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The industrial relationship between Australia & Japan:
--Environment, Security & Regional Development--

Tomohiro TAKASA

Abstract: Since the beginning of the 21st century, the relationship between Japan and Australia has been deepened,
especially in term of the security on the Asia-Pacific region in recent years, as well as the commerce based on free trade.
Even the COVID-19, the industrial relationship continue without huge delay, compared with the disruption of personal
movements, mainly tourism. On the other hand, China’s influence on Southeast Asia and the Pacific Island nations boosted
by the rapid economic development and the active diplomacy base on the One Belt, One Road initiative forces Japan and
Australia to respond. Therefore, as background knowledge for exploring the future of Japan-Australia relations, I would like
to show the overview of the industrial relationship between Japan and Australia and their efforts on the development or the

security on Asia-Pacific region.
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Abstract

Because traditional fossil energy is limited and does not have renewable characteristics, therefore, improving energy use efficiency, finding
new renewable clean energy sources, and achieving scalable development of renewable energy sources have become the inevitable choice
for human development. This paper proposes a new distributed operation management model for generating and supplying of renewable
energy such as solar and wind energies, as contrast to the traditional centralized energy operation model. In this new model, the concept of
Energy Internet and blockchain technology have been fully developed and applied. In the second half of the paper, the case of Australia’s
development and practice of blockchain and renewable energy distributed systems is introduced, which verifies the feasibility of a new

model of renewable energy generation and supply centred on blockchain technology.
Keywords: renewable energy, energy Internet, blockchain, Australia

1. Introduction

Energy is the cornerstone of a country’s survival. However, how to fully utilize new clean energy sources under the
background of non-renewable traditional fossil energy and pollution caused by energy production process is the focus of concern
in today’s world (Awan et al., 2022). Meanwhile, of energy bottlenecks for social and economic development is increasingly
showing (Mishra et al., 2022). At the time when the epidemic is still spreading across the world, personnel mobility and
cross-border trade activities are obstructed, and the world economy is on the brink of recession, how to ensure energy security
has become a global, strategic and urgent issue related to address (Hanif et al., 2023). Solving energy problems will plays a
decisive role in enhancing the comprehensive resilience of countries and enterprises, promoting economic prosperity and ensuring

long-term stability and security of society (Novianto et al., 2022).

With the rapid development of global digital technology, using digital techniques to promote energy revolution and
effectively solve various complex problems existing in energy development is also a major task faced by the global energy
industry today (Koottappillil et al., 2022). This is especially the case for deep application of big data, cloud computing, Internet
of things (IoT), artificial intelligence (Al), mobile Internet and blockchain in various aspects of energy industry. These digital
technologies can comprehensively improve the intelligence level of the industry (Zou et al., 2022). Enterprises will not only
promote digital transformation (DX) at the operational level, but also continuously improve the underlying technology (Wang et

al., 2023).

Jeremy Rifkin (2014) first proposed the concept of “Energy Internet”1 in his book “The Zero Marginal Cost Society”.
It is an energy network system that uses renewable energy as primary energy. The system has advantages such as high energy
efficiency and low energy cost. It can realize efficient conversion and complementary network of electricity, thermal energy,

biomass, natural gas and other energies. In the context of countries vigorously promoting and responding to goals such as carbon

" Energy Internet, or the Internet of Energy (IoE), is defined that utilized to exchange information among all measurements on transmission and
subtransmission systems in an environmental domain for accurate unit protection and the optimization of the coordination process (Eissa and Awadalla,
2019).
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neutrality, greenhouse gas (GHG) emissions reductions and 3R (reduce, reuse, recycle), the construction of energy internet needs

to rely on the above-mentioned cutting-edge digital technologies to achieve efficient arrangement and utilization of energy.

Before considering how to construct an energy network system, whether to adopt a traditional centralized management
method to govern it or to develop a new distributed operation mode in response to new market conditions is an important issue
to address in the first instance. Existing centralized energy operation model relies heavily on third-party institutions, which have
many transaction processes, large power loss, low efficiency, long time and high transaction costs (Gunarathna et al., 2022). And
for new renewable energy sources such as wind and hydro power, the prosumers of new energy have distributed characteristics
themselves (Lee et al., 2022). Since the traditional centralized energy management and transaction model is more mature, the
centralized operation model continues to be used in new energy management and transaction systems at this stage. However,
distributed energy prosumers have small scale and capacity, decentralized positioning, intermittent and fluctuating generating and

storage capacities. This leads to small transaction scale, frequent transactions, and more users that are involved.

