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Glossary

Abbreviation What it stands for

AASN Australian Apprenticeship Support Ne
ABS Australian Bureau of Statistics
ACCU Australian Carbon Credit Unit

ACES ARC Centre of Excellence for Electro
ADR Automatic Deemed Registration

AEER Australian Energy Empl oyment Report
AGEC Australian Gender Equality Council
AEMO Australian Electricity Market Operat
AHC Australian Hydrogen Council

AGN Australian Gas Networks

Ai Group Australian Industry Group

AMR Automatic Mutual Recognition

ANU Australian National University

ANZSCO Australian and New Zealand Standard Classification of Occupations
ANZSI C Australia and New Zeal and Standard |

APEA Association of Professional Engineers Australia

AQF Australian Qualifications Framework

ARC Australian Research Council

ARENA Australian Renewable Energy Agency

ASbA Australian School-based Apprenticeship

ASU Australian Services Union

ATAR Australian Tertiary Admission Rank

AWU Australian Workers Union

BEV Battery Electric Vehicle

CALD Culturally and linguistically diverse

CCUSs Carbon capture, utilisation and storage

CEC Clean Energy Council

CEDA Committee for Economic Development of Australia

CFMEU Construction Forestry Maritime Mining Energy Union

CGE Computable general equilibrium

CIT Canberra Institute of Technology

CRC Cooperative Research Centre

CSI RO Commonwealth Scientific and Industrial Research Organisation

DAE Deloitte Access Economics

DCCEEW Australian Government Department of Climate Change, Energy, the
Environment and Water

DEWR Australian Government Department of Employment and Workplace Relations

EAP Employee Assistance Programs

EBA Enterprise Bargaining Agreements

EEC Energy Efficiency Council

ETU Electrical Trades Union of Australia

EV Electric Vehicle

FISO Financial Information Services Officers

FTE Full-Time Equivalent

G7 Group of 7

GATEAP Green Apprenticeships and Technical Education Advisory Panel

GVA Gross Value Added

GTO Group Training Organisation

GW Gigawatt

GWO Global Wind Organisation
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IEA
IfATE
ILO

IPP

I RENA
ISF
ISLP
ISP

JSA
JSC
LEAP
LETDF
NAAA
NABERS
NatHERS
NCVER
NEM
NOC
NSC
OECD
PALM
PHES
PV
REDEI
REZ
RMIT
RPL
RTO
SAF
SOTS
SSP
STEM
TAFE
UNCTAD
UNSW
uow
UTS
VET
WGEA

International Energy Agency

Institute for Apprenticeships and Technical Education
International Labour Organisation

Commonwealth Indigenous Procurement Policy

I nternational Renewabl e
I nstitute of Sustainabl e
Infrastructure Skills Legacy Program

Integrated System Plan

Jobs and Skills Australia

Jobs and Skills Councils

Leadership and Excellence in Aboriginal People

Low Emissions Technology Demonstration Fund
National Australian Apprenticeships Association
National Australian Built Environment Rating System
Nationwide House Energy Rating Scheme

National Centre for Vocational Education Research
Nati onal El ectricity Mar
Nati onal Occupation CIl as
National Skills Commission

Energy Agenc
Futures

ket
sification

Organisation for Economic Co-operation and Development

Pacific Australia Labour Mobility
Pumped hydro energy storage
Photovoltaic

Renewable Energy Design Engineering and Integration

Renewable Energy Zones

Royal Melbourne Institute of Technology
Recognition of Prior Learning

Registered Training Organisation

Sustainable Aviation Fuel

Star of the South

Shared Socioeconomic Pat
Science, Technology, Engineering and Mathematics
Technical and Further Education

hway

United Nations Conference on Trade and Development

University of New South Wales
University of Wollongong

University of Technology Sydney
Vocational Education and Training
Workplace Gender Equality Agency
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commissi oner 6s For ewol

I am delighted to present Jobs and Skil lITee Austr a
Clean Energy Generation: workforce needs for a net zero economy.

This report finds that the clean energy workforce is at the intersection of two major
transformations. A transformation of how we generate, use and export energy in order to
decarbonise our economy, and a transformation of how we deliver skills through higher
education, VET, migration and on-the-job training to grow our workforce. There are also
substantial changes to how we expect job opportunities to be shared with all Australians,
particularly those who have been traditionally underutilised or excluded.

This report presents an extensive analysis of the current and future clean energy workforce
to support both workforce planning and guide policy makers and education and training
providers. It includes analysis on future skills needs, transition challenges, and opportunities
for innovation in our education and training system, to support a successful clean energy
transformation.

Australia has a once in a generation opportunity to reshape our economy through a
rejuvenated, harmonised approach to skilling. This means moving beyond coordination and
collaboration and instead pursuing genuine partnerships within and among systems. The
clean energy workforce could be a unique testbed to explore innovative models of education
and training and should be used to the fullest.

This study comes at a time of major change. Each element of our labour market and skills
system is undergoing reform, with the Working Future White Paper just released and a new
National Skills Agreement, Migration Strategy, and Universities Accord in train. This report
acknowledges the monumental work underway, and makes the most of this unique timing. In
this context, we have made 50 recommendations to help governments focus their efforts and
back in good ideas.

This study also represents a step change in how Australians can work together. JSA has

partnered with unions, industry, higher education institutions, VET providers and state and

territory governments to deliver this report. We thank each of these partners for the
contributions theydve made to this study and to
example of the tripartite effort needed to make lasting contributions.

| am confident that this report, and the policy reform and innovations that follow out of it, will
help ensure Australia is well positioned to pursue a prosperous net zero future. If done right,
the workforce dividends of a clean energy transformation can create generations of high-
guality jobs for all Australians.

Professor Peter Dawkins AO
Acting Commissioner
Jobs and Skills Australia
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Executive summary

Reaching t he Aust rnatizaroeemissions vamget byra@sa wilbrequire a
workforce transformation that is substantial but not unprecedented. Like the post-war
industrial transformation and the digital transformation of the late twentieth century, a new
generation of workers will be required, both from existing energy sectors and through new
pathways into clean energy. New jobs, skills, qualifications, training pathways, technologies
and industries will emerge over the next 30 years.

Australia will need to consider the full range of levers across the education, training,
migration, procurement, and workplace relations systems to ensure a sustainable and
equitable path towards net zero. This report analyses the opportunities, risks and reforms
that are needed for a successful transformation of our workforce, and:

A offers an Australian-first definition of the clean energy workforce, what it currently
looks like and what it needs to look like to ensure the workforce grows at the pace
and scale required. It finds we have enough workers overall and most likely enough
university graduates but outlines the risk of a shortfall of Vocational Education and
Training (VET) qualified workers, especially amongst electricians and other trades.

A identifies both the emerging skills gaps in regional Australia as well as the
opportunities for growth in the regions where new clean energy industries will
emerge.

A offers opportunities for a tertiary skills, training and qualifications system that is fit-for-
purpose to keep pace with rapidly changing technologies and emerging occupations,
recommending innovative solutions to on-the-job skilling and all types of industry-led
training, from Technical and Further Education (TAFE) Centres of Excellence to
industry accredited microcredentials.

A tackles the barriers and challenges that women, First Nations people and migrants
face in participating in the sector, and the skills and talent the economy currently
misses out on.

A offers a worker-centred approach to support transitioning communities,
acknowledging that competition for skilled migrants is high and while workers with
clean energy skills are heavily concentrated in our regions, we have been slow to
attract and support them.
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THE NET ZERO CHALLENGE

The net zero transformation presents an unprecedented opportunity to revitalise the
Australian education and training sector, working with industry to develop a more diverse
workforce and create sustainable employment for generationstocome. Thii $icl udes

opportunities for our regional | abour mar ket s

With the right investment we canfofédepowhe

an

pods

ensure these workers and theinmnt ctohmemunndedst arter @

and find new opportunities.

However, the transformation also presents a majo
wor kf orce pipelines, skill shortages could preve
opportunities to broaden our indust Kkiealsubbas e hwitl
the jobs created are accessible and shared with
underrepresented cohorts and workers in transit.i
Ambitious net zero targets wil/l need to be match
policy. It will also require cohesive, collectiwv
better collaboration with industrgtoThsiempnms and t

assesses what is needed to reach net zero by 2050 and how to get there. It is guided by
three overarching objectives which should inform all workforce planning for this sector:

- Objectiveone: t he energy transition i
- % Australia has the workforce it needs to meet and exceed our clean
- energy ambition.

Objective two: workforce opportunities are sustainable and equitably
shared with all Australians, particularly communities impacted by
decarbonisation and disadvantaged groups that were underutilised in
traditional energy.

Objective three: people in transitioning sectors and their
communities are given the support they need to access new
employment opportunities that work for them.
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DEFINING THE CLEAN ENERGY WORKFORCE

In an Australian first, we have defined the jobs and industries that make up our clean energy
workforce. Rather than viewing clean energy as an isolated segment of the economy, we
have acknowledged the role that every industry plays in one way or another. This means
clean energy jobs are found right across the workforce, extending well beyond obvious
sectors like wind, solar and hydroelectricity into parts of construction and research and
development, amongst others.

Based on feedback from our Discussion Paper and engagement with the Project Steering
Group, JSA workforce mapping has been applied against the definition of clean energy to
describe what constitutes the clean energy workforce and related sectors. These industry
segments span energy supply, energy demand, enabling clean energy workforce, the
workforce associated with the carbon lifecycle, emissions-intensive sectors and the
workforce from transitioning sectors.

Clean energy supply

Industry groups that are essential to clean energy
generation and supply. Currently, distribution and
supply supports both renewable and fossil-fuel-
reliant energy sources. As we transition, these will
predominantly support renewable energy.

Clean energy enabling

Industry groups which enable clean energy
production, supply and usage but where the clean
energy component is small. Generally, clean
energy workers in these sectors are distinguished
by subject matter expertise rather than distinct job
roles or sKills.

Clean energy demand

Industry groups that relate to energy
demand, noting that most industry groups
are about more than energy. Industry groups
in the clean energy demand segment will
have skill and job role implications. Clean
energy is already a significant proportion of
activity and likely to grow.

Carbon lifecycle

Industry groups which will have a substantial
contribution to managing the carbon
lifecycle, through carbon capture or the
circular economy.

Emissions-intensive sectors
ANZSIC groups such as cement
production and other industrial
processes that are emissions
intensive.

Transitioning

Fossil-fuel related groups
which will decline and
transform substantially as a
result of decarbonisation.

All other industry groups
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While there are many occupations that form part of the clean energy workforce, the most
critical are found within trades, technical occupations and engineering professionals, where
training times and licensing and accreditation requirements impose justified barriers to entry.
The study identifies 38 occupations that are critical to at least one segment of this workforce:

Technicians and Trades Workers

A Architectural, Building and Surveying
Technicians

ACivil Engineering Draftspersons and
Technicians

AElectrical Engineering Draftspersons
and Technicians

AOther Building and Engineering
Technicians

A Automotive Electricians
AMotor Mechanics

AAircraft Maintenance Engineers
AMetal Fitters and Machinists

AStructural Steel and Welding Trades
Workers

APlumbers
AElectricians

A Airconditioning and Refrigeration
Mechanics

AElectrical Distribution Trades Workers

AChemical, Gas, Petroleum and Power
Generation Plant Operators

ATelecommunications Trades Workers

AElectronics Trades Workers

Managers
APolicy and Planning Managers

AResearch and Development Managers

AConstruction Managers
AEngineering Managers

AProduction Managers

Professionals
AMarine Transport Professionals

A Architects and Landscape Architects
AUrban and Regional Planners
AChemical and Materials Engineers
ACivil Engineering Professionals
AElectrical Engineers

Alndustrial, Mechanical and Production
Engineers

AMining Engineers
AOther Engineering Professionals
A Agricultural and Forestry Scientists

AChemists, and Food and Wine
Scientists

AEnvironmental Scientists

AGeologists, Geophysicists and
Hydrogeologists

AUniversity Lecturers and Tutors
AVocational Education Teachers

AOccupation and Environmental Health
Professionals

Labourers
AStructural Steel Construction Workers
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AUSTRALI A6S CLEAN ENERGY WORKFORCE 1| S:

APredominantly male. A higher proportion of women work in white collar segments
(education, training, research etc). Where women are represented in clean energy, they
dominate in roles like general clerks, office managers, accounting clerks, commercial
cleaners and interior design, rather than trade-qualified and engineering roles.

AOn par with transitioning sectors for age of the workforce. The segments with the
youngest workforce are energy usage and performance, while the oldest are transport
and some enabling segments.

AMore highly qualified than transitioning sectors. In general, the clean energy
workforce contains higher proportions of VET-qualified workers than the broader labour
force. The clean energy supply segment comprises a larger proportion of workers with
higher education qualifications than the transitioning segment which includes workers in
coal-fired power stations.

AUnderrepresented among First Nations people. A smaller proportion of First Nations
people work in clean energy than the broader labour force. Notably, a higher proportion
work in the transitioning segment, including coal mining.

