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EECON 2023 AND CALL FOR NOMINATIONS
(EL-065)
by Terry Lampard, National President of the Electric Energy Society of Australia

Preparations for EECON 2023 are proceeding at a rapid pace and by the time this article is published a technical program
will have been released. The EECON Technical Committee received over 60 great abstracts so it was a challenging task to
select those that best fit in with the Conference Theme. But for those who missed out- we have your contact details and
there is every chance we will be in touch to see if you are able to present in our Webinar program or future events.

| am delighted to announce that Dr Alan Finkel AC will be a keynote presenter at EECON. Dr Finkel, Australia’s Chief
Scientist from 2016 to 2020, is an electrical engineer who serves as a role model to us all and his ongoing insights into low
emissions technology should make for a fascinating open to the conference.

| am currently reading Dr Finkel's latest book: “Powering Up - Unleashing the clean energy supply chain” and | think it is a
publication that will leave a lasting impression on anyone who reads it. Unlike many writings in this area, it is not over-
burdened with technical detail, not does is seek to over-complicate or over-simplify issues. As the title suggests, this book
concentrates on supply chain matters and brings together many strands including raw materials, power infrastructure,
the workforce, transportation and end customers.

But at no time does it lose sight of the fundamental principle that technology is a
servant, not a master and that participants in the energy transition must
constantly remind themselves that their social license is a privilege, not an
entitlement.

Terry Lampard
National President of the
Electric Energy Society of Australia
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We engineers use a vocabulary when communicating with each other that is often opaque to the general community. So
when we are asked a casual question at a social event sometimes we struggle to provide an answer in simple terms - and
whether we like it or not, we come across as smug or aloof even though we are trying to respond positively to genuine
interest. Dr Finkel's book does not fall into that trap - | strongly recommend that EESA members read this book before
attending their next BBQ because it will help you talk about complex issues associated with the Energy Transition in a way
that members of the wider community will understand and appreciate.

I'm greatly looking forward to meeting Dr Finkel at EECON 2023 and | keenly anticipate his keynote address.
Call for nominations: EL-065 - Management of Network Assets in Power Systems

A vacancy currently exists for a nominee to EL-065 - Management of Network Assets in Power Systems.

EL-065 is responsible for the determination of common methods and guidelines for coordinated lifetime management of
network assets in power systems to support and standardise good asset management.

The development of new methods and guidelines that incorporate translating data into asset decisions is within the scope
of this committee, which also actively participates and votes on the committee IEC (International Electrotechnical
Commission) ballots.

Nominees are expected to demonstrate expertise in these areas of practice.

Nominations should be sent to terrence.lampard@bigpond.com using the Nominating Organisation Representative
Nomination Form on the following link:

https://www.standards.org.au/standards-development/developing-standards/participate

Nominations close on 15 September 2023
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AUSTRALIA WILL FALL WELL SHORT OF 82 PER CENT
RENEWABLE ENERGY BY 2030, ANALYSTS PREDICT, AS
PROBLEMS MOUNT

By Daniel Mercer | 6 Aug 2023 | Source: ABC

Analysts say mounting
problems mean
Australia will fall well
short of 2030 renewable
energy target

Plans by the federal government

for Australia to generate more

— S \ than four-fifths of its power from
[ s renewable sources by 2030 are

coming under pressure amid
claims the country is way off track.

Renewable energy advisory Nexa
has joined global analyst Rystad
Energy in finding Australia's green
energy share is likely to be barely
60 per cent by the end of the
decade under the current rate of

The market operator says new transmission lines are vital to connect green energy in remote areas.
(ABC lllawarra: Justin Huntsdale) progress.

As part of ambitious plans unveiled last year, the federal government has set a renewable electricity target of 82 per cent
by 2030.

Australia currently generates between 30 and 35 per cent of its power from renewable sources such as wind, solar and
hydro power.

The forecasts that Australia will undershoot the goal come as resistance grows to a number of major high-voltage power
lines that backers say are essential to connecting ever greater amounts of wind and solar generation.
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Opponents of planned transmission lines in Victoria have
stepped up their attacks on the proposals, which they claim
would cause needless social and environmental damage
while saddling consumers with billions in extra costs.

At the same time, calls are growing louder for some ageing
coal-fired power stations to be kept open for longer to
ensure a shortfall in new green energy does not jeopardise
the stability of the grid.

Tony Wood, the director of the Grattan Institute's energy i

program, said it vvas |OOkII’1g mcreasmgly unhkely Australia Planned transmission lines have emerged as the front in resistance against the
would be able to hit its 2030 ta rget. transition.(ABC News: Peter Curtis)

|

"On the current trajectory, we're going to fall short," Mr Wood said. We're already halfway through 2023."
"The fact is we haven't been building the transmission."

Money 'not the problem’

According to Mr Wood, delays holding up the construction of high-voltage power lines are at the heart of Australia's
slowing progress.

He noted that a key plank of the federal government's renewable energy agenda was its so-called rewiring the nation
scheme, which had set aside $20 billion in low-cost loans to help kickstart the development of transmission lines.

However, Mr Wood said the policy looked incapable of solving the underlying problem.

"Rewiring the Nation Corporation is an interesting idea
because the idea there was to provide low-cost finance,"
he said.

"But low-cost finance isn't the problem."

"There's plenty of money around."

"The problem is approvals.”