In the context that there are many types of participants in the operation and transaction of renewable energy, the frequency
of energy transactions is high, and the supply situation changes in real time, timely and appropriate countermeasures are required
(Zhao and Zhou, 2022). Therefore, the distributed operation and transaction mechanism can realize the efficient processing
of the supply situation. The core of the distributed renewable energy transaction includes the trust level and the transparency
degree of multiple transaction entities, and the transaction guarantee to avoid malicious competition. The blockchain technology,
with distributed ledgers, encryption algorithms and consensus mechanisms as its main technical features is very suitable for the
requirements of distributed operations and transactions and is an effective way to improve the reliability of distributed renewable

energy transactions and supply.

This paper proposes a new distributed operation management model for generating and supplying of renewable energy
such as solar and wind energy in comparison with the traditional centralized energy operation model. In this new model, the
concept of Energy Internet and blockchain technology have been fully developed and applied. In the second half of the paper,
by introducing the case of Australia’s development and practice of blockchain and renewable energy distributed systems, the

feasibility of a new model of renewable energy generating and supplying centred on blockchain technology is verified.

2. Development and Bottlenecks of Renewable Energy Industry

By the end of 2021, the transacted renewable energy in the world exceeded 3,000 GW, and new wind power and
photovoltaics accounted for more than 50% of transacted renewable energy (REN21, 2022). The photovoltaic power generated
exceeded 900 GW, and the generated wind power has exceeded 800 GW. The annual growth rate continues to remain high, the
installed capacity of energy storage equipment is developing rapidly, and geothermal and biomass power generation are also
growing rapidly. Moreover, the growth of transaction volume of renewable energy power stations is accelerating exponentially,
and the transactions of power station assets centred on photovoltaic power stations and wind farms are becoming increasingly
frequent. In 2021, transaction volume was in tens of billions of dollars. The circulation of renewable energy power station assets is
the basic guarantee for industrial development, and improving the liquidity of assets is conducive to the improvement of the whole
industry, promoting technological progress and industrial upgrading, and promoting the high-quality development of renewable

energy.

With the vigorous development and promotion of renewable energy, a growing number of prosumers with distributed
energy development equipment have entered this market. However, due to imperfect legal and environmental mechanisms in many

countries and regions, the economics of the distributed renewable energy market has not been fully analysed. This is especially
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the case of the traditional centralized management model. Under this model, the following problems will be encountered when

governing the generation and supply of renewable energy is included:

« Trust issues: The centralized management model mainly relies on third-party organizations to endorse the trust of participants
in energy production and sales, such as large energy supply organizations . Relying on third-party endorsement may not be
able to gain the trust of all participants. Prosumers can be worried about their privacy being leaked, which greatly reduces the
willingness of distributed energy users to participate in production and sales.

« Transaction data security issues: As an important asset for transactions, transaction data has high requirements for storage
security (Andoni et al., 2017). The transaction data of the centralized transaction model is generally stored centrally by the
transaction agencies. This storage method has a low safety factor, and the data is easily lost once it is attacked. On the other hand,
the centralized storage method has the possibility of transaction data being tampered with. Once tampered with, it is difficult to
trace back. If the transaction agency is unable to fully guarantee the security of transaction information, it will pose a huge threat

to user privacy and transaction security.

Issues of information disclosure and transparency: Transaction information is generally released by the transaction agency after
integration, and many details are generally not announced, and the corresponding transaction data is generally not made public
(Plekhanov et al, 2022). There is information asymmetry and opacity between buyers and sellers, which can easily lead to

unfairness among different entities.

Operating costs and settlement issues: Most of the distributed energy operations are small-scale and high frequency, which will
seriously consume the system resources of the management organization, resulting in higher operating costs for the organization.
(Dong et al., 2017) In addition, the settlement of centralized operations involves multiple market entities, so the settlement
process is complex, resulting in long settlement cycles and low efficiency, which is unacceptable for the distributed renewable
energy supply market of short-term spot transactions.