AUnderrepresented among migrants. Around 26% of the clean energy workforce were
born overseas, with some of the enabling segments having the highest proportions (over
30%). Workers come from all around the world, but the largest group are from Southern
Asia, followed by North-West Europe.

ATypically paid less than transitioning sectors. In general, clean energy sectors lag
behind the pay and conditions available in more established sectors.

APredominantly employed in the construction phase. Unlike traditional energy
employment, there can be a higher degree of variability and project-based work in clean
energy. For example, large-scale solar farms are a project-based industry where
businesses may lack certainty while waiting to win contracts, secure finance or gain
approvals. Workforce needs are also typically front-ended (during construction phases),
meaning there are fewer long-term employment opportunities.

AEmployed across Australia. Regional differences mean different locations are better
suited to certain technologies and therefore attract different types of workers. Tasmania
has a high concentration of clean energy supply workers working in hydroelectricity,
whereas parts of regional Queensland and NSW have a relatively higher share of
workers in transitioning sectors. Workers are often needed in regional and remote areas
away from sources of labour supply. In some instances, this requires short-term moves
or fly-in-fly-out work, which can be inaccessible for apprentices, particularly in their first
year.
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EDUCATION AND TRAINING

The clean energy transformation in Australia will require a big contribution from the
education and training sector working closely with industry. This will require significant
investment and reform.

Tertiary education will continue to deliver the fundamental skills needed for this workforce.
There are three key elements of clean energy education and training pathways:

A existing broad-based qualifications, like the Certificate Ill in Electrotechnology and
Bachelor of Electrical Engineering. They provide the fundamental skills for a range of
roles, including but not limited to clean energy.

A clean energy top-up and electives, including post-trade and post-graduate
qualifications, allow workers and students to gain specific clean energy skills and
specialise. However, the availability of these is limited.

A new qualifications targeted to emerging sectors, such as the Bachelor of Renewable
Energy and Certificate Il in Electric Vehicles, are beneficial where new technologies
require a larger suite of specialised skills.

The tertiary sector will need more support, more collaboration and more innovation to meet
t he

needs of net zero. Wedbve identified three pr
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MIGRATION

The 2023 Review of the Migration System identified that while migration alone will not
address the challenges of transitioning to a clean energy economy, a well-designed and fit-
for-purpose skilled migration program is part of the solution. In an increasingly competitive
and global market for skills, Australia will need to position itself as a destination of choice to
attract and retain workers in critical roles.

International students are already an important pipeline of skilled workers in Australia and

will continue to be. However, there are many international students that would like to remain

in Australia but canbét or do retatecty thelr fietd ofstudy.u g g |
Ensuring these students are set up for success during and after their studies will be key.

INDUSTRY TRANSITIONS

While new employment opportunities will be created from the net zero transformation, jobs
will also be lost in sectors that are emissions intensive, particularly coal-fired power.
Austral i abs -firee powér stationg willogadublly close over the coming 30 years,
impacting workforces which are concentrated in a handful of regions, including Latrobe

Valley (VIC), the Hunter region (NSW), Collie (Southwest WA), and Central Queensland.

Transitioning industries employ a diverse range of workers. Many generalist occupations,
like accountants and truck drivers, are also employed in high numbers in growing industries.
Other occupations, like Power Generation Plant Operator, have limited employment
prospects outside transitioning industries and are therefore at greater risk. Common
transition pathways, identified using historical real-world transitions data and skills similarity
analysis, include into occupations like Earthmoving Plant Operators, Electrical Linesworkers
and Fire Protection Equipment Technicians.
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PROJECTED WORKFORCE DEMAND & SHORTFALLS

Our study includes preliminary economic modelling of three possible future scenarios with
the central scenario being broadly aligned with Government climate and energy policy. The
preliminary modelling of the employment implications of these scenarios are outlined in
Chapter 5 of the report.
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Depending on different pol iNay | agnpn ayc keNsEM)o el ec
and reaching our rebhbwapt el emengyywemewisllll innege ds h o
approxi mately : t o : mo,r eatmedleabhc t r i ci ans
energy supply workforce will likely need to grow from approximately 53,000 workers today to

84,000 by 2050.

There is strong growth in trades and technical occupations, particularly for occupations that

are critical to clean energy such as Electricians, Metal Fitters and Machinists, and Plant

Operators. However, our supply forecasts strongly suggest there is insufficient capacity in

the training and migration pipelines to meet this demand. We will likely need close to two

million workers in building and engineering trades by 2050 as labour and capital will be

needed to prepare Australiads energy grid and in

Growth in these occupations is also likely to be concentrated in regional Australia,
presenting a great opportunity, as clean energy will continue to provide well paid
employment that might otherwise be lost as global demand for fossil fuels decreases.
However, the concentration of growth in trades and technical employment in regional
Australia will require an even more substantial uplift in education and training to ensure that
job opportunities can be accessed by local workers.

With active investment and clear policy direction to ensure all emissions-intensive sectors
have the incentives to transition to lower emissions technology, Australia can achieve more
employment growth, industrial diversity and productivity while still decarbonising the
domestic economy. When coupled with a higher level of ambition and investment, Australia
can also expand its production of low-emissions goods to create an export market that
replaces what we can expect to lose from fossil fuels.

Demand for critical clean energy occupations, to 2050
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Source: Deloitte Access Economics 2023.
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Demand for Electricians, to 2050
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EMERGING AND TRANSFORMING SECTORS

Workforce change means more than just the number of jobs that will be created or lost.

While itds easy to assume that the biggest i mpac
most, t miex eiss dmed ticya s e . |l ncr easiynegalrys ,o vtehre tshke |n esx
roles of existing occupations will change in res
demand does not increase. New occupations are al
numbers, can be particularly difficult to grow,
New fuel s andFort oegxaggmpl e, the bioenergy sector p
empl oyment growth in regional areas and addition
empl oyment in agriculture. Thiagrciowdldt sreael dsamaerd
chemical engineering.

Transwbllt see major skills change as internal <co
el ectridamwdkehvieaeHlHiesl es t hfauwe luss)e. aDeneamealtéiovter speci al
vehinelcehani cs wi |l | i ncrease, as wi || the demand f

vehicle types.

Energy per flor neamnecregy audi tor i s an example of an
managers and air conditioning and refrigeration
skill and knowledge requirements.
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BARRIERS FOR WORKERS AND COMMUNITIES

Womemhe clean energy sector cannot grow at the

participation of half of Australiab6s popul ati on,
significant b.arManeyr sf etnhaalte eexnigsitheer s report expe
di scrimination and bullying in the workplace and
career progression opportunities, salary advance
has the thirdcéadighewtrkpkade sexual harassment,
experienced sexual harassment in the | ast year
First Neetoipdiee transitioning energy sector, part.i
maj or empl oyer pefodFier.¥h)e Naméogbng cl ean energy s
reach these | evels, with First Nations empl oymen
First Nations tertiary graduates will take ti me
empl oyment i n tsheec tcolre adno eesn enrogty mi mi ¢ the trends
in concentrating First Nations emplopymearti ommtalt he
|l evel of the workforce.

Safety WMoIrkumeg. with clean energy infrastructure
materials | i ke hydrogen, ammoni a nadnuds tb icoofnusd ldse.r A
remoteness, new technahoggelsatainadn processiest enci e
Hiring andThet €EhtaaoanEnergy Counci l outlines seve
skill shortages within the sector, including:

A Visiboddupyati ons within the clean energy sect
under stood as most wor k esrtse pemitreg ftrhoem scetchteorr it

A Locaiibe regional | ocation of most empl oyment
i mpedi ment to attracting qualified individual
A Mobility andwemkierlsemamt @®xperience challenge:

project to another.

FINDINGS AND OPPORTUNITIES

Alignment across all sectors of the economy is needed to drive long-term change.
Coordination between businesses, workers and all levels of government will be needed to
overcome the structural changes arising from climate change and environmental
degradation. Long term policy guidance from governments can catalyse the necessary
investments in our industries and regions.

Strategies need to look beyond state and territory borders, and be regularly updated to
reflect both new and revised policy settings, in alignment with rapidly changing technologies.
Developing this workforce should also be a national effort, with consistency and coordination
the objective.

Many of the skills needed to decarbonise already exist in our economy. This means
that our education and training sectors are already set up to deliver many of the skills we
need. The challenge will be scaling the delivery of these skills, and developing top-up
pathways for workers to bridge gaps and specialise. Innovative and agile course design
approaches will help education and training sectors respond faster to emerging skills needs.
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A harmonised education, training and migration system with a step change in how we
train trades and technical workers is a priority. As skills needs continue to transcend
VET and higher education sectors, the value and potential for greater collaboration is high.
The clean energy sector is primed to be a test case for new approaches to collaboration.

A shared responsibility for inclusive pathways. We cand6ét grow the workfor
and scale required if large groups of the population are excluded, including women, First

Nations people, people with disability, and recent migr
underutilised. The net zero transformation requires a shared commitment between industry,

government, and communities to share the benefits of clean energy work, through

foundational and pre-vocational training, clear diversity targets, and a transition framework

built around the individual worker.

Australia will likely need 32,000 more electricians in the next seven years and close to
2 million workers in building and engineering trades by 2050. Preliminary modelling
suggests significant shortages of electrical, building, and engineering VET qualified trade
roles are likely, partly due to the construction required for transitioning to renewable energy,
not just the growth in new technologies and industries. The preliminary modelling also shows
a steady supply of engineers is likely but there will likely be smaller shortfalls amongst some
scientists needed for the transition.

Regional Australia can benefit from the net zero transformation. The implications of the
workforce transformation at the local level will be more significant in some parts of Australia,
particularly those with a relatively high proportion of employment based on fossil-fuels.
Overall economic growth and development provides good prospects for supporting these
communities, provided there is local investment in new industries and impacted workers
receive targeted training and other forms of support to transition into roles that build on their
existing skills. The preliminary modelling indicates there will also be new opportunities in the
regions as clean energy industries emerge. For example, in Northern NSW and Eastern
Victoria.

Supporting workers and communiThieemoshdeongoitnget s
sustainable outcomes for workers and employers a
net works play a cruci al role in this as does timn
of their career and | ocAlutbBappbytwi Thehaew &ectr ¥
consi stency and coordination of these supports.

A higher ambition? Australia can be a renewabl e

require signiThecamdtsemtripaAlt f or Australia to take

advantage of decarbonisation, expanding its prod
our current domestic requirement. This would see
the world, in the Wweftm at bBytdeadeng &urther al on
chain to process and refine more iron, al umi ni un
in Australia. Given proper planning, this transf

new empl ogynmentuna ti es for our regions.
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CONCLUSIONS FOR WORKERS

For the 50-year-old working today in a coal-fired power station, this report sets out a
framework to guide the supports they need for the next phase of their life.

For the 38-year-old mid-career electrician who wants to enter the VET teaching workforce or
specialise in clean energy technologies, this report highlights the training options, funding
and incentives that should be explored.

For the 22-year-old female electrical apprentice, there is recognition of the barriers she faces
in the trades and explores ideas for how classrooms and worksites can become more
inclusive and accessible for everyone.

For the 17-year-old school leaver, we detail the rewarding, priority career pathways that will
provide jobs, shape our future economy and make a difference across the clean energy
value chain.

For the primary school student in regional Australia still ten years from full-time working life,
there is a commitment that their schooling and post-school education matters i not just for
them and a more equal Australia, but for realising the economic possibilities of a
decarbonised economy.
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THE STUDY

1A. Background

Purpose of the study

Australia is reshaping the way we generat e, use
investments in clean energy generation and the e
industries will help reduce emissions and cut po
However, this transition wil/ only be possible w
skills. New technologies mean new jobs, new skil
t he who, what, when, where and hocw eoafn neeneetrignyg stkh
Just |li ke any other el ement of the energy transi
devel oppmehttake time and proper planning.

Coordination wil/l al so be needed across educatio
has proved challenging to this point. This indep
of fering new evidence, data and i ndisghltexcitso oinsf o

about the future c.I ea

=]

energy workforce

Scope of this study

The final Ter naFigfuyffef drheencsa udy were published ¢
i ncorporate feedback from state and territory go
education and training sector. Our mandate was t

A help clarify what jobs and industries make uf
A understand how different transition scenari oS:s

A explore how the workforce opportunities creat
across regions angleoavpltdnorménm ,stpadNaglieenwi th di sa
Australians from cultur@CALlbDdacrkdg rloiumngdusi st i cal |

A identiedyctahéon, training and migration pathw:
and the underlying system setti.ngs needed to

The study does not examine the merits of particular technologies, projects nor investments,
nor the non-workforce impacts of the clean energy transition.
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reference

Define the clean energy workforce and describe its current state

Analyse future
demand for clean
energy workers, and
the impact on
employment in high
emitting sectors
undergoing transition

Analyse future supply
of clean energy
workers:

» What are the
skills?

* Where do these
skills exist
currently?

