 
skin to power cars, planes, 
homes and wearable 
technology.” The improvement 
in efficiency brings the PV 
solution closer to being 
commercially viable, he said. 

The work was part funded by 
the Australian Research 
Council’s Discovery 
Programs.

Minister D’Ambrosio, centre, at the Wilson plant.

YARRANLEA SOLAR 
FARM CONNECTS  

TO THE GRID
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Australian Gas Networks has expanded its 
national hydrogen push into Queensland 
with the establishment of a $4.2 million 
hydrogen plant in Gladstone. The plant will 
be Australia’s first renewable hydrogen 

production facility able to deliver up to 
10% blended hydrogen across the city’s 
total 770 residential, small commercial 
and industrial customer base, the 
company says.

The project is backed by $1.78 million 
in grant funding from the Queensland 
Government’s $15 million Hydrogen 
Industry Development Fund.

“The project supports Gladstone’s 
vision to be a key hub for Queensland’s 
domestic and hydrogen export industry, 
just as it is for natural gas today,” said 
Australian Gas Networks CEO Ben Wilson. 
“Domestically, zero-carbon hydrogen 
offers a pathway to zero emissions from 
our gas networks and also for transport, in 
particular heavy haulage.” 

The Queensland Government has set a 
target of 2030 to be an Australian leader 
in renewable hydrogen production. 

AGN is part of the Australian Gas 
Infrastructure Group. 

Construction will start in November, 
with the plant becoming fully operational 
in December 2021.

NEWS IN BRIEF

NEW ZEALAND’S LARGEST 
WIND FARM TURNS 20
New Zealand’s largest wind site, the Tararua Wind Farm near Palmerston North on the 
North Island, held a 20th birthday party recently for its sturdy Stage 1. 

“The first 48 turbines of the Tararua Wind Farm reached official commercial 
operations on 24 December 1999 and even at 20 years old the project remains one of 
the best performing in the world,” said Tilt Renewables CEO Deion Campbell. “We are 
thrilled to mark the milestone of these machines reaching the end of their ‘design life’ 
and celebrate that they are still going strong, at this internationally iconic commercial 
scale wind farm site,” Campbell said.

The facility has had 86 turbines added since then and now generates 161MW, making 
it the biggest in the land in terms of number of turbines and installed capacity. 

WEPOWER 
PLATFORM 
ENABLES 
10-YEAR 
PPA
People Energy and QEnergy have 
executed a power purchase 
agreement (PPA) on WePower’s 
renewable energy procurement and 
trading platform. Under the 10-year 
contract valued at more than  
$10 million, QEnergy has purchased 
the equivalent of 100% of the energy 
production from a 9.4MW solar PV 
power plant located in Robinvale, 
north-west Victoria.

It is the first time a PPA transaction 
has been executed using a fully 
standardised and digitised contractual 
architecture, enabled by WePower’s 
energy tokenisation technology.

Having procured a digitised PPA, 
QEnergy will be able to offer its 
customers innovative retail PPA-
based products via WePower’s 
secondary market. “The 
standardisation and digitisation of 
energy procurement is an inevitable 
path which renewable energy 
development sector has to take, or it 
will soon face significant challenges,” 
said WePower CEO Nikolaj Martyniuk.

GAS GROUP  
PLANS HYDROGEN PROJECT

ECO0420_News.indd   10ECO0420_News.indd   10 04-Mar-20   2:54:55 PM04-Mar-20   2:54:55 PM



SG5K-D
PREMIUM

SH5K-30
SINGLE PHASE  

HYBRID

SH5.0RT & 
SH10RT  

3 PHASE HYBRID

ECO0420_Allads.indd   11ECO0420_Allads.indd   11 05-Mar-20   11:32:23 AM05-Mar-20   11:32:23 AM



12  /  ecogeneration  April 2020 www.ecogeneration.com.au

energy industry’s momentum at a time 
when it is beginning to have a tangible 
impact on reducing electricity prices and 
doing the heavy lifting on Australia’s 
emissions reduction ambitions.

CHALLENGES FOR ROOFTOP PV
The rooftop solar sector has also begun to 
experience a related but different set of 
network problems. While these challenges 
are different to those being encountered by 
the large-scale sector, the causes are largely 
the same – a lack of planning combined with 
rapid uptake of new technology.

The issues confronting rooftop solar 
relate to the distribution networks’ ability to 
integrate high levels of sophisticated 

rooftop solar and battery technology. 
These networks now confront challenges 

managing voltage control in areas with a 
high penetration of rooftop solar, 
establishing new requirements for smart 
inverters to be installed to help support the 
grid and the fundamental problem of 
managing a grid that was not designed to 

INDUSTRY UPDATE

A lack of long-term planning to create a 21st-century grid and decades of political infighting are 
beginning to catch up with us, writes Clean Energy Council chief executive Kane Thornton. 

Breaking Australia’s  
vicious energy cycle

In the past 15 years Australian politics has 
too often been typified by short-termism 
and reactiveness, with policymakers 

distracted by political point scoring over 
considered long-term planning. While this 
haphazard approach has occasionally 
delivered positive outcomes, such as the 
Finkel Review following the 2016 blackout 
in South Australia, it more often than not 
leads to half-baked policies and solutions. 

The consequences of the failure to plan an 
orderly energy transition or an emissions 
reduction pathway were apparent in the 
electricity price spike seen after the closure 
of the Hazelwood coal-fired power station 
in 2017 and in the public backlash against 
climate inaction in the wake of this 
summer’s catastrophic bushfires. 

This vicious cycle of distraction has 
resulted in a grid that is no longer fit-for-
purpose for the clean energy transition, 
with a lack of reform in the market and 
regulatory settings and under-investment  
in infrastructure. 

The failure to provide a long-term plan for 
the transition of Australia’s energy system 
to renewable energy and energy storage has 
affected every level of the energy market, 
from the construction of new projects to the 
build out of transmission infrastructure.

This has been most keenly felt in the West 
Murray region of Victoria and NSW, where 
grid constraints are preventing the 
development of some of Australia’s best 
wind and solar resources.

Since September 2019, several operational 
solar farms have had their output severely 
curtailed to ensure grid stability in the 
region, while a number of other projects 
that are under construction or completed 
have been told they may face long delays 
before they are able to connect to the grid.

This has resulted in considerable losses 
for existing project proponents and is 
threatening over $6 billion in new 
investment and more than 5,000 jobs in  
the region.

The issues being experienced in the West 
Murray are beginning to reverberate 
throughout the entire renewable energy 
industry. The risk of connection delays and 
curtailment have been a major contributing 

factor in the dramatic drop off in investment 
in large-scale renewable energy in 2019, 
when the number of new investment 
commitments in large-scale projects halved.

When combined with ongoing policy 
uncertainty and other challenges such as 
volatile marginal loss factors, this fall in 
confidence threatens to slow the renewable 

A fall in confidence threatens to slow the 
renewable energy industry’s momentum at a time 
when it is beginning to have a tangible impact  
on electricity prices and reducing emissions.
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INDUSTRY UPDATE

handle the dynamic two-way flow of power 
between rooftop solar systems and the grid.

These problems are reducing the benefits 
of rooftop solar for existing solar and 
battery system owners and slowing the 
market for new installations. 

With rooftop solar expected to serve 
more than 10% of Australia’s total 
electricity needs by 2030, it’s extremely 
important that we don’t put any limits on 
the industry’s growth.

The Clean Energy Council has produced  
a roadmap — The Distributed Energy 
Resources Revolution: A Roadmap for 
Australia’s Enormous Rooftop Solar and 
Battery Potential — to address the challenges 
that distribution network service providers, 
regulators, governments and policymakers 
will face as we make the transition to more 
rooftop solar and household batteries. 

There is a lot to change. 

CHANGE, BUT AT WHAT COST?
Many of these challenges stem from the two 
decades of irrational debate about the 
legitimacy of climate change. Meanwhile, 
the pace of change has accelerated due to 
the enormous success of our industry, 
resulting in huge cost reductions, 

technology innovation and development and 
improved capability in the Australian clean 
energy industry. 

Australia’s clean energy rollout has put us 
at the forefront of the global energy 
transition, meaning that we are regularly 
encountering new situations and unique 
challenges. This has often caught 
governments and regulators off guard, 
leaving them in situations where they 
quickly must find innovative solutions to 
unfamiliar problems.

While there is no end in sight to the 
energy policy impasse at the federal level, 
regulatory and market reform is underway.

Reforms such as the Australian Energy 
Market Operator’s Integrated System Plan, 
the establishment and piloting of renewable 
energy zones and the Energy Security 
Board’s post-2025 market design project all 
provide potential solutions to the problems 
facing the renewable energy industry. These 
will all take time, while the challenges for 
new renewable energy projects will remain. 

But one can’t help but wonder where we’d 
be today if we’d introduced a long-term, 
sensible energy and emissions reduction 
policy all those years ago rather than wasting 
our time debating the climate wars. 
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SPECTRUM
E N E R G Y  S T O R A G E  S O L U T I O N S

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.
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INVESTMENT

Clean energy spend falls 40%, 
but look on the bright side
A slowing in investment in 2019 from 2018 should not come as too much of a surprise. 

Around the world, investment in 
renewable energy capacity grew 
marginally last year, to $US282 

billion compared with $US280 billion in 
2018 – a modest 1% gain.

China was the biggest investor in 
renewables at $US83.4 billion in 2019, 
according to data from BloombergNEF, an 
8% drop from 2018. The US came in second 
at $US55 billion, up 28% on 2018. Europe 
was down 7% to $US54 billion, and the UK 
was down 40% to $US5.3 billion.

Australia, the world champion of solar 
and lauded for its can-do attitude towards 
rooftop PV, committed $US5.6 billion – a 
drop of 40% over 2018.

That’s a sharp fall, but Green Energy 
Markets director analysis and advisory 
Tristan Edis says the result should not be 
seen as an excuse to feel despondent. “In 
historical terms, 2019 was still a very strong 
year,” he tells EcoGeneration. 

NOT ALL DOOM AND GLOOM
A slowing in investment in 2019 from 2018 
should not come as too much of a surprise, 
regardless of a Coalition victory in the May 
federal election. 

“Even under a Labor policy [investment] 
probably would have slowed,” Edis says, 
“but you would have at least had a pathway 
of ongoing investment. 

“You’re going to get very low prices, or 
even negative prices, in the middle of the 
day,” Edis says.

Clean energy technology, solar especially, 
becomes a victim of its own success.

The afternoon peak and high gas prices 
persist as the price-pushing bullies of the 
energy market. In the short term, the 
solution would be storage. Investors and 
owners of generation assets have another 
monster to watch in that area, however, 
with the monolithic shadow of Snowy 2.0 
approaching over the horizon.

“It’s such a huge amount of capacity that’s 
coming onto the market that it kind of 
destroys the economics for anyone else.”

STRONG WIND
The BloombergNEF report showed 
commitments in the second half of 2019 
helped make up for a paucity in the first 
half of the year, to edge ahead of 2018. 
Highlights included US onshore wind and, 
in particular, offshore wind in China  
and Europe. 

Wind, onshore and offshore, led the way 
with $US138 billion globally, up 6%. Solar 
was close behind, at $US131 billion, down 3%. 

Falling capital costs in the two 
technologies meant they are likely to have 
seen around 180GW added last year, up 
some 20GW on 2018, BNEF said. 

“The financials behind any further 
ongoing investment are pretty grim without 
some sort of policy change. Next year will 
be horrific.”

Edis expects investment in NSW and 
Victoria to “hold up a little bit” as funds are 
commitment on the back of contracted 
power purchase agreements, but a sharp 
slowdown seen in Queensland last year is a 
sign of what’s to come for every other state 
as wholesale electricity prices and LGC 
prices fall. 

A predicted drop off in electricity prices 
will depress the viability of projects that 
may be contemplating further capex to 
handle grid constraints in parts of the NEM, 
such as the inclusion of synchronous 
condensers or batteries.

If it costs more to provide a service into a 
market where prices are falling, why would 
you bother?

“Even if grid constraints weren’t as bad as 
they have been you would still see a 
significant drop off in investment,” he says. 

Even projects in parts of southeast 
Queensland that are close to high-voltage 
transmission and high load, where losses 
might be expected to be a minor 
consideration, have not gone ahead as 
developers weigh the odds of a power 
market that will be oversupplied in the 
middle of the day. A

m
op

ho
to

_a
u

ECO0420_BNEFinvestment.indd   14ECO0420_BNEFinvestment.indd   14 04-Mar-20   1:53:22 PM04-Mar-20   1:53:22 PM



 
THE TRANSFORMER  

PEOPLEwww.wtc.com.au

MADE IN AUSTRALIA,
BUILT SMART FOR LIFE
Established in 1933 with a proud history, Wilson Transformer 
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SOLAR

Brighter than ever:  
SunWiz looks back at 2019
For solar systems up to 100kW, last year saw 2.13GW of new capacity added — more than twice  
the volume of 2017 and three times the 2016 result, according to data from SunWiz.

It’s too early to say whether or not 2019 
was a record year for solar in Australia – 
with more than 3.2GW recorded to date 

– but the latest data from industry 
consultancy SunWiz shows parts of the PV 
market tore ahead last year.

In the STC market, for solar systems up 
to 100kW, 2.13GW of capacity was added 
in 2019.

This is more than twice the volume of 
2017 and three times the 2016 result.

Residential systems are getting bigger, 
with an average 7.6kW recorded for the year 
and 8.0kW in December alone, and some 
top-20 postcodes are growing more than 
four times faster than the national average, 
says SunWiz managing director Warwick 
Johnston. New sub-markets are emerging 
with new technology, he says. 

“Solar for renters and shared solar is 
starting to work, and we are seeing 

country and about 2,168,000 residential 
systems. In the LGC market, last year saw 
record volume in installations for systems 
between 1-5MW. 

“That was largely driven by shopping 
centres and some airports,” he says. “The 
rollout across shopping centres has been 
happening for about two years now.”

Johnston suspects the flat result in C&I 
overall may be a result of owners of property 
portfolios nearing completion of projects 
and a lower LGC, which impacts the 
economics of solar. Forecasts for a falling 
wholesale electricity price will also have 
had an influence, he says.

A quarter of sub-100kW volume was made 
up of 6.6kW systems, as customers sought to 
maximise the capacity regulations allow on 
a single-phase connection, the SunWiz 
report says. “This was the primary driver in 
the increase in average system size.” 

government programs that target low-
income households,” Johnston says.

“Usually the market for solar is owner-
occupied – detached or semi-detached  
– but it’s starting to filter into those next 
markets,” he says.

December saw typically elevated levels as 
buyers sought to take advantage of the 
reduction in STC values as the calendar 
ticks over to a new year (the subsidy will 
expire in 2030). 

“That particularly applies for commercial 
and businesses, where acting now and 
acting next week could mean a $10,000 
difference [as an example].”

In the STC market, small commercial 
ranges between 10-30kW and medium 
commercial between 30-100kW. LGCs 
prevail for systems greater than 100kW.

On SunWiz estimates there are 95,000 
commercial systems installed around the 
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WOMEN IN RENEWABLES 

A Bridget to leadership
A scholarship designed to foist women leaders into the clean  
energy C suite has named a winner for 2020.

There are a lot of brilliant women in the 
clean energy industry – but why 
shouldn’t there be more? Very simply, 

that’s the motivation behind the 
collaboration between the Clean Energy 
Council and Monash Business School in 
offering the Your Leadership Voice: Women 
in Focus grant, now in its second year.

The winner for 2020 is Bridget Ryan, 
policy and government lead at energy tech 
company GreenSync, who will be sent on a 
six-day program designed to sharpen 
leadership and communication skills among 
women in the workplace, an unforgiving 
environment at the best of times.

Well done, Bridget! Your first assignment 
is a gruelling Q&A with EcoGeneration…

Tell us about your background in 
renewables.
I’ve been in the energy industry for 17 years 
but renewables specifically since about 
2008. I worked in policy and stakeholder 
engagement roles in private sector, 
government and industry associations, 
including a previous iteration of what is now 
the Australian Energy Council. That 
particular role gave me a very good 
understanding of the breadth of the energy 
industry and the emerging process of 
market reform. I was able to move from 
broader energy to cleaner energy through a 
role as a sustainability policy manager for 
the Victorian Employers Chamber of 
Commerce and Industry [VECCI], although 
I’d had the interest in clean energy for quite 
a long time before then. The clean energy 
industry was relatively small when I started 
working in energy. 

Is there a common type of person who 
works in renewables?
They’re probably passionate about the 
potential for what they do to make a 
difference, in addition to being 
interested in the energy sector. There 
is a real drive for the clean energy 
industry to make a tangible, 
substantial impact on the climate 
and the planet we live on.

What skills do men struggle with but tell 
themselves they are great at?
There can be instances, whether they mean 
to or not, where men may have a tendency to 
oversell their contribution to something. 
That’s a “mansplaining” tendency that 
affects not this industry but others, too. But 
there’s an extent where that can happen 
where the listener isn’t willing to receive 
the message, for whatever reason. It can 
happen when a young person is explaining 
something to someone who is older.

Do you have any stories of being 
sidelined or overlooked as a woman?
It’s possibly happened, where an idea I’ve 
had has been taken up by someone else who 
is better able to sell it than I possibly was.

Any mentors you’d like to mention?
I’ve had some great male and female 
mentors: Natalie Collard who was my 
manager at the CEC, now at Roads 
Australia; Andrew Richards, who now heads 
up the Energy Users’ Association; Rachel 
Watson, the chair of the Clean Energy 
Council who was my manager at Pacific 
Hydro, and Lane Crockett, head of Pacific 
Hydro Australia at the time; Alicia Webb, 
who established the Women in Renewables 
initiative when she was working at the CEC; 
and Kate Nicolazzo, when I worked for her at 
the Victorian Employer’s Chamber of 
Commerce and Industry.

What are you hoping to get out of the 
Monash program?
I’m looking forward to being able to answer 
questions on the spot! And presenting and 
thinking on my feet and honing my 
negotiation skills. My sense is there are 

things women can do in negotiation that 
men might do differently, and men 

might react differently. 

Do you know any jokes about 
male electrical engineers?
Sorry, no, am I supposed to?  
My stock of engineering jokes  
is pretty small… 

What about the women in it?
That same passion is there in equal measure, 
if not more so.

Are there enough women in the industry?
There could definitely be more. The 
industry is starting to do a better job of 
supporting, encouraging and enabling 
women to step up and take on new 
opportunities and leadership positions  
– and to encourage women to stay in the 
sector if they take a break.