In a recent report, energy analysts Nexa Advisory found
about 60 per cent of the electricity generated in Australia's

Solar farms are being added to Australia's grids, but experts say not nearly fast blggeSt grld WE?S |Ike|y to be renewable by 2030, based on
enough.(ABC News: Michael Franchi) the current trajectory.
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Rystad Energy, a global consultancy headquartered in Norway, forecasts "that just 64 per cent" of Australia's electricity will
be renewable by the end of the decade under a "business-as-usual approach”.

David Dixon, the firm's vice-president of Australian renewable energy research, said congestion in the transmission
network was throttling the country's ability to achieve its goals.

Mr Dixon said Australia needed to add about four gigawatts of large-scale wind and solar power a year to meet its target -
the equivalent of two large coal-fired generators.

But he said the country was falling short of the required pace, hindered by a lack of transmission and storage capacity to
soak up and move around excess electricity.

Policy changes needed: Rystad

What's more, he said Australia's renewable energy output
would continue to be stifled so long as the grid ran largely
on coal-fired power.

While coal plants could be turned down to accommodate
surges in wind and solar power at windy and sunny times, he
said they typically had to run at between 30 and 50 per cent
of their maximum output for technical reasons.

"This results in the curtailment of renewables, which could
otherwise generate more power," Mr Dixon said.

For ) Mr Dixon, governments could pursue relatlvely Keeping the power flowing and supplies stable in a high-wire act. (ABC News:
straightforward policy changes that could help to ease some Daniel Mercer)

of the pressure on Australia's transition.

Among these were moving the subsidies flowing to households to install rooftop solar panels to instead encourage them
to fit batteries.

He said this would "stimulate demand for battery storage to soak up excess rooftop solar generation and reduce peak
demand in the evening".

"The current economics favour installing rooftop solar only," he said.

On top of this, Mr Dixon said there needed to be more certainty for investors looking to build large-scale batteries,
suggesting this could be done via "auctions to de-congest the existing transmission network".
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In the absence of such measures, he said governments may be left with few other options than to delay the closure of
coal-fired power plants such as Origin's giant 2880MW Eraring, which is the country's single biggest generator.

Eraring is scheduled for closure in August 2025, but NSW Energy Minister Penny Sharpe is coming under increasing
pressure to keep at least some of the plant online in a move that would reportedly cost taxpayers hundreds of millions of
dollars a year.

"In short, if we are unable to construct adequate transmission, firming, and renewable capacity before the scheduled coal
plant closures, it would be reasonable to delay the retirements of coal generators," Mr Dixon said.

Developer interest 'massive’

Marija Petkovic, the boss of consultancy Energy Synapse,
said the sputtering nature of Australia's transition had
nothing to do with investor enthusiasm.

Ms Petkovic noted there was "massive" interest from
developers keen to build generation, storage and
transmission projects.

She pointed to a pipeline of proposed wind and solar
projects amounting to 150GW of capacity as evidence of the

"l H " H H !
Calls are growing louder for the giant Eraring coal plant to be kept open beyond money |Iﬂ|ﬂg up to be invested in Australia's move to
2025.(AAP/Greenpeace) renewable energy.

It was a similar story with batteries, with projects totalling about 50GW on the drawing boards.

"Obviously, not all these projects will be built," Ms Petkovic said.

"Throughout their development process, companies might decide that they might not be feasible or they might not be in
the best spot.

"But given that these numbers are huge what it does show is there is massive interest in building these
projects from the renewable energy sector.

"The renewable energy sector is very much willing, able and capable of stepping up to meet that target.
"The challenge is it's simply taking too long from conception to construction and having these projects be operational.”

Ms Petkovic said the time it was taking for projects to be approved and connected to the grid was the most significant
"bottleneck" jamming up Australia's transition.
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Governments facing 'choices’

She said it was here - rather than the provision of money -
where governments could make the biggest difference.

"If they could accelerate that process, we would be seeing
these projects come online much faster," she said.

"It's a huge task that's ahead of us, especially when you think
of how much transmission has to go into the grid to hit that
target."

Federal Climate Change and Energy Minister Chris Bowen
has maintained the government can meet the 2030 target,
saying it was "ambitious ... but achievable".

During a recent visit to Japan, Mr Bowen acknowledged the
difficulties facing the government, but insisted it was not about to
abandon its goals.

"This is a hard task," Mr Bowen said.

"It's a little fashionable in Australia to say it's too hard, that we
won't lift from 35 per cent renewable energy today to 82 per cent
by 2030.

"I completely acknowledge it's a big job with many road bumps on
the way. Of course it is.

"If it was easy, someone else would have done it."

Mr Wood queried whether governments may eventually have to
make difficult decisions about whether to step in and force through
controversial projects such as transmission lines.

"They've got a choice," Mr Wood said.

"If they don't, you say goodbye to the targets we have and

you probably say goodbye to how we get our emissions
down."

Rystad believes policy changes are needed to spur the development of large-scale
batteries.(Telsa Motors: Timothy Artman)

The Grattan Institute's Tony Wood says Australia is on track to miss its
renewable energy targets.(ABC News: Steve Keen)
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LOCAL CLIMATE-FIGHTING ENGINEERING SOLUTIONS

By Chloe Hava | 17 Aug 2023 | Source: Create

From microbes to efficient battery storage, these home-grown start-ups
have come up with innovative technologies to tackle climate change.

Methane-busting cow food

Cows are one of the biggest greenhouse gas producers, with a single
bovine emitting 154 to 264 Ib of methane gas per year through flatulence
or belches.