* What are the
education, training
and migration

Identify the enablers and
barriers to developing and
delivering clean energy
education and training

Explore opportunities and
barriers for women, First
Nations Australians,
people with disability and
Australians from culturally
and linguistically diverse
backgrounds

Regional case
studies and
analysis of place
based success
factors

International
comparative
analysis & case
studies

pathways?

Analysis over the next 10, 20, 30 years based
on different transition scenarios

Explore sector specific
enablers and barriers
faced by small, medium,
and large employers

The study is supported by extensive consultation and genuine partnerships,

led by a steering group of industry and technical experts and stakeholders

The structure of this report

This report is organised into 9 chapters that explore different elements of the study.

Chapter 1: Thestudy. Pr ovi des the studyds purpose,
Outlines the domestic and international policies driving the clean energy transition.

Chapter 2: Def i niwargforéed Definesithe elear engryy workforce using
industries and occupations. Includes background information and data limitations.

Chapter 3: The current workforce. Explores the size and composition of the clean energy
workforce. Includes demographic, geographic and employment characteristics.

Chapter 4: Workforce pathways. Details the pathways into clean energy employment from
VET, higher education, migration and industry transitions.

Chapter 5: Workforce futures. Workforce estimates over 10, 20 and 30 years. Identified
areas of pressure and contextualises different transition scenarios.

Chapter 6: Emerging and transforming sectors. Explores future workforce needs of
sectors that will emerge or be transformed through decarbonisation.

Chapter 7: Barriers: Education and training reform. Explores opportunities to address
barriers faced by students and providers of education and training.

Chapter 8: Barriers: Workplaces and communities. Explores opportunities to address
barriers faced in workplaces and communities.

Chapter 9: Findings and Opportunities. Learnings from what is working well and
innovative approaches to workforce development.

Clean Energy Capacity Study | 21
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THE STUDY

What is Jobs and Skills Australiads

Jobs andAusSkibhlbsBabs (JSA) purpose is to be a ca
human capital potential to meet present and fu
OQur role is to engage, advise and assist the A
stakehobdder-mmaknng on the current, emerging and
wor kf orce needs of the Australian economy. Thi
remote Australia, and on the devel opment of ne
To doJsArswhdgh quality data, analysis, and ir
understand Australiad6s skills and | abour short
advice on the eff ecViEiJv ehri ggshse ro fe dAicsattri aolni,a@Gsnd mi
systems to meet Australiabés future skills and
JSAdapacity studies assess the current and fut
| abour and skills in a critical area of the ec
on how skil/| shortages (or surpluses) can be a

| egi slmgtirvei mtos and government objectives.
JSA has established an ongoing capacity study

A bring together subject matter experts, dat a
stakehol der engagement expertise

A be informed by Project Steering Groups, Wwitt
represented

A provide a detailed assessment of | abour and
empl oyment arrangement s, and education, trai
A produc¢eromngiodel ling of future.workforce der

This first capacity studycileahoéemewdgyeoen, a spec
future studies may come from the perspective o
cohort. The topic of future satnunduiaels wwirlklp Ibaen d e
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THE STUDY

Our approach

Ambitious net zero policy must be matcheile with a

Australia has a clear net zero objective, ités
our workforce. JSA has identified three overarching objectives to guide workforce planning
and policy:

- Objectiveone: t he energy transition i
------ % shortages. Australia has the workforce it needs to meet and
- 5 exceed our clean energy ambition.

Objective two: workforce opportunities are sustainable and
equitably shared with all Australians, particularly communities
impacted by decarbonisation and disadvantaged groups that were
underutilised in traditional energy.

— ,@ Objective three: people in transitioning sectors and their
Kﬂ communities are given the support they need to access new
employment opportunities that work for them.

The contribution of this report

While this isnét the first report to |l ook at t
sever al new and unique contributions that othe

a

he
rs

A Definesl asre ewoarkfgyorE@r the first time, a compr
the clean energy workforce has been produced.
categorised and groumedtbagedebnzites.role in

A Examines the supPhlyi bé wobh&erstudies, we hayv
where the supply of wor k.M ¢ hwial fi ot ewomdnbker
in Australia, this element is important to wu
met .

A Takes a holBysttiack i vnigefec omarye vi ew, this study
broader impacts of the net zero transition.
education, VET and migration systems to supp

A Uses new SdMathaas pioneered dame tuseh wilqmedévy siat
clean woekfusi @ unit trbeectoruds deaxtpa or e charact
wor keresx ainmteéh e -weralld pat hways they take into

e
C «
n d

C
We
|y

a

er
ne

A Provides gapuanauppiyg. and demand model |l ing shc

wor kforce gaps wil|l l' i kel yempt sandhmi pi ggt go
shortages. This includes gap analysis across
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THE STUDY

We have designed our work to align withiexisting
replbevertalgeesAustralian EIl ectri cinttye gMSyriskee®ima@per at
(I StPo) bui Il d on what is already known and under st
extended beBMoOd|I D& at the contribution of all r

decarbonisati on.

We also leverage the large volume of work led by agencies across all levels of government,
as well as the pioneering research from industry groups and research bodies.

,,,,,,
N

E3 Fast track.
The Australian Electricity Workforce
for the 2022 Integrated System Plan:
Projections to 2050.

Revision 1.

POWERING

Downscaling - TRANSITION:

Employment impacts__,

NET ZERO -

AUSTRA LTA e ;‘
o » 3 =
¢ EEEE NOUS RANSITIC

Whol e of economy vVview

This report examines Australia's current clean e
needed to aehmhioee@misasti ons by . That means exa
occupations with direct and indiaaedt maoaaginbucti e
energy, as well as the pathways

Thiasnal ysis wasatumddaritmekerdf record | ow unempl oy me
wor kforce short)agelsn (tFhiegsuer et i ght er | abour mar ket
empl oyers may find it increasingly difficult to
clean energy sector has a unique value propositi
and growing sectors |ik construction and def en:q
We al so examine where workers, who are a finite
from. This is particularly important as Australi.
across VET, higher educaAs oswuamd dabhre ddbiocae maf k
wor kforce i mpact of c¢clean energy and the cumul at

mi gration systems.
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Figur.dob advertisements and theilunempl oyment

350,000 1 8.0
300,000 | 1.0
6.0
250,000 |
50
200,000
{ 4.0
150,000 F
3.0
100,000 F
{ 2.0
50,000 F { 1.0
U Il 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 U_U
b A & & 0 N A B A D e D o
r'EhQ rf;“?\ {1_9'::,-1 r.‘;‘.‘-{'\ rﬁ\\» 1_9\ ) ﬁ'\ q,\}q}?\ r'S:"\ q?\“-" S ”5::\“] o 1}}, i:.'-"’ {m’b ! 15‘:-/
Job Advertisements (LHS) s | |nemployment rate (%) (RHS)
Source: ABS Labour Force Survey July 7 JSA I nternet Va
Partnering with stakehol ders
Engagement is central to the way we work and ach
working with others in determining what we do an
informed by extenspart eagalgieme nwi amdgover nment s,
uni versities, training providers, research bodie

included:
A public consbhétaffeomésaf Reference

A a -member Project Steareigud a®r ooupg htroautg hmeutt t he
inform the design of the modelling, stakehold

A a Discussion Paper that was publicly released
submi ssions

A roundtables and workshops with union represen
TAFEs and other education and training provid

A monthly forums with states and territories to
initiatives and perspectives from all jurisdi

A international engagement s, including with Sk

A consultations with the First Nations Clean En
Northlernitohy Central Land Council and energy
remote areas.
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THE STUDY

Future workforce esti mat es

JSA partnered with Deloitte Access Economics (DA
Australian economy out to , covering a numbe
fall short &hapel.rzEdeoedasrecieos were devel oped in c
with our Project Steering Group and other expert

JSA and DAE have laillgpalpjed 0 heed odt ftuherr ey savdomr ker s ov
period, to assess where changes to existing educ
needed and where the greatest opportunities to s
may be. Byt woa ki aggeiof different scenarios, we
we might respond This also includes the i mpacts
wor kforce needs, which wsitlilc opcoclurcyr.egardl ess of

However, no economic or workforce forecasts can

t hiyretayr period. Australiabds clean energy future w
changes in technology, consumer pr dfhercemaes oasnd

are intended t o guindaek ianngd ailnofnogrsm ddee cqgiusainotni t at i v e
anal ysi s. Bet ween now and , this type of mod

supplemented with better da&tnha cohlsedtiadmoacti vit
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THE STUDY

1B. Drivers of change

What determines our future workforce needs?

The size and composition of the clean energy wor

of i nvest ment into the generation, trans i ssi on,
The demand for energy and the development of new
I nvestment is also influenced by government pol.
commit ment s.
Each of these drivers has the potential to drast
workers we need. This can create uncertainty, w h
workforce (and education, training ardd prhiadrlaet.i on
During the course of this study, a number of new
i mpact this workforce, with more |ikely to come
Act :
fé the green hydrogen head start is a down payr
Reduction Act. As down payments go, $0 billion
a down payment, in terms of what elevdwkoneed

respond. O

iThe Hon Christopher Bowen MP, Mintster for

Figur.dnfluencers of workforce demand

International commitments

v \ 4
GO\_.fernm _ent targets, Export
h incentives and markets
restrictions
Consumer
demand and
preferences
| v
Research and Demand for energy

development
| |

Capital investment into new
energy supply, management and use
v

Engineering, procurement and
construction contracting

v
Employers
(workforce planning)

Demand for workers
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Government targets

ThAustr@ovemnment has committed to a faster, mo r
for AustTrhaleiea key targets are driving this incre:

A a nzetro emi ssionswhiachehamgheiemeldaw with
t h@l i mate Changer Acommbtments made under the

A an emissions redultyti gn wtigrhget of tar%ets in a
devel opment

A a Renewable Energy Thaogest maf |I-s casbbdeb ygaerngeer at i on
The Isacraglee targeitneasbmepyeadsine lmgmgewabl e powe
stations to generate renewabidleeeseceltemé csapypon
install atdoal ofr smawdabl es, such as rooftop so
Ssystems.

Australia is ®bhsofwocrkshgndi Nati ons, as wel | as
States, on a range of energy and climate strateg
Supply Chain DiversificatUmint €d o9tr atme a n@l| itrhaet A,us
Mi neraleaanBn€tgy Transformation compact.

To reach net zero by , Australiabds pace of ¢
doubBTkis means a much | arger pipeline of renewatl
which wil|l be significantly | arger in scale. It
electricity wil!/l need to be compl emented by ini-t
reduce emissions buomdi nass podtairngdkeustpriypel i ne of
means a | arger workforce.

Ambi ti on

Beyond targets and carbon limits, the Australian Government has committed to a bolder
ambition for our clean energy future:

AfAustralia is among the countries best posi
transformation. Our abundance of sun, wind and land means Australia can
generate large volumes of cheap electricity to power our homes and
industries, and to export. Our uniqgue endowment of critical minerals means
Australia will also play a key role in supply chains for net zero technologies like
batteries.

Australia can convert these natural advantages into broad growth
opportunities across industries to drive sustainable growth from our regions
and make Australia a renewable energy s

i Australian Federal Budget 2023-24.4
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THE STUDY

This ambition cuts across multiple government objectives:

A generating renewable energy for export markets (including hydrogen)

A improving the energy performance of homes, businesses and industry
A onshoring more processing and manufacturing, including critical minerals
A

supporting a faster transitionto EIl e cVerhii ¢ | e $orifdizidualg and

businesses.
Australia is also working with Pacific Island Na
States, on a range of energy and climate strateg
l nvest ment and incentives
The - buidmweeat edrther $ billion inenhesgplan tc
superpower, | ifting the Government 6s 1tTdteal i nves

establishment of Rewiunditgnet heChanmbowepd ggt 8m
provides $ -c g tl | fi ionaanpaitdaginosdee rannds e our el ectric
i nfrastwiucht moer,e t han $ billion being allocat ec
since Sept ebfbcer of these measures wil.l have an i
wor ker s.

Selected measures include:

A The Powering the Regions Fund supports region

existing industries, foster new clean energy
wor kforces through $ . billion in competitiyv
A Hydrogen Headstart program, providescafl e bill i
renewabl e hydrogen projects to accelerate the
industry
A National Re c o nhsatsr uacnt iaonnn oFuunncde d i nvesbt mehbo targ

of finan

ce to supporenewhadnldd el voew oepmmesnsti oonfs t e c h
A The National El ectric Vehicle Str &de gy rwislsl S
Australia, including tDhesc$ount nBiilllimidarh dBlbhehcet r$i
Driving the Nation Fund to hel pEVYcehdaurcgei ntgr ansp
u

infrastructure and hydrogen highways

A s . billionener gnhpeacfeoomance. ThiEsmeirmgel udes
Upgrades Fund, wipirhovi debd Itla otnhebeGlnegan Ener gy
Cor portaot ipoanr t ner wi th banks iamwde sfti niam ch cad s & hnoslt
energy upgrades
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THE STUDY

The clean energy transformation is a national e f
and networks operating across state and territol
predominantly the domain of state and territory

Gowernment supporting national aPrangement s, ove
Each state and territory is pursuing its own en:c¢
cater to individual strengths and priorities. F
hyderloectandciotfyf shore wind, while Western Austral
power plants and develop a new hydibdbfgenenaods st n)
energy networks, with a mix of publicN&Md pri vat
that excludes Western Australia and the Northern
The National Energy Transformation Partnership p
alignment and cooperative action to support Aust
zero. At the Pamameet smep adabknowledges the individ
circumstances of each jurisdiction:

fi [ tPartaership] recognises the importance of working together to
maintain energy security, reliability and affordability as Australian energy
markets face unprecedented change and global challenges. It also
recognises that each jurisdiction can pursue its own policies on energy
transformation according to individual needs and circumstances but will
work coll aboratively to deliver the best ol

i National Energy Transformation Partnership.®
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THE STUDY

Energy consumers

Residential, commercial, and industri ®&lneemegrgy c
use and whekéfooce needs. Decisions to reduce emi
| ower costs (through energy efficiency), and i mp
di stributed generation) wil!/l result in a higher
HousebBoldr and battery installation have been gr
foll owed by business )installations (Figure

Figure 1.4. Distributed energy in Australia, rated capacity (kVA)

100,000

120000 . . .