Is clean energy ahead of or behind the 
pack in taking equality seriously?
I can’t really say, because I haven’t much 
experience in other sectors. I did notice 
when I worked for VECCI and engaged with 
small businesses there were substantially 
more women in meetings compared to 
working in energy. On the other hand, the 
number of women in the energy industry 
over my career history has changed a lot. 
But, that said, I can still rock up to a meeting 
and be one of two women in a room with  
15 men — that’s not uncommon.

Bridget Ryan believes in renewables for all.
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WIND

s solar is added on rooftops 
across the country it creates a 
problem, simply because PV 
systems powered by the sun 
generate between the 

morning and afternoon peaks. The “duck 
curve” – a hollowing out of daytime demand 
as volumes of PV have been connected to the 
grid over the past 10 years – has left a 
steeper and steeper ramp up to evening peak 
to be supplied by coal and gas.

Many of those fossil-fuel assets are 
getting very old and clunky. 

How long will they be able to take  
the strain?

As clean energy generation has been 
added to the National Electricity Market 
solar and wind have started to push the 

dominant energy source, coal, slowly to the 
sidelines. In 2006, coal met 86% of demand 
on the NEM (black coal 59%, brown coal 
28%). Solar and wind barely registered back 
then, according to data from OpenNEM. By 
2019, a renewables build-out that started in 
2008 and quickly gathered pace had made 
an impact on supply: coal was fulfilling 68% 
of load, with utility-scale and rooftop solar 
making up 7.6% and wind 8.2%.

If it’s 24-hour power we need, wind is 
way ahead of solar. But how much should  
we expect of it? 

There are currently about 6.9GW of wind 
assets generating, less than one third of the 
23GW output of coal plant across the 
country. There is still a long way to go. 

Can wind fill the gap?

FOLLOW A WINDING ROAD
The wind industry is in little doubt that tens 
of gigawatts of additional wind energy can, 
and should, be added in Australia. “There is 
a massive opportunity for the industry over 
the next 10, 20, 30 years to continue to 
deploy many thousands of megawatts of 
wind and other technology,” says Tilt 
Renewables executive general manager 
renewable development Clayton Delmarter. 
“Many times more than today’s amount.” 

Different regions have different wind 
profiles, but Delmarter says it’s too hopeful to 
expect a geographically diverse distribution 
of wind plant to deliver anything equivalent 
to a reliable output. How solar and wind will 
be matched with storage – batteries, pumped 
hydro – and firming assets to balance 
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Will 

If it’s 24-hour power we need, wind is way ahead of solar. But 
can these giant propellers fill most of the gap left by 23GW of 

coal power that needs to leave the NEM? Jeremy Chunn reports.

WIND

intermittency isn’t entirely clear, “but we 
know for sure that firming and storage 
capacity are going to be vital to continuing to 
deploy more renewables into the system,” 
Delmarter says.

“We try to take advantage of that in our 
own portfolio to try to reduce out exposure 
to seasonality and climatic conditions, 
highly correlated on-off production and 
revenue risk, but you can only do that to a 
limited degree,” he says. “There will always 
be correlation and there will always be 
times when there is no wind.”

LAND OF THE GIANTS
Wind has come a long way. When GE head 
of sales Australia and New Zealand onshore 
wind David Lian started in the industry 

about 12 years ago he remembers 
88m-diameter rotors powering 2MW 
machines. Today, GE’s Cypress turbine 
measures 158m across and is rated 5.5MW 
– an 80% wider blade span taking in an area 
about 3.2 times larger and delivering 2.75 
times the power.

“The market is constantly evolving,” Lian 
says. “On the scale of iphone releases you’re 
getting turbine rotor diameter increase of 
5-10m. It’s quite extraordinary.”

One of the main constraints around blade 
length for onshore wind locations is 
transportation, Lian says, where truck 
drivers hauling ludicrously long loads pull 
off amazing feats of cornering to ensure 
these things get built. But there has to be a 
limit. “Victoria is flatter with large 

highways, so it’s a little less of an issue 
there, but in many parts of the country 
winding roads pose a significant restraint.”

A canny solution developed by GE has 
been the split blade, transported in two 
pieces. The blades on the Cypress units 
include a root section, no longer than a 
typical blade sold in the past two years, and 
a tip. “We’re sticking to a generally 
established norm for blade transport based 
on the previous generation of turbine and 
then we’re able to extend the blade by 
installing the tip onsite,” Lian says.

FURTHER AFIELD
As turbines go higher to capture higher 
wind speeds and come with longer blades to 
generate more energy, sites in NSW and 

wind 
fill the 

GAP?
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WIND

Queensland that might had been deemed 
uneconomic only a few years ago are today 
as competitive as some of the older sites in 
South Australia and western Victoria with 
higher wind speeds. “That’s been the big 
shift,” says Delmarter at Tilt.

Tilt can today procure new technology 
capable of about 10 times the output of units 
at some of its projects that are up to 20 years 
old. “You’re talking 6MW-plus onshore 
generation with rotor sizes up to 170 
metres,” he says. “The amount of energy 
they can capture and produce on a per-
turbine basis has increased absolutely 
massively.” The result is falling operational 
and construction costs. 

Ten years ago a typical viable site might 
have a wind speed of 8.5 metres per second, 
says Lian at GE. “But now you’re getting 
wind farms with a 7.5m/s average wind 
speed, or even lower, becoming viable in 
places like NSW.”

The key issue that’s emerged for the 
sector in the past couple of years is access to 
the grid, Delmarter says.

REPOWERING AHEAD
Wind projects involve long lead times, and 
the Australian Energy Market Operator’s 
Integrated System Plan (ISP) and hoped-for 
rule changes and infrastructure investment 
decisions around it – not to mention the 
giddying ride of political and policy 
uncertainty – make the business of owning 
projects with lifetimes up to 30 years a deep 
challenge. Everyone in the industry would 
love to know how the ISP will progress, but 
that’s a little too much to expect.

Within the next 20 years, of course, it will 
make perfect sense to return to the best 
locations for wind in Australia, where plants 
have already been built, and replace 
turbines with vastly more powerful 
machinery. This form of “repowering”, as 
it’s called, is already happening in Europe.

“In the past the location of wind farms has 
really been dependent on top-notch wind 
resources,” says Australian Wind Alliance 
national coordinator Andrew Bray. “But as 
the technology has developed and new 
designs have allowed them to capture much 
lower wind speeds, the number of places you 
can put wind farms has increased massively.”

Parts of NSW and Queensland that were 
out of bounds five to 10 years ago are now 
included on lists of viable locations for large 
installations, Bray says. 

This doesn’t mean older wind plants will 
start to look a little embarrassed about their 
output relative to younger peers. A phase of 

WHEN ONE IS ENOUGH

The Portland Wind Project in Victoria might be extra small but  
it proves the versatility of wind technology.

It’s a terrific location for a wind project, 
about 600 metres from a cliff that drops 
away to Bass Strait on the left and the 
Great Australian Bight on the right, but is it 
a bit extravagant to erect one turbine to 
cover your electricity needs? With nearby 
neighbours like Pacific Hydro’s Cape Sir 
William Grant and Cape Bridgewater wind 
farms, Wannon Water program manager 
carbon neutrality Murray Dancey figured if 
they can do it, why can’t we?

The team at government-owned water 
corporation Wannon Water started thinking 
about converting to clean energy in 2013, 
with first options including solar and small 
wind turbines. For wind to be a contender, 
the team was advised to think big. 

But the manufacturers who turn out the 
huge machines that power wind farms 
don’t really operate in the market of 
supplying single units, they were told, so 
they might think to try German 
manufacturer Enercon, who Dancey was 
told is a supplier to large projects that also 
likes to talk to small projects. 

“They were really supportive from the 
early days,” he says. 

The E-48 Enercon machine Wannon 
installed this year is a perennial favourite 
of smaller scale projects, with many 

thousands plugged in around the world.
Dancey says the turbine can turn out 

2.5GWh of electricity a year — enough to 
offset all of the energy requirements for 
nearby Portland’s water and wastewater 
treatment — thanks to the windy site.

Depending on the outlook for power 
prices, he expects payback between six 
and nine years. 

The 800kW unit has a 48m rotor 
diameter and the 50m tower was 
manufactured using Australian steel at 
Keppel Prince, in Portland. 

Wannon Water is also a keen investor in 
solar, with 100kW of PV on its central office 
and 250kW on a water treatment plant, 
both in Warrnambool, and 100kW on a 
water treatment plant inland at Hamilton. 

South-west Victoria is Australia’s wind 
capital, but not everyone’s crazy about 
living near extended arrays of turbines. For 
Dancey, it helps that Wannon Water had 
the opportunity to connect the benefits of 
a turbine directly with the local community.

“Being a government owned 
corporation, any savings made help reduce 
costs to our ratepayers, our customers,” 
he says. “That’s the message to our 
customers: our investment in renewable 
energy translates into benefits for them.”

Wannon Watter’s Enercon  
E-48 unit is hard at work.
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WIND

wind, whipping through the Bass Strait off 
the coast of Gippsland, south-east Victoria. 

The developer is monitoring wind and 
wave conditions near Port Albert and is 
optimistic about data gathered by satellite 
and at onshore wind farms. It’s particularly 
upbeat about the wind profile on very hot 
days when demand for electricity is at its 
highest. The developer of Star of the South 
expects to have a useful wind profile model 
within two years. “We’re studying the wind 

“repowering” older wind farms is underway 
in Europe, Bray says, where old turbines are 
replaced with new equipment.

“The earliest [wind farms in Australia] 
went into the windiest spots, so if there is an 
option to put better kit in there and harness 
more of the wind then they can use the grid 
connections, which are often the most 
valuable parts of a project and carry on.”

Tilt is already seeking approvals to 
replace technology at sites in New Zealand 
where the turbines have been spinning away 
for about 20 years. “We’ve got some sites in 
Australia – and we know our competitors do 
too – where they’re starting to think hard 
about replacing technology with newer, 
more efficient technology,” Delmarter says.

“That’s a massive opportunity for the 
sector … where you take what you’ve got and 
make it even better.”

With two-piece blades, GE’s Lian says 
repowering plants may be as simple as 
swapping out tips for longer versions – 
provided the turbine can withstand the 
mechanical load. That could be a long way 
off, however. Until then, the rapid evolution 
of wind technology means repowering will 
mostly involve completely removing old 
units, foundations included, and replacing 
with completely new gear. 

“The old technology is totally 
incompatible with the new,” Lian says. “You 
need to replace the entire turbine and the 
foundation for a repower.”

LOOKING OFFSHORE
An offshore plant can be larger than onshore 
without the bother of negotiating with 
landowners. The site for the Star of the 
South project has been chosen for its strong 

profile and seabed conditions ... to help 
confirm the project’s feasibility and inform 
the initial design of the wind farm,” says 
Star of the South chief development officer 
Erin Coldham.

The seabed is within the 20-40m range 
that makes non-floating offshore wind 
possible and the plant will connect near the 
Latrobe Valley, with strong existing 
transmission. The exploration licence covers 
496 square kilometres between 10 and 25km 
from shore, so the top halves of turbines – 
up to 2GW of them – would be visible at the 
horizon. On EcoGeneration’s calculations, a 
250m tower would have to be at least 56km 
from shore to be hidden by the horizon for 
those standing on the beach.

If site investigation shows the project is 
feasible, and it progresses through 
environmental and planning approvals, the 
developer hopes to begin construction in the 
mid-2020s, possibly as early as 2023.

“It’s still early days for the project, but 
we’re excited about the potential to kick-
start a booming offshore wind industry in 
Australia, creating opportunities for local 
jobs and investment,” Coldham says.

The developer says it has financial 
support from Copenhagen Infrastructure 
Partners, a Danish pension fund already 
invested in offshore wind in Taiwan and  
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Developers of Australia’s first offshore wind plant 
are gathering wind and wave data at the site.
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these enormous structures seemingly cast 
from old science fiction movies. 

“There is always going to be a range of 
views, but there is a general understanding 
that renewable energy is the way of the 
future and the places where there are wind 
and solar resources plus transmission plus 
wide open spaces, they realise there is an 
opportunity there,” Bray says.

Farming and agriculture have always 
been risky endeavours, and the opportunity 
to access steady income from the 
generation of electricity is easily 
understood by communities, councils and 
businesses in the countryside. 

Bray has heard both sides of the argument 
about wind. “Sometimes you land yourself 

the US. Transportation of turbine 
componentry is much less of a problem  
for offshore applications, where blades  
can me manufactured close to ports and 
shipped to site. 

The GE Haliade-X offshore turbine, 
released last year, has a rotor diameter of 
220m and can turn out 12MW. Offshore 
machines can be installed onshore, GE’s 
Lian says, but they are even harder to 
transport and also noisier. “Those are 
challenges we have to solve along the way as 
we move to larger and larger rotors.”

The late surge in offshore wind financings 
last year saw the sector tick up $US29.9 
billion in 2019, up 19% on 2018 and $US2 
billion more than in the previous record 
year of 2016, on data from BloombergNEF.

Offshore projects that reached financial 
close in the second half of last year include a 
432MW array off the Scottish coast, a 376MW 
project off Taiwan, a 500MW installation in 
the East China Sea and France’s first offshore 
wind project at 480MW.

“We expect the sector’s global momentum 
to continue in 2020, with the focus on 
gigawatt-scale projects in the British North 
Sea and the first commercial arrays off the 
US East Coast,” said BNEF head of wind 
research Tom Harries.

ACROSS THE FENCE
At the Australian Wind Alliance, Bray’s 
efforts in the wind sector are directed 
towards relationships and appeasement. 
When revenues from hosting turbines can 
amount to $10,000 to $15,000 per unit a year 
and more, goodwill among neighbours can 
fray when developers come to town. Some 
will be better off, some will get nothing and 
others just won’t know what to make of 

in pretty sticky situations,” he says. “Not 
everybody wants to hear there is a wind 
farm planned for their area.”

Developers who exhibit expertise and 
commitment will have a better experience 
than those that don’t. If agreements with 
landowners are shrouded in secrecy, ill 
feeling may foster. “In the early days trust 
was not as highly valued as I think it should 
have been,” he says. Things are improving, 
however. “There is a greater level of 
transparency [these days], and that’s been 
much better for developing trust.”

The issue of how benefits are shared and 
real outcomes delivered to local 
communities will become “critical”, Bray 
says. “The urgent attention has gone to 
transmission and grid connection and what 
have you, and that all has to be done, but if 
you’ve got 34 renewable energy zones 
around the country and you’re going to start 
loading a whole lot of new projects into 
them and they’re not well-received, that’s 
going to cause problems pretty soon.

“It’s one of those very foreseeable issues,” 
he says. “As long as we act on it and get 
ready to deal with it, we’ll be alright. If we 
don’t, it will be a real risk.”

Bray’s tips for getting it right with 
communities are: engage early, engage 
often, engage as widely as possible, be 
transparent on plans, deliver tangible 
benefits for the community, such as local 
jobs and prioritizing local suppliers, allow 
for community investment and “look after 
the neighbours”. 

WIND AND SOLAR, HAND IN HAND

It’s not a kid’s drawing, it’s a year’s daily generation from an anonymous solar plant and wind plant, shared 
by ARENA CEO Darren Miller on LinkedIn in February. Wind may be unpredictable, but that’s the point.

A Goldwind turbine is hoisted into  
place at Stockyard Hill Wind Farm, soon  

to be Australia’s largest wind plant.
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HYDROGEN

 SHOULD WE
 GET ONBOARD A
  HYDROGEN
 ECONOMY?

T
he hype cycle, introduced by 
the research firm Gartner in 
1995, is used to describe the 
progression of an emerging 
technology from its initial 

“innovation trigger” to its eventual 
influence in a market or a domain. 

Central to the cycle is the initial 
enthusiasm of proponents and the media. 
Enthusiasm contagion drives research 
and deployment funding. A race for 
commercial leadership ensues, drawing 
in positive reporting from consultancies 
and other actors seeking to capitalise on 
the bandwagon effect, creating a positive 
feedback loop. 

Eventually commercial reality kicks 
in, leading to a waning of interest and a 
refocusing by firms on core activities. 
Ideally, the knowledge captured and the 
infrastructure built provides a 
foundation for a sustainable and 
profitable industry. 

The dot-com bubble from 1994 to 2000 
is a case study of hype then fortunes lost, 
but which left behind the physical 
networks and software architecture of 
the internet that we have today.

Similarly, the 19th century British and 
American railway manias funded 
physical rail networks that were to 
survive financial speculation and a crash.

It is not hard to imagine the current 
wave of enthusiasm for hydrogen 
conforming to the hype cycle. 

The development of a “hydrogen 
network” could be compared with the 
mid-19th century development of 
Britain’s railway network. The railway 
network operated in parallel, but also 
linked in with, the road, inland canal and 
sea-based transport networks that 
preceded it. It therefore both substituted 
for and complemented the existing 
transport networks. Similarly, we would 
expect hydrogen to link in with, and 

It’s all very well to decarbonise the electricity sector but a 
zealous pursuit of hydrogen might be disproportionate to 
requirements, write Graham Palmer and Josh Floyd.
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complement, value chains that are currently 
serviced by the petroleum, natural gas and 
electricity networks.

The overall effect of rail transport was to 
significantly improve the efficiency and 
availability of freight and people 
movements. The comparative advantages of 
fixed networks for heavy transport persist 
today – inland bulk commodity haulage and 
inner urban rapid passenger movement. 

With respect to hydrogen, we can expect 
the comparative advantages relative to 
other energy carriers to be strongly 
associated with its versatility and 
storability. But unlike early rail, hydrogen-
based solutions are competing with 
economically entrenched, incumbent 
fossil-based solutions.

WE’VE SEEN THIS BEFORE
The pursuit of a renewably powered 
“hydrogen economy” implies a dual 
electrification-hydrogen strategy, entailing 
an efficiency-versatility trade-off. Grid 
electricity is highly energy efficient, but 
dependent upon relatively inflexible 
networks and therefore less versatile than 
fuels – hydrogen is highly versatile and 

the physical characteristics of our principal 
primary energy sources. Energy storage is 
essential to the exercise of both physical and 
political power. It allows the distribution 
and control of power in time and space over 
large territories.

We argue that each distinct form of  
large-scale, socio-politically complex 
society evident in the historical record  
can be identified with a universal and  
ubiquitous form of energy storage, 
beginning from the Neolithic, through the 
period of industrialisation and into the Age 
of Petroleum. 

UNEXPECTED OUTCOMES
The fundamental role of energy storage can 
be inferred from the ways in which it is 
coupled with political power structures, and 
from its relationship with institutions as 
essential as monetary systems. Today, 
petroleum, the energy stock most central to 
the control of physical economic activity, 
provides the de facto primary physical 
backing for the global monetary and trade 
system. Energy storage and its relationship 
with human societies must be appreciated 
simultaneously in biophysical and cultural 

terms, alongside the more familiar 
technological and economic ones.