To help to reduce the environmental impacts of this gaseous species,
synthetic biology start-up Number8Bio found a way to engineer microbes in
animal feed.

The product tackles methane production at the source by influencing cows’
digestive process, known as enteric fermentation.

"Also used by other ruminant animals such as sheep and goats, enteric fermentation allows the animals to extract
nutrients from plant material that other mammals cannot. However, throughout this process, copious amounts of
methane are produced as a byproduct, in a stomach compartment known as the rumen, which is typically expelled
through burps.

By bioengineering naturally occurring yeasts as an additive in cow feed, the co-founders estimate up to a 90 per cent
emissions reduction per cow.

"We're looking at locking in increased feed conversion efficiency,” said CEQ and co-founder Tom Williams. “If you can stop
those methane emissions, there's actually more of the food available for the animal to grow and produce things like wool
and meat and milk.”

Calculating complex scope 3 emissions

Scope 3 emissions, indirect emissions occurring in an organisation’s value chain, are difficult to measure and reduce.
These emissions can come from myriad sources, for example business travel or emissions produced by a company's
suppliers, and can often make up the lion's share of an organisation’s emission profile.

With Australia introducing mandatory_climate reporting in 2024, including material scope 3 emissions, organisations will
soon need to come up with a strategy to calculate them.

To help them in this pursuit, Avarni, which counts big four consulting firm KPMG among its clients, has produced Al-
powered and data-driven carbon accounting software that calculates scope 1-3 emissions.

The platform aggregates supply chain and spending data into a single dataset that uses Al to help organisations calculate
and report their emissions, who can then work with suppliers on carbon reduction strategies.
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“We can map transactions and calculate scope one to three emissions in real-time at a 95 per cent efficiency rate,” said
co-founder Tony Yammine.

"When an end customer wants to take action, they can use Avarni's platform to decarbonise more efficiently.”
Upcycling used solar panels

While solar panels are an efficient and renewable energy solution, they are typically relegated to landfill when end of
operational life is reached - leading to heavy metal leaching.

But Melbourne based company ElecSome - in collaboration with University of Melbourne, RMIT University and
Melbourne-based company OJAS - has developed a circular economy approach that recovers valuable materials from old
solar photovoltaic (PV) modules, such as clean glass, silicon cells and polymers.

When upcycled, these materials can be transformed into high-value products such as nano-engineered concrete
aggregate SolarCrete - launched by ElecSome Managing Director Neeraj Das last year.

The world-first pre-mixed concrete product uses glass fines from PV panels to partially replace sand.

Replacing raw materials has additional environmental benefits, given the world is quickly running_ out of sand, which has
led to ecological issues such as erosion and flooding.

“This [solution] puts Australia ahead of everyone else to find an environmentally friendly process for upcycling PV
modules,” Das said.

Sustainable battery storage

As the world switches towards more renewable sources of energy, including high-powered batteries, superchargers are
becoming more commonplace to ensure these energy sources are tapped faster.

For example, superchargers may be used for acceleration in an electric car or to balance supply and demand in power
grids.

Ironically, superchargers are made with toxic and corrosive electrolytes, which are not environmentally friendly.

But Newcastle-based company Allegro Energy has developed a supercapacitor using water-based electrolytes, making its
product recyclable, non-flammable, non-corrosive and rare -material- free.

Allegro's supercapacitors can be used to power electric vehicles big and small - from cars and bikes to light rail, e-buses,
and mining trucks.

Its second product, the redox flow battery, is a large-scale energy storage solution that also uses the patented water-
based technology. Origin Energy recently acquired a five per cent stake in Allegro, and will pilot the redox flow batteries at
its Eraring Power Station.

“Our supercapacitors have similar cycling characteristics to current products, and we rate our redox flow batteries for a
minimum 20-year life span,’ said Allegro Energy founder Thomas Nann.

"However, given the characteristics of all of our materials, all of our products are set apart because they are much easier
to recycle and fully compatible with a circular economy.”

Boosting an ancient carbon capture technique

Solving the climate crisis involves going back to nature, according to this soil carbon start-up’s founders.
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“Loam is using microbes as a carbon removal solution in the form of a microbial seed coating. When farmers apply the
CarbonBuilder fungal to seeds before sowing, the natural ability of plants to store carbon is “supercharged”.

The product is designed for agricultural applications, both removing carbon from the atmosphere and empowering
farmers to harness carbon capture.

“With Loam'’s technology we're able to open a door for farmers in the cropping sector - that wasn't necessarily open
before - to genuinely participate in carbon farming,” said Co-Founder and Chief Product Officer, Tegan Nock.

“By applying Loam seed treatment, farmers can accelerate a path towards healthier, more productive soils by driving
more rapid increases in soil carbon, which benefits resilience and productivity,” said Loam co-founder Guy Hudson.
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INDUSTRY CALLS FOR POLICY CONSULTATION

By ENA | July 2023

Energy Networks Australia acknowledges today’s announcement by the Victorian
Government to phase out gas connections in new homes from 2024.

The decarbonisation of Victoria's energy system, including its electricity, gas and transport infrastructure, is a complex
issue with many moving parts.

Energy Networks Australia CEO Dominique van den Berg warned this decision is premature in the absence of a thorough
and transparent process.

“It is critical to carefully consider, with the benefit of all stakeholder perspectives, the whole of energy system implications
of significant policy decisions, including impacts on costs, emissions and the most vulnerable.” she said.