800,000 -
I

]
400,000 —

2014201520162017201820192020202120222023

Resi deMBiuali nes s

Source: Australian Energy Market Operator, Distributed Energy Resource Register, July 2023.

We are also seeing industry investment in clean
busi ness. For example, steel manufacturers are |
with renewable energy to produce greearsteel . Th

expl oChdpitmr
Most of Australiabds energy-i s €eSxepeo rhti,egdnrddam loy nas

bl acklcqakedt ur al gas and crude o0il. As sexport ma
the amount and type of energy Australia produces
empl oyment in traditional energy sectors and cre

hydrogen.

Australia also imports a | ot of energy, mostly r
crude oil. How these imports are produced overse
al so evolve.
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Figure 1.5. Australian energy balance

24000
2000
16000

12000

Pet aj oul es

8000
40 0 O B

0
198801 198%6 199PVP1 1996 20001 200H6 201101 201156 202D1
ConsumptEm®Met ex porPrsoducti on

Source: Department of Climate Change, Energy, the Environment and Water (DCCEEW) (2022), Australian
Energy Statistics, Tables C, J.

Technol ogy devel opment

To dat e, most emissions reductionehastgereiod t gd at
with renewable energy. This attention is starti:
emerge. The Australian Government has already c
and strategies across many emerging sectors, in«

A Transmakes up afoamtéh omeAustrali aB¥ townt gl e mi

account for . % of | Tkt neevhiNalt é onal ekl iemt ri
Strategy | ooks to EiWcar aswer trheadsu mbred t he amo
supporting charging infrastructure. Focus i s
road, rail., maeighme and air

A Energy perfwotimaheép Australia reduce its dema
decarbonise faster through electrification an
is developing a National Ener gy Pearcftoirvmatnicees S
across residential, commerci a-l abddgeduisnci ad
sever al initiatives for households and busine
perfor mance

A Hydropgeoduction, use and export are al/l being
includes opportunities to use hydrogen as an
heavy transporitnigtss weoltle natsi aslc aflor st oring enert
renewabl e sources. The Governmentés recent $
ai mshelgp odw c al produstciabe el elcaroéysers.

! Not all hydrogen is generated using renewable energy sourcesa nd o n | yor zérgaaream n 0
hydrogen will assist in the energy transition. Where this report refers to, or encourages, domestic
hydrogen production it is referring to renewable hydrogen unless otherwise stated.
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A Of fshorbaawi htte potential to meet a | arge part
with Victoria setting ambitious targets of at
and GW by This wildl involve a co

under seaandbmangtenance activities.

A Manufactremiewgabl es and | ow emapii omisafy etahhem@® | 0 ¢
Austradvieaernnnégent 6 s Nati onal Recodsveustfpynahkdn
transform AustrallitadisndlndWdiesst rda a8 mseael.l ocati o
(st eel , ahdmuma)n,i ucol ean energy component manuf :
el ectrol yser si mahdr ifcucellt usrwa tncent hane reducti on

A Battery witlolralpee a critical feature of Austral
grsdale to support transmission but also in h
smaddale solar. The government is delivering

invest messt ther battery value chain.

A Critical amesseainpdilbasvi deange cl ean energy tech
The Critical Mi neral swstldasegypyort Australia t
potential sappai maj of the veéetdéedat omdeeamboni s
economy.

New technol ogy has the potential to radically ct
in Australia, which wild/l ulti mately |Impact the
technol ogies and their poChapit.aelk | mpacts are ex|
l nternational competition and commit me
More than countries have committed to achiev
mil estone repre%eftighgbat oigheg elnetriggntransition \
coordinated effort from all regions and nations,
|l argely be driven by the major energy powers: Ch
Union. Coll ecti vedountt hfesre trlkeggimanjsorai ty of gl oba
demand and are the three highest carbon emitters
The policy settings and fiscal incentives of the
India) will heavily influence the flow of capita
i mportant to note that regardlessesnefgpfpuwdbr Bfbabe
needs will radically change.

With many nations |l ooking to transition their ec¢
devel op new industries, the competition for worl
l i kely find it harder to attract skilled migrant

i A c-teeéhaace is in full swing. The largest economies in the world 1
from the United States to India, from China to Japan i have all started to
invest massively in green innovation. While this can only be good news for
our planet, it is of course a |l ot of press
transition. o

i The European Commission.®
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Understanding the clean energy policy settings a
powers will be critical to ensuring Australia is
shifting |l andscape of the international energy n
A China has ratified the Pari s Agreement , whi ch
emi ssions, | imit global temperature increases
change China is considered a developing count
accor di ntgol ymohreel d eni ent ratification requireme:]
countries. I n , China committed to achievi
A The U.S. is a partyandpaorhjenémirng tAlye eRaneing Agr
, the US set an emissi%mnosn r eductlieovne Itsa rbgye t
has committed to achievi.ng carbon neutrality b
A The Inflation Reduction Act ( ) was designe
remains a gl obal |l eader in clean energy techno
| RA earmar ks AUS$ billion for clean energy i
wiahview to strengthen the U.S. economy, job n
conserve and restore Thies ntat aimafl oremati ir @mmanle nit nv
expected to create. around million jobs
A The EU is a party to the Paris Agreement and h
neutrality by . Each of the EUOGS Me mber
own national strategies in support of these sh
The nationally determined nature of a countryods
starting positions of each country and their cafy
climate change objectives.
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1C. How do we currently use energy?

Energy is more than just electricity. 1t include
vehicles and power our industries. Most of Austr
fudladbouwin - (Figu)eOil is the |l argest fuel sour
foll owed by coal and gas usheeda vtyo ignednuesrtartye. eTl heec trr

share has grown froem atrooun Ch¥apitnexpl oasour
wor kf orce needs may need etroe ncth asncgeen adi @ nwssiedbearsiendg od
ener gynamihx@anogveer t i me .

Figure 1.6. Australian energy consumption, by fuel type
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Source: DCCEEW (2022), Australian Energy Statistics, Table C.

Energy consumption variesesubsoayntialiyobghsoitl e

consi(@kFieqquuy)eTasmania has the | argest share of re
from dlyaelctor iSoutyw Australia uses renewables for e
gas and coal are still commonly wused in industry

Figure 1.7. Australian energy mix, by state and territory, 2020-21
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Source: DCCEEW (2022), Australian Energy Statlstlcs, Table C. Note, this is total energy use, and includes
energy used directly by industry (like coal and gas in manufacturing) and for heating. ACT is included in NSW.
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The main uses of energy in Australia are electricity supply (25%), transport (25%) and
manufacturing (18%) (Figure 1.8). In 2021:

A just over half of all electricity was generated using coal (mostly black coal), followed
by renewables (29%) and natural gas (18%)

A around 80% of transport energy use was for road transport, followed by air (9%) and
rail (5%). Diesel was the most common fuel used, followed by petrol and aviation fuel

A in manufacturing, the largest energy consumption was for non-ferrous metals (like
aluminium and copper), followed by chemicals, food, beverages and tobacco.

Figure 1.8. Australian energy consumption, by sector 2020-21

Manuf act

Residential

El ectricit

pply

Source: DCCEEW (2022), Australian Energy Statistics, Table E. Electricity supply includes renewable and non-
renewable electricity generation.

Australiabdés renewable energy mainly comes from s
(Figure 1.9), which have grown rapidly over the past decade. While hydroelectricity makes a
sizeable contribution (predominantly from Tasmaniaand NSW), it s been at rough

same levels for several decades.

Figure 1.9. Australian renewable energy consumption, by fuel type, 2020-21

Sol ar hot water Bi of uel

Sol ar PV Wi nd Hydr o

Bi oga

0% 1% 2 %% 3 % 4 % 5 0 6 0o 7 %% 8 %o 9 % 10%
DCCEEW (2022), Australian Energy Update. Excludes biomass (wood, waste, charcoal, etc.).
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Winding down fossil fuel generation

The future of Australiabs energy workforce wild.|l
fuels. While this will impact many industries, |
i mmedi ate i mpddtr ewdi Iplowea oealer atoinen. | $&kme Haawd w
and Liiddel | anrdespec,titveeMey)al ready ceased operati
wor kf orces..s hoiwmgsurtene expected closure timeline f

fired plants, with siXxhappedt ethi sorelposeé kByxpl or e
transition options for worker LChiapttekpdeoriesdu hter i
barriers and enablers for a successful transitio

Figure 1.10. Timeline of expected coal-fired power plant closures

ow e

2025  Eraring (2,880 MW)

2026

Collie (340 MW)
Callide B (700 MW) Yallourn (1,480 MW)
2029  Vales Point B (1,320 MW) Muja (854 MW)
2030
2031
2032
2033  Bayswater (2,640 MW)
2034
2036
PAcrall Tarong (1,400 MW) B rarong North (443 Mw)
2038
2039
2040  Mount Piper (1,400 MW)
2041
2043
2044
2045

p(eZIcHe Stanwell (1,445 MW)

2047 Loy Yang B (1,050 MW)

2048

2049

2050

POSYE Millmerran (852 MW)

LI=7.W Callide C (810 MW) Bluewaters (416 MW)

Source: AEMO, Generating united expected closure year, July 2023.
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1D. Roles and responsibllities

Clear and coordinated action by government

The clean energy workforce challenge candét be so
one initiative or program. The implications of this study will require action across a range of

portfolios, including energy, employment, education, skills and training and migration. There

are already major reforms underway across each of the workforce pipelines, which will

greatly impact this sector (Figure 1.11). The Australian Government has also announced

several initiatives to support the clean energy transition, like the New Energy

Apprenticeships Program, that seek to boost the supply of workers.

Figurell11. The Australian Governmentds key energy v
Central initiatives Major reforms
Australian Energy Employment Report Migration Strategy
Clean Energy Capacity Study Universities Accord
Mational Energy Workforce Strategy Mational Skills Agreement
Mew Energy Apprenticeships Employment White Faper
Equal by 30 commitments Employment Services Reform

Sectoral Decarbonisation Plans

Mational Energy Transformation
Fartnership

First Mations Clean Energy Strateqgy

An effective whole-of-government approach will be critical to ensure initiatives are designed
and delivered in collaboration. There are at least six government strategies for energy
sectors, all impacting the workforce. These will soon be joined by a National Energy
Workforce Strategy and six net zero sectoral plans individually led by each responsible
portfolio minister. The strategy will provide a national framework for this workforce, while the
sectoral plans will guide the decarbonisation of key sectors like energy, agriculture and
transport in support of the 2050 Net Zero Plan.

A new Net Zero Authority (NZA) within the Department of Prime Minister and Cabinet will
also be legislated to:

.Suppwortkéemns emi-ssti emsi ve sectors to access new
support as the net zero transformation contin

.Coordinate programs and policriegi amgd@ o0ss gover
communittoi east t ract and take advantage of new cl
those industries up for success.

3. Helimvesdmdempantioesengage with net zero transfo
opportt®nities.
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Jobs and Skills Councils (JSC), led from the Department of Employment and Workplace
Relations (DEWR), have also been tasked with developing workforce plans for their sectors,
which include energy, transport and other relevant areas. This department also delivers
employment services and retrenchment supports for workers impacted by structural
adjustments, including coal-fired power station closures.

Governments also have an important role in shaping markets through public investment. For

example, the $15 billion National Reconstruction Fund will provide loans, guarantees and

equity to support projects that create secure,well-pai d j obs and diversify Au
economy. Likewise, the Clean Energy Finance Corporation (CEFC) acts as a specialist

investor to spur substantial investment where it will have the greatest impact. Chapters 7

and 8 explore how government procurement can and does influence the development of our

workforces.

Unclear and overlapping responsibilities make it hard for government entities to align their
activities and combine efforts, while also being difficult for stakeholders and communities to
navigate. Each of these initiatives and roles are promising, but need to be carefully managed
to avoid overcrowding and duplication.