Following from this historical 
perspective, we posit that future human 
social forms recognisable in today’s terms as 
civilizations will similarly be dependent 
upon suitable energy storage technologies 
and media. This affords the investigation of 
energy storage a status that we think is 
quite a bit more interesting than the typical 
techno-economic treatment implies. 

Graham Palmer is a research fellow at Monash 
University. He has published in the area of 
biophysical economics, renewable energy,  
life-cycle analysis and energy-economic 
modelling. His current research interests include 
the future roles of energy storage systems.

portable, but much less efficient.
We have already seen two periods of 

hydrogen hype before – the first being the 
post-Apollo mission enthusiasm for 
hydrogen of the early 1970s, and the second 
being the Japanese and American 
enthusiasm for fuel cell vehicles from the 
late 1990s to the early 2000s. In neither case 
did hydrogen deployment reach sufficient 
scale to leave a residual hydrogen network. 
So how should we think about the current 
wave? Will deployment cross a critical 
threshold? Is this time different? 

In our recent book, Energy Storage and 
Civilization, we don’t seek a decisive answer 
to the question of how hydrogen 
technologies will evolve – instead we step 
back to examine the foundational role of 
energy storage in economic systems and let 
readers form their own conclusions. Our 
aim is to reframe the role of storage and 
allow questions for further exploration. 

We seek to challenge the dominant  
frame of reference that storage can be 
understood in technological terms alone, 
with its value defined solely in techno-
economic terms and solely determined by 
profit-seeking actors.

According to the thesis proposed in our 
book, across history the forms of human 
social organisation recognisable as 
civilizations share, as a common enabler, the 
storage of their primary energy sources on a 
large scale. The levels of socio-political 
complexity achieved in the societies most 
people inhabit today are enabled by 
abundant and cheap energy.

But these societies are shaped also by the 
means of energy storage made possible by 

While electrification of energy services will be  
an essential part of a post-carbon civilisation, 
hydrogen-enabled solutions will be essential  
to fully realising such an ideal.
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The historical trend is towards fuels with 
a higher hydrogen-to-carbon ratio, of which 
pure hydrogen produced using renewable or 
fission/fusion primary energy sources is the 
natural end point. But a hydrogen economy 
is neither inevitable nor likely to deliver 
energy more cheaply than we are 
accustomed to. 

If history provides a reliable lens through 
which to envisage future change 
trajectories, societies may choose to bear 
the increased costs that this implies. If so, 
then this will necessarily involve trade-offs 
elsewhere, and so it is likely that such 
societies will take significantly different 
forms to those familiar in the rich, 
industrialised world today. 

For example, electric and hydrogen-based 
mobility may imply a shift towards  
micro- and shared mobility, rather than a 
straightforward substitution of suburban-
based petroleum-fuelled SUVs.

WHY HYDROGEN?
An outstanding question for energy 
transition is: why hydrogen? Visions for the 
complete decarbonisation of energy usually 
start with decarbonisation of electricity. 
Given the rapid cost declines of wind and 
solar, there is optimism that much of the 
heavy lifting can be accomplished with a 
geographically diverse suite of wind farms 
and solar plants, with strategic investment 
in storage.

Electricity, though, comprises roughly a 
third of global energy use, having taken  
50 years to double its share. Although a 
conversion towards increased electrification 
is under way, there are many energy 
services provided by fossil fuels that will be 
difficult to switch to electricity. 

Three examples illustrate the extent to 
which a perspective on energy transition 
and energy futures centred on wind plus 
solar plus electrical energy storage 
inadequately characterises the nature and 

scale of the challenge faced in a complete 
departure from fossil-fuelled economies.

Ammonia: First, world annual supply of 
ammonia is currently around 172 million 
tonnes. Ammonia (NH3) is essential for 
nitrogen fertilizers and many industrial 
chemical compounds. About one-third of 
the protein in humanity’s diet depends on 
synthetic nitrogen fertiliser, an amount that 
is forecast to increase significantly. Nearly 
all ammonia is currently produced via the 
Haber-Bosch process in which atmospheric 
nitrogen is reacted with hydrogen gas in the 
presence of a catalyst at high temperature 
and pressure. The hydrogen for this is 
currently produced via steam-methane 
reforming or coal gasification. In a fully 
renewable future, this hydrogen would also 
need to be produced via electrolysis.

Green steel: Second, world annual steel 
production is currently a little under  
1.7 billion tonnes. Nearly all reduction of 
iron ore to pig iron, to enable further 
processing to produce steel, is carried out 
using coal as a chemical reductant and heat 
source. It is technically feasible to reduce 
iron ore using hydrogen, with heat supplied 
by hydrogen combustion or direct 
electrification. Significant development 
challenges should be anticipated, though.

Shift to EVs: And third, there are currently 
about 1 billion passenger vehicles in the 
world. Rapid replacement of those vehicles 
with battery electric drive trains, with 
range equivalent to current internal 
combustion engine vehicles, would mean a 
rapid increase in the annual demand for 
several minerals. Annual demand for 
lithium, cobalt, nickel and graphite would 
vastly exceed the current annual supply of 
those minerals, and in some cases 
significantly surpass globally economically 
recoverable reserves. The embodied energy 
of producing the batteries alone would 
represent a sizable fraction of global 
primary energy demand. Furthermore, with 
a very rapid shift to EVs periodic turnover of 

the global vehicle fleet would imply boom 
and bust cycles for key inputs at 10- to  
20-year intervals.

THERE IS ALWAYS A COST
In summary, fossil fuel resources are a one-
time-only inheritance, simultaneously the 
source of our prosperity and a fundamental 
enabler of the degradation of our planetary 
life-support systems. 

While electrification of energy services 
will be an essential part of a post-carbon 
civilisation, hydrogen-enabled solutions will 
be essential to fully realising such an ideal. 

Green hydrogen-based solutions are 
already commercially available. 

However, at the macro-scale a hydrogen 
economy will almost certainly require 
greater expenditures on energy, as a 
proportion of total economic activity, than 
has been typical since the latter part of the 
20th century. 

Human societies will very likely need to 
re-examine demand expectations, and 
indeed the wants and needs fulfilled  
by current energy demand, that have  
taken shape in the context of copious  
on-demand power. 

Joshua Floyd is energy, systems and society 
fellow at The Rescope Project. His work draws  
on training and experience in futures studies  
and strategic foresight, and systems thinking 
and practice. 

Energy Storage  
and Civilization
is published by 
Springer and is 
available as an ebook 
and in hardcopy.

ECO0420_HydrogenBookx.indd   29ECO0420_HydrogenBookx.indd   29 04-Mar-20   2:36:20 PM04-Mar-20   2:36:20 PM



30  /  ecogeneration  April 2020 www.ecogeneration.com.au

PANEL RECYCLING

Circular solution to PV’s 
impending crisis
It’s time to think ahead about recycling PV panels, writes Emily Gentilini of Arup. Manufacturers, 
policymakers, investors and consumers must all take part in finding a solution.

Solar photovoltaic technology is 
playing a pivotal role in Australia’s 
necessary transition to a renewable 

and sustainable economy. In 2018, Australia 
hit 10GW of installed capacity and 
installations per month have been steadily 
increasing in recent years, driven largely by 
the increasing cost competitiveness of PV 
and dominated by building-applied panels.

While growth in clean energy is to be 
encouraged, some negative impacts need to 
be considered. The International Renewable 
Energy Agency has estimated that 300,000 
to 450,000 tonnes of PV waste will have 
been generated in Australia by 2040 and 
Griffith University researchers have put this 
value at 1.5 million tonnes by 2050. 

This will be a significant challenge for 
local governments which have to deal with 
potentially toxic waste and the associated 

stockpiling and dumping. The consumption 
of virgin materials, energy requirements 
and production emissions of the traditional 
supply chain model for PV are also not 
compatible with a sustainable economy. 

However, these challenges present an 
opportunity for the PV industry to capture 
value that is being lost to these landfills and 
stockpiles. And this is a multimillion-dollar 
opportunity. Researchers have predicted 
the value of a panel recycling industry in 
Australia in 2032 to hit $100 million. 

Critical metals such as tellurium, 
cadmium, indium and silver represent 
significant value in the panel waste, despite 
their low volume. Materials could be used to 
make more panels: one study estimates that 
by recovering components from 1,000 used 

process e-waste locally. To facilitate the 
shift to a circular economy through these 
business models and the ReSOLVE 
strategies, the Arup report makes 
recommendations for policymakers, 
industry and investors. These include:
• The whole industry working together to 

enable standardisation, coordination and 
collaboration for the business models.

• Policymakers fostering a supportive 
regulatory, research and business 
environment for circular business models 
across all states and territories, including 
implementing a scheme under the 
Product Stewardship Act. Design of such 
a scheme is being led by Sustainability 
Victoria and anticipated to start this year.

• Business demonstrating leadership 
through feasibility studies and pilot 
projects, especially through 
collaborations.

• Investors developing their understanding 
of the circular economy and increasing 
support for CBMs and related R&D. The 
Australian Renewable Energy Agency’s 
$15 million in funding for panel recycling 
projects is an important part of this.
Details of the recommendations are 

available in the full report on Arup.com
Arup is also researching the circular 

economy for lithium-ion batteries, which 
are expected to become another waste 
stream problem. 

panels, about 422 new ones can be 
produced. To unlock this value, a consistent 
approach across states and territories, and 
across the supply chain, is required. 

A key concept for this approach is the 
circular economy, which at its heart is about 
decoupling economic growth from resource 
consumption. It covers improved recovery 
of materials through recycling, but also 
looks to change the way products are 
designed, used and maintained. 

WASTE NOT
In the report Circular PV: Circular Business 
Models for Australia’s Solar Photovoltaics 
Industry, Arup envisaged a circular PV 
industry. Arup used the ReSOLVE 
Framework strategies (developed by the 
Ellen MacArthur Foundation, SUN and 
McKinsey Centre for Business and 

Environment) to assess the supply chain for 
PV in Australia and make recommendations 
to close material loops in the industry. 

The report looked at five circular business 
models (CBMs) – product and process design, 
sharing platforms, product as a service, 
refurbish and maintain, and recycling facility 
– and how they can be applied. 

Opportunities and existing initiatives 
were identified all along the supply chain  
– from increasing the modularity and 
standardisation of design and introduction 
of materials’ passports or labelling, to 
increasing the utilisation of panels through 
sharing, renting and clever software 
solutions. Researchers at UNSW are even 
looking to innovate around recovery by 
introducing distributed micro-factories that 

Emily Gentilini 
is an engineer  
in Arup’s 
environment and 
resources team. 

It’s estimated 422 new PV panels can be produced 
by recovering components from 1,000 used ones.
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ENERGY MANAGEMENT

What the energy world needs now isWhat the energy world needs now is
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s energy researchers we thrive on 
data. It’s what bridges the gap 
between our fancy ideas and the 
real world. We can sit at our 

computers all day coming up with clever 
ways to save energy and money for 
consumers, or to alleviate the struggle 
between supply and demand on the 
electricity grid, but no amount of cleverness 
matters until we can verify our ideas against 
good data. 

At the UTS Institute for Sustainable 
Futures (ISF), we have clocked up a lot of 
time searching for good data, like 
prospectors fervently digging for golden 
nuggets, through the depths of the internet, 
through official and unofficial repositories.

But, like gold mining, the world of data is 
fickle, and when our digging has left us 
destitute we have even begged at the doors 
of businesses who might offer their 
generosity. Some have certainly been 
generous, but not enough to allow us to fully 
achieve our goals.

The data we so desperately seek is about 
electricity consumption and solar power. 
You see, we think we have a suite of clever 
solutions for tweaking energy consumption 
so that businesses get the most out of their 
solar systems in a way that could both save 
them money and help prevent issues on the 
grid. We’ve done some site-level modelling 
and had some very interesting results, but 
what we’re ultimately interested in is the 
impact of deploying these solutions en masse 
across industry. But alas, our dearth of data 

above are remarkably transferable to energy. 
The most important feature common to 
them all is that there is an incentive to 
invest in flexible operation. 

The cafe owners and construction 
companies are incentivised to minimise 
peaky work schedules because they result in 
the need to hire additional people for short 
periods, which is costly. The farmer is 
incentivised to spend money on storage 
infrastructure because feed prices vary 
enough that waiting for lower prices is 
worth it. 

To transfer this optimisation mentality  
to energy, you simply need to understand 
where flexibility can be found in an energy 
system and the incentives that make it 
worthwhile to operate flexibly. 

In the world of energy, flexibility comes in 
many forms but can broadly be categorised 
as either:
• load flexibility, much like our cafe and 

construction task examples, where energy 
loads can be supplied at different times, 
intensity or duration; 

• energy storage, like our farmer example, 
where a resource is stored, dispatched 
and purchased strategically, and;

• generation flexibility, where the 
availability or supply of energy can be 
changed according to demand.
Historically in Australia energy costs 

have been low, so the financial incentives to 
be flexible have been limited. But as 
electricity prices rise and the options for 
investing in cheaper electricity diversify, 

Researchers and business owners eager to cut energy waste are flummoxed by a paucity of 
decent data, writes Joe Wyndham. Without it, what hope is there for fixing the world’s problems?
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leaves us unable to form solid conclusions 
that we can release into the wild, at least 
without awkward qualifying statements 
about our great levels of uncertainty. 

“What are these clever solutions?” you 
ask. Well, it’s all about optimising electricity 
consumption through flexibility. 

ENERGY OPTIMISATION
Optimisation is really just a fancy word that 
describes a fundamentally simple thing – 
getting the most out of your effort and 
resources. Businesses of all sizes engage in 
optimisation activities all the time, whether 
they call it optimisation or not. 

Cafe owners, for example, might schedule 
deliveries to arrive at the quietest time in 
the week when their staff are already 
rostered on but are less busy than usual. A 
farmer might stockpile feed because it 
allows them the flexibility to delay buying 
more until prices are lower. And 
construction companies engage in what’s 
known as resource levelling and smoothing, 
the practice of spreading project tasks over 
time to make sure the demand for resources 
matches resource supply given a specific 
supply constraint.

All of these activities seek to maximise 
productivity for the lowest resource cost. 

As the rise in electricity prices begins to 
bite business bottom lines, it’s very 
interesting to consider how this natural 
inclination towards optimisation can be 
applied to energy management.

It may not be obvious, but the examples 

ENERGY MANAGEMENT
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there is an emerging case to be made for 
flexible energy management taking a larger 
role in Australian businesses. 

One simple example of where this makes 
the most sense is deploying flexible loads to 
soak up excess solar power generation 
within businesses.

MATCH LOAD WITH SOLAR
In most cases, when a business buys solar 
the best-case scenario is that their minute-
to-minute electricity consumption closely 
matches their real-time solar generation.

For the business this is a simple economic 
calculation. They paid the capital for the 
solar system because, per unit of energy, 
solar is cheaper than grid electricity and, 
when surplus solar spills back into the grid, 
the tariff received by the business is usually 
less than the cost of solar generation. 

So, pushing energy usage into the  
solar-generating hours to minimise grid 
consumption is the best way to get value out 
of the system. 

From the perspective of a network 
business it is also usually best when 
customers use all of their solar energy. The 
most manageable scenario for the network 
is for the aggregate demand profile in a 
region to be relatively flat over the course of 
the day. Of course, demand generally swings 
up and down markedly according to the 
daily routines of consumers. But when solar 
generation occurs during low demand times 
the swing can be much more dramatic, in 
some cases even reversing the flow of energy 
in parts of the network. There is a strong 
case then — as businesses continue to invest 

heavily in solar — to optimise how energy is 
consumed with respect to solar generation 
for the benefit of both businesses and 
network operators.

KNOW YOUR TARIFFS
So, how can businesses optimise energy 
consumption to get the best out of their 
solar investment? To answer this you need 
to look at the incentives and opportunities 
to operate flexibly. On the incentives side 
of things for businesses it’s usually about 
either reducing costs, increasing revenue 
or both. Electricity tariffs are very 
influential here. 

As far as flexibility is concerned, the story 
is complicated and highly contextual. But 
before we look at examples of flexible 
operation, it’s probably worth covering how 
electricity tariffs are structured and how 
this affects electricity bills so that the 
incentives in each case are clear.

Electricity bills are not just calculated by 
adding up the amount of energy a business 
uses — there are fixed and variable tariffs 
which apply in different circumstances.

Most bills include a daily supply charge, 
which is the cost of being connected to the 
grid. Some include time-of-use (TOU) rates 
for energy consumption occurring at 
different times of day, commonly called 
peak, off-peak and shoulder periods.

Many bills include controlled load rates, 
like hot water systems that are controlled to 
by the network operator to switch on at the 
least burdensome time for the grid. And for 
larger premises there is often a demand 
charge (otherwise known as a capacity 

charge), which is a rate applied across a 
whole period, perhaps monthly or annually, 
based on the single highest moment of 
power consumption observed in that period.

Of course, for premises with solar, bills 
may include a solar feed-in tariff (FIT) that 
is paid to the consumer for any energy they 
export back into the grid. The images at the 
right illustrate how each of these tariffs can 
affect a bill.

For businesses with solar, the most 
significant incentives for flexibility can 
generally be found in TOU tariffs and 
demand charges, and in the difference 
between solar generation cost and FITs.

Flexible operation in businesses can 
mostly be achieved through load flexibility 
and storage. Some examples of technologies 
and strategies that support flexible 
operation are listed in the table on the 
following spread.

OVER-COOLING STRATEGY
Let’s take a look at a specific example of how 
working flexibly with over-cooling might 
impact an electricity bill of a food 
warehouse that uses large-scale freezers. 

The main idea here is that most frozen 
foods can be cooled to temperatures much 
lower than they need for food safety, 
without any negative consequences. This is 
known as over-cooling. This means that 
rather than exclusively running constant 
temperature of, say, -20°C, sometimes you 
could over-cool the freezer to -30°C and 
avoid using the motor as the temperature 
slowly approaches -20°C again.

What’s the point of this? Well, just like in 

ENERGY MANAGEMENT

EFFECT OF MATCHING ELECTRICITY DEMAND WITH SOLAR GENERATION
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the cafe, farmer and construction examples, 
it’s all about flexibly dispatching your 
resources at the least expensive time. In this 
case, that time will depend on what 
electricity tariffs are in place. The images 
below show how this could be applied to 
save money by avoiding peak TOU tariffs, 
avoiding demand charges or by offsetting 
grid consumption with solar utilisation. 