Ms van den Berg said Energy Networks Australia is keen to work collaboratively with the State Government and other
stakeholders to ensure that the policy is fully understood and the transition to renewable energy is smooth, fair, and
minimises unintended consequences for energy customers.

“We stand ready to participate in open dialogue and consultation, offering our expertise and perspective to help shape a
balanced, sustainable energy future for Victoria and Australia more broadly.”

Media Contact: Jemma Townson | 0438 534 111 | jtownson@energynetworks.com.au

Energy Networks Australia is the national industry body representing Australia's electricity transmission and distribution
and gas distribution networks. Our members provide more than 16 million electricity and gas connections to almost every
home and business across Australia.
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OP-ED: HOW ULTRA LOW-COST SOLAR WILL UNLOCK
AUSTRALIA'S SUPERPOWER VISION - AUSTRALIAN
RENEWABLE ENERGY AGENCY

By Arena | 27 July 2023 | Arenawire

A new ARENA white paper, The
Incredible Potential of Ultra Low-Cost
Solar in Australia, highlights huge
opportunities if we can boost solar
efficiency and cut costs. ARENA CEO
Darren Miller explains why urgent
action is needed.

ARENA's Solar 30 30 30 g to realise solar module efficiency of 30 per cent and an
installed cost for solar farms of 30 cents per watt by 2030 (Image: Supplied)

Darren Miller is CEO of the Australian Renewable Energy Agency (ARENA)

Forty years ago, Australian scientists invented the modern-day solar cell and kickstarted a global solar PV industry. So
successful has solar become that the International Energy Agency has declared it as the cheapest form of energy
generation the world has ever seen.

Current solar and wind technology is already mature enough to transform our electricity system, support the growth of
electric vehicles and make the switch to all-electric homes and businesses. This is a worthy and important task. As such, it
has considerable grassroots support and increasing investment from all levels of government.

However, it is clear the impressive renewable energy technologies currently at our disposal are not able to be produced
and installed in the enormous volumes and at a sufficiently low cost to outcompete fossil fuels for many important end
uses such as heavy industry, hydrogen production and long-distance transport.

Australia’s key assets include our vast land mass, low population density, and an abundance of sunshine. All of this points
to ultra low-cost solar as the hero in our superpower vision.

What is ultra low-cost solar?

ARENA recently published a white paper, The Incredible ULCS: How Ultra Low-Cost Solar Can Unlock Australia’s
Renewable Energy Superpower.

Ultra low-cost solar will more efficiently convert sunlight to energy. It will be manufactured from affordable, abundant, safe
and stable materials. And finally, it will be deployed in the field at low cost and in a highly efficient, automated way.

Once operational ultra low-cost solar will require little ongoing maintenance and have a longer lifetime than today's solar
technology. Its low risk will attract financial backing from private investors and our financial institutions

Unless we make ultra low-cost solar a reality in Australia, we may never unlock our renewable superpower potential. We
will limit the Australian economy’s options to adapt and thrive in the 21st century.
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“In the decades ahead, as the world decarbonises, our trading partners will seek low emissions sources of metals,
chemicals and other materials that will be the backbone of the net zero global economy. Highly energy intensive
commodities like lithium, steel and ammonia will need power from cheap renewable energy or low carbon sources.

Ultra low-cost solar will fill that gap.

There is no question that cheap solar alone is not the whole answer. We also need other components such as cheap wind
energy, low-cost firming, transmission and demand-side flexibility.

However, without cheap solar, the transition to net zero will be more expensive and carry significant risks to Australia’s
resource dependent economy.

How will we realise ultra low-cost solar?

We can make ultra low-cost solar a reality by focusing on
three crucial endeavours.
Firstly, our scientists and researchers must keep
innovating_and improving solar cells and module design.
We must find new materials and technology to turn more
of the sunlight that hits the solar panel into electricity.
Current modules for rooftop and large-scale deployment
\N‘IIER}::TW&Q_N';:CJ convert about 22% of the available energy into electricity.
CONVENTION We need to push this beyond 30%.
SYDNEY  CENTRE "| Secondly, our engineers and entrepreneurs need to find
rr— L lower cost ways to install solar. Current methods would
require hundreds of workers connecting solar modules

ARENA CEO Darren Miller launches the ultra low-cost solar white paper at the Australian Clean to mouvntmg SyStemS by hand in far-flu ne locations across
Energy Summit (Image: Dylan May) Australia.

If it sounds expensive, that's because it is.

We must move into the digital age with factories pre-assembling modules and GPS-guided robots installing them in the
field.

Thirdly, we must work with Australian communities, Eirst Nations people and landowners to make available the amount of
land required to host these facilities and the new high-capacity transmission lines we'll need to connect these solar farms
to the end users.

In addition, we need to take a serious look at opportunities to manufacture more of the components needed.

Currently, China dominates the global supply chain for solar. We must increase our resilience to future supply chain
shocks by building local capabilities.

What is Solar 30 30 30?

Having led the way with the first competitive auctions for solar farms back in 2016, which kickstarted our large-scale solar
industry, ARENA has set an ambitious ultra low-cost solar goal we call Solar 30 30 30. We want to achieve solar module
efficiency of 30 per cent and an installed cost for solar farms of 30 cents per watt by 2030.
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This goal is within reach if governments, private investors and society as a whole commit to solving this particular
challenge.

With the right focus we can leverage Australia’s comparative advantages to achieve our ultra low-cost solar vision without
sacrificing today's urgent decarbonisation challenges.