A national effort

The transition to net zero is a shared responsib
and communities. Australiads state and territory
strategies and plans to grow t hceoinrs ivedreknfcoyr coers ; h

coll aboration. A complete mappiAnd acth mStatess A i ni t i
and territories also have different registration requirements that can lead to differences in
training and limit mobility opportunities for workers.!

There is an appetite for the Australian Gover nm
stewardship for the TheaMNMatinemagly Boekdywyr Treansf or
Par t neorfsfleirgsr amewor k for nati onal alignment and
governments to supportAsesnwogkfbraesfer maei oh. t he
for this partnership, the Australian Government
i ni ticaul desonndéebatrbkemePrsdmpwoGrkeat er col |l aborati
bet ween the Australian Government and states an:t

through the National Energy Wor kfJ8€sce Strategy,

iState governments should coordinate their
information and harmonising their requirements for local employment,
apprentices and local supply chain through the REZs [renewable energy
zones], rather than competing. The Federal Government could play a role
in brokering such an arrangement 0.

i Clean Energy Council.*?
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Recommendati on

The upcoming National Energy Workforce Strategy should be empowered to provide a
coordinated, whole-of-government and whole-of-sector approach for this workforce,

serving as a singular, coherent voice.

Recommenda.ti on

Recommendati on

Clearly identify, differentiate and communicate the roles of the Net Zero Authority and
existing government agencies to avoid confusion and duplication of effort.
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Chapter 2:
Defining
0cl ean ener

Defines the clean energy workforce using industries,
occupations and skills. Includes background information
and data limitations.



DEFINING CLEAN ENERGY

2A. Our definition

The approach

I n this chapter, we define the clean energy work
Standar d &llndausitfri cati on (ANZSI C). This is an exh
clean energy workforce fits within the whole Aus

This repoestipematihkew | arge the clean energy work

some sectors the number of workers directly invo
not easily measured), but which we know will gro
by
We then identify the criticabk obeaspAeNiZiSesdds f or cl
occupation is considered to be critical to the i
it is commonly occurgeqmernanda/ ocrl ean ener gy
b. arel atively | arge proportion of workers in
energy segments rather than in other segmen
the case
C. it takes a |l ong time to train this occupatio
VET or on the job), and
d. to be able to work in clean energxpearetqgiud eg.es

Activities covered

JSA research and consultation within government

base and wuniversal definition of the clean energ
Firstly, there are contested views on what shoul
ener gy i mpactieadn dw osrekcfoonrdcleyoely ¢y c avog &k er wi | | be i mp
decarboni sati onl nt oprsaocntei ceex ttehnits. means gover nment
achieve definitions that combined two | ines of a
Various government agencies (and the many indust
to have done similar work) have used a wide rang
National SkilNSQECr@oesmnmirscshi camd( a new Australian Enc¢
Report or AEER) to infer a contested concept or
Afinew energyo), at the same time as being asked t
Ainew energy approenttihee dAikeinper gy perfor mamce wor kf c
mul tiple, overl apping definitions.
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The definition

The following definition has been refined based on extensive feedback and collaboration
across government and industry, and is the definition adopted for the study. Within this
definition there are 7 industry segments which are divided into 16 sub-segments:

The clean energy workforce includes the workers involved in:

A designing, developing, constructing and operating the infrastructure for
generating, storing, transmitting and distributing energy from renewable, zero
or low emissions energy sources*( 6 cl ean ener gy suppl yd)

A reducing or managing the energy required to deliver energy services (energy
efficiency, energy management, and demand management), and

A installing and maintaining the technology that uses clean energy rather than
fossil fuels (6clean energy).

This spans energy needed to be consumed by businesses and housing, transport
and industrial processes. When considering the clean energy workforce, all workers
contributing to that activity will be in scope. For some components of the study (e.g.
examining the barriers and enablers of the education and training pipeline), the scope
will be restricted to those workers who require skills specific to adopting, developing,
distributing and supplying energy generated from renewable sources. For example,
this would mean considering the skills required by wind turbine technicians, but not
the accountant who works for a renewable energy business.

*In addition to renewable electricity, zero and low-emission alternatives include low carbon liquid fuels (e.g.
hydrogen and biomethane) which will be important to transition hard to-switch sectors. Some low carbon liquid
fuels and renewable gasses also offer an opportunity to help transition these industries without requiring
significant infrastructure upgrades. Our definition includes workers involved in these types of activities.
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B. Industries

Based on f eedbswekonPapeaand engagement with the Pro

Group, the current JSA mapping of workforce agai
segment ssameagmentdescri be what constitutes the ¢
relatedTéectiodsstry categories span energy suppl
energy workforce, the workforce associated with
transitioning sectors.

Adopting this approach, approxi mately % of the
direct exposure to the transition to clean energ
have estimated the current proporeamnemertgwnl ly i
wor kforce would |Iikely be | ess than % at presen
This |l eaves &r odndhe Australian workforce witholt
connection t oAsclae apnr eednoemignyant |y service based ec
surprisinge doweavet mdg en dtuheasir| | haventsioimeuti on.
Further, there wil.l be many industry groups that
various skil/l i mpacts because of decarbonisation
Figurprovides an overview of our induWe rlyavxetego
publ i sheAINaASmapgdi ntghede segments, including empl c
on our webbsisemapping wastpmpreodowonsdrwi nhs of ANZS
significant data and infor mat.i owi tgha pnse w hdaatt ae xcioslt|
activitilesElRe kheopehet hat this kind of iancttihwei ty co
future.

Overview of the segments
We have i ddretainf ieenderaygr supptg. These areatbe busi

essential to clean energy generation, transmissi
supporting infrastpplcyuaedfadoirsemiebgtyi on (focused
sustainable fuels are at a much earlier stage of
to renewabl e sources, these components wil|l beco
the tranhsirtiganrwi i nvest ment in theBRi Somploagmrn s
smal | in terms of the total Awpstbalt i anh wiorkfoeede
substantially and transfor m.

We have proposed a separ adleeare gaenreat gweéddamared cal |l
category captures the activities that directly r
with energy for traatsepaorny.asAn tismpomt asamutb di ffere
categoryclaman tdreerc@gy egwp pcllyeian temeetr ggt demainds e x i
within established ANZSI C groups where energy de
activity but are nonetheless centormds ttoo tdareoumdn
one in Austral Wa,n wotr kwee shaweradtli hat ed t hat

clean energy activities o®doyf ceurrprl eornytmeynta dcono urhte fi
ANZSI C groups.
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DEFINING CLEAN ENERGY

The third categaerdy awme emaev @.yckErindamldeerrss do not dire
the transition to clean energy, but they are non
supply and shifting to clean energy consuming pr
services and enabl i ng vgaoeds .s ulchhe aesn aald leiamg esneer gy
and regulation are only a small portion of the h
%at most for each of these i nidruesdrmrriireg, .prTdecuImpe m
and construction workforce that is working on cl
present, but Iikely to grow substantially.

The supply chain enabling activities include ste
as well as critical mi ner al mi ning and processin
proportion ofwitthhes dewer segsnents in clean energy
only Il imited onshore manufacturing for clean ene
grow over the period to , especially i f ambi
value cheaeinhiaed.

A furthesubeaglnieiampng ures the production of, and tr
equi pment such as agricultural and industrial ma

Thearbon lécadttegal ¢ nidusltudes iwhi ch wi | | have a su
to managing the carbon |ifecycle, such as throug
(which includes the reuse and reg®eévatesehi mat md
adds . % of the Australian workforce.

Based on the .%Céndudwopakodbiaenmdreansi ti oning sec
Tcoal fired power, coal mi ni ng, oi | and gas expl
activities linked to fossil fuels, such as fuel
is much higher in some ar eas abnsd tthhreo utgrha nssu ptpiloyn
and | ocal communi ties.

d

Aroun % of AustsemnadsowsrkhbpebessyetBbBaosotarguar
of this 1 s | ni ndtiernescitv ee nsiescstioornssa N d kceh emeit cad |ss, ceme
manufact Arimmugc h | argern nprapmomrteiddmt eemostsiloviet st cd roag s
high energy wsdar papreléatoadi ng
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Figure 2.1. Estimated proportion of the workforce by clean energy segment

— ?21J3X -2Z Estimated proportion
Segment’ Descrlptlon & Subsegment total workforce working in clean energy
Clean energy supply 0.4%

Industry groups that are essential to clean energy generation and supply. Currently, distribution and supply
supports both renewable and fossitfuel-reliant energy sources. As we transition, these will predominantly
support renewable energy.

Supply B generation 0.03% 100%
Supply B distribution 0.3% 35%
Clean energy demand 8.0%

Industry groups that relate to energy demand, noting that most industry groups are about more than energy.
Industry groups in the clean energy demand segment will have skill and job role implications. Clean energy is
already a significant (albeit minority) proportion of activity and lik ely to grow.

Demand D energy usage 1.1% 20%

Demand D energy performance 3.7% 15%- 20%

Demand b transport 3.2% < 5%- 8%
Clean energy enabling 17.1%

Industry groups which enable clean energy production, supply and usage but where theclean energy
component is small. Generally, clean energy workers in these sectors are distinguished by subject matter
expertise rather than distinct job roles or skills.

Enabling ® education, training, research & technology 2.2% 4%- 5%

EnablingBfinance, legal, business 4.4% <1%

Enabling® engineering, procurement & construction 2.1% 10%

Enabling D regulatory 3.9% 4%

Enabling® supply chain 1.7% <1%

Enabling D vehicle & equipment production, trade & maintenance 2.7% Up to 8%
Carbon lifecycle 0.5%

Industry groups which will have a substantial contribution to managing the carbon lifecycle, through carbon
capture or the circular economy.

Transitioning 1.1%

Fossilfuel related groups which will decline and transform substantially as a result of decarbonisation.

Emissions-intensive sectors 4.0%

ANZSIC groups such as cement production and other industrial processes that are emissions intensive.

Direct emissionsintensive sectors 0.6%
Indirect emissions-intensive sectors (high energy users) 3.4%
All other industry groups 61.6%

All other ANZSIC groups. No substantial contribution to clean energy generation or energy performance or
direct contribution to decarbonisation, though there may be some specialised contributions and/or more
general job demand and skill impacts because of decarbonisation and climate change.

Unallocated 7.6%

Due to use of census data, there isan unallocated category where responses had missing information or
insufficient detail.

Source: JSA ANZSIC mapping, 2021 ABS Census of Population and Housing.
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Clean energy supply

Estimate of approximately 17,700 workers in clean energy

Industry groups that are essential to clean energy generation, supply or distribution.
The core generation and distribution is supporting infrastructure currently split between
distributing and supplying renewable and fossil-fuel-reliant energy sources. As we
transition, these will predominantly support renewable energy.

Industries in the Clean Energy Supply

The major industepelgpbupg in the clean energy co
hydroelectricity generation and, other electrici
Electricity transmissisehnlamdg il etctirbetitgn,ananel @
operation are also integral parts of the supply

approxinaafel gl ectricity generated in Yustralia i

Existing estimates and research

While clean energy generation (the-ciunrdruesnttr)i eiss caa
relatively small workforce, ubérmbtsaanr 8ceettuesfi
(BS®put renewabl e generation employment at :
empl oymentopnsoloaf :

.Roefop solar PV (incl uldydargodlo&ctricity

watéer), .Bi omass

.Solar PV ,large .Go WtoAPr olfristt iit uti on

- Wi nid .Geot her mal
This is a much | arger number than our estimate f
our Vview to treat our analysis as indicative onl
would be captured in other industsyetetctégociés i

services (di slctusaslesdo bienicolw)des construction and i
our other Adeg me bteasebxlipye,r ithBBtigglur es udmagn al so
empl oyment fawhobchapplpaphoevsitdentatiensdi cati ve

The Institute of Sustainable Futures (I SF) was ¢
projecttihdeustfrad i an Energy Mar ket Operatords (AEN
Pl an, whichEMONVEF susdad &N empl oy menuti vfad cetnar j (ofbu ly

per megawatt of installed capacity) based on cur
forward for each scenari o. Due to information co
energyneyfidesamderdenergy managememrenhewbbpbdevogihi cat
production and is also |imited by the |likelihood
wi || change over ti me.
Under AEMOG6s step change scenari o, | SF projects
to a peak of , i n . Around % of
generation, % for rooftop solar and asef or ba
of employment, followed by Queensl and, Victoria,
and technicians are by far the | argest occupatio
trades and technicians in particularly high dema
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Clean energy demand
Estimate of up to 146,000 workers within clean energy

Industry groups that are essential to creating or moderating the demand for clean energy.
This covers the activities that will electrify energy demand in homes, the commercial
sector and the industrial sector (energy usage), activities that will improve energy
efficiency to moderate overall demand (energy performance) and activities that will
create demand for clean energy in transport (transport).

Industries in Clean Energy Demand

ENERGY USAGE:

A Energy usagthe eil mg tesmdtlalt i dsmalod (residential) so
generation and the role of electrification in
and air conditioni nwhiamhi nshreehtei C@ nseérwiceeon( i nd
This group will be central to electrification,
installati on.