It’s possible that all three of these tariffs 
could simultaneously be impacted by the 
over-cooling strategy, and that’s where we 
think a significant opportunity lies.

We definitely know that this is technically 
feasible, but is it actually worth it 
financially? Well, that comes down to 
whether the costs associated with over-
cooling outweigh the potential savings.

Costs might include upgrading the 
freezer motor and the insulation so that the 
system can handle over-cooling efficiently. 
Other costs might include installing 
automated monitoring and control, or 
assigning someone to manually configure 
the freezer settings. 

However, there might not be any real costs 
at all. Many freezers units are in fact over-
sized to begin with because they need to 
handle seasonal weather changes. And many 
warehouses already have control systems in 
place to control their freezer loads. 

Savings in this example are dependent on 
the structure of the tariffs that the business 
is contracted under, their existing electricity 
consumption profile and whether or not 
they have solar system is big enough to spill 
surplus generation to the grid. 

For example, if TOU tariffs were in place, 
the FIT was low and there was a large 
amount of solar spill, the case for moving 
consumption away from the afternoon peak 
would be high. However, if the tariffs were 
not TOU and the FIT was at parity with grid 
electricity there would be no savings at all. 

WHY DATA MATTERS
To add further complexity to this case, the 
total amount of energy consumed could go 
up or down depending on the ambient air 
temperature at time of over-cooling, which 
significantly affects efficiency, and on the 
energy losses typically associated with 
storing things at a cooler temperature. 

In short, to understand whether over-
cooling is worth it, you need lots of data 
about the site, preferably data that 
represents the situation on an hour-by-hour 
basis at the very least. At ISF, we rely on a 
bespoke computer model to churn through 
hourly electricity consumption and solar 

For businesses with solar, incentives for 
flexibility can be found in time of use tariffs and 
demand charges, and in the difference between 
solar generation cost and feed-in tariffs.

THE IMPORTANT PARTS OF AN ENERGY BILL
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FLEXIBLE LOAD DESCRIPTION

Battery storage Use of battery to store excess generation from solar PV to use outside daylight hours 

Cold water storage Use of cold water storage system to store excess generation from solar PV 

HVAC optimisation (pre-cooling) Use of automated pre-cooling or tuning of heating, ventilation and air conditioning (HVAC) systems to 
reduce consumption 

Refrigeration optimisation Use of thermal inertia in refrigeration systems to store excess generation from solar PV 

Freezer over-cooling Freezing foods beyond the normal storage range to delay the need for cooling in the immediate future

generation data while it virtually 
manipulates the flexible portion of 
electricity consumption to achieve optimal 
cost outcomes according to the tariffs in 
place. We refer to the whole approach as 
renewable energy and load management,  
or REALM.

RENEWABLES GATEWAY
We have investigated the potential value of 
flexible loads, as shown in the above table, 
for a variety of specific real and hypothetical 
businesses cases, but our end-goal is to 
understand the potential impact of 
deploying such flexibility en masse at scale 
across different industries. In particular, we 
are interested in business productivity and 
the ability of the electricity grid to host very 
high penetrations of renewable generation. 

As you saw above, it can get a bit 
complicated to assess an individual site, and 
data is the key to figuring it all out. As we 

look at more and more sites we are 
attempting to formulate simple but effective 
heuristics that can be applied to “typical” 
sites. For example, we want to be able to 
make statements about how much a typical 
cold warehouse could save by shifting a 
certain amount of energy into solar hours.

Heuristics like this are invaluable for 
businesses who want to dip their toes in the 
water of energy management by alerting 
them to high likelihood potential savings.

WE NEED NUMBERS
While the flexibility story is crystallising 
steadily for us at the individual site level, 
we’ve come up against some big hurdles 
when trying to estimate the full potential 

TECHNOLOGIES AND STRATEGIES THAT SUPPORT FLEXIBLE OPERATION

impact across whole sectors of industry. 
Specifically, a lack of good data has 
frustrated our analysis. When we started 
our research we expected the hardest data 
to find would be descriptions of flexible 
loads because they are many and varied, and 
because they haven’t necessarily been 
documented in a way that is helpful to 
model. But, to our surprise, there are more 
basic data deficits that impede our analysis; 
namely, data that describes electricity loads 
and solar generation. 

Let me explain this issue using the over-
cooling example from above and some back-
of-the-envelope thinking. Say you want to 
estimate the total potential that over-
cooling has to increase utilisation of existing 
solar, and to increase the total amount of 
solar generation that your state’s electricity 
grid can handle. A first approach might be to 
just take our warehouse example and 
multiply the site’s result across the number 

of freezer warehouses in the state. Easy, 
right? Well, easy, but probably not very 
accurate for the following reasons:
• not all warehouses are the same size (in 

terms of average electrical consumption); 
• not all of them have solar, and not all 

warehouses with solar will spill surplus 
electricity into the grid, and;

• even sites with exactly the same average 
electrical load and solar system size will 
have different daily usage profiles, so the 
same flexibility strategy may not work in 
the same way for all warehouses. 
A better approach would be to take 

samples of electricity consumption data 
from warehouses that fit different 
consumption categories and identify typical 

solar installation sizes in each category. 
Then you could model a typical example site 
and come up with a per-site rate of impact 
that can be multiplied across the state’s 
number of sites in each category. 

But here’s where we encounter the data 
problem. Not only do we struggle to find the 
hourly energy consumption data for a 
reasonable number of businesses, we don’t 
even have enough information to estimate 
the number of businesses in each 
consumption category. And, even if we did 
have enough data to understand 
consumption better, we don’t have any data 
on the distribution of solar systems across 
the consumption categories. Heck, we don’t 
even know the total number of cold 
warehouse businesses with solar, let alone 
the size of their systems and how it 
compares to their consumption. 

This problem is not unique to the cold 
warehouse example; it’s the same for all 
industries. The data just isn’t available for 
us to do a detailed, rigorous analysis.

WILLINGNESS TO SHARE
It seems like a preposterous notion that  
we can’t find these types of data. Good data 
is in fact being generated all the time. 
Electricity metering has gone digital  
(think smart metering) and solar systems 
have fancy hardware that continuously 
monitors generation. Based on our 
interactions with businesses and energy 
management specialists, we suspect that 
troves of data exist behind walls of 
commercial in confidence. 

The data is likely to be out there 
somewhere, but the big problem for us is 
that barely anyone is collecting and storing 
it in a way that is useful — that is, for wider 
analysis that could inform for example 
where governments should focus program 
spending or grid management.

The electricity network, we are told, is 
soon to become a smart grid, in which there 
will be some brilliant control system with 
such omniscience about real-time demand 
and distributed generation that it will 

ENERGY MANAGEMENT

The goal is to understand the potential impact of 
deploying flexibility at scale ... we are interested 
in business productivity and the ability of the grid 
to host very high penetrations of renewables.
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flexibly balance supply and demand in 
perfect harmony for the benefit of energy 
players, grids and consumers alike. 

From our perspective it’s hard to envisage 
such wonderful real-time control when even 
a retrospective data analysis is impossible. 
The effort to which we must go to find data 
sets for a relatively simple analysis would 
indicate we are a long way off from a truly 
smart grid. Good smart grids must be built 
on good data and data availability.

HYPOTHESIS ON HOLD
Where does this leave us? Based on our early 
REALM modelling we argue that there is 
potentially a big opportunity to discover 
significant flexibility in electricity 
consumption across many industries, but we 
can’t verify this hypothesis unless we get 
access to better data. 

In the context of the smart grid paradigm 
that our electricity network is approaching, 
it’s important that good data is available to 
support not just our research but all the 
innovators across the changing landscape of 
energy and, crucially, the control systems 
that will keep the whole network running.

As a first step we need to see action from 
businesses and energy management 
professionals who can paint an accurate 
picture of what energy data is out there and 
how it can be distributed in a commercially 
acceptable way. Some of the best data we 
have received as researchers, for example, 
has been generously provided by our 
business associates after being de-identified 
to protect privacy. 

As a second step, stakeholders in the 
electricity industry, including regulators, 
energy retailers, network operators, 
businesses, energy consultants and 
innovators, need to develop a deliberate data 
plan that recognises what is most important 
in whatever version of the smart grid we end 
up with. This plan needs to consider which 
data sets are potentially valuable, how they 
should be collected, how they should be 
stored and how they can be distributed to 
innovators whilst protecting consumer 
privacy and commercial sensitivity. 

There are, of course, notable efforts being 
made by many of our colleagues in the 
energy industry, but the present grab-bag 
nature of data sets that exists in the wild 
world of electricity data suggests there is 
still a long way to go. 

Meanwhile, we at ISF will continue our 
search for those rare golden nuggets of data 
that sustain our research and help us build 
our clever ideas. 

ENERGY MANAGEMENT

Joe Wyndham  
is a researcher and 
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WASTE-TO-ENERGY

What do you do with your rubbish? 
You chuck it out. Where does it go? 
Not sure. Such has been the level of 

interest shown by society in the fate of that 
which is superfluous in our consumer 
paradise. We could carry on that way 
forever, if we felt like it, but a funny thing is 
happening around the world: people are 
pushing back against a tide of crap that is 
threatening to engulf them.

It’s a nice feeling to want change for the 
good of the environment, but it’s even nicer 
when collective concern can pay economic 
dividends. That’s what can happen if the 
stuff we drop in our roadside wheelie bins is 
used to fuel incinerators, where the heat 
drives turbines to generate electricity and a 
use is found for most of what’s left over.

This revolution in turning junk into 
money is finally underway. The hotspot in 
activity in Australia is about 40km south of 
Perth, where work has begun on Avertas 
Energy, a 36MW waste-to-energy plant in 
Kwinana, and financiers have signed off on 

waste levy last year and drafting an energy-
from-waste policy; Victoria working on a 
circular economy policy paper; and the two 
waste-to-energy projects in Western 
Australia reaching financial close. “There is 
a lot happening in the waste sector in 
Australia,” Irvine tells EcoGeneration. 

the East Rockingham Resource Recovery 
Facility, which will aim to generate 28.9MW 
of power. About 50% of output is expected 
to be eligible for LGCs.

Australia is awash with waste, with 22 
million tonnes of the 67 million tonnes 
reported in the last national waste report 
going to landfill. “Australia could be doing a 
lot better with its waste management 
practices at the moment,” says Clean Energy 
Finance Corporation associate director Mac 
Irvine, who oversaw debt financing of $57.5 
million in the $515 million East Rockingham 
project. “We could definitely be doing more 
in terms of reusing, recycling, reprocessing 
and then recovering energy and recovering 
other materials where we can.”

The easy option of exporting waste hit a 
wall in early 2018 with China’s Green Sword 
policy. At a smaller level, state governments 
are sensing the public’s growing distaste for 
waste and taking an overdue look at their 
waste management practices. This includes 
the Queensland government reintroducing a 

Landfill may slowly be consigned to the trash heap of history as the waste-to-energy sector 
gathers pace, with a second project ready to progress in Western Australia.

A taste for waste

TECHNOLOGY
GENERATOR 

CAPACITY (MW)

Gas (OCGT) 2,707

Black coal 1,567

Wind 612

Gas (CCGT) 585

Distillate 104

Bioenergy (biomass) 40

Bioenergy (biogas) 25

Solar (utility) 19

TOTAL 5,658

Source: OpenNEM, February 2020

WESTERN AUSTRALIA’S  
ENERGY PROFILE

Fill it full of rubbish and 29MW of  
electricity will come out the other end.
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Without being able to share much detail 
on the cost of the technology, Irvine says the 
maturity of the sector will likely become 
evident as development cycles are shortened 
to 2-4 years rather than 6-10 years for the 
two Perth projects, one under construction.

“You’re going to have more sophisticated 
counterparties coming into projects earlier; 
you’re going to have, hopefully, improved 
regulatory and policy frameworks allowing 
approvals processes to happen more 
quickly,” he says.

The CEFC’s role when investing is to 
attract other financiers to clean energy 
projects by its mere presence, not to muscle 
other investors out of the action with 
aggressive bidding tactics. “Our role is to 
‘crowd-in’ investments,” Irvine says. The 
CEFC was a senior lender on Avertas 
Energy, with $90 million invested in the 
$700 million project, and is a subordinated 
lender for East Rockingham, which also 
attracted $18 million in grant funding from 
the Australian Renewable Energy Agency. 

TICKS ALL THE BOXES
The CEFC’s principal three investment 
criteria are renewable energy, energy 
efficiency and low-emissions technology. 
East Rockingham qualifies primarily 
because most of the feedstock processed by 
the plant is considered to be renewable 
under the Clean Energy Regulator’s 
guidelines, in this case organic material sent 
out by householders in their wheelie bins.

The methane that would otherwise leech 
into the atmosphere from landfill will be 

combusted in the furnace at the East 
Rockingham plant, earning the right to call 
it a clean energy generator. 

“It’s not 100% renewable electricity,” 
Irvine says. “The generation that’s 
considered to be renewable is dependent 
upon the proportion of what’s considered to 
be renewable feedstock or renewable waste 
going in the front end.”

The plant will take about 300,000 tonnes 
of garbage a year, including industrial and 
commercial waste, which will produce 
about 70,000 tonnes of “bottom ash” to be 
treated on-site and then sold for use as an 
aggregate material in roads and so forth. A 
small proportion of materials that make it 

through the incineration process, such as 
metals, will be collected and sold or 
recycled. Some material, about 4%, will go 
to landfill and flu gases will have as much 
nasties filtered out as possible.

The process is pretty straight-forward: 
trash is thrown in the front end, set alight 
using gas (to get things started) and then 
shunted slowly downhill by a “moving 
grate” that allows bottom ash and non-
combustibles to drop away for collection 
somewhere down below. 

The raging, constant temperature in the 
incinerator is piped to nearby turbines that 
will produce about 29MW of “baseload” 
generation, “for want of a better word,” 
Irvine says. A deal has been signed with an 
undisclosed off-taker and the electricity will 
support the South West Interconnected 

System. “It can potentially support more 
intermittent generation, given the nature of 
this being baseload.”

RUBBISH REMOVAL
With Kwinana and East Rockingham given 
the green light it’s doubtful Perth will be 
able to generate enough waste to support 
any more waste-to-energy projects for a 
long while, with expected project lives 
running out to more than 30 years. “But on 
the east coast of Australia there is absolutely 
massive potential,” says Irvine, hinting that 
the CEFC is looking at a number of projects 
under development “that we hope to get 
away in the next year to two years”. Over 

the next five to 10 years the sector can 
expect to see approvals for a project a year, 
“if not more,” he says, depending on the 
availability of waste. East Rockingham 
should be finished by 2023.

And so it looks as though landfill may 
slowly become a thing of the past, its drawn-
out death accelerated by a consumer trend 
for reduced consumption – if that actually 
ever happens.

“My personal view is there are going to be 
a number of these sorts of projects delivered 
in Australia in the next few years — the 
momentum is gathering,” Irvine says. 
“There is a significant opportunity in this 
sector and the environmental outcomes are 
avoiding significant volumes of waste at 
landfill, and the energy generation 
component.”

Plants that process trash are paid to take 
it, and waste levies set by the states can be 
changed at a whim (although swift 
repercussions are increasingly likely as the 
electorate bends towards anything that 
supports the dirty status quo). 

The waste levy in Perth is $70 per tonne; 
in metropolitan NSW about $140 per tonne; 
in Queensland it is $75 per tonne. 

Should a waste levy suddenly drop or be 
repealed projects such as Kwinana and 
East Rockingham, which rely on that 
revenue being earned at the gate, could 
potentially be killed. Energy company 
Acciona and Hitachi Zosen Inova are 
building the plant, which will be operated 
and maintained by Suez.

Irvine says some feedback from industry 
says $100 a tonne is a required levy for 
waste-to-energy projects to be viable, 
although the Perth projects show it can be 
done at $70 a tonne. “Levy risk is obviously  
a key risk,” he says. 

The plant will take about 300,000 tonnes of 
garbage a year, including industrial waste.

The industrial area south of Perth will  
soon be Australia’s waste-to-energy capital.
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SOLAR VEHICLES

Powered by the sun
… with a little help from the grid
Researchers at the University of NSW are determined to send solar-powered vehicles 
into the mainstream — even one you don’t need to charge.

Electric vehicles are silently coming 
over the horizon to put petrol-
powered four-wheelers to the sword. 

As they arrive in bigger and bigger numbers, 
a massive capacity of battery storage will be 
available to support the grid. 

Australia is rich in resources to use to 
generate electricity to power EVs, so we’ll 
be better off than we have been relying on 
fuel, 90% of it imported. And road transport 
accounts for about 17% of CO2 emissions, so 
our air will also be less foul. So, there are 
many reasons why the electrification of 
transport is a good thing. But is it enough?

Researchers at the Digital Grid Futures 
Institute at the University of NSW think we 
can do better than plug-in EVs and in early 
February hosted a seminar to set out the 
possibilities for “vehicle-integrated 
photovoltaics”, or cars that have solar cells 
plastered all over them. 

We’ve been seeing this stuff for years, of 
course, with PV-panelled rigs on skinny 
wheels racing up and down the outback to 
cross the line before sunset. But the dream 

No-one’s sure exactly how and when 
owners will charge this huge fleet of plug-in 
EVs about to hit our roads, but we can at 
least expect a rise in overall electricity 
demand – and non-renewable generation. 
“People charge vehicles overnight, when 
there is no sun.”

The UNSW team’s efforts to design a 
solar-powered car for mainstream use – 
along with other developers thinking along 
the same lines around the world – will 
restrain drivers’ demand on the grid … so 
long as solar-powered cars actually work.

FIRST FEW LAPS
Toyota moved early in the field of 
integrating PV into the shell of a car when it 
mounted stiff solar panels on a Prius, 
including its sides. The latest prototype of 
the Toyota is far more elegant, with PV 
moulded onto the roof and bonnet. In tests 
in Japan the vehicle is averaging 30km a day 
under its own power. That’s a great result in 
a country where 70% of daily car travel is 
less than 30km. “Most of us day-to-day don’t 

of passenger vehicles powered by their 
own PV generation, with plug-in charging 
in reserve, is a real pursuit. One step 
further, however, is the ultimate challenge 
– a non-plug-in perpetually powered 
production vehicle.

GRID POSITIONS
The grid is changing, where a one-way 
traffic system of electrons is being replaced 
by “multiple directions of energy flow and 
information flow”, said UNSW Digital Grid 
Futures Institute director Professor Joe 
Dong. The energy and transportation 
systems are major contributors to global 
carbon emissions, and their transition to 
clean energy is a pivotal step towards 
pushing back the tide of global warming. 