+ Revenue issues: Under the centralized operation model, prosumers cannot dynamically adjust their quotations according to
market information, unable to maximize their own profits (Jogunola et al., 2019). This way of energy operation affects the actual

income of prosumers, and prosumers are not highly motivated to participate.

3. Blockchain-based Renewable Energy Internet and Its Advantages

The concept of Energy Internet is proposed against the backdrop of the fourth industrial revolution, which symbolizes the

birth of a new energy revolution.

3.1 Architecture of Energy Internet

The Energy Internet can be divided into three levels: the physical layer, the information layer, and the application
layer in the framework analysis stage. In terms of the physical layer, as the underlying framework, it is a multi-energy
complementary distributed energy system composed of traditional energy systems. The information layer in the middle is not
only the interconnection of digital computer systems, but also includes the IoT formed by the highly interconnected physical
equipment under the enhanced interconnection system, thus forming a highly impressive and controllable equipment system. As
its application layer, because of its decentralized network structure and the requirements of a distributed energy environment,
blockchain technology as a core element gives full play to its peer-to-peer transmission, consensus mechanism, distributed data

storage and encryption algorithms features (see Figure 1).

3.2 Origin of Blockchain



26 F—=AMI)T - TIUTHIRAE BT

Blockchain technology originated from a technical paper published by Satoshi Nakamoto on the Internet (Nakamoto, S.,
2008). After that, Bitcoin as the initial cryptocurrency inspired the great development of cryptocurrency in the financial world.
Various cryptocurrencies have sprung up like mushrooms after rain, and blockchain technology has gradually been accepted by

the world along with the rapid development of Bitcoin.

Blockchain is a technology based on cryptography, so blockchain technology has strong advantages in the field of
information security (Wang and Wu, 2017). Blockchain technology is the integration of cryptography, distributed computing,
distributed storage, and information network technologies. Through the ingenious chain network underlying physical architecture,
a trust-based network is built. Therefore, the Bitcoin system has maintained overall security after years of operation, which can

prove the security value of blockchain technology.

The decentralized structure of the blockchain avoids the singleness of centralized processing and storage and the weakness
of topology in terms of security (Belotti et al., 2019). The disadvantage of centralization is that once the server is attacked, the
security of the entire system may be threatened, and the important relationship may be tampered with. However, there is a large

redundancy in the blockchain data chain, the cost of global modification is large, and the transaction security is relatively stable.

The weakly-centralized structure of blockchain is more in line with the network development trend of node equality,
social network flattening, and node access threshold lowering. By attracting the access of different node computing devices with
the same conditions, the development of the block not only facilitates transactions for everyone on the computing devices, but
also improves the overall security with the increase of nodes. The Bitcoin system is maintained and developed by publishing
computational problems in the system, and the maintenance of the system depends on the mathematical problems broadcast in the
system. When the problem is solved, generally the user who provides the computing power can get the reward of the system. This

process is called “mining” (Cui, 2022).
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Distributed Energy Internet System Adopted Blockchain
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Figure 1: Distributed Energy Internet System Adopted Blockchain

> EVM (Ethereum Virtual Machine) is Ethereum’s smart contract development platform. All smart contracts deployed on Ethereum are compiled into
EVM bytecode, are executed locally, and are completely isolated from miners.
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Figure 2 shows the basic composition of the block. The block is the basic unit of the blockchain. It has a distributed storage
structure, that is, the block body, driven by the hash function. In the initial blockchain structure, transactions were stored in each
distributed memory, simplified by a Merkel-hash binary tree (Gamage, 2020). Hashing is a briefing algorithm that stores addresses,
which can simplify determining the content in the address, known as briefing. Information such as the transaction timestamp

recorded in the block header represents the connection address of the upper and lower blocks in the blockchain.
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Figure 2. Simplified diagram of Bitcoin blocks (Adopted from Cui (2022))

Blockchain can be divided into public chains, alliance chains, and other forms. Bitcoin is in the form of a public
blockchain. Alliance chain is a blockchain with certain conditions for entering the chain, which is suitable for enterprise scenarios.
The decentralized characteristics of blockchain are suitable for describing the problem of decision-making and transaction with
the participation of multiple subjects. In the future, for the mainstream economic form dominated by enterprises, the alliance chain
will usher in greater development. Among them, smart contracts and other functions will make enterprise management greatly

improved digitally.