A Estimating the current proportion of these indil
di fficul EmpTdaemdA&dBS in Renewable Esé¢ingnpatARdt it hiatt i
financi al y,eatrhere were -top sol ambBVisiystoerms an
growth had been %ap pyrecaxri nsaitriéDey t hat basi s, it is
account for aPppfokheatet gl electrical services

, based on the Census.

A This industry group wil!l be the one that will I
electrification (alongside plumbing). It 1 s al ¢
el ectricians areéesempicopédtoaconsoder in terms
| abour for the clean energy core workforce.

ENERGY PERFORMANCE:

A Energy performance relates to reducing energy
energy management and desnatmag mam@algednesntt hdhii sdu
groups that directly contribute to improving et
buildings (e.g. house construction, carpentry ¢
services), supporting indusdglrygsgramgsgli ass hpr od
manufacturing) and the various road, rail, avi e

have estimated that the clean en¥irgycacmosnpromenit c
(based on the distribationsodAndpeddi ngofhertal &:x
buil dings), -a%d bhetawmesermort (based on the occupa
that would be most i mpacted by donversion from
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TRANSPORT:

AWe have creatsedbagmé&piarttansport, given its cr
reaching net zero but at the same time recogni
the transition to clean energy sources.

AThiss-sbegméentc|l udes al l modes of transport from t
industry division, as well as automotive repai

AWe have focused ofmh the woolpotéient hat wi |l be
in engine technology in terms of skwkbsethey w
i nclmdedr mechanics rather than drivers or sup
proportion%fodr artrloaushe i ndustry groups.

AFor automotive repair, we have considered the
electric or hybrid. We have %®wWhéseewanehppée sa
June wer eh Wirkied proportion of all operatio
obviously | ower but increasing rapidly.
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Clean energy enabling segments
Estimate of up to 90,500 workers within clean energy

Industry groups which enable clean energy production, supply and usage but where the
clean energy component is small. It is further divided into six sub-segments.

- Enabling 7 education, training, research & technology. Provides the skills and the
technology needed to produce the clean energy sector and workforce.

- Enabling i finance, legal, business. Develops the specialist financial products and
expertise and legal instruments to support investment in clean energy.

- Enabling i engineering, procurement and construction. Responsible for the
commissioning and construction of large-scale new renewable electricity generation
sites.

- Enabling 7 regulatory. Provides the legislative basis for the growth of the clean
energy sector and rules of operation.

- Enabling 7 supply chain. These are the industry groups that provide the inputs to
the technologies that are transitioning to clean energy (as distinct from the technology
that produces clean energy).

- Enabling i vehicle and equipment production, trade and maintenance. This
captures manufacturing of vehicles and industrial machinery and equipment that is
either currently electric-powered or will likely transition at some point from fossil-fuel
based to electricity or sustainable fuels.

Education, training, research and technology:

|l ndustriseushb eigmetnicilsude hi gher eduVETt isocn;enttecfhinci ¢ al

research servicesscioe mmidf pecheas ciadnasler vi ces. I n
comprises approximately a quarter of a million w
i ndustry groups connected WwWapmreXxiemat¥®her gy i s (¢
A ARENA r e&ponmtdex@ewngournal articles attribu
Australi anwarmeM ert seidt iteos rweintenwatbhlee st ot a l number i n
since??JSAnalysis shows thatVEBRr®&% oh &e&nmohmegtpro
mapped Rowdrhieng Skills Organisation (Jobs and Ski

Finance, legal and business:

Il ndustriseushb eigmatmnhei sf i nanci al angd nidn & threa food | soeari wigc ¢
professional scientific and technical services:

management advice and related consulting service
technol ogy, the overalproeoxizmat sl yulh alef sa gmii fli icam
proportion of workers in these industry groups ¢
The I nternation(@ll EefS)td rmpayt eSsgeopnmnoyf essi onal services
accounting, engineering design, and othé&rs) at a
This aligns with the | SF analysis, which has fin
occupations at 2. % for Australia
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Engineering, procurement and construction:

Thissi-begmeoiht ains a combination of professional ¢
consul ting, architectur al services, scientific t
heavy and civil engineering construction that <co
BasedRaceODowor kf orce model ling, which provided s

and forecasts for the construction phase of rene
that renewable energy currendfy empgloauynmen tf oirn atplp
segment .

One additional area of activity for the engineer
is in decommi ssioning depleted oil and gas reser
stations.

Regulatory:

|l ndustr iseusb eigmmatmhei scent ral government administrat:i
admini strati on, | ocal gover nme nd u-taedgmeannts heati on.
proportion of workers in these industry groups ¢

EnerAgg esisom exampl e of a rrod@ulcd teminy @&ssahagble d
gener atiospeafipoisnt ed by the Clean Energy Regul a

Data from the Australian Public Service C@Whmmi ssi
of Australian Public Service employees were work
Energy, the Environment and Water portfolio (inc

Energy Regul ator, the Climate Chaargiend uRdarmokity,
Aut hori ty, Darhlei MurBaasyi n Aut hority and the North (
Aut hotity).

Supply chain:

Thiss-begméemcl udes critical mi ner al mi ning and pro
sectors such as mineral exploration and mining s
construction activities that support renewabl e e
andgire manufacturing and heavy and c$ ubl enginee

segmante:
A iron ore-l ®md nsci loreer mi ni ng
A iron and steel maaarrud afcd urrii magt, i dror gi ng,
A product man ufpaaccheuartiiamgyl,li inlkeenasi dequ i @me nt

As a share of the total $s$uwdegmewyt hga oprpsp drntcil aurd eat
with some direct connection to clean energy or i

Empl oymendgubtengméhdtsdomi nated by iron ore and gol d
whereas the proportion conne%otfed hwisteh [lairtgheiru n nndit
groups. Likewise, there is some manufacturing of
current employment | evels are maandhagad nisn tthe hu
approxi mately , workers employed in various
Australia.
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Vehicle and equipment production, trade and maintenance:

Thiss-begmémic|l udes

equi pme
power o
vehicle
equi pme

We
of

i ncl
i ts

manuf actur.i

nt that is |ikely to t
sust aisruablelgenafhuseol si.n cThuidses whol esal e

r
S

as wel | as

ma cC

nt not captured

u
S

ded automotive

ignificance

and

hi nery
el sewh

ng vehicles as

ransition from

and equi pment,
er e.

we l |
usi
and
an

repar an wsspusshet gbnineen bieEcraeursgey

mor e

direct connect.
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DEFINING CLEAN ENERGY

Carbon lifecycle
Estimate of approximately 55,000

Industry groups which will have a substantial contribution to managing the carbon
lifecycle, such as through carbon capture or the circular economy.

m From Agricultur e, Forestry and Fi shi ngl: For es
Services

m From Electricity, Gas, Wat er and Wastel Servioc
Services; and Waste Remediation and Malteri al s

m From Arts and Recreation Services: Natlur e Res

Operati on

The carbon | ifecycle segment has two distinct pa

(updatée@d oivmdes n@ational direction to reduce
generated in Australia, increase the recovery ra
increase the use of recycled content. The mappin
Wast e nlernetatand Di sposal Services and Waste Remed,:
Services. While other industries make an i mport a
initiatives, such as the cl ot h¥wmeg hhmeawnma faacnt wean tnrga
on those parts where waste management is the pri

The second part focuses on the contribution that
toward net zero through sequestering carByon i n s
a,t ureesed sequestrathiagmotdeclewo Il Aguisebs al i an
Carbon CrediithedUnCiStIsRO nghat mahere i s the potential
: megatoimar lper ®§emnoss permanent plantings, plan
and soi PFoarbbans part, we have allocated the ind
Forestry Support Services and Nature Reserves an
Arguably Agriculture could also be included here
managemeadst dc k, and | and clearing make a subst a
emi ssions. However, we have |l eft them out of the

O6primary activityd test.
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Transitioning segments
Estimate of approximately 129,000

Foss
deca

il-fuel related groups which will decline or transform substantially as a result of
rbonisation. None are expected to completely disappear by 2050 based on

existing policy targets and settings but there will be substantial change:

Coal mining to service domestic electricity generation will substantially reduce,
while the current policy settings have less of an impact on coal mining for
industrial purposes (metallurgical coal) and for export.

Oil and gas extraction and petroleum exploration is in a similar situation.

Gas supply and pipeline transport (predominantly involving gas transport at
present) will likely see change, though the extent of change will depend on
whether hydrogen becomes a viable replacement for the current industrial,
domestic and transport applications of natural gas.

There will likely be continued if reduced demand for petroleum refining, petroleum
fuel manufacturing (and manufacturing of other petroleum and coal products),
petroleum product wholesaling and fuel retailing. These sectors will increasingly
be directed toward producing and distributing sustainable fuels.

Most of Australiads coal powered el ec
2050 but it is expected there will be an ongoing role for gas-fired electricity
generation as part of load management.

tiri ci ty

The major transitioning industry groups ar e:

A Mining: Coal mi ni ng, oi |l and gas extraction,

A Manufacturing: Petroleum Refining and Petrole
Petrol eumPawmduC€CodaManufacturing

A Electricity, Gas, Water and Waste Services: F
Supply

A Whol esale and Retail Trade: Petroleum Product

Coal

misnhiengl ar gest iimdtubsitsr, yswggtndeun@ ppr oxi matel vy
(about one thitdamdivdhreknfi rgc,e) , whil e fuel retai
with approxi mately ,
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Emissions intensive segments
Estimate of approximately 477,000

The emissions-intensive segment comprises industry groups that have high atmospheric
emissions. This segment is further segmented into:

- Direct emissions-intensive sectors, which involve the release of emissions as a
result of their industrial processes

- Indirect emissions-intensive sectors, which are high users of energy (electricity
or other fuels).

Direct emissions-intensive sub-sector

The following industry groups have been ident.i

ANZSI C subdivision, released®Syptehe EGmeasibEmesr gy

emi ssions that a codmpamyexmakelse di b ercnilAysg tfhuiesl s

data is only available by subdivision, al | i ndus
all ocated to t hientde rmrseicvte esme cstsaro.n s

Any industry group that had already been all ocat
energy core, clean energy contributing, <cl ean
transitioning) has been Il eft in theimoumd tiimlt lse
| argest emitting industry subdivisions (Electric
el sewher e

A From Primary Metal and Met:alBaPsriBed uNcobnu Ma ke f alk t

Manufacturing, Alumina Production, Al uminium
Zinc Smelting and Reffiemirmg,s Oehad Blaxniud aMdmr i
A From B@tsémi cal and Chemical P.r oBdauscitc Mbarnguafnai cct ur
Chemical Manufacturing, Basic I norganic Chemi
and Synthetic Rubber Manufacturing, Other Bas
Manufacturing, Pesticide Manufacturing, Hu man
Prdouct Manufacturing, Veterinary Pharmaceut.i
Manufacturing, Cleaning Compound Manufactur.i
Manufacturing, Photographic Chlemsicaé Product
Manufacturing, Other Basic Chemical Product
A From -NMenhallic Miner al Pr:odQlcay Mamiud lka cMaim u fnagc t
Ot her Ceramic Product Manufacturing, Cement
Product Manuf aMitxed nGon&®eadg Manufacturing,

Manufacturing.
This captures all i ndustry s%Wdfdi Au stiroalsi a@C otuatt a

emi ssions.
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|l ndirect emitesnsowmectsaurb (hi gh energy users)

Il ndiegmicsts-i onsnsiseetouls were identified in a simi
subsector. The dat aofs obnmfecrecgoyuand , T Alulsd r, a.lwiha ¢ h

records electriciiy soage clapeisndwntiyy data at t he
availabl e, whil e for some industries it i's provi
subdivisions. Electricity consumption as a propo
each i ndusrttriyoenso &l osea e@VAand, as a secondary mea
empl oyment. As for direct emissions, industry <ca
were not moved (this included electricity supply
and gas extractiniomi ngho otho pfet otoherum and chemical
manufacturing, iron and -fseareredusnamealtf aalcs uma myf antdu
On this basis, the following indust Fiyntgernosuipvse wer
subector:

A Food, beverages, textiles manufacturing

A Wood and paper product manufacturing and prin

A Gravel and sand mining from Other mining (all
el sewher e)

A Polymer Product and Rubber Product Manufactur
prodwuct s

The proportion of electriGVAyprcohsempfuobhhwasi s

di visions: Accommodation and Food Services, Reta
Estate Services. For Rent al | Hiring and Real Est
usage was &Vidand alrartrger than employment GVA % el e
V'S . % employment). JSA has included -property o
residential) withi-nntbhesindi segmeg ttihaeh i dbtahseerx c |l ud
categories within this industry division.

However the decision was made not to include Ret
Services as while their share of electricity usa
GVA . % vs . % for Retail trade, . % vs . %
the ratio between electricity usage and empl oy me
for Retail trade, . % vs . % for Accommodati on
that there wild.l be roles within betchrimduytries ¢
consumption, which we will come back to in the o
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2C. Critical occupations

Thireport also identifilwsttmwdlilcaneédatl oodewupladp o
support the transition. Il dentifying critical occ
study becausee rianigmersanmiindd ©

A understanding the extent to whichdpsbpye can t
categories is a critical objective of the stu

A the retraining or reskilling need is different
within the same occupatococnu pcaotmpoanr eads twe Iclh aansg ii

A understanding more the barriers that prevent t

inform the analysis in the study.