Electrified transport, destined to replace 
the petrol- or diesel-powered alternative, 
can serve a dynamic role as a source of 
stored energy. “The electric vehicle links 
the transport system to the electrical system 
… and EVs will be playing a critical role in 
the future,” Dong said.
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drive very far,” said UNSW associate 
professor Ned Ekins-Daukes. “People take 
long road trips on holidays but most of the 
time we’re making short trips.”

In last year’s Bridgestone World Solar 
Challenge UNSW’s latest Sunswift car, 
“Violet”, averaged 110km/h and managed a 
top speed of 140km/h. Loaded up with three 
passengers and a driver, all a minimum 
80kg, the vehicle weighs 800kg.

Toyota’s PV-covered Prius can cover 
17km/kWh, while “Violet” achieves 33km/
kWh, Ekins-Daukes says. The world record, 
set by Duke University, is more than 
1,000km/kWh. “That shows us what is 
potentially possible with vehicle efficiency.”

An easy route to greater efficiency is to 
add more solar cells, but no-one wants an 
oversized car these days. Another route 
would be a pliable PV surface material, 
applied to bodywork not covered with solar 
cells. “Solar paint”, if it existed, could fit 
the bill.

Professor Martin Green, UNSW’s inhouse 
solar pioneer, is determined to unlock the 
mystery of how solar paint might work but 
first of all he set out the difficulty implicit in 
creating enormous singular cells. An area 
about five square metres painted to become 
a single solar cell would generate about 
2,000 amps of current, he said, and require 
improbably large conductors. “Obviously a 
simple application of paint to structures is 
not going to work, because of the mismatch 
in generation characteristics of the cells,” he 

said. “It starts getting very complicated.”
One way around it might be to think about 

“scavenging” power from small areas, 
where a micro-electric up converter collects 
power from a small painted region and 
boosts it to a voltage that can be transmitted 
with smaller conductors. 

“It wouldn’t be too much of a stretch to 
imagine a sophisticated process for applying 
different layers of paint that were 
photovoltaically active,” he said. “That led 
to this concept of a solar-paint car whereby 
the whole car is essentially one big solar cell 
but the boosting of the voltage is done 
electronically by microelectronic chips.”

UNDER THE SUN
Cost-wise, rooftop PV clocks in at about 20 
cents per watt at 20% efficiency, said Ekins-
Daukes. At the extreme premium end,  
3-5 multi-junction technology used in space 
applications and aircraft costs more than 
$100/w for efficiency up to 47%. 

Ekins-Daukes proposes an appropriate  
PV efficiency for solar-powered cars will be 
somewhere between standard rooftop and 
top-shelf space-age.

When the fuel comes from the sky, every 
solar-powered car’s performance will rely 
on how much time it spends under the sun. 
Vehicles parked in leafy boulevards, covered 
bays or underground car parks will be 
hardly as energetic as those parked out in 
the open. “The opportunity for putting 
photovoltaics on a vehicle means you don’t 
have to charge it very much at all if it’s 
sitting in the sun,” Ekins-Daukes said.

But how many cars do sit in the sun? 
Researchers at UNSW have developed a 
device that gathers irradiance data for cars 
and are collecting results from any 
motorists they can sign up, here and around 
the world. 

Cars are more than utilitarian devices 
that deliver us from A to B, however. They 
signal freedom, adventure 
and status (if you buy into 
that whole thing). 
Governments may regulate 
the uptake of EVs, by setting 
targets for their replacement 
of all emitting alternatives as 
new vehicles – as is 
happening in Europe – but 
buyers’ and drivers’ anxiety 
about the time it takes to 
charge, and how that impacts 
their plans for the day, are 
yet to be tested. A car that 
carries its own energy 

generation plant could ease their concerns. 
Research presented by Dutch research 

organization TNO program manager Bonna 
Newman, visiting from the Netherlands, 
showed a 750-watt solar-powered car can 
get by largely without plugging in to charge 
over the summer months, even in the cloudy 
Holland. “You can go from having 59 
charging moments during the year [without 
PV on the car] to 33 charging moments 
during the year [with PV], according to this 
simulation,” she said.

In sunny Madrid, the researchers found 
an EV can go from 62 charging moments in 
a year down to 20, with 750 watts of PV 
installed.

TNO is working with Dutch carmaker 
Lightyear, a spin-off of World Solar 
Challenge team University of Eindhoven, on 
a prototype for a car roof 90% covered with 
solar cells with 19% efficiency. “We should 
be able to get at least 1,000 watts on this 
vehicle,” Newman said.

The ultimate challenge, of course, is to 
produce a car that never needs charging and 
never stops. UNSW professor of practice 
Richard Hopkins hopes to apply all he 
learned as head of operations for the 
RedBull Formula 1 team to design and build 
the first non-plug-in perpetually powered 
production vehicle. “A lot of the technology 
is here and now,” Hopkins said. “Can we do 
it today? My answer is no. Will we be able to 
do it? Yes. How are we going to do it? We’re 
working on it.”

A car that relies on its own smarts to 
propel it along will be powered by a 
combination of sources. 

“It might be solar, it might be PV paint,  
it might be kinetic energy, induction 
charging, power sharing between 
vehicles,” Hopkins said, “and a whole lot 
that we don’t know about today, because 
we are living in a world that is innovating 
at a faster rate than ever before.” 

Martin Green and Ned Ekins-Daukes are  
steering powerful R&D teams at UNSW.

If Violet can make it from  
Darwin to Perth she can make  

it from concept to commercial.
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R&D pays rich  
dividends at Sungrow
A trip to the inverter-maker’s headquarters shows its ability  
to adapt to consumer demand for PV solutions big and small.

orange, their covers etched to commemorate 
a corporate milestone: “100,000,000kW, 
2019.12, Special Limited Edition.”

The journey to this point started in 1997, 
when local university professor Cao 
Renxian saw the possibilities for PV and set 
up a new venture. By the end of 2019, more 
than 100GW of Sungrow technology had 
been installed around the world and the 
company offers inverter solutions and 
storage for utility-scale, commercial and 
residential applications, as well as floating 
PV plant solutions.

With an 11MW solar system 
dominating its roofspace, 
Sungrow’s manufacturing plant in 

Hefei, population 8 million, runs like a huge 
self-energised organism, with robot arms, 
automatically guided vehicles and moving 
production lines. Workers with anti-static 
lines attached to their shoes stand on 
earthing mats as quality control officers in 
pink caps hover like hummingbirds. 

Today some of the team are finishing off a 
special batch of SG250HX units – its 1,500V 
string inverter – in the company’s signature 

The Hefei plant is humming. Sungrow inverters at work in Dubai. An 8.5MWh storage project in Germany.

Once the Hefei plant is fully operational, 
the inverter company’s global annual 
production capacity will reach 50GW, 
including 3GW from its factory in India.

NO TIME TO REST
As solar installations grow in number and 
capacity to supply clean energy in a world 
that is turning away from coal and gas, PV 
technology companies have been running to 
stay ahead of competitors. Sungrow carved 
out an early lead in inverters and today 
enjoys a 15% share of the global market. 

As utility-scale solar projects are 
developed in China, Australia and around 
the world, the manufacturers of inverter 
technology are adapting their production 

Installers around the world  
will be familiar with this line-up.

Technicians test an inverter  
for electromagnetic interference.
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lines to suit demand for central inverters or 
string inverter types.

“We can say if the frontier for utility scale 
is very large and the land is very flat, a 
central inverter is better for both cost 
consideration and the performance 
consideration,” says Jack Gu, the president 
of Sungrow’s PV and energy storage 
division. “We always say the design will 
meet the demands, so we will propose the 
right product to the customer in a very 
specific application. 

“Personally, I want to sell more string 
inverter products, but I think in some 
applications a central inverter [solution] has 
its very unique advantages.”

Residential solar is a major focus for 
Sungrow in Australia and Gu says the 
company also plans to turn its attention to 
the commercial-and-industrial and utility-
scale markets. 

“That’s also very important for us,” he says. 
“We will expand our portfolio in Australia 
for more opportunities there, and storage is 
also a very important direction for us. Our 
strategies will put more effort in the product 
development and technology innovation to 
decrease the cost of batteries.”

MORE STORAGE
The company keeps track of developments 
in Australia and the significant storage 
projects here that offer an arbitrage or FCAS 
revenue model. Sungrow technology is 
already installed at storage projects in 
Western Australia and South Australia. “We 
are ready to go there,” says managing 
director overseas strategic key accounts 
Thompson Meng. “Next year [2020] will be 
pretty promising for Sungrow in Australia.”

During a media tour of the Hefei plant in 
December EcoGeneration was shown the 
central inverter R&D centre, where 
containerized inverter solutions are tested 

and built, and an electromagnetic chamber, 
built at a cost of more than $US5 million, 
that could have featured in Stanley 
Kubrick’s 2001: A Space Odyssey.

Electromagnetic interference can be a 
problem with powerful electronics 
equipment, where radiated emissions may 
be conducted through a line or radiated 
from devices. In the dampened silence of 
the vast paneled space technicians test an 
inverter mounted on a wooden rack, 
monitoring and minimizing the possibilities 
for interference.

Research is a foremost consideration for a 
company with close relations with four 
major Chinese universities and Australia’s 
UNSW. About 40% of Sungrow’s 3,000 
personnel work in R&D.

“With the evolution of semiconductor 
devices we hope to increase the power 
density of the product and maintain the 
same weight level,” Gu says. 

“We will incorporate in the future new 
technologies like artificial intelligence, 5G 
and blockchain technologies into our whole 
product portfolio – to enhance performance.”

There is something homely about 
Sungrow’s Hefei operation, where an 
allocation of workers is allowed to live rent-
free on site for up to three years, with lunch 
and dinner provided. Such dedication to an 
employer is rare in other parts of the world.

In the testing centre technicians are glued 
to their laptops as inverters in the “ageing 
room” are run for 48 hours at a constant 
50°C. Elsewhere, workers standing on 
earthing mats add componentry to inverter 
cabinets as rows of small fans extract ions 
away from their workstations.

Around the world, between 121GW and 
154GW of new PV projects are expected to 
be built this year, according to research 
from BloombergNEF. Analyst HIS Market 
expects a cost reduction due to large-size 

wafers and efficiency improvements will  
see prices of solar modules fall by 10%, 
which will further stimulate domestic and 
foreign markets.

As the world transitions to renewables 
any clean energy company that doesn’t focus 
on product development will be left at the 
roadside. Gu suggests for residential 
applications the integration of storage and 
the PV inverter as a possible direction.

“That’s also the strength of Sungrow,” he 
says, “because we have both products.”

TESTED TO THE LIMIT
To ease the worldwide buildout of  
large-scale utility solar, Sungrow has 
developed a 6.8MW turnkey solution for 
single blocks of PV-plus-storage or pure PV, 
where pre-assembled product and O&M 
skills are combined. 

“For the global market, the key driver for 
utility-scale projects is the cost,” Gu says, 
“but for the residential market the key 
driver is function.”

Sungrow commands about 15% market 
share of the Australian residential inverter 
market, he says.

Storage is still seen as being a far-from-
bankable solution in many applications. 
“There is no stable policy for storage yet; it 
has to rely on the market and not policy,” 
Gu says. “Some developers use PPAs to 
guarantee their investment risk is 
controllable; for some owners they can go 
to merchant. It depends on how much risk 
you can take.”

In China the residential electricity fee is 
very low, he says, much lower than for 
business owners. “In China it’s very 
challenging [for storage to be economically 
viable] for the residential market. But for 
other parts of the world I think the 
residential storage market is very promising 
in the future.” 

PV is taking off in Thailand. Some workers never take a break. Sungrow’s floating solar solution.
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A global need for  
better batteries
The adoption of new processes and exploitation of low-cost precursors will be essential in the 
effort to improve the sustainability of battery technologies, writes Dr Matt Boot-Handford.

STORAGE

The rapid growth in renewable energy 
generation and electric vehicles is 
driving a global need for more 

efficient, cheaper, higher-capacity and more 
sustainable energy storage solutions. 

While a large part of this growth has been 
facilitated by continued improvements in 
the performance of lithium-ion batteries, 
concerns around cost, storage capacity, 
safety and the sustainability of current 
lithium-ion battery technology will 
inevitably start to limit this growth. 

The development of advanced materials 
for lithium-ion batteries that deliver 
superior performance and safety at lower 
cost while at the same time reducing the 
environmental and social impacts will be 
imperative.

The sustainability of the products we use 
is becoming increasingly more important to 
a better informed and more environmentally 
and socially aware global population. The 
development of smarter and more resilient 
cities will rely on electrical energy storage 
solutions to power a low-carbon electric 
transport system, as well as balancing the 
supply of renewable energy to match 
commercial and domestic demand.

In its most recent analysis of the 
rechargeable battery market Avicenne 
Energy reported that 61% of lithium-ion 
batteries on the market in 2018 had a cobalt-
containing cathode. 

For the period 2018-30, it predicts 
demand for active cathode materials will 
grow by around 380%, from 350,000 tonnes 
in 2018 to 1,670,000 tonnes in 2030, with the 
market share of cobalt containing cathode 
chemistries expected to increase to 95% 
over this period. 

This increase will be driven by growth in 
demand for EVs, which prefer cobalt and 
nickel-containing cathode chemistries such 
as NCM (nickel-cobalt-manganese), or NCA 

the industry to meet increasing global 
demand. The Commonwealth Department 
of Industry and Science has also funded the 
$9.4 million Cooperative Research Centre 
Project for Advanced Hybrid Batteries, 
which Calix leads, is aimed at developing 
low-cost, sustainable fast charging pouch 
cells featuring electrode materials 
manufactured by Calix.

Calix is also involved in the Australian 
Research Council-funded Industrial 
Transformation Training Centre for Future 
Energy Storage Technologies headed up by 
Deakin University and the EU-funded 
industry training network Polystorage.

In addition, Calix has launched its  
$2.7 million BATMn reactor for producing 
advanced battery materials in Bacchus 
Marsh, Victoria, which was part-funded 
through the Australian Government’s 
Advanced Manufacturing Growth Fund.

The BATMn reactor provides a key 
Australian facility for producing low-cost, 
high performance and sustainable  
battery materials.

The adoption of new manufacturing 
processes such as the Calix Flash 
Calcination technology as well as the 
exploitation of low-cost precursors will be 
essential in the effort to continue to drive 
down the costs and improve the 
sustainability of lithium and post-lithium 
ion battery materials and technologies. 

(nickel-cobalt-alumina) in the case of Tesla.
While lithium-ion batteries incorporating 

cobalt-containing cathodes will almost 
certainly remain the preferred 
configuration for many EVs, portable 
electronics and power tools manufacturers 
over the coming years, there exists 
significant uncertainty around the 
reliability of supply, cost and provenance of 
cobalt that needs to be overcome to meet 
demand from this rapidly growing market.

A CLEANER COBALT
The widely reported ethical and 
environmental concerns are further driving 
the industry towards reducing its reliance 
on cobalt, fuelling the development of 
alternative, high performance and safer 
lithium-ion battery chemistries. 

The establishment of new precursor 
supply chains for cobalt and other critical 
battery minerals from countries such as 
Australia, where supply chain provenance is 
tracked, transparent and traceable, will also 
be essential.

In Australia, there is a significant and 
concerted effort involving government, 
academic and industry partners focused on 
kick-starting a sustainable, whole-of-chain 
advanced battery manufacturing industry, 
exemplified by the recently announced 
Future Batteries Industries Cooperative 
Research Centre.

The Future Batteries Industries 
Cooperative Research Centre, in which 
Calix is engaged as a key participant, is a 
$135 million six-year research program 
funded by the Australian government’s 
Commonwealth Department of Industry 
and Science, and industry partners. It aims 
to bring together global industry and 
Australia’s foremost researchers to improve 
the competitiveness and sustainability of 
Australian energy storage systems and grow 

Dr Matt  
Boot-Handford 
is head of 
battery and 
catalyst R&D  
at Calix.
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With the program theme  “Powering Change”, The Australian Energy 
Storage Conference and Exhibition will continue to discuss the most 
topical storage projects and innovations from around the world. 
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MICROGRIDS

The right climate:  
why the time is now for 
energy decentralisation

Microgrids have strong credentials when it comes to minimising the risks of supply  
loss related to natural disasters — including bushfires — writes Nouha Elmasri.

With bushfire haze lingering in our 
memories Australian energy 
providers face a challenging 

outlook for recurrent weather-related issues 
that can leave customers in the dark and 
lead to costly infrastructure restoration.

With much of modern life – everything 
from banking to communications, 
healthcare and transport – the prospect of 
prolonged outages becomes much more than 
a mere inconvenience.

Bushfires and other extreme weather 
events are becoming more common. More 
people are moving to areas which are either 
close to the bush or serviced by long 
powerlines that go through national parks 
and state forests. 

While there is a case for short periods of 
pre-emptive de-energisation in extreme 
circumstances to prevent far worse 
consequences, currently only one utility,  
SA Power Networks, has authority to do so.

There is more than one way to respond, 
though. Underground powerlines is the 

lines, and the restoration time is very long,” 
says International Microgrid Association 
chairman Terry Mohn, speaking ahead of 
The International Microgrid Event in Perth. 
“Businesses are starting to realise that with 
long restoration times for transmission or 
distributor operators, building a microgrid 
becomes a viable option.”

It’s a global phenomenon, Mohn says, but 
it’s happening much faster in Australia due 
partly to geography and weather, and partly 
because of the high penetration of 
decentralised energy “like solar rooftops 
and other types of renewable energy – that 
are already abundant and can be leveraged.”

BENEFITS OF DECENTRALISATION 
By now most of us are aware that microgrids 
are a growing segment of the energy 
industry, representing a paradigm shift from 
remote central station power plants toward 
more localised, distributed generation  
– especially in cities, communities and 
campuses. The power to isolate from the 

most obvious – and expensive – long term 
solution to bushfire risk. 

In eastern Victoria AusNet has started to 
take some remote properties in high 
bushfire risk areas off the grid and 
connected them to stand-alone power 
systems. Other rural and regional networks 
are looking to do likewise.

It is still a relatively expensive solution, 
and not appropriate for whole towns. After 
the Bushfires Royal Commission, Victoria 
has been rolling out smart circuit reclosers, 
or circuit breakers that can quickly stop 
power flows during a fault and then just as 
quickly restore them. But circuit reclosers 
are not cheap – the price tag for Victoria 
alone could be $1 billion – and they have 
their own technical limitations.

The challenge is to increase the resilience 
of communities and the grid at an affordable 
cost, which is where decentralised microgrid 
energy comes into play. 

“Australia is replete with fires that are 
taking out transmission and distribution M
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larger grid makes microgrids resilient, and 
the ability to conduct flexible, parallel 
operations permits delivery of services that 
make the grid more competitive.