Now is the time to invest in the technologies we need for future economic success in a net zero world.
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TRANSGRID SIGNS $100 MILLION CONTRACT IN GLOBAL
RACE TO SECURE VITAL TRANSMISSION EQUIPMENT

11 Aug 2023 | Source: Transgrid

Transgrid is leading the global race to secure
critical transmission equipment as it prepares
to deliver the Federal Government's priority
grid projects and enable a clean energy future
SIGNING G for millions of Australians.

Trunsqutl!ﬁ

CEO Brett Redman said: “We continue to build
our global supply chain to secure the
specialised kit needed to build the future clean
energy grid and ensure competitive and
efficient delivery of the Federal Government's
energy plans.

“Transgrid has finalised a $100 million contract with ZTT Australia Pty Ltd to supply 17,500 kilometres of high voltage
conductors - enough to stretch from Sydney to Dublin. We are also finalising a separate contract with another Australian
company to supply other locally-produced conductor elements.”

The contract is part of Transgrid's Powering Tomorrow Together program, bundling procurement for major projects
HumelLink, VNI West and EnergyConnect, which will save up to $500 million.

The program is enabling Transgrid to purchase materials like substation equipment, earlier and at a lower cost, enabling
limited resources to be used across multiple projects. The orders are also supported by $385 million Australian
Government underwriting as part of the Rewiring the Nation program.

Transgrid Executive General Manager, Delivery, Craig Stallan, travelled to Asia recently to sign the agreement which will
see ZTT Australia Pty Ltd (a subsidiary of ZTT International Ltd) supply the conductors.

“Transgrid is investing $16.5 billion in transmission infrastructure in NSW over the next decade to accelerate the Federal
Government's vision. Our major transmission projects involve a long shopping list for big kit, and we are competing with
the likes of Europe, the USA and the United Kingdom to secure highly sought after slots on production lines.

“The new conductors will be used on Humelink and VNI West and by securing supply now, we can deliver projects faster
and cheaper for consumers.

“It's also reducing risk as we compete with other energy companies and nations to secure critical, large-scale equipment,
materials and skilled labour to deliver the projects Australia needs,” Mr Stallan said.

Dean Farrar, ZTT Australia General Manager, said the conductors will be manufactured in ZTT Group's Hekou
manufacturing campus and will be delivered to Australia in 2024 and 2025.

“We are honoured to be partnering with Transgrid for their current and future major projects. This contract builds on our
ongoing commitment to support the Australian energy and telecommunications markets, now and into the future,” Mr
Farrar said.

This year Transgrid has also secured 15 shunt reactors and 25 single phase transformers worth approximately $150
million, with arrival commencing in late 2024.
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WHAT IS OPEC, OPEC+?

By Eenergy Informer | Aug 2023

Perry Sioshansi in the August edition of EEnergy Informer writes that is not easy to
know who is friend or foe when it comes to the oil business

The Organization of the Petroleum Exporting Countries (OPEC) was formed in 1960 originally with Iran, Irag, Kuwait, Saudi
Arabia, and Venezuela as members. The organization has since expanded to 13 members who meet every now and then
to set production levels and coordinate output to help manage global oil prices (visual below). OPEC's stated objective is
to “co-ordinate and unify petroleum policies among Member Countries to secure pricing for producers, supply for
consumers, and return on capital for investors.”

The increase in US oil production following the shale oil revolution led to lower prices and prompted OPEC to join with 10
other oil-producing countries in 2016 to create what is now known as OPEC+. The new member countries include Russia
which was the world's third-largest oil producer in 2022, before invading Ukraine with 13% of the world output, currently
around10.3 million barrels per day (b/d). It has always been an uneasy alliance for OPEC and OPEC+, made more fractious
since the Ukraine war.

OPEC produced an estimated 32.2 million b/d of crude oil in 2022, which was 40% of total world oil production with Saudi
Arabia as the biggest. The US is the second biggest oil producer.

According to the Energy Information Administration (EIA) oil production in Russia remained above 10 million b/d in 2022
despite the Western imposed sanctions. Following the invasion of Ukraine, the decisions of the OPEC+ appear to be
primarily driven by coordination between Saudi Arabia and Russia, another uneasy alliance. OPEC+ countries combined
produced about 60% of global oil production, around 48 million b/d in 2022.

In addition to extending the existing OPEC+ cuts of 3.66 million b/d, the group agreed in early June 2023 to reduce overall
production targets from January 2024 by a further 1.4 million b/d versus current targets to 40.46 million b/d.

Saudi Arabia, once a dependable US ally, is neither dependable nor necessarily an ally. With the Russian invasion of
Ukraine, many other former allies and non-aligned countries have forged new trade relationships with present and
former friends and foes. It is no longer easy to know who is on whose side, especially when it comes to the oil business. In
June, Pakistan proudly announced the receipt of its first shipment of discounted oil from Russia in Karachi - apparently
with no qualms about the Russia’s atrocities in Ukraine.

Pakistan is sorely short of foreign reserves and seeks the cheapest oil from anywhere it can get. The same applies to India
and numerous others who do not seem troubled buying Russian oil, especially if it comes at a discounted price.

As for the price of gasoline, it is generously subsidized and/or underpriced nearly everywhere. Assuming a cost of $600
per ton to capture and sequester CO2 emissions from a gallon of gasoline would add roughly $6 per gallon to the retail
price making it $9.50 rather than the current average US price of $3.5/gallon, according to the Climate Capitalist.