3.3 The Value of Blockchain in the Renewable Energy Industry

There are several ways that blockchain can create value in the renewable energy industry. These include:

+ Form a safe and reliable shared ledger: Since blockchain technology permanently records all transactions of participants in the
form of bookkeeping, it breaks the previous mode of independent bookkeeping by different energy participating institutions and
avoids the heavy restrictions on confirming transaction records. Participants can see the transaction records authorized to view
from the shared ledger system to ensure the transparency, openness and authenticity of transaction records.

+ Application of smart contracts automates operations: Energy trading participants can code the transaction method and other
business terms in the contract into the transaction service with blockchain as the core. Therefore, the system will automatically
carry out relevant transactions in accordance with the contract content agreed and authorized by both parties, and neither energy
service providers nor energy consumers need to worry that the transaction operation mechanism will be changed arbitrarily due

to human factors.
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- Effectively protect the privacy of traders: Although blockchain technology automatically record all transaction data of transaction
participants, transaction participants do not need to bundle personal data with transaction information and can specify which
transaction information can be authorized to view, which can effectively protect the privacy of traders and meet the application
needs of various businesses.

+ Help form a consensus on transactions: Whether the participant joins the blockchain network anonymously or publicly, as long
as a participant initiates a transaction request, all participants will receive the transaction information at the first time and confirm
it through the consensus algorithm of blockchain technology to avoid human intervention.

« Eliminate bottlenecks in the energy process: At present, the bottlenecks such as efficiency limitations, transaction delays
and operational risks that are common in various energy business processes can be solved by the application of blockchain
technology. For example, many manual operations, manual verification and approval work in existing processes can be
automated through blockchain, paper contracts can be replaced by smart contracts, and transaction processing will no longer

cause losses due to system errors.

The value generated by the application of blockchain in energy will be gradually deepened with the deepening of
application. The application value generated by different business application links and different development stages will be

different, and continuous exploration is required in actual development.

4. Development of Blockchain in Australia and Its Application in the Renewable Energy Industry

Australia has a strong presence in the blockchain field, with a number of world-class blockchain research institutions
(such as The University of Sydney, Data61 which is a digital innovation center under the Commonwealth Scientific and Industrial
Research Organization (CSIRO)) and a number of internationally influential blockchain startups. It is also responsible for leading
the International Organization for Standardization Blockchain and Distributed Ledger Technical Committee (ISO/TC 307), which
has a big say in the development of blockchain international standards. In February 2020, the Australian government released the
National Blockchain Roadmap: Towards a Blockchain-Enabled Future, which aims to fully unlock the application potential of
blockchain technology, make Australia a global blockchain industry leader, and create more jobs and accelerate economic growth

by driving its application in agriculture, education and finance (Australian Government, 2022).

The Roadmap focuses on three strategic directions: building efficient and appropriate regulations and standards; Strongly
support skills upgrading and technological innovation; Attract international investment and strengthen international cooperation.

The Australian Government has proposed 12 action plans to achieve the goals of the Roadmap.

Australia’s solar energy resources rank first in the world, according to data from the Australian Energy Commission.
Nearly 3.04 million solar systems were installed in the country by the end of 2021, which is one of the regions with the highest
penetration rate of solar energy in the world. Total rooftop photovoltaic power generation in 2021 reached 12. 7 GW, equivalent
to 60% of the total photovoltaic power generation in the United States, which has more than 13 times the population (Australian
Energy Council, 2022). For a long time, Australian residents could not be financially compensated for providing their unused solar
power to the public grid, mainly due to measurement difficulties and lack of practical settlement mechanisms, which discouraged

residents from providing their own electricity and caused a large amount of waste of solar power.

In this context, Power Ledger was born to build a distributed electricity trading network by applying blockchain technology
to encourage more people to produce and trade renewable energy such as solar energy and obtain fair returns (Power Ledger,
2019). Founded in May 2016 and headquartered in Western Australia, this blockchain startup developed a blockchain-based

system that enables peer-to-peer (P2P) solar power trading, solving the long-standing problem of solar power settlement, realizing
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the function of power producers selling energy to others in a trustless environment, getting rid of the traditional shackles of relying
on centralized institutions to complete energy transactions, and greatly promoting the convenience and breadth of energy trading.
It has not only been supported by the Australian government, but also favored by many international energy companies, and the
project has been implemented in Thailand, India and Japan, becoming a model for using blockchain to solve the efficient use of

photovoltaic energy and reduce costs.