By “islanding” from the grid in an 
emergency – a bushfire, for example – a 
microgrid can both continue serving its 
included load when the grid is down and 
serve its surrounding community by 
providing a platform to support critical 
services, from hosting first responders and 
governmental functions to providing key 
services and emergency shelter.

Storm damage in the United States has 
already driven investment in microgrids and 
in India the technology has emerged as a 
viable solution to energy poverty.

“There are probably three main drivers 
for microgrids,” Mohn says. “Number one is 
economics, businesses are working to lower 
the cost of energy; number two is reliability, 
and with the decentralisation of energy load 
pockets are closer to loads, making the 
overall cost of the energy infrastructure 

lower due to reduced infrastructure need; 
and third is sustainability, where 
communities that want to be green may not 
feel like they’re getting green energy from 
their incumbent utility, and so they make 
the investment themselves.” 

MAKING IT A REALITY 
Renewable energy in Australia is growing  
10 times faster than the world average per 
capita. Australia’s energy future is exciting, 
innovative and disruptive but despite their 
many advantages, microgrids face 
significant barriers to widespread 
implementation. While we’re lucky in 
Australia that the federal government 
understands the economic opportunity of 
decentralised energy, as seen through the 
government’s Regional and Remote 
Communities Reliability Fund, we still face 
challenges when it comes to making this 
cleaner, greener, safer future a reality. 

One of the things getting in the way of 
utilising distributed energy resources to 
increase the resilience of local communities 
in Australia is that we don’t currently 
recognise resilience as an objective in the 
regulation of the energy system. To counter 
this we could start by including “high 
impact, low probability” events in reliability 
standards, which currently exclude “major 
event”. This would allow prudent and 
efficient network spending to improve local 
system resilience to be recognised as 

legitimate by the regulator. But this is only 
one challenge. The biggest barrier to 
widespread implementation is policy. 

“The policy change that needs to take 
place in Australia is one that will encourage 
public-private partnerships,” Mohn says. 
“We need to allow private investors to come 
in and build infrastructure, and allow that 
infrastructure to go on their books – not on 
the utility books, not on the state’s property 
books. By putting that asset in a private 
investor’s books, and making the resources 
coming out of a microgrid available to the 
larger grid, we can make the cost of energy 
production and delivery cheaper.” 

Steps have been made in the right 
direction. The COAG Energy Council and 
the Australian Energy Market Commission 
have released their review of the regulatory 
frameworks for stand-alone power systems. 

“It’s certainly an exciting time for 
microgrids and the decentralisation of 
energy in Australia with so much activity 
occurring across the country,” Mohn says.

“The new energy paradigm is here,  
we just need to come together to make it  
all a reality.” 

Terry Mohn will chair and speak at The 

International Microgrid Event 2020, at Perth’s 

Optus Stadium between March 31 and April 3.

Nouha Elmasri is editor for The International 

Microgrid Event.

By ‘islanding’ from the grid in an emergency  
— a bushfire, for example — a microgrid can 
continue serving its included load when the  
grid is down and support critical services.

Microgrids can prove their worth during  
natural disasters or extreme weather events.
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Microgrids are becoming a viable  
option for businesses that want to  
reduce risk, says Terry Mohn.
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Storage comes first,  
as solar sits on the sidelines
Vena Energy’s 150MWh Queensland battery is a mighty step in making the  
most of surplus clean energy in the sunshine state.

The steady introduction of solar PV to 
the NEM has done much to push 
down supply from coal plant but some 

effects have seemed counterproductive. As a 
surplus of daytime generation pushes prices 
towards zero or sometimes into negative 
territory, the owners of solar plants have 
been seen their high hopes dashed by the 
harsh realities of curtailment, crippling 
marginal loss factors and low prices.

The answer is to build batteries. But when 
energy prices are falling, not only at off-
peak, it takes a gutsy bean-counter to say 
the price of storage has fallen to a level 
where investment makes sense. 

That time may have come.
Renewable power producer Vena Energy 

Australia in late January announced it will 
begin construction of Queensland’s largest 
grid-scale battery near Wandoan in the 
Western Downs. Its Battery Energy Storage 
System (BESS) will have an initial capacity 
of 100MW and store 150MWh of energy, 
enough to power up to 57,000 homes, it says. 

Vena had previously announced plans to 
build a 1GW solar plant at the site, which is 
about 2,000 hectares and close to significant 
load demand in the Surrat Basin, with its 
large population of gas wells. 

It’s been a tough climate for solar 

A supplier hasn’t been confirmed for the 
project but Vena says the Wandoan South 
BESS is based on lithium ion and will use 
manganese, nickel and cobalt to increase the 
life of the battery cells. “The battery will be 
a 1C battery, however, limited by the number 
of inverters,” he says.

The battery has a 12-month construction 
program and is expected to cost $120 
million. The Wandoan South BESS is a first 
for Vena Energy but the company has 
obtained approvals for battery storage to 
optimise other investments.

FAST RESPONSE
Vena will build, maintain and own the 
project but the company has agreed a 15-
year contract with retailer AGL for full 
operation rights – to buy electricity cheaply 
during the day and sell it at a profit during 
the peak and offer frequency control and 
ancillary services to the grid. The site is 
near AGL’s soon to be completed 450MW 
Coopers Gap Wind Farm. 

“Currently, battery infrastructure and 
technology is still considered to be a niche 
product,” Nangia says. “It is important that 
an off-taker is able to benefit from a variety 
of markets to make the project viable.”

Investment in solar in Queensland has 
fallen, but Vena plans a huge PV project 
there – up to 1,000MW, although Nangia 
says it will likely commence with a 
commitment for 100-200MW. Last year it 
commissioned a 95MW solar project at 
Tailem Bend in South Australia.

The Darling Downs region storage project 
relies on no government subsidies and 
permits are in place for storage to grow 
from 100MW to 450MW, “as the need 
arises,” Nangia says. 

The Wandoan BESS project shows the 
cost of storage in the utility range has fallen. 
The age of batteries has begun. 

developers across the country, however, and 
a 50% fall in investment in clean energy 
projects last year reported by the Clean 
Energy Council is a grim predictor for the 
future pipeline. 

The solar sector has been struck 
particularly hard, especially where strong 
resources are not matched by adequate grid-
connection opportunities. Can storage help 
to solve grid constraint issues in Queensland 
and beyond?

“Storage assists by providing power when 
the sun doesn’t shine and the wind doesn’t 
blow,” Anil Nangia, the head of Vena Energy 
Australia, tells EcoGeneration.

“Furthermore, the response time of 
batteries means they can improve power 
quality and system stability.”

As solar supplies the daytime load, other 
sources of generation are struggling to 
manage the steep ramp up to the evening 
peak. This is where storage can step in, 
Nangia says.

“Batteries can release energy almost 
instantaneously, subject to the cooling 
system within the BESS. By providing fast 
response to increased demand within the 
grid, the BESS can assist by providing 
sufficient power to effectively respond to  
the duck curve.”

Vena has agreed a 15-year contract  
with AGL for full operation rights.
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The Clean Energy Council’s annual Large-scale Solar Forum is 
Australia’s premier technical large-scale solar event, bringing  
industry professionals together for a full day of knowledge  
sharing and networking.
 
Featuring in-depth sessions on all the opportunities and technical challenges 
currently facing the solar sector, the Large-scale Solar Forum is an essential 
professional development opportunity for anyone interested in the technical 
side of the large-scale solar industry.

Book your tickets now at  
CLEANENERGYCOUNCIL.ORG.AU/SOLARFORUM

LARGE-SCALE  
SOLAR FORUM
14 MAY 2020 BRISBANE

BOOK NOW
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Introducing the Ultimate 
Solution for Large Rooftops

Huawei Technologies (Australia) Pty Ltd.   http://solar.huawei.com/au/   Contact us: au_inverter_support@huawei.com
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GERMAN ENGINEERING 
MADE IN CHINA 

Leveraging on the engineering know-how and manufacturing 
expertise of the most prominent German inverter 
manufacturer, AISWEI introduces the Solplanet series of 
inverters. AISWEI, formerly SMA China, has just released a 
series of new high-tech inverters and is rapidly developing 
markets across the globe.

The inverters feature more intelligent system applications, 
new innovative technology and high-quality design and 
manufacturing. AISWEI, launched as an independent company 
in April 2019, specialises in developing and manufacturing PV 
inverters and is building on the success of the Zeversolar 
range of inverters from the SMA Group. 

The Solplanet product range is from 1kW through to 50kW 
and includes single phase, three phase and hybrid inverters, 
for residential, commercial and utility scale.

WHAT’S NEW | SOLAR INSTALLER

AE SOLAR  
RISES IN AUSTRALIA

German PV manufacturer AE Solar has registered its first 20 
modules in Australia and plans to release the world’s first 
smart shading-resistant hot spot-free module in the local 
market. The technology uses bypass diodes between each cell 
to avoid shading consequences and is available from 260W to 
385W, offering up to 30% more power output compared to 
standard PV modules in real conditions, the company claims.

AE Solar operates in more than 70 countries and recently 
started supplying its Extreme PV modules product line to the 
US from its European manufacturing facilities. German 
engineers are engaged to supervise the production process 
and testing to ensure each module meets the highest world 
standards, AE Solar says. 

THE FULL SPECTRUM FROM SPECTRUM

Spectrum Energy Storage Solutions has made its entrance to Australia by 
bringing together LuxPower inverters and Dyness energy storage systems, 
with a range of 5K hybrid inverters, AC-coupled inverters and fully 
compatible LiFePO4 battery. LuxPower inverters are designed with a smart 
integrated application that can connect to the grid and are optimised to 
run on multiple systems and that work in a number of modes, including 
grid-tied, hybrid and off-grid. The inverter range also utilises an integrated 
UPS feature for uninterruptewd transfer from the grid to the battery in the 
instance of blackout and does not require grid power to operate. 

“We have been in the energy storage industry for over 25 years and we 
understand that what our customers want is a quality product that is easy 
to install, has good aftersales support and that their customers get the 
most efficient system possible,” said Spectrum Energy Storage Solutions 
director Ryan Hammond. The Dyness storage system includes an LV and 
HV range starting from 2.4kWh scalable up to hundreds kWhs and is fully 
customisable due to its modular design. 
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A demonstration project that enables the integration of much 
higher levels of renewable energy into an isolated microgrid in 
the remote town of Onslow, Western Australia, is utilising 
PXiSE Microgrid Controller technology to manage the output 
of a solar farm and battery in coordination with the town’s 
gas-fired power station.

“The microgrid management technology is an amazing 
piece of technology that is new to this state and allows for the 
careful management of the various energy sources in the 
town,” said Horizon Power CEO Stephanie Unwin.

The PXiSE Microgrid Controller uses high-speed data from 
connected energy assets to optimize renewable energy output 
and power quality. Lower operating costs are expected, as 
solar power displaces diesel generation. Onslow customers 
have also been incentivized to install solar and battery at their 
homes as part of the project, which tests the management of 
renewable energy in an isolated regional community.

“The entire PXiSE team applauds the dedication of Horizon 
Power to bring more renewable energy to the communities 
they serve by completing this milestone,” said PXiSE CEO 
Patrick Lee. “By controlling and coordinating energy storage 
and generation assets, Horizon Power will be empowered to 
directly engage its customers as participants in the transition 
to a more renewable grid and away from costly fuel imports.”

GOODWE TAKES BEST 
INVERTER AWARD

It’s a good year for GoodWe, which has won PV Magazine’s Best 
Inverter award for the innovation and design its newly 
developed A-ES storage inverter. This inverter is a solution for 
situations of grid failure and its comprehensive functionality 
was conceived for boosting self-consumption. It is available as 
5kW and 10kW with as many as four MPPTs, and with its UPS 
function has the capacity to provide all the power that home-
owners may need in situations of emergency. It features a 50% 
of oversizing capability and boasts a zero export function. 

SOLAR INSTALLER | NEWS

INGETEAM PREPARES 
HYBRID FOR TAKE-OFF

Ingeteam is finalizing the launch of its latest Ingecon Sun 
Storage 1Play TL M hybrid inverter, which features a battery 
input and two more inputs for PV panels. Each PV input has its 
own maximum power point tracking system, making it ideal for 
harnessing the maximum amount of energy on roof-mounted, 
self-consumption PV installations, with the PV solar panels 
positioned in two different orientations.

This new inverter is suitable for both grid-connected and 
stand-alone systems. For grid-connected systems, the inverter 
features a back-up 
functionality so that in 
the event of a grid 
outage the critical 
loads can be powered 
from the batteries and 
PV panels. The new 
hybrid inverter is 
compatible with lead-
acid and lithium-ion 
batteries, and with 
leading storage 
systems. Production of 
3kW and 6kW units will 
begin in May.

Goodwe Europe managing director  
Thomas Haering, right, accepts the award.

PXiSE CALLS  
THE SHOTS  
IN ONSLOW
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Water big battery
Rooftop PV is pushing down air-conditioning costs at a 
Queensland campus that runs a water tank like a giant battery.

STORAGE | SOLAR INSTALLER 

LIVING LABORATORY
This project provides a living laboratory on 
campus, USC says, enabling students to gain 
first-hand knowledge and experience of 
sustainability, innovation and energy 
efficiency as part of their studies. 

“USC recognises that our sustainability 
legacy will be realised primarily through 
the impact of our teaching and research, 
including the contribution of graduates as 
active, informed citizens and leaders who 
are knowledgeable about sustainability and 
its practices,” says USC vice-chancellor and 
president Professor Greg Hill.

The 8.2MW cooling network has a peak 
flow rate of 140L/s in summer, with 1.6km of 
piping serving 15 buildings. About 2.1MW of 
solar PV is spread across rooftop and car 
park structures.

By 2050, energy use for cooling is 
projected to triple and global energy 
demand for cooling will be more than it is 
for heating. As part of its carbon 
management plan, the university aimed to 
achieve maximum in-house energy 
abatement on campus (rather than 
purchasing carbon off-sets). This meant 
focusing on both energy efficiency measures 
and the implementation of renewable 
energy-based solutions. 

The upgrade reduces consumption of 
electricity from the grid for the university’s 
main campus by 42%. The owners also 
expect it will cut CO2 emissions by 100,634 
tonnes and main water consumption by 802 
million litres over the 25-year project life. 
Forty EV charging bays are also planned for 
the car park. 

“The university practices what it 
preaches,” says USC deputy head, school of 
science and engineering Dr Graham 
Ashford. “In making these changes that 
we’ve been advocating in the wider world, it 
is proof that we are leading the way in 
sustainability initiatives.” 

Universities are brilliant testing 
grounds for renewable energy 
technology simply because they are 

filled with brilliant people – but the 
students at the University of the Sunshine 
Coast, in Queensland, have some 
emissions-cutting technology the other 
tertiary institutions around Australia 
haven’t got: a water battery.

The project reduces the carbon footprint 
of the main campus by 42% by integrating 
2.1MW of rooftop solar with a 4.5ML 
chilled water storage tank used for the  
air-conditioning process. An energy 
management system monitors the onsite PV 
system and decides whether to use it to chill 
water, reduce building energy use or export 
to the grid.

In a hot part of Australia, that makes a 
solar-powered chilled water tank effectively 
act as a thermal battery. If the sun’s behind a 
cloud, the thermal battery is charged in off 
peak and during the cooler night time. 

The university has a carbon management 
plan with a target to achieve carbon 
neutrality by 2025, which isn’t far away. To 

ease the process USC partnered with Veolia 
on a project that would test an innovative 
concept and offer an opportunity for 
learning and research integration. 

Air-conditioning accounted for more than 
half the load at the campus but following the 
upgrade of the cooling network the system 
is 37% more efficient. 

The project took the Out of the Box prize 
at the 2019 Global District Energy Climate 
Awards in Iceland, which is supported by 
the United Nations Environment 
Programme.

Veolia will own, operate and maintain the 
infrastructure for 10 years, when ownership 
will transfer to USC. Under the agreement 
Veolia, which already operated the 
university energy facilities, sells electricity 
and chilled water to USC at an agreed price 
for 10 years. 

If renewable energy sources are used to 
power cooling of the campus, emissions will 
fall by about 37%. Energy costs are expected 
to fall by $7.3 million over the first 10 years 
and $111 million over the 25-year design life 
of the project. 

The 2.1MW PV system is put  
to work saving costs on campus.
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SOLAR INSTALLER | C&I

The take-it-with-you  
C&I solar solution
A modular form of PV that can match the long-term potential of solar  
with the short-term nature of tenancy is being trailed across Australia.

Homeowners around Australia caught 
on to solar pretty quickly and today 
more than 2 million household 

rooftops around the country host PV 
systems. But it’s a different story when you 
look down on our major cities and notice 
how little of that flat, vast expanse of 
commercial and industrial roofspace is 
panelled with the distinctive purple shade 
we associate with photovoltaics gear.

You’d think free daytime electricity 
would be an ideal match for the places we 
work, because a lot of the generation from 
residential solar systems is surplus to needs 
and exported to the grid – and yet our 
enormous, flat-roofed industrial zones are 
largely free of PV.

It’s something James Larratt, founder and 
CEO of solar company Solpod, thinks about 

placed onto a rooftop they fold down into 
a tent shape, with modules on either side 
of a central spine angled at 10 degrees 
from the roof. 

Non-penetrating solutions used by Solpod 
include clamps and an adhesive foot, 
developed with 3M. “It’s a very heavily 
engineered product,” Larratt says. “A lot of 
testing has gone into it and it’s performing 
really well.”

A 10-degree mounting angle allows for 
modules to enjoy a good wash in a 
downpour and for air to circulate 
underneath, to help moderate the 
temperature on hot days. 

Larratt says a typical PV panel will lose 
about one-third of a percentage point in 
performance for every degree above 25°C, 
so any boost to natural cooling will quicken 

whenever he’s on final approach. “When 
you’re landing at an airport and there are all 
these naked rooftops and you wonder, if the 
economics says solar is cheaper why aren’t I 
seeing more? It’s because the economics 
doesn’t reflect the choices people have.”

TOO MANY EMPTY ROOFS
Solpod’s solution to the problem comes in 
the form of pre-assembled “pods” of 10 or 
12 solar panels that can be dropped into 
position by crane, cutting the usually 
arduous one-panel-at-a-time installation 
process. This means a PV system can be 
removed without too much fuss and 
redeployed at another site – if the owner 
moves – or popped back on in case it’s 
time to reroof.

When the pods of 72-cell panels are 

Pre-assembled pods are craned into position  
at the Highpoint Shopping Centre in Melbourne.
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payback. “In Australia in summer these 
panels can be up at 80°C,” he says, when 
performance may be about 18% lower. 
“There is a real drop off there.”