JSA identified critical occupations through an i

of Census data, and feedback from stakehol der s.

those occupations that occurred cosnmmotnHeg wi trha st

common occupations in each segment) and then con

A arelatively large proportion of workers in the
segments rather théahutntbtbhemagegmenhecessar.i

Ait takes a long time to train this occupation
on the job), and

A to be able to work bapetiefainceacddigyi oealuislil | s
example, a university lecturer requires speci
education and training, but this is not true
solicitor).

I n todrailbccalpati ons have been identified (profil

Figur®hows how these occupattihdnsst r(aglrioaurnp eadn cb aNseewd
Zeal and Standar dOcCluapsasANZoonGs®) i oncaf across segmen
be expeélcd etdr,a rclHl eercs Enigdanleer s recur across multipl e

engineering trades such as Met al Fitters and Mac
I ndustrial, Mechanical and Production Engineers,
Production Managersnagdr €on®OuruanhabmpsMa of skill
supply will focus on.these critical occupations

The dutclpatindmst oyi segment mappoi ndgo wmsin oadvilae | JadhA e
website.

Theirel aowi de range of | abourer occupations that
wor kf oheeenclQoaastr ucli ombliamg urGoms,r edrethsul ati on

anHoméempr ov elmaebrotu rVéhrisl.e t hese roles dondt meet our
doesndt undéerepomatyi npuueady contri buti on to the cl ean

construction, energy performance, Mmamiufiecy uri ng,
operators and driparstsi apkaoglegxd scitihtatcalegudirwi Il ar
engineering activity, such as hydroelectricity.
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Figure 2.2. Critical occupations by segments

DEFINING CLEAN ENERGY

Occupation

Generation

Distribution & supply

Energy usage

Energy performance

Transport

Education, training, res & tech

Regulatory
Supply chain

Vehicle and equip. prod. & trade
Transitioning

Finance, legal and business
Engineering and procurement
D - Carbon lifecycle

Direct emissions

Indirect emissions

Number of segments

Technicians and Trades Workers

Architectural, Building & Surveying Tech.

Civil Engineering Draftspersons & Tech.

Electrical Engineering Draftspersons & Tech.

Other Building and Engineering Tech.

Automotive Electricians

Motor Mechanics

Aircraft Maintenance Engineers

Metal Fitters and Machinists

Structural Steel and Welding Trades Workers

< < <|I<K<|<

<
<
<
<

Plumbers

<

<

<

<
NI RN EE

Electricians

<

<K<

<
<
==
o

Airconditioning and Refrigeration Mechanics

Electrical Distribution Trades Workers

Electronics Trades Workers

Telecommunications Trades Workers

< <K<K |<K<[<

Chemical, Gas, Petroleum and Power Generation Plant
Operators

A IRPIRP[INIDN

Labourers

Structural Steel Construction Workers

Professionals

Marine Transport Professionals

Architects and Landscape Architects

<

Urban and Regional Planners

<

Chemical and Materials Engineers

Civil Engineering Professionals

Electrical Engineers

Industrial, Mech. & Production Engineers

Mining Engineers

Other Engineering Professionals

I <|I<|1<|<
< <|I<|<
<
<
<

Agricultural and Forestry Scientists

RlRPr|lw o|lo|w|[lkr|kr|k|R
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S ERERERERREEBEEERAE
=18 g clale|e|g S8 8 E| elels
S 5a| 8 oS |S|EIB|G|E5|0c|a|lale
0|02 E|IS(V|D|Q2 5| |x|2|=|2|2]5
5|9 3155 82(3|85<|<|2|5|5|8
O|5(g|s| |==|e|x|3(8|8(s|2( 2=
=Sl a o % o h|alelF|9le|©°
S|Wi > El|o S| @ 1L5
2 (B |E|l8|c 20| |alsla
Occupation 3 2 |88 |, =5
oL = ==
= ko]
olQ|lo c
=S| o @
©| ©| =
QLS Q
S| e o
L L 5
>
Chemists, and Food and Wine Scientists V|V |2
Environmental Scientists \/ V|V Vv 4
Geologists, Geophysicists & Hydrogeologists \/ \" 2
University Lecturers and Tutors Vv 1
Vocational Education Teacher Vv 1
Occupational & Environmental Health Prof. \Y A A \/ 4
Managers
Policy and Planning Managers \/ V 2
Research and Development Managers \/ 1
Construction Managers V|V V|V \/ \/ 6
Engineering Managers V|V V V V 5
Production Managers \/ \/ VIV|V|V|6
0|0 |Ww|~ || |o|d[m|~|~ v o<
|| | |- —

Ther ea arwember of occupatteheanhanmdagg ansmmomni ng
segmeinnesilnEdectr Met BiIng,erMacdin dainsGhe mi Gad ,and

Petrol ePonweGrder aPl ma@mer a.t oFisgur e . | asrhgoewsoccupat.i
the transitionihneg rs ecgonmenmdtiwvad rici v awi temeClyggp tseerg me n't
pDexplores workforce transitions in greater det ai

Figure 2.3. Common occupations for clean energy and transitioning sectors

Clean Energy Clean Energy

Largest occupations in the transitioning segment Generation Sl Ehe

Drillers, Miners and Shot Firers

Service Station Attendants

Metal Fitters and Machinists

Other Building and Engineering Technicians

Truck Drivers

Electricians

Chemical, Gas, Petroleum and Power Generation Plant Operators
Production Managers

<lc <[ <|cI<|c|c
< K K KKK ICIK

Occupati ons anteaodt icnrgi ttehrei ai are bol ded.
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Emerging occupations and industries

There are a growing number of new and emerging ¢«

by existing structures | ikempdzseot Hosevecti bhe
new occupation, which has substantially differei
alternate title which is an ex% sting occupation
Whil e the ABS is in the process of wupdating ANZ:!
emerging occupation wil!/| meet the ABBdpatiberi a
(ANZSCdDi giot)e For exampl e, in the ABS added
specialisation of HBlaevcitnrgi Tristaoassn ovaicthhe aa itdhiafnf er e n

code meani na@bil th eit smenaos epead . 8Wehg Turbine Technici e
not her octkbwepiake ondenti fied by thel NNSaGn onal ,Ski l
id not meet the ABSO6 criteria for inclusion.

ndehe arskaisl lodd mi gration and vocational educat
ri t eorcicau ptaot i 0 n sA NdZeSfCiOn e dneiami ng emer ging occupat.
nable to be included or individually targeted.
and reporting on emerging occupations could hel |
occupations into pubghawmepgaci@eamgeai ANZSCO.

a
d
This is particularly poahitengnngcéepaipgoaers nthenitr
u
c
u

Recommenda.ti on

In consultation with stakeholders, JSA and the ABS should explore opportunities for a

new mechanism to identfye mer gi ng occupations in the | abour
ANZSCO criteria. A consistent and evidence-based approach could allow government

systems, like migration and VET, to better respond to and acknowledge emerging roles

without undermining the core principles of ANZSCO and the restructure work underway.
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Exploratory analysis produced by the NSC in

occupartédglomtsed t o :clSwmdmredersgyal | ers (mapped to EI
Turbine Technicians (mapped to Power Generation
Energy Effici driBSAyasEmrsginmceeertsa.ken carriage of this
showing how job advertisements for these roles |

Figur.eJob posting counts for emerging occupation
800

600

400
h I| I|

Energy Audi tEmrer gy Ef fi c9oelnacry Phot Wyraldt §iuc bi ne
Engineer Installers

m201820122020202m2022

Sour t®A , Lightcast
The data analytics function within JSA is curreil
emerging occupations, with some occupations havi
sector. Expl ohrad doerryt iafniad dy stilrse f ol |l owing | i st of

A EVMechani c

A Climate Change Anal yst

A Recycling Coordinator

A Energy Broker

A Sol ar Energy Systems Engineer

A Weatherisation Inst.allers and Technicians
During the courtsakeloltdherss shaweg , alst bpeatada nsteidala r a
emerging occupations, including:

A Carbon capture and storage specialists

A Hydrogen fuel <cell technicians

A Battery design specialists (grid and residen

A Battery recycling specialists

A Bl ade engineers
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Figurelob posting counts for potential emerging
800

600
400
200
0 _-I-I_I-IL-

El ectricClVematéeCiRacgel i Bger gy BrSokeamr EnrMeragyher i s
Mechanic Anal ystCoordinator Systemslnstalle
Engineefechni ci

H201820102020202m82022

SourX®A , Lijioht aadvyterti sement dat a.
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2D. Data limitations

While this study addresses a -nemmesolofiti of®r wiall
needed to trul yl ambsyoape tfheer dtahias cri ti cal secto
Earlier this year, the Australian Government | au
sampdatod the ener Ynf owot kdhueet ettoy a | ow res-ponse rat
random sample, the survey produced I imited quant
JSA will work with DCCEEW to develop a business
AEER and broaden its data coevelcapodn ABERuwauled y
many areas of government, industry a&rditvlee yeduca

manage t he ctlreaams feonremagtyi o n

Recommenda.ti on

The Australian Government could commission a comprehensive and regular AEER.

This wil |l be critical to address data gaps | i mi
future needs, especially in emerging sectors and energy-focused roles in industries

outside core sectors. The AEER should build on the whole-of-labour-market mapping

initiated by this study to provide a consistent approach for identifying and measuring the

workforce.

I n , the ABS published a data set called Emp
This series provided annual empl oyment esti mates
Australia; frnom . Unl i ke other data, ttehd sbyseri es
type of renewable activity (e.g. solar, wind), g
empl oyment of these sectors. This type of produc
series of employment and all ow @owvérramerthetrgytr a

transition. The Austral i asnu pGoovtehrenngeBnSt tsoh awelnd we an
prodtiucctcompl ement the more extensive AEER.

Recommenda.ti on

The ABS could be supported to re-run the Employment in Renewable Energy Activities
series on an annual basis. A consistent, regular release of data is critical for governments
to monitor the workforceds progress.

Clean Energy Capacity Study | 63



Chapter 3:
The current

workforce

Explores the size and composition of the clean energy
workforce. Includes demographic, geographic and
employment characteristics.



THE CURRENT WORKFORCE

Introduction

I'n the dfi rtshi pawleaptoeork at the characteristics th
using the segments pOwrsean &ldy 9§ CesnGhedpitdmeh do not her

data sawraedaseline for:consistent analysis of
A demographic characteristics, including gender
Aboriginal and Torres Strait |Islander status,

A spatial characteristics, namely where workers

A empl oyment characteristic¢®,cqgimavolrkd itmag vvedr kpian d
forms of employment and union membership.

This andllwsitfgoarit 9svoeme i nduasnd yo csceugpgneetmiesncsan onl y
analtylsese empl owohetledogntdiegrd ated tondedhgegy cde@ment s
or whol e critiidealt iGfhdagpdpenmd omot t he specific cl ea
within these

I n the second part, we examine the characteristi
segment by segment. This includes consideration
A firm size and age
A ownership structure (public vs private)
A activities and involvement in other economic

transitioning sector and the clean energy sufg
busi ness model s

rol e of employer associations and peak bodies
Nations groups and communities.

> >

The rationale for examining these characteristic
engaged and | abour dietphiosy ewdi liln rtehveesael f(ihrompsef ul |y
interests and | evers for positive workforce deve
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3A. Worker characteristics

Demographic characteristics

Gender

Women are underrepresented within the «clkedrd ener
| evel occupations, clean energy cOuearigblabf occupat
the cl ean enermpaybewto rstlafreastocsets hies e an demagyg, enabl in
and suppl y( s ég¥%ersespeo.tLiov&liynwg at the distribut
ch eamergybegment Fi gureews t hat the | owest | evels o
ar eclieremerdeynand (energy performance, energy usageée

(pr edomi naCotnlsyt riurc tti heean di en@mesrtgnygy bl i ng (supply chai
vehicle and equipment producfThemg¢ imhadeg &and hmaid
i ol eagmerguyply (distribution and generation).

The three morckee amhdrtepya b bsiukbgerg ment s (education, tr
research and technology, finance, |l egal and busi
energy segments wwbhkmalsnorcampareimrsadne, othker indu
more t®waemal e parcicauipmdtiiommal |y, the gender seqgr e
apparent, especially amongetcupa(tHliegaubrneg ci.an)s and

Figure 3.1. Female representation by Clean Energy Sub-segment
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Figure 3.2. Female participation across the critical occupations in clean energy

Structural Steel Construction Workers ¥
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Automotive Electricians )
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Architectural, Building and Surveying
Technicians
Occupational and Environmental Health ® ®
Professionals
Vocational Education Teachers (Aus) / ° Py
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University Lecturers and Tutors

Geologists, Geophysicists and Hydrogeologists ® ®

Critical Occupations

Environmental Scientists ®
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Other Engineering Professionals ] [
Mining Engineers L ] [
Industrial, Mechanical and Production Engineers e o
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Civil Engineering Professionals ® ®
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Marine Transport Professionals) @
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Construction Managers L_J
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TheEEC8srvey found the representratliesn lsefmawemen de
| eadership roles*® or board positions.