Power Ledger introduces solar power energy into the P2P market through blockchain technology, using smart contracts
to make energy transactions that were tricky in the past smooth in a trustless environment, allowing participating residents to
receive payments instantly, freely choose different sources of electricity, buy electricity generated by neighbors, and sell excess
solar power to obtain income. In the transaction process, smart contracts can complete transactions without any third-party
system regulation, including controlling participants’ data, price setting, fee payment guarantees, etc., and completely through
the blockchain to do protocol regulation to achieve instant settlement. This is unthinkable for traditional power networks, and
all transactions on the blockchain are transparent and traceable, which not only significantly reduces settlement costs, but also

achieves efficient and transparent transactions.

In order to establish a trustless, transparent and interoperable energy trading platform, Power Ledger uses a dual token
system. One is a POWR coin (PowerLedger Token) designed as a pass, which can be used to enter the trading platform, like the
fuel of the ecosystem. The other is SparkZ coin, which are used for settlement when consumers buy energy. and Sparkz coins are

stored in users’ digital wallets and can be exchanged for Australian dollars at any time.

The Power Ledger ecosystem can support a variety of energy trading applications, mainly including five application
scenarios. First is, P2P trading, where retailers authorize consumers to conduct electricity transactions between each other or
consumers to trade electricity by themselves, automating electricity trading. Second is microgrid operation, which can carry out
power grid management such as power metering, big data acquisition, and fast microtransactions. Third, wholesale electricity
settlement can provide transparent, efficient and low-cost optimization and management, including data collection, reconciliation
and settlement of wholesale energy markets. Fourth is independent asset management, which can buy and sell its own electricity
and automatically distribute income to specific wallet addresses. Fifth is that the distributed market management provides
asset owners with the convenience of optimizing the allocation of network assets at any time, including providing optimized
measurement data, big data aggregation, access and scheduling permissions for assets, fast transaction settlement, network

download balance, and demand measurement response (Power Ledger, 2021).

After several years of development, the Power Ledger platform has evolved into a wide-ranging ecosystem that not only
allows participants of different backgrounds to interoperate through its original token system, but also provides a transparent
management framework that allows energy suppliers and demanders around the world to seamlessly connect with the Power
Ledger ecosystem, so that more energy producers and consumers can benefit from it. Overall, this ecosystem is highly inclusive
and scalable, and the application scenarios and coverage are constantly expanding, which will bring new opportunities for the

development and utilization of new energy such as solar energy.

5. Discussion

From the above description and demonstration, in summary, vigorously promoting the development of energy blockchain
is undoubtedly a powerful weapon to promote energy reform. Blockchain can play a role in three aspects. First, it helps to promote
the digital development process of the energy industry, promote the transformation and upgrading of the energy industry with

digitalization, further activate the development momentum and growth potential of the energy industry, and play an important
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supporting role in expanding the output of the energy industry and ensuring energy supply. Second, blockchain directly helps
to promote the open and transparent business operation of the energy industry, helping to reduce energy costs and ensure the
economy of energy prices. Third, blockchain is conducive to the development and utilization of various clean energy and directly
helps accelerate the pace of clean energy development. It is certain that the development of energy blockchain as an important

starting point for promoting energy reform will definitely play a positive and important role.

The application of the alliance chain in the blockchain for the construction and management of the energy blockchain is
an ideal choice at this stage. Alliance chain refers to a blockchain that has several institutions or organizations participating in
the management of the system, each of which runs one or more nodes to record transaction data together, and the data is only
allowed to be shared between the participants in the system. As a basic component to support distributed business operations, the
alliance chain can better meet the requirements of multi-party peer-to-peer cooperation and compliant and orderly development.
Unlike public blockchains, which have completely decentralized characteristics, consortium chains have the characteristics of
weak centralization, and only permitted participants can join the consortium chain and obtain permissions such as recording data,

confirmation, and verification.