Prefabrication allows for systems to be 
removed easily, opening opportunities for 
renters or building owners who may want to 
redevelop or replace a roof inside the life of 
the solar system.

“Because we wanted to be redeployable 
we wanted to connect to the roof in a 
manner that was very easy to make good,” 
he says.

Occupants and owners may be nervous 
about voiding roof warranties and messing 
with the integrity of the roof, and for  
good reason.

LIFETIME MISMATCH
Solpod’s modular approach to commercial 
and industrial solar emerged as a solution to 
the problem business managers face where 
they know rooftop PV is cheaper than the 
grid in an economic sense but in a 
commercial sense they can’t take advantage 
of it. “A 20-year economic analysis of the 
asset might be perfectly reasonable for the 
technology but it’s not for the customer who 
might only have a five-year lease at the site,” 
he says. “They’re likely to stay longer but 
they might only have a commitment for the 
next five years.”

While explaining his concept to landlords, 
Larratt found managers of large property 
portfolios were attracted to the idea of solar 
that can be shifted about fairly easily. For 
them, the flexibility of being able to 
redevelop a site without being hampered by 
permanent fixtures made immediate sense. 
“Property people want to do property 
deals,” he says, citing Solpod’s work with 
The GPT Group as an example. 

Selling solar goes beyond articulating the 
benefits of owning an onsite electricity 
plant, and it’s possible for a deal to fall over 
when the prospective customer realises 
installing PV means drilling thousand holes 
in their roof. “There’s a real resistance to 
that; some will say it’s not rational, others 
will say it’s perfectly rational.”

The pods measure about four metres by 
five metres, and ideally are craned into place 
onto warehouses, shopping centres, cool 
stores or offices with roofs pitched about 2 
or 3 degrees, although the technology has 
been deployed at sites over six storeys. “We 
really want a simple roof,” Larratt says. “If 
it’s a very busy roof then the benefits we 
bring can be reduced.” 

So far, no systems have been removed. 

A commitment to invest in solar might 
appear too risky for a few reasons: a tenant 
will worry that the lifetime of a PV system 
could be longer than they can commit to the 
business location or an owner won’t want to 
be out of pocket if the property is empty. 
“They don’t want to act as backstop and 
underwrite a future tenant they don’t 
know,” he says.

Even with the goodwill solar has in the 
community, it’s hard for any manager to 
choose among investment choices that could 
include a capital investment in a non-core 
part of the business, a long-term financing 
arrangement that would cut operating 
expenses, typically longer than a decade, or 
a shorter term financing arrangement, in 
return for higher operating expense. 

“Those three choices are really difficult 
for any businessperson to say yes to,” Larratt 
says. “By making it relocatable and 
redeployable, we break the connection 
between the finance term having to cover all 
of the asset payback.”

Presently, he says, the cost of taking a 
solar system off a roof is greater than the 
value of the system once it is removed. In 
that scenario an owner will want to see the 
PPA pay for the array, because you can’t take 
the array away.

Larratt says Solpod can offer PPAs of 
under five years for similar electricity rates 
to what some might be paying for 12-year 
arrangements. “It’s because we can bank a 
residual value at the end of that five years 
and we can redeploy the system,” he says. 
“We don’t need the first PPA to pay for the 
kit because we can economically redeploy 
the kit. We’re hoping that resonates with 
customers and opens up the market.”

PPAs can include make-good clauses – 
and additional expense at the end of the 
term to remove a PV system and plug all the 

holes in the roof with slightly bigger screws. 
Not so many solar systems have been 
removed around the country, but it will 
become more frequent as the lifetimes of 
arrays and rooftops reach their staggered 
maturities, with roofs requiring 
replacement every 30 or 40 years.

Many a solar salesperson has been close 
to inking a deal when the customer has 
remembered the roof sheeting is scheduled 
to be replaced in the next five to 10 years, 
“which pretty much means writing off the 
[PV] system,” Larratt says. “But with us it 
obviously doesn’t.”

LESS TIME ON THE ROOF
Solar modules are awkward technology, 
two-square-metres of heavy, wind-catching 
gear that requires careful manoeuvring into 
place, sometimes on steeply angled rooftops. 
Best practice has two people carrying 
panels, Larratt says, “but that doesn’t always 
happen.” The Solpod solution, he says, 
represents a step up in safety standards.

Larratt has praise for the Australian 
Renewable Energy Agency, which 
committed $975,000 in funding to a project 
that is seeing Solpod-based systems 
installed on 25 sites in Victoria, NSW and 
Queensland, in partnership with ERM 
Power (a shareholder in Solpod), The GPT 
Group and NSW Property.

ERM Power sourced and contracted the 
property owners and is administering the 
delivery of the demonstration program, 
including billing the Solpod power 
purchase agreements, ARENA announced 
last year.

“It’s been brilliant,” Larratt says. “We’ve 
gone from where our targets were to  
where we’ve been able to exceed them.  
It’s a great story for ARENA, they’ve been  
a great support.” 

North-south orientation allows for a  
slightly wider generation profile.
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Connector confusion 
highlights solar’s grey areas
The introduction of the MC4-EVO-2 connector has created some uncertainty among installers. 
James Patterson explains how the industry is working to clear up any confusion.

The Clean Energy Council processes 
thousands of accreditation 
applications and compliance reports 

every year. We see the good, the bad and the 
ugly of solar in Australia. 

The CEC’s staff take about 1,500 phone 
calls a month from accredited installers. 
Because of this we get a good insight into 
what is happening in the industry. The tech 
team members have all been on the tools, so 
we know how hard it can be to keep up with 
everything you have to be across in solar. 
Most of the time we have an answer but 
sometimes things aren’t black and white.

We have recently received a lot of calls 
about whether MC4s and MC4-EVO-2 can 
be mated together. For those that don’t 
know, the plastic plug connection points on 
the back of a solar panel are often called 
MC4s (even though MC4s are just one of the 
models on the market).

On first inspection, all the brands look 
like they are compatible with each other 
because the plastic parts click together. 
However, the metallic terminals inside the 
male and female connectors need to be 
designed to fit so that you can have a safe 
connection. It’s important to get a good 
connection between these plugs because 
otherwise you could get a high resistance 
join that could result in a fire.

A FAILURE TO CONNECT
Discrepancies don’t normally occur when 
one PV module plugs into another because 
the modules are normally out of the same 
box. However, the PV array cable that goes 
to the inverter installed by the electrician 
could have plugs from different 
manufacturers. This is where problems 
can occur.

Unfortunately, there is no acceptable 
national or international safety standard 
defining how these plug connectors should 

Considering this, the CEC has started a 
Regulators Reference Group, which includes 
the CER and the electrical safety regulators 
from the states, territories and New 
Zealand. The idea behind this is to get 
answers where the industry is having 
trouble finding one, and to get everyone in 
Australia on the same page.

We started the conversation about the 
MC4 and the MC4-EVO-2 many months ago 
and eventually got a ruling that as they are 
from the same manufacturer and are of the 
same type (MC4), mating the plugs is 
acceptable.

However, it was emphasised that until 
there are international standards on 
connector mating, any documentation, 
information or white papers from any other 
manufacturer saying that their product can 
be mated with the Staubli MC4 plug will 
not comply with Australian Standards.

Also, terms such as “MC4 compatible” 
are misleading and should be taken with a 
grain of salt.

The confusion around the connection of 
MC4 and MC4-EVO-2 plugs shows that 
grey areas still exist in rooftop solar and 
will continue to arise in the future. But by 
working closely with the CER and 
electrical safety regulators, the CEC hopes 
to quickly provide the necessary 
clarification to ensure that the industry is 
as black and white as possible. 

be mated. If there was, there would be a 
product standard specifying that the male 
terminal should fit perfectly with the female 
terminal regardless of the brand.

In the absence of international standards, 
Australian Standards require that plug 
connectors only be mated with those from 
the same manufacturer and of the same type. 
This has left many in the industry 
questioning whether Staubli’s latest 
product, the MC4-EVO-2, is going to be 
considered the same type as the ubiquitous 
MC4 connector.

We have been asked this question a lot at 
the CEC. Many have produced 
documentation from Staubli saying that they 
are designed to be mated. 

Although common sense would say that 
these two plug connectors are designed to 
be mated together, that’s not necessarily 
what the standards say.

RIGHT FIRST TIME
We all know that at the end of the day 
electricians need to follow Australian 
Standards in order to avoid defects from 
inspections, so it is important to get it right.

The CEC is very involved with 
compliance for the Clean Energy 
Regulator’s (CER) Small-scale Renewable 
Energy Scheme, but we are not electricity 
regulators. We’re not in a position to rule 
one way or another on a grey area like this 
in the standards. However, the states and 
territories have their own organisations 
responsible for electrical safety, and these 
bodies have more discretion.

Because of our position, the CEC has 
better access to the regulators than many 
electricians, so we can ask the questions 
for you. We also know that some 
electricians work in different jurisdictions, 
so having different rules in different states 
can be a pain.

James 
Patterson is  
the installation 
compliance 
specialist for 
standards at the 
Clean Energy 
Council.

ECO0420_Patterson.indd   58ECO0420_Patterson.indd   58 04-Mar-20   2:56:47 PM04-Mar-20   2:56:47 PM



IN PARTNERSHIP WITH

Co-located with:Organised by:

14–15
JULY 2020
ICC 
SYDNEY

FREE-TO-
ATTEND 
REGISTER AT
ENERGYNEXT
.COM.AU

CONNECTING
MARKET-LEADING 
TECHNOLOGIES WITH THE 
CLEAN ENERGY SECTOR

ECO0420_Allads.indd   59ECO0420_Allads.indd   59 04-Mar-20   1:42:04 PM04-Mar-20   1:42:04 PM



60  /  ecogeneration  April 2020 www.ecogeneration.com.au

SOLAR INSTALLER | CELL TECHNOLOGY

Tongwei moves on the world, 
one cell at a time
Crystalline silicon cell manufacturer Tongwei Solar is pushing into automation  
to help it target rapid growth in offshore markets, writes Jeremy Chunn.

The rapid rollout of solar around the 
world has fuelled fierce competition 
among module manufacturers, all 

vying for the attention of developers, system 
designers and installers. All of those 
millions of PV panels rely on one primary 
ingredient – solar cells – and one company 
with a commanding view over that market is 
China’s Tongwei Solar, which has been 
undergoing a rapid expansion of its own.

With two manufacturing bases across 
China processing about 80,000 tonnes of 
silicon to produce 20GW of crystalline 
silicon cells in 2019, the company has set its 
sights on expansion to 30GW in 2020. 

PRODUCTION LINE
The 3.8GW-capacity plant in Chengdu 
EcoGeneration visited in December – Phase 
IV – was built in just seven months, and the 
partially automated production lines can 
produce two million cells each a day. 

During a tour of the plant a media group 
was guided through the process that sees 
mono and poly wafers transformed into 
single-sided and bifacial PV cells, starting 
with texturing, where surface area is 
optimized by way of transformation into 
tiny pyramids, to diffusion, addition of the 
p-n junction, etching, screen printing, 
sintering and current injection.

and international institutions and 
universities in R&D, Xie says, including the 
Micro-system Institution of Chinese 
Academy of Sciences. “We do the research 
on new-type cell technology together, 
preparing for the next-generation 
mainstream technology.” 

The company supplies module-makers 
Jinko, GCL, Canadian Solar, Trina, Suntech, 
Risen Solar and many others. 

FISHERIES OPPORTUNITY
TW Solar parent Tongwei Group is also a 
major feedstock company, and its interest in 
aquatic feed have seen it install solar farms 
over fisheries that produce breeds that 
prefer shadowy water, such as silver carp 
and bigmouth carp. Fisheries are big 
business in China, as a growing middle class 
includes more protein in its diet. Rapid 
development in the Middle Kingdom has 
seen river fish populations fall, as breeding 
behavior is disrupted by hydroelectric 
projects and overfishing.

“With clean energy generated above the 
water surface, safe and healthy aquatic 
products under the water, a double-green 
development is formed,” says Xie.

Tongwei Group has relations with 
thousands of farmers across China, 
established over nearly 40 years in the 

The Phase IV extension of the plant 
features 16 unmanned production lines. The 
company hopes it will be the first 10GW 
solar cell production base globally and help 
it reach 30GW capacity from its three 
manufacturing centres in 2020.

The shift to automated manufacturing 
has been carefully planned. “First, we 
started from the automation of equipment, 
and then we moved on to the automation of 
a single production line or even an entire 
workshop,” says Tongwei Solar (Chengdu) 
general manager Alan Xie. “In the 
meantime, we also had collaboration with 
local equipment suppliers and automation 
integrators, to finally have our intelligent 
workshop today.”

As polluting generation sources are 
replaced by renewable resources, every 
manufacturer of clean energy technology 
knows that investment in research and 
development is everything. The company 
has 207 patents and 31 software copyrights, 
and Xie says the company’s presence in 
Chengdu allows it access to universities and 
colleges in the Sichuan Province. “It is an 
important advantage for private enterprises 
to attract talent,” Xie says. “For recent years, 
our annual R&D investment takes up 3%-5% 
of our sales volume in general.” 

The company cooperates with domestic 

Millions of cells are processed each day. Automation makes its way onto the floor. A robot at work in Chengdu.
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feedstock game. “We started to research the 
way of utilizing aquaculture resources in 
2013,” he says. 

The company’s “fishery-solar integrity” 
program has shared benefits, he says: good 
farming turnout and reduced cost of energy. 

“It is a highly-efficient comprehensive 
utilization of the land. The mode helps to save 
a lot of resources, as PV solar projects usually 
require large pieces of land, while in the 
‘fishery-solar integrity’ mode, water surface 
above fishing farms is utilized to generate 
power, reducing land resources needed.”

Remote system monitoring allows a 
minimum of personnel onsite and drones 
are used to report issues in real time. 

LOOKING OFFSHORE
The company is targeting foreign sales for 
its cells of 20% this year, which will see it 
focus on regions with mature module 
production industries, such as India, South 
Korea, Japan and Vietnam. “These will be 
major markets we pay attention to,” says 
Tongwei Solar head of marketing and sales 

Michael Ao. South America, including Brazil 
and Mexico, is also a key market, he says. 
“We see opportunities of growth in terms of 
cells there.” In the past Tongwei considered 
establishing plants in India or the US but 
suspended the plan over the challenge of 
local laws and regulations.

The withdrawal of solar subsidies in 
China came as a shock to the industry, but 
the clean energy sector is mature enough to 
adapt to rapid change. “We think there is 
still a long way to go in China, especially 
from [2020] on when the subsidies will be 
cancelled gradually,” says Xie. 

Researcher BloombergNEF expects 
China to install 37-45GW of utility-scale 
solar in 2020, up from 26-31GW in 2019.

“Although China has made a lot of noise 
on subsidy-free solar plants – actually plants 
built under what is effectively a feed-in tariff 
set at today’s coal-fired power price – 2020 
will be the first year to see them hitting the 
ground in volume,” BNEF said in a report 
late last year.

A lack of grid capacity will continue to 

CELL TECHNOLOGY | SOLAR INSTALLER
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Inside one of Tongwei’s newest plants. Multiple lines operate around the clock. 20GW of cells were produced in 2019.

limit China’s solar build, but BNEF expects 
China to begin to resolve the problem of 
the National Renewable Energy Fund, 
which does not collect enough money from 
power sales to pay subsidies to projects 
already built.

“There are more than 135GW of solar 
projects commissioned after May 2016 in 
China that have not yet received any 
subsidy,” the report said.

The world is banking on China to replace 
dirty generation with wind and solar as 
quickly as it has built a stunning high-speed 
rail network. In the meantime, solar 
developers and installers rely on the country 
to produce cost-effective and reliable PV 
technology.

“The global market is on a rise in general,” 
says Xie. “Especially in some developed 
countries, the cost of solar power is even 
lower than those of the traditional means. 
There is great potential in it, so we think 
that in the coming years, the overseas 
market will play an important supporting 
role in the industry.” 

www.skillbuild.edu.au

Courses for careers in 
renewable energy

• Grid Connect
• Battery Storage

• Stand Alone Power Systems
• Advanced Digital Metering

• Electric Vehicle Courses1800 059 170
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SOLAR MODULES

How do performance  
ratios perform?
The convenience of using performance ratios as benchmarks can put project 
proponents in a blind spot, writes Michelle McCann.

The allure of a performance ratio (PR) 
lies in its simplicity as a power plant 
performance guarantee. It is a single 

number, expressed as a percentage that is 
used to describe a complete, built system 
and appears to capture everything. It 
includes optical losses, array losses and 
system losses all in one. 

A PR is the ratio of delivered to input 
power. It is a commonly used factor in PV 
power plants, from small rooftop systems 
through to large solar farms. Performance 
ratios may be as high as 90% and the 
performance ratio even has its own IEC 
definition, IEC 61724, complete with a 
commonly agreed method of accounting for 
some of the tricky bits like temperature 
correction, NRELTP-5200-57991.

The performance ratio is sometimes 
thought to hold the EPC partner to account 
or to pick up on any underperforming 
component of a solar farm. It also lets the 
EPC make the most economically efficient 
choices in the many trade-offs in plant design 
and to allocate losses in the plant across 
cables, panels, inverters and AC components 
in a way that achieves a holistic specification. 

The performance ratio would seem to be 
the ideal tool, a simple, single, number that 
a financier can use without having to 
understand technical details and that a 
marketer can use to convey the value of a 
proposition. Almost everyone understands 
a percentage.

GOT WHAT YOU PAID FOR?
A performance ratio is indeed a valuable and 
vital tool, but its use should not provide an 
excuse to neglect other aspects of quality 
control. As module testers, we at PV Lab 
Australia would argue that performance 
ratio should particularly not be used to 
neglect incoming module inspection. 

To understand this more deeply, let us 

subtle complications. Remember, the model 
didn’t predict exact weather conditions, 
only plant performance assuming certain 
weather conditions. This means that the 
exact weather conditions need to be 
measured and the time of the performance 
ratio needs to be defined. 

Measurement of the weather conditions 
requires accurate measurements of both 
local irradiance and temperature. The first 
order simplification of the reference yield is:

Obviously, weather varies throughout  
the year and from year to year. This is a 
complication that is overcome contractually, 
since there is no absolute right answer that 
can be predicted in advance. The parties 
need to decide if they want to measure 
performance ratio over, say, two weeks or a 

consider the limitations of a performance 
ratio, which is defined according to:

Calculating the performance ratio 
therefore means knowing both the outgoing 
electrical energy and the incoming energy 
(DC). The outgoing electrical energy is 
easily measured at the farm electricity 
meter and is often simply what enters the 
electricity network. 