It says that while the cost of carbon capture and sequestration is likely to come down as the technology evolves and is
scaled up, it is hard to imagine the real price of a gallon of gasoline to fall below $8.50 any time soon. Many European
drivers already pay twice the US average price - for example $7.30 per gallon in the Netherlands - which is closer to what
the actual price should be.

https://theclimatecapitalist.com/articles/gas-should-cost-13-59-a-gallon
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BUILDING THE FUTURE GRID: RESHAPING AUSTRALIA'S
LARGEST MACHINE

By Ruth Watkins and Scott Walker | 14 July 2023 | Source: CSIRO

We've been working alongside the Australian Energy Market Operator (AEMO) and nine other research partners on an
important roadmap to support Australia's transition to a stable, decarbonised power system.

Launched last year, Australia’s Global Power System Transformation (G-PST)_Research Roadmap incorporates work on
nine pressing research topics, including inverter design, new control room technologies, and tools to ensure grid stability.
This research is part of a broader consortium of countries working to accelerate the transition to reliable low emission
power systems across the globe.

We have now published a G-PST Stage 2 summary report which encompasses key findings and progress updates from
the research program. Individual reports from each of the project partners have also been published. Six of the project
themes are common to the global consortium, while three (reports 7, 8 and 9) have been designed specifically for the
Australian energy context.

Why is Australia’s G-PST research so
important?

A global energy transition to net zero by 2050 is well
underway. Drivers including lower-cost renewables,
retirement of fossil fuel plants, emissions reduction
targets, geopolitics and consumer demand are driving
this transition at unprecedented speed and scale.

 According to the International Energy Agencys World
Investment 2023 Report, global investment in clean
energy will rise to an all-time high of USD $1.7 trillion in
2023, a figure about the same as Australia’s Gross
Domestic Product. The biggest spend is on solar energy,

The complexities introduced by EV charging infrastructure and EVs requires further testing, which is expected to draw investment of USD $380
especially as EVs are expected to drive major load growth in distribution networks. billion

It's a good news story, but it also generates complexities. Around the world, changes to power system design, operation
and management are urgently required as countries and regions accelerate their uptake of electricity generated by a
variety of renewables. And industry, businesses and households are participating in @ more decentralised energy
exchange across their respective grids.
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What is unique about energy transition in Australia?

Traditionally, electricity grids were built to transfer electricity from large, centralised coal-fired power stations with
assistance from natural gas and hydro. The transfer was in one direction to end-users, and the system excelled in
providing dispatchable electricity at any given time.

While households continue to draw power from the grid - for heating, appliances and electric vehicles - some people are
now also supplying energy back into the system from rooftop solar.

Dr Thomas Brinsmead is our technical coordinator of the GPST work. He said this shift presents unique challenges that
need to be addressed, especially in Australia.

“There are two major differences between Australia and a lot of other countries,” Thomas said.

“First, we don't have the density of interconnections of grids as in places like Europe. Our eastern grid is essentially a long,
skinny line around the coast, which leads to less spatial diversity in resources. If there were more interconnectivity, you
could often re-route around the loss of a link in the network. A network that's a long line is more vulnerable.

“The other major aspect where Australia differs is that we are much further along than most places in our uptake of
distributed energy like rooftop solar and batteries. Other grids are moving in that direction, but we are at the forefront in
terms of installation and implementation.”

The growth of renewables in Australia has taken place at an extraordinary rate. In 2010, there was 480 MW of utility scale
renewable generation installed across the National Electricity Market (NEM). At present, there is 19,000 MW of utility scale
renewable generation installed. The AEMO estimates by 2030 this figure could reach 35,000 MW, representing more than
half the utility scale generation capacity at the time.

A key aim of Australia's G-PST research program is exploring how these distributed energy resources can best be
monitored, coordinated and aggregated. And how we can ensure the security, stability and reliability of the country's

energy supply.

What are some of the findings from the
Stage 2 reports?

Detailed Stage 2 reports are now available for each
research area, and these outline the work completed to
date, the remaining knowledge gaps, and the high
priority tasks to be delivered in the short term.

Unsurprisingly, given the rapid uptake of solar
photovoltaics in Australia, which is expected to continue

The rise of renewable generated energy into our power system needs to be complemented by over the coming decades, there is a major focus on what
an expansion of storage capacity to mitigate dispatchability issues. this mi ght mean for the power system.
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This includes the inverter technology itself, as well as dispatchability and grid stability.

“In the decarbonised world that Australia is heading towards, the types of generation technology that provide electricity
have different stability characteristics," Thomas said.

"In essence, they produce electricity through power electronics rather than rotating machines. That requires new ways of
managing and controlling how everything works so grid connected devices don't interfere with each other in a disruptive
way.

“The new technologies are also not as dispatchable. We can't choose when the sun will shine and the wind will blow, so
that means we need to make sure there's enough storage and transmission to build up reserves of energy when there's
an excess of wind and solar and use those reserves at times when it's deficient," he said.

Researchers are helping address both issues by developing methods and tools to evaluate and improve system stability
and ensure reliable grid integration as renewable electricity continues to expand.

Another interesting area for researchers is black start capability: the ability of a power system to get back up and running
after a blackout. Thankfully, such an occurrence is a rare event in Australia, and the processes for restoration are well
planned in advance. But with significant changes occurring to our power system, it's important to explore what
adaptations may need to happen.

Thomas said this research is largely related to problems that most people shouldn't ever have to worry about.