Since the upstream and downstream participants in the energy industry are very wide, and there are more participants in
each business link, a participation system including various participating enterprises, users, regulators, system development and
management and maintenance personnel is built in the form of an alliance chain to form a diversified digital ecology and innovate
management models and operation mechanisms. At present, there are not many applications of the energy alliance chain, and it
is necessary to accumulate experience, and more cases that can be promoted can be formed through application demonstration,

providing more examples for the promotion and application of the industry.

6. Conclusion

Blockchain can promote the digital management of energy enterprises to improve quality and efficiency. The energy
trading entity can write the transaction method and commercial terms in the smart contract in a coded way, and when the agreed
conditions or terms are met, the smart contract will automatically carry out relevant transactions in accordance with the contract
content agreed and authorized by both parties, so as to avoid artificial arbitrary changes to the trading mechanism. The integration
and application of blockchain and artificial intelligence and other technologies can further improve the performance efficiency
of all parties in the system, accelerate the realization of business automation and intelligence, innovate business operation
models, and promote the quality and efficiency of enterprise digital management and scientific decision-making. In this paper,
blockchain, as an important part of the system architecture in the renewable energy Internet, has been systematically analyzed and
explained through the renewable energy distributed network architecture from theoretical analysis to practical analysis. Through
the development of blockchain in Australia and its application in the energy industry, a detailed demonstration was made. In this
paper, the specific implementation of blockchain energy Internet and the integration of artificial intelligence technologies such as

neural networks and blockchain technologies such as smart contracts are not mentioned, which will be reflected in future research.
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Global supply chain pressure

Pressure on global
supply chains have
reached extreme
highs and volatility in
the last three years

Broken supply chains - Examples

Metals and mining
Chemical supply
Automotive sector
Semiconductors
Technology

Food
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n Broken global supply chains - Causes

UKRAINE
b Primary causes of broken
RUSSIA plobal supply chains:
s * COVID-19 pandemic

* Russia — Ukraine war
= Geo-political tensions
* Disasters

H Broken global supply chains - Causes

* Retail sales rebound too much, too fast

* Producers scramble to meet consumer

demand The Bullwhip Effect

* Shipping costs explode for distributors

* Labour shortage slows entire supply
chain

* Consumers become their own worst
enemy — fuelling inflation

* High inflation in many countries d
* Real wage decreases

+ Rising interest rates

* Reduced economic activity
* Cost of living pressures

* Increase in poverty levels

ﬂ Impact of broken global supply chains - Global

+ Continued port congestion

Spillover from the Russia-Ukraine
conflict to Northern European ports

Limitations on airfreight
transportation, particularly along the
Asia-Europe lane

COVID-19 lockdowns in China

+ Disruptions to rail freight, including
the overland rail link from China to
Europe
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n Impact of broken global supply chains - Japan

* Appears to have coped very well

* Many lessons learned from
earlier supply chain disruptions

* Tsunami
* Global and Asian financial crisis

* High degree of supply chain
resilience, robustness and agility

Japanese business activity and output indices
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n Impact of broken global supply chains - Australia

+ Appears to have recovered well

R —
* Export of natural resources basis
for successful recavery

+ High degree of exposure to
supply chain shocks and
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disruptions — ey
e
+ Need to develop supply chain
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e
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resilience, robustness and agility

Major study by Australian
Productivity Commission on
Supply Chain Vulnerability
identified many areas of risk and
concern and how these could be
mitigated
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Mitigation measures

Ways in which supply chains have changed

Mitigation measures

Rec 1 steps far ¢

1. Map the full extent of your supply network to identify direct and
1. Supply chain now is a key focus the C-suite rdiect sources.
. P 2. Determine how quickly those that are most vital for you could either
St s b e N v s
2. Business continuity is more important than = T et recower from a disruption or be replaced by an alternative,
costs
| 3. Address the vulnerabilities by diversifying your supgliers or stockpiling
3. Buyer-supplier relations have been altered [ essential materials,
to focus on resilience I ction- o n
— . . t.u:lor:nrocq_nlor nroce"ss veme or ne;v;;c logles s as Prof Willy Shih
a. by chain workarounds are now st o " automation, continuous-flow manufacturing, and 30 printing—tha
Supply cha orkarounds are now standard ] could lower your costs or increase your flexibility when faced with a

w

. The inventory playbook has been ripped up

-

shock

And revisit your product strategies: Offering consumers mere choices
isn't abways better
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