Incoming energy (also called reference 
yield) is trickier. It needs to be corrected for 
temperature, wind conditions and the 
accuracy of the sunlight sensor (pyranometer 
or reference cell). If using bifacial panels 
there is a world of complexity in calculating 
backside illumination. 

All these extra calculations mean that the 
true, deeper story has subtle and not-so-

BATCH A: Sampled from a purchaser who did not implement a quality assurance regime

BATCH B: Sampled from a purchaser who implemented effective quality assurance

PERFORMANCE RELATIVE TO NAMEPLATE (BIN) BATCH A vs BATCH B
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longer period, such as one year. The longer 
period offers higher accuracy but obviously 
takes longer to reach a conclusion.

Measurement over one year (or longer!) is 
complicated because the nameplate value of 
the panels could be considered to change 
due to several factors, including the 
different types of degradation that may 
occur: light induced degradation (LID), light 
and elevated temperature induced 
degradation (LeTID), potential induced 
degradation (PID), etc.

Another problem with the definition of 
reference yield is that, in addition to 
degradation complications, the nameplate 
value at STC doesn’t take into account any 
difference in soiling between modules and 

the sunlight sensor. Losses due to modules 
operating at temperatures higher than STC 
are usually corrected for with the NREL 
method but the formula is now both more 
complicated and more precise. It contains a 
number of inputs that have been agreed 
between the parties. 

The end effect is that room for negotiation 
between the parties and uncertainty on the 
final number also increases. This can be a 
problem, especially if the parties think that 
by agreeing on a performance ratio they 
have covered all aspects of quality control 
and are protected against poor module 

output. Unfortunately, PVsyst, the most 
commonly used modelling tool for solar 
farms, states that implementation of NREL’s 
“weather-corrected PR” in PVsyst is “not so 
convincing” and indeed “almost unuseable 
with tracking systems”.

MARGIN FOR ERROR
While error on PR can be less than 3%, the 
calculation requires a sophisticated user 
and the upper bound on the possible error is 
much higher. To give some real numbers, a 
study from Germany found that the 
monitored PR using irradiation data from 
pyranometers was systematically about 
2-4% lower than that measured using 
reference cells.

Beyond the technicalities there is also a 
commercial aspect; there will usually be a 
buffer in the level of PR warranted by the 
EPC, typically be in the range of 2-4% below 
the modelled engineering estimates.

Because of the uncertainties and buffers it 
remains important to check that each part 
of the system is functioning as it should 
throughout procurement, construction and 
commissioning. Inspection test plans and 
commissioning measurements of string 
voltage and current, inverter efficiency and 
AC performance all are important ways to 
ensure a plant is performing to specification.  

But there is another check still overlooked 
in many farms – are you installing the 
number of watts for which you have paid?

The graph on the opposite page shows 
two batches of panels sampled from the 
Australian market. The performance of each 
batch was analysed by PV Lab Australia and 
“binned” according to output relative to the 
manufacturer’s stated output. On average, 
batch A under-performed by 2.2% while 
batch B averaged 0.8% above name plate; a 
net difference of 3%. These panels were 
from the same “tier 1” manufacturer. 

By the time calculation uncertainties and 
other buffers have been included, the 3% 
difference shown in this graph is unlikely to 
trigger a PR breach, but it represents money 
that was paid and goods (watts) that were 
not delivered. 

On a 10MW plant, this difference could 
amount to a lost revenue of $30,000 a year 
and could easily be picked up in an 
unambiguous way with incoming module 
inspections. Furthermore, the incoming 
module inspections are, by their nature, 
done at the front end of a project and any 
deficiency can be addressed upfront. 

In conclusion, performance ratios are an 
extremely valuable tool and they do provide 
all parties with certainty on full project 
performance. This certainty can be more 
tightly bound with complementary tests, 
including incoming module inspections that 
serve to de-risk any project and thereby 
improve returns for all parties involved. 

Michelle McCann is a partner at solar 
consultancy PV-Lab Australia.

A difference in performance represents money 
paid for goods (watts) that were not delivered.

www.cobaltsolar.com.au
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The effects of voltage irregularities are more sorely felt by owners of PV systems  
the farther they are along a line, writes GSES.

Financial impacts of voltage 
control response modes

Photovoltaic power systems have been 
deployed in record numbers across 
the globe and Australia is leading the 

charge. From insignificant levels in the 
beginning of the 21st century there is now 
over 12.9GW of combined capacity across 
Australia. Most of this is small-scale grid-
connected distributed resources (2-5kW 
systems) installed by end users. As of 2018, 
rooftop PV accounted for 19.6% of the total 
clean energy generation across Australia.

This amazing uptake of distributed 
generation has occurred in such a short time 
that there simply has not been any 
coordinated planning for adverse system 
effects. Hence, new complexities in the 
power system have emerged, mainly in the 
distribution network. In some communities 
where rooftop solar penetration is above 
45%, power system reliability and voltage 
control are being challenged. 

Times of peak solar generation typically 
correspond to periods of low energy 
consumption, and the exported energy in 
the distribution network has led to reverse 
power flows in a system that was not 
designed for it, which can cause over 
voltages, brown outs and black outs.

Australian technical and network 
standards stipulate that grid-connected 
inverters must respond to voltage quality 
limitations. There are two main types of 
voltage response modes: power curtailment, 
where the PV system’s exported real power 
is proportionately decreased in response to 
the voltage detected by the inverter; and 
reactive power control, whereby the 
inverter will absorb or inject reactive power 
according to an over or under voltage on the 
network. Depending on the local 
distribution network service provider,  
there are different requirements for the  
type of voltage control response mode and 
voltage set points.

MEASURING RESPONSE
How effective are voltage response modes at 
controlling voltage? And how does an 
inverter’s response mode and the whole 
system impact a customer’s daily costs?

GSES performed a very rudimentary 
study based on a uniform feeder in 
OpenDSS, a distribution network 
modelling program. It consisted of an 11kV 
slack bus voltage source and an 11kV to 
400V 3-phase transformer. All houses were 
modelled to have a 5kW PV system, with 
seasonal load profiles derived from real 
solar home data from Ausgrid. During 
times of net import, the household was 
modelled as a load, and during times of net 
export, the household was modelled as a 
negative load, or generator.

The curtailment of real power is 
theoretically the most effective way of 
reducing voltage in resistive networks, such 
as LV feeders, and this was confirmed by 
comparing the effects of volt-watt and volt-

The current standards do not take into 
account the position of the customer along a 
power line, which can drastically change 
how much voltage the customer is 
experiencing. The physics of electricity 
mean that the customers who are furthest 
away from the transformer experience the 
highest voltage during times of reverse 
power flow.

Customers who experience the highest 
voltages on a line will be the ones whose PV 
system export is curtailed the most. The 
curtailment of their solar export will have a 
real impact on their energy costs from the 
utility, and thus they may experience a 
higher bill just for being on the end of an LV 
line when compared to their neighbours for 
similar behaviour. 

Since customers seldom understand their 
position on the line, or how far away they 
are from the feeder, there is a possibility 
that they may not even be able to realise the 
level of their curtailment.

PERCENT OF DAILY FLAT TARIFF CHARGE INCREASE  
FOR EACH HOUSEHOLD ALONG THE LINE 
The houses furthest from the tap had the greatest increase.
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var mode. Nevertheless, when deployed 
individually, the voltage was not kept under 
the reference voltage at the end of the line. 
It was only when the two inverter modes 
were deployed together that the voltage was 
actually kept under the reference voltage.

While the voltage was effectively 
controlled, the dual deployment means that 

the disadvantages of both methods are also 
experienced, namely the loss of excess solar 
energy and the increased overall reactive 
power demand, which can cause network 
strain and increase the demand from large-
scale fossil fuel generators. 

The effects of the inverter response across 
the line was stark. It was determined that 

voltage control disproportionately affected 
customers that are the furthest away from 
the transformer. Due to these inverters 
detecting the highest line voltage, their 
curtailment of real power and absorption of 
reactive power was the greatest. 

The customers with the most curtailment 
experienced the greatest increase on their 
daily electricity bill. Customers with a flat 
tariff can experience a bill 12% higher than 
their neighbours in autumn, 38% in summer 
and 94% in spring. Under the time of use 
(ToU) tariff, the differences are even more 
stark, with daily charges 21% more 
expensive for customers at the end of the 
line in autumn, 55% in summer and a 
whopping 372% in spring. That is an 
effective increase in daily charge of almost 
five times greater for the customer on the 
end of the uniform feeder. 

FINANCIAL IMPACT
Decisions about the future of the grid and 
standards and policy changes could more 
effectively incorporate the quantifiable 
financial impacts of inverter voltage control 
responses. Future work should focus on 
applying the concept of a financial analysis of 
inverter curtailment to model what is more 
representative of real conditions. Also, 
battery energy storage systems have 
immense potential to act like sponges in the 
grid, not only soaking up excess solar energy 
and deploying it in times of peak demand but 
helping to regulate voltage in the network. 

This is a technical article by Global Sustainable 

Energy Solutions (GSES). 

The customers with the most curtailment 
experienced the greatest daily bill increases.

PERCENT OF DAILY TIME OF USE TARIFF CHARGE INCREASE  
FOR EACH HOUSEHOLD ALONG THE LINE
The houses furthest from the tap had the greatest increase.
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LARGE-SCALE GENERATION 
CERTIFICATE (LGC) MARKET 
In an epic finale to an otherwise crazy year 
the LGC market experienced very high 
volatility across January and February in 
the lead up to the final compliance date for 
2019 obligations (February 14). 

It was a high stakes game with the Cal 20 
price sitting between $5-10 below the 2019 
spot price, meaning anyone left holding out 
after the compliance buying was done would 
realise a sharp loss. Should the market end 
up being short, on the other hand, the 
potential existed for the price to spike.

After the break the spot market fell 
sharply from the low $40s to $30, before 
rebounding to the mid $30s and ultimately 

reaching the high $40s in the dying days of 
the compliance year, with liquidity by that 
point very thin. 

There was ultimately a 6.5-million under-
surrender for the 2019 compliance year, 
which managed to prevent the market from 
being short.

Attention now shifts to 2020, with the 
spot sitting at $34.00 at the time of writing.

There are still plenty of concerns 
surrounding the impact on 2020 generation 
of project delays and curtailments which 
may yet result in the current compliance 
year again being tight. 

The under-surrender in 2019 has relieved 
some of the pressure, though the year may 
still contain some twists.

SMALL-SCALE TECHNOLOGY 
CERTIFICATE (STC) MARKET 
The STC market began 2020 with a 
moderate increase in prices, with the spot 
moving from the mid $37s to $38.00. The 
forward curve flattened out completely 
when this happened, with large trade 
volumes going through at $38.00 for 
settlements across 2020 and early 2021. 

There are some concerns the interruption 
to manufacturing in China caused by the 
coronavirus epidemic may impact 
installations in the coming months, should 
existing stock levels run out. 

The 2020 Small-scale Technology 
Percentage (STP) is set to be released in 
March, with many expecting another 
increase based on 2019’s strong installation 
figures and surplus.

ENERGY EFFICIENCY MARKETS 
(VEECS AND ESCS)
The release in December of consultation 
documents for the future of the VEEC 
market caused a sharp spike in VEEC prices 
across December with the momentum 
continuing across January. Having rallied 

Clean energy market wrap

DOMESTIC CREATION SPOT PRICE ($AU)

LGC — Large-scale Generation Certificates 254,955,333 34.00

STC — Small-scale Technology Certificates 253,100,292 37.95

VEEC — Victorian Energy Efficient Certificates 58,399,698 35.75

ESC — NSW Energy Saving Certificates 32,388,026 26.10

INTERNATIONAL Dec 2020 Price (€) Dec 2020 Price ($AU)

EUA — European Emission Allowances 24.17 40.26
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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.

through the mid $30s, sellers became hard 
to find and the consistent increases in prices 
led many to hold back. Once it was obvious 
the rally was stalling, and with the spot 
price at $38.50, the market turned abruptly, 
crashing $5 in two days in late January.

There is much speculation as to whether 
the Department of Energy, Land, Water and 
Planning will stick by its position or water 
down some of the changes. 

With the VEEC market rallying the ESCs 
also enjoyed some positivity, climbing from 
the $23s to the $26.00 mark, with occasional 
volatility along the way between $25 and 
$26. The market continues to await further 
news from the NSW government as to its 
plans to extend the scheme, whilst creating 
a new sister scheme for peak demand 
reduction. In particular, many are keen to 
learn if NSW has similar intentions to 
Victoria in terms of phasing out lighting. 

CALENDAR OF EVENTS
EVENT DATE / VENUE WEBSITE
CEC Wind Industry Forum 31 March 2020, Melbourne cleanenergycouncil.org.au/events/wind-industry-forum-2020

The International Microgrid Event 31 March to 3 April 2020, Perth iqpc.com/events-international-microgrid

Smart Energy Conference & Exhibition 7-8 April 2020, Sydney smartenergyexpo.org.au

Hydrogen 2020 8 April 2020, Sydney smartenergyexpo.org.au/program/hydrogen-2020

CEC Large-scale Solar Forum 14 May 2020, Brisbane cleanenergycouncil.org.au/events/
large-scale-solar-forum-2020

Australian Energy Storage Conference & Exhibition 2020 20-21 May 2020, Adelaide australianenergystorage.com.au

National Energy Efficiency Conference 2020 26-27 May 2020, Melbourne eec.org.au/events/national-energy-efficiency-conference

7th Residential Energy Storage Forum 22-25 June 2020, Sydney energystorageforum.com/residential-energy-storage-australia

Australian Clean Energy Summit 14-15 July 2020, Sydney cleanenergycouncil.org.au/events/
australian-clean-energy-summit-2020

Energy Next 14-15 July 2020, Sydney energynext.com.au/en-gb.html

SWC50 — The Century of Solar 2-4 December 2020, Melbourne swc50.org/index.html
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The above information has been provided by 
TFS Green and relates, unless otherwise 
indicated, to the spot prices in Australian 
dollars, as of February 27, 2020.
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Turning on  
the Top End

You got started out in renewables in your 
native Ireland, is that right?
I did, about 12 years ago. Solar’s actually 
quite efficient in Ireland, it works well there. 
I relocated to Australia nine years ago, to 
follow my love for renewables – more sun, 
better conditions, better market. I started 
NC Electrical and opened [installation 
outfit] Solar City about six years ago, 
originally focused on residential. As the 
company grew we branched into 
commercial and we do a lot of solar for 
defence and off-grid for defence.

Is lead-acid still popular in stand-alone 
systems in the Northern Territory?
I’m trying to push lithium – I’m a firm 
believer in lithium-ion technology – but you 
just can’t change the minds of some of these 
farmers who have been cut off from 
existence for 20-odd years. When you try to 
sell them a new product that isn’t something 
they know and are used to, it’s an impossible 
sale. Lithium is gaining quite a lot of 
traction but lead-acid is still loved up there.

What are lead-acid’s good points?
Lead-acid is good for high energy, high 
inertia. If you need to get a lot of power to 
something really, really quickly, the lead-
acid has that, whereas a lot of the lithium 
[batteries] don’t or are limited in their 
capacity. Farmers are not necessarily easy 
on their equipment.

it drops out. Ninety percent of the systems 
we can remotely program and control. It 
used to be the case if a system went down 
unless the person onsite was reasonably 
technical it was quite hard to get it going 
again, but now for 90% of the systems we 
can dial in and bring them back online for 
the client. Off-grid has changed quite a lot. 
It’s getting cheaper, it’s getting stronger, it’s 
getting better. A lot of people in Darwin are 
considering going off the grid because it’s a 
problem the Northern Territory has. 

What’s wrong with the grid in Darwin?
It’s really old. There are some sites maybe 
20km from the CBD where voltages on the 
lines are too high, so solar systems are 
turned off. They might have 9, 10kW solar 
systems which don’t work because the grid 
voltage is too high. They’re calling me up 
asking, how do I fix that? We’re taking calls 
each week — people are interested in this. 
That fantasy of being free of the retailer is 
getting closer.

How do materials costs reflect your 
remoteness from the major cities?
Obviously we have to pay additional costs in 
the freight for panels, racking, balance of 
system – so the average for BoS might be an 
extra 5 cents [per watt] compared with 
down south. The average panel price is 5c [a 
watt] dearer. We are susceptible to a lot of 
market fluctuations, because we’re the last 
people to get it in the first place. 

And what about the wildlife up there?
It’s always exciting when we’ve got to do an 
off-grid job and there’s a croc in the middle 
of the road. You see some pretty cool stuff 
out there. It’s not a bad job.

Installed anything unusual lately?
We did a job for a guy who lives in a boat in 
Lajamanu in the Tanami Desert. He’s got a 
pet crocodile. It was cheaper to buy a boat 
and deliver it to the middle of the desert 
than to build a house. He’s got about a 50kW 
ground-mounted PV system with about 
200-odd kWh of storage. It’s a big metal boat 
in the middle of the desert, he’s got to keep it 
air-conditioned!

That’s a huge residential system…
One we’re doing now is a 100kW off-grid 
with about 350kWh of storage. That’s a 
massive system. The mums and dads take up 
90% of our inquiries but the 10% that are the 
large-scale off-grid jobs are the ones that 
are really pulling the trigger. 

What sort of load do these farmers have?
We’re doing one station at the moment with 
a 450kWh usage per day. You’re talking 
about pumps, machine shops, habitation 
facilities, the homestead – at any one time in 
a cattle station there could be 40 or 50 
people there, with air-conditioning, 
refrigerator and TV in every single room.

What sort of solar systems do they have?
Not a lot, at the moment. It’s my job to 
convert them to solar. Primarily their focus 
has always been diesel. Ninety percent of 
cattle stations will get their power from 
diesel. We’ll go out and take a couple of the 
homesteads and a couple of the facilities off 
the grid, essentially, and show them it’s 
possible and there’s a good return on 
investment. It’s the same at the defence 
facilities, where we are converting them to 
solar and off diesel power. There are 
training facilities and communications 
towers in the middle of nowhere, with big 
diesel generators. We’re able to take away a 
lot of costs and put in a more robust system. 
They love it. One project at the moment 
includes 250kWh of storage, using 
PowerPlus lithium batteries.

How have you seen solar change lives?
It gives people electricity reliability, which 
is something they haven’t really had before. 
Their experience of remote power has 
always been clunky, problematic, it drops in 

The Northern Territory is dotted with diesel generators but 
NC Electrical & Air Conditioning managing director Neill Carberry 
tells EcoGeneration he’s busy swapping them out for solar.

SOLAR INSTALLER | PROFILE
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