"The role of power engineers and researchers is to look at potential problems coming down the pipeline and make sure
those are dealt with well before there is any drama. Blackout recovery is that type of problem. Hopefully it's something
you'll never have to worry about," Thomas said.

"So what we are doing now is looking into the extent that new technologies can reliably replace all the functions of
traditional technologies, or whether we'll need to retain some existing devices in the system as backup."

What comes next? Stage 3 reports and beyond

The Stage 2 G-PST reports provide a useful midstream update on how this enormous and vitally important body of work is
progressing.

The program of research that began with the launch of the Australia's G-PST Roadmap in mid-2022 is anticipated to take
three to five years to complete. However, the research partners will revisit the G-PST Roadmap on an annual basis to
update the direction as circumstances change.

There is other related work taking place in parallel to the G-PST process, including AEMO's Engineering Roadmap to 100%
Renewables (PDF, 4.3MB). Taken as a whole, these initiatives provide the necessary foundation for Australia's transition to
a stable, secure and affordable low-emissions power system.

“Although Australia is moving quickly along our renewable electricity generation journey, and facing some unique
challenges, we are not alone. By sharing experience and analysis within a global community of countries in a similar
transition, working together rather than independently, we will learn from each other to bring about a more secure and
reliable outcome,” Thomas said.
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NEW EVIDENCE SUGGESTS THE WORLD’S LARGEST KNOWN
ASTEROID IMPACT STRUCTURE IS BURIED DEEP IN
SOUTHEAST AUSTRALIA

By Andrew Glikson | 10 August 2023 | Source: The Conversation

In recent research published by myself and my colleague Tony Yeates in the journal Tectonophysics, we investigate what
we believe - based on many years of experience in asteroid impact research - is the world's largest known impact
structure, buried deep in the earth in southern New South Wales.

The Deniliquin structure, yet to be further tested by drilling, spans up to 520 kilometres in diameter. This exceeds the size
of the near-300km-wide Vredefort impact structure in South Africa, which to date has been considered the world's largest.

Hidden traces of Earth's early history

The history of Earth's bombardment by asteroids is largely concealed. There are a few reasons for this. The first is erosion:
the process by which gravity, wind and water slowly wear away land materials through time.

When an asteroid strikes, it creates a crater with an uplifted core. This is similar to how a drop of water splashes upward
from a transient crater when you drop a pebble in a pool.

This central uplifted dome is a key characteristic of large impact structures. However, it can erode over thousands to
millions of years, making the structure difficult to identify.

Structures can also be buried by sediment through time. Or they might disappear as a result of subduction, wherein
tectonic plates can collide and slide below one another into Earth’s mantle layer.

Nonetheless, new geophysical discoveries are unearthing signatures of impact structures formed by asteroids that may
have reached tens of kilometres across - heralding a paradigm shift in our understanding of how Earth evolved over eons.
These include pioneering discoveries of impact “ejecta”, which are the materials thrown out of a crater during an impact.
Researchers think the oldest layers of these ejecta, found in sediments in early terrains around the world, might signify
the tail end of the Late Heavy Bombardment of Earth. The latest evidence suggests Earth and the other planets in the
Solar System were subject to intense asteroid bombardments until about 3.2 billion years ago, and sporadically since.
Some large impacts are correlated with mass extinction events. For example, the Alvarez hypothesis, named after father
and son scientists Luis and Walter Alvarez, explains how non-avian dinosaurs were wiped out as a result of a large
asteroid strike some 66 million years ago.

Uncovering the Deniliquin structure

The Australian continent and its predecessor continent, Gondwana, have been the target of numerous asteroid impacts.
These have resulted in at least 38 confirmed and 43 potential impact structures, ranging from relatively small craters to
large and completely buried structures.
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As you'll recall with the pool and pebble analogy, when
a large asteroid hits Earth, the underlying crust
responds with a transient elastic rebound that
produces a central dome.

Such domes, which can slowly erode and/or become
buried through time, may be all that's preserved from
the original impact structure. They represent the
deep-seated “root zone” of an impact. Famous
examples are found in the Vredefort impact structure
and the 170km-wide Chicxulub crater in Mexico. The
latter represents the impact that caused the extinction
of the dinosaurs.

Between 1995 and 2000, Tony Yeates suggested
magnetic patterns beneath the Murray Basin in New
South Wales likely represented a massive, buried
impact structure. An analysis of the region’s updated
geophysical data between 2015 and 2020 confirmed
the existence of a 520km diameter structure with a
seismically defined dome at its centre.

This ‘total magnetic intensity’ image of the Deniliquin impact structure portrays its
520km-diameter multi-ring pattern, the central core, radial faults and the location
of shallow drill holes. Data from Geoscience Australia, published in Glikson and
Yeates, 2022

WWwWw.eesa.org.au

This map shows the distribution of circular structures of uncertain, possible or probable
impact origin on the Australian continent and offshore. Green dots represent confirmed
impact craters. Red dots represent confirmed impact structures that are more than 100km
wide, whereas red dots inside white circles are more than 50km wide. Yellow dots represent
likely impact structures. Andrew Glikson and Franco Pirajno

The Deniliquin structure has all the features that would be
expected from a large-scale impact structure. For instance,
magnetic readings of the area reveal a symmetrical rippling
pattern in the crust around the structure’s core. This was likely
produced during the impact as extremely high temperatures
created intense magnetic forces.

A central low magnetic zone corresponds to 30km-deep
deformation above a seismically defined mantle dome. The
top of this dome is about 10km shallower than the top of the
regional mantle.

Magnetic measurements also show evidence of “radial faults”:
fractures that radiate from the centre of a large impact
structure. This is further accompanied by small magnetic
anomalies which may represent igneous “dikes”, which are
sheets of magma injected into fractures in a pre-existing body
of rock.
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Radial faults, and igneous sheets of rocks that form within them, are typical of large impact structures and can be found in
the Vredefort structure and the Sudbury impact structure in Canada.

Currently, the bulk of the evidence for the Deniliquin impact is based on geophysical data obtained from the surface. For
proof of impact, we'll need to collect physical evidence of shock, which can only come from drilling deep into the structure.

When did the Deniliquin impact happen?

The Deniliquin structure was likely located on the eastern part of the Gondwana continent, prior to it splitting off into
several continents (including the Australian continent) much later.

CHIN 1 ;
GONDWANA

SOURCE: © 2001 C.A. Scotese. PALED P Prolect
The Deniliquin structure was likely created in eastern Gondwana during the Late Ordovician. Zhen Qiu et al, 2022, CC BY

The impact that caused it may have occurred during what's known as the Late Ordovician mass extinction event.
Specifically, | think it may have triggered what's called the Hirnantian glaciation stage, which lasted between 445.2 and
443.8 million years ago, and is also defined as the Ordovician-Silurian extinction event.

This huge glaciation and mass extinction event eliminated about 85% of the planet's species. It was more than double the
scale of the Chicxulub impact that killed off the dinosaurs.

It is also possible the Deniliquin structure is older than the Hirnantian event, and may be of an early Cambrian origin
(about 514 million years ago). The next step will be to gather samples to determine the structure's exact age. This will
require drilling a deep hole into its magnetic centre and dating the extracted material.

It's hoped further studies of the Deniliquin impact structure will shed new light on the nature of early Paleozoic Earth.
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HOW A SINGLE DEVICE HELPS EVS PROVIDE COST-EFFECTIVE
BACKUP POWER TO HOMES

By Chris Warren| 31 May 2023 | Source: EPRI Journal

The Smart Power Integrated Node (SPIN) delivers backup power along with cost
savings and grid support in one small box

In the summer of 2020, California’s grid strained to keep up with demand for electricity during a scorching heat wave. In
August of that year, rolling outages impacting hundreds of thousands of customers were initiated because not enough
capacity was available to keep up with demand. The outages triggered the California Independent System Operator
(CAISO), the California Public Utilities Commission (PUC), and the California Energy Commission (CEC) to issue a joint root
cause analysis that found that extreme weather, market practices, and resource adequacy and planning processes
combined to necessitate the power shutoffs.

At the individual household level, however, the experience of rolling blackouts and the potential for more triggered many
people to investigate the potential for energy storage to provide backup power during outages. “What people are doing if
they already have solar on the roof is to start to install storage,” said Sunil Chhaya, an EPRI senior technology executive
who leads electric vehicle (EV) and energy system integration efforts. “Solar companies do it now, and an income tax credit
incentivizes it. So, when the lights go out, you can automatically switch over to storage.”

Pairing rooftop solar with energy storage is a practical and reliable solution to deliver backup power during infrequent grid
outages. But it's also a pricey solution that is well outside of the financial reach of many. For example, a typical behind-the-
meter energy storage unit that provides about 10 kilowatt-hours of capacity - enough to deliver two to three hours of
backup power to the typical home - costs about $15,000 to install.

But there's another potential backup power solution that may already be available to Californians and other Americans:
the EV sitting in their driveway. “There are a lot more people who have EVs than have storage,” Chhaya said. “So, the
guestion is this: can we use EV batteries that have 60, 80, or 100 kilowatt-hours and have already been paid for to provide
backup power to the home?”

A New SPIN on Bidirectional Charging

There is no lack of research and discussion today about
the future potential of EV batteries to provide backup
power. But there are not yet any commercially available
bidirectional chargers able to take electricity out of an EV
battery and use it to provide backup power directly to a
building. “Today, you can find vehicle-to-grid technology
that only works when the grid is on,” Chhaya said. “It
doesn't work when the grid is off, and it only sends power
from the vehicle to the grid, not to the home where it's
needed.”
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But there is another potential solution for both tapping EV batteries for backup power and enabling EV owners to earn
revenue for providing grid services and helping utilities reduce their peak load. Since 2016, EPRI has worked with Flex
Power Control on developing and testing the Smart Power Integrated Node, or SPIN. SPIN is a single device with the
intelligence to automatically manage a business or household's solar, EV, and stationary storage assets to achieve the
building owner's priorities. For example, SPIN can automatically sense a power outage, instantly provide backup power,
and send power back to the grid.

Each SPIN includes multi-port bidirectional inverters that connect both to the grid and to a home or business'’s solar, EV,
and storage units. Each device also has a power routing matrix comprising multiple switches that connect each of the
DERs and the grid in multiple configurations. Importantly, SPIN also has a brain in the form of control and coordination
software that optimizes how each asset operates in grid-tied and standalone modes. Initially supported with EPRI
Technology Innovation (Tl) funding, SPIN has since received funding from the U.S. Department of Energy (DOE), the
California Energy Commission (CEC), and the National Renewable Energy Laboratory (NREL).

For example, DOE funding supported the initial prototype development using commonly available electronic components.
After demonstrating its ability to control power flow, Flex Power Control built a more sophisticated prototype that was
then tested at DOE's Oak Ridge National La