Across all tdrean semcdamogytobning and emission int
more | ikely-sebdbl wagkaerflucebln irceittayi | i ng than in ener
supply and electricity distri bvwtrikimgtt aasasmessergn
t hayien rsoucehyg earser al cl erks, office managers, acco
cleaners and whetrerasmal edersemgmesent ati on in trade
engineerigngryol ew.

The barriers to womends participation in the <cle
the gender paysghphywar kpt ak asre xhhiad ha srsameenst o f
basic i ssswietsablliekewor kpsadesasaptléneca easi ng
womenbés participation i gclkey htad sveaklbmierdedmprt Hd ew

t r anssiot io@rp o rttou rdiot it ehd tlse Smart&hergyl Coungild &Sender Action
Plan are also highlighted in Chapter 8.
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Age

The average age of the cl e avhongahwith thyavesagaaked or ce i s
of the workforce in emissions-intensive and transitioning segments. Istl iigshtdi lyaml der

t hvei deustralianwhaledsr amoaver ager agssu-baefg me nt

the average age rahRpgpgarBhem!|l eadomnwdgkf orce i s
younger athlaer t igegsnpeenctisal | y amongst the energy ussée
subegmentEmessimnsensdemand transport and enablin

wor kfsoragrleei ghtly ol der wianlgi ag 8¢ e ¢anthetectmigad
occupations and professional roles within environmental science and engineering are also
younger than the transitioning and emissions sectors, which have a higher proportion of
workers approaching retirement age.

Figure 3.3. Average Age by Clean Energy Sub-segment
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Highest level of education

The | evel of qusailgnfiifaiectabnetalsyt Hef Ekean energy seghn
clean energy workforce segment squwalnitfaiiend awd rak eresr
the overal(lFigauyronyer e ar e e»emalpltsiudbgesy meinn st lod

education, training, researwdlil ¢camaancer,gyegaduyul &
whet bere are highequdleivfeil s ®OfoWto déeaerirecan ener gy se
the transport and car bon leisfte cpyrcolpeo rste gomme notfs whoar vke
posthool quatl i €érctaitfiiomate | evel I'l'l or higher

A notfaibnldei ng is that the clean energy supply segl
workers with higher education (undergraduate and
transiti onwhmigc Bwedgraeenrtsf i nedopbwer stations.

Figure 3.4. Highest Level of Education proportion by Clean Energy Sub-Segment
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First Nations status

The proporti on pefo mhoierksi tthegblesn mnergy workforce is typically
lower than the proportion working in transitioning industries. It is also lower than the labour
force average. As Figure 3.5 shows, the highest proportion of First Nations people in the
clean energy sector is in the carbon lifecycle sub-segment, which is discussed further in
Chapter 8.

Figure 3.5. First Nations representation by Clean Energy Sub-Segment
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Country of birth
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Figure 3.6. Workers born overseas by Clean Energy Sub-Segment
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Of the 38 critical clean energy occupations, engineering professions have the highest

proportion of overseas born workers (Figure 3.7).I n 2021, over half of Aust
Engineers were born overseas. Conversely, critical trade occupations, including Electricians,

had a very low share of overseas born workers (less than 20%) despite being in high
demand. This highlightst he f act that Australiabdés migration s
on the labour market, skewing towards higher skill level professions. A similar observation

can be made of Austral i ad s wher higheredudatiooneceives educ at i
a larger share of enrolments than VET.

Figure 3.7. Workers born overseas by critical occupation
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Disability and health status
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Regional characteristics

The clean energy generation and distribution workforce is located across Australia, with
large proportions in metropolitan areas, potentially reflecting white collar professions in this
workforce (Figure 3.10). Regional areas of Tasmania and in Snowy Mountains also have
large concentrations of clean energy generation workers, reflecting hydroelectricity
employment. The transitioning segment has a larger workforce presence in regional areas,
particularly in Queensland and NSW.

Figure 3.10. Place of Work (SA3) b yClean Energy sub-segments
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There are a number of regions across Australia with high proportions of transitioning

employment in their labour markets (Figure 3.11). We 6 ve i dent i fwheeedvorke®s r egi or
in transitioning industries make up more than 2% of local employment. As these regions are

more exposed to transitioning industries, their labour markets may experience the greatest

impact of decarbonisation. For example, in Bowen Basin-North (Queensland), around 21%

of workers are in a transitioning industry. In stark contrast, there are only five regions where

clean energy supply workers (generation and distribution) make up over 1% of their local

labour market. This highlights the differences between the two segments, with clean energy

work typically being less concentrated and labour intensive than transitioning work.

Figur.eRegi ¢s)whett e ansi twioarkiemg are a h(i>ghjpr oport
| ocal empl oyment

Regions (SA3) with high proportions (>2%) of total local employment in Transitioning Industries
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Employment characteristics

Working hours
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Working hours M full-time [ part-time

Source: ABS Census of Population and Housing 2021

Given the low levels of female participation in most of the clean energy workforce segments,
and the gendered distribution of part-time work in the Australian workforce in general, it is
not surprising to see that women are much more common in part-time roles in the clean
energy segments, if not always the majority of part-time workers (Figure 3.13).
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Remuneration
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Figure 3.14. Average an n u personal income for critical occupations by segment
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As in the broader economy, incomes in clean energy vary between males and females
(Figure 3.15). In 2021, females earned substantially less than their male counterparts across
critical occupations like Electricians and Electrical Engineers, with the largest gap being for
Electrical Distribution Trades Workers. Because these are annual incomes, some of this gap
may be driven by differences in full-time and part-time arrangements, which are more
common among females in this workforce. A similar income gap is observed for First Nations
people (Figure 3.16).

Figure 3.15. Female Average Income gap for selected Critical Occupations in the
Clean Energy Workforce
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Figure 3.16. First Nations Average Income gap for selected Critical Occupations in the
Clean Energy Workforce
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Box 3. Wages of electrical apprentices

Most Electricians, including apprentices, have their
their employler KHéwgwer, around a third of electrical
t henéodern award, which sets the mini mum wages and con
Figure Method of pay setting, Electricians
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Work travel patterns

Workers in transitioning industries are more likely to travel longer distances than those in
clean energy industries or the broader labour market (Figure 3.20). This reflects the higher
occurrence of fly-in-fly-out work in transitioning industries and the remote locations of many
worksites.

Figure 3.20. Distance to Work by Clean Energy Sub-Segment
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Forms of employment

Data on forms of employment are not as widely av
di scussed, so it is not possible to be as precis
ABEXharacteristicsunYyegEmpTlhhiysnemeést-dii¢iswlb wé st o nANZ
and ANzZS®IC@imi nor rgersaudpg)s, so we will focus on a s
occupations as most relevant to clean energy gen
and engineering enabling segmgmentTharQ@ryr dett ar i
examine the proportion oforrwaslk e(rde fwihroe da rbey ptelremaim
survey as without paid | eave drtfiitnleehpdamstye)e,s and
this includes owner managers (whether they have
wor ker s.
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I n general, we observe higher | evels of permanen
empl oyment in the selected clean energy industri
Australian workforce. The el ectriciatnyd supply ind
di str)hbaust iaornvery a -¢éommwl 6 p(medhteaond se% frElsipeciatvted ryn
al so holds for the selected occupations, except
seéifmpl oy Rahes of casual empl oynoemgt sa&rd e cdlegdo i nams
and occupations (Tabl e ).

Table 3.1. Forms of employment for selected clean energy industries and occupations

. Permanent Not an

Selected Clean Energy Industries (%) Casual (%) emp(xol/;))yee

Electricity supply 91.6 *x **

Heavy and Civil Engineering Construction 72.2 11.7 16.1
Selected Clean Energy Occupations

Electricians 75.6 2.9* 215

Mechanical Engineering Trades Workers 83.1 8.5 8.4

Engineering Professionals 87.8 5.1* 7.1
All Australian workforce 64.4 19.6 16.0

Source: Characteristics of employment, August 2022
Note: industry and occupation based on main job.

# includes owner managers of incorporated enterprises, owner managers of unincorporated enterprises,
contributing family workers. The ABS classes some independent contractors as employees. For further detail see
Employment arrangements | ABS (abs.gov.au)

* Estimate has a relative standard error of 25% to 50% and should be used with caution
* Estimate has a relative standard error greater than 50% and is considered too unreliable for general use

Union membership and method of pay setting

As for forms bDSAeepi agimeoh,survey data to examin
member ship and methods of pay setting. For consi
and occupational categories as above, again rely
Empl oyment survey.

The electricity supply industry has a higher 1| ev
Australian workforce, asofweddl lasctai \naicdagrhe gmhent |
(Table The)l evel of trade union membership in he
i al dogher than the Australian average, but the i
collective bargaining coverage. When examined by
substantially higher |l evel of wmkdomnrmembersaip,t
mechani cal engineering trades workers. Levels of
trade occupation groups reflect the Australian a
el ectricians infl uenceedmpblyo ytneen th i(gsheeer a beovveel) .0 fEns
professionals have a | ower | evel of union member
but may be more |likely to be members of a profes
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There are several trade unions representing work
coverage variously defined by occupatiodn and i nd
Aust ( &ITivgpresents moEledthmainci ans, apprentices an
around Australia. The Austral AMWUWManuwf d ytpurciamd yV
represent mechanical engineering trades workers
Supply and Heavy and Civil Engineering Construct

Engineers may be eéeliwgthkel Asfsmrci md moenr ©f Pr of essi ¢
Austral i) &n@ABREAr s oAug&thidawhach represents their n
clean enetgpyngehercariciands wor kforce.

Regarding other occupational categories in the <c
trade workers saweimadrukstadressss ncluding el ectrici-tt
services, construction, pihkeycmagmberi stirgtbber &anp
including the Australian Workers Union (AWU), th

Energy Uniond( tERTBlLEUNhearne i s fno@hemecahj oBGas, Petr
and Power Generation Pl ant Oprey amhay she Wwolrikgirtsl & r
unions including the AWU, t heorAushter adniiatne dS eWwovrikces
( Uwu)

Table 3.2. Proportion of workers belonging to a trade union and covered by a
collective agreement, selected clean energy industries and occupations

Trade union ColEEiNe
Selected Clean Energy Industries agreement
member (%)
coverage (%)
Electricity supply 27.5 77.0
Heavy and Civil Engineering Construction 15.0 28.4
Selected Clean Energy Occupations
Electricians 24.5 29.9
Mechanical Engineering Trades Workers 21.1 36.9
Engineering Professionals 4.0 20.8
All Australian workforce 11.7 35.1

Source: Characteristics of employment, August 2022
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3B. FiIrm characteristics

Clean energy supply

Renewable electricity generation

Firms within the renewable energy market build and maintain the renewable infrastructure,
provide utility-scale energy generation and distribution, and install small-scale renewable
energy (for example household solar). Renewable electricity generation is best understood
by energy source and scale (utility solar, rooftop solar, onshore wind, offshore wind,
hydroelectricity).

Solar

ThE€EGs Empowering Everyone¥%aofurwdieyd liféaoywr nrech enweaabrl ley e
businesses had empl oy®wes emambeere sombaredntao
organisations. Analysis of CERGhomesmbwernsaddpl| avail a
solar rooftop-sicmsdtealrleamresvab®malelner gy generati on n
of renewabl e ieowdrtchy sgemerget expected to increase
reduce. ®Bkealszmalelnewabl e energy mar ket provides ¢
businesses, incl udisnagl e ntarld d ebruss,i npersosv iacthidng r oo f

solparnelleani ng, battery systems installation and

servic&€Ehalsheaccredi,t ed inesatrdlyl ers and designher s.
businesses provide additional Cekhptéréeécadbuseediie
the Electrical Services ANZSI C group.

The commercial solar market is mature and relatively well diversified. At pr,ée dent ar gest
ut i-ddalye sol ar electricity generators are Neoen
AGL and Enel (BirgenpkpPower
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Figure 3.21. Major firms in solar generation

THE CURRENT WORKFORCE

Neoen Australia
Estimated market share: 12%
Primary generation sites:

1 Colembally (NSW, 150 MW)

1 Western Downs (Qld, 460 MWp)
1  Numurkah (Vic, 128 MW)

1 Griffith (NSW, 36 MW)

History: established in Australia 2012
Ownership structure:

Neoen is the leading French independent
producer of renewable energy.

Other activities:

Neoen also has wind projects in Australia and
built or is contracted to build a number of big
batteries, Blyth (SA), Hornsdale (SA), Geelong
(Vic), ACT and Western Downs (Qld)

Neoen operates in 17 countries.

FRV Australia
Estimated market share: 12%
Primary generation sites:

Royalla (ACT, 20 MWaxc)

Clare (Qld, 100 MWxc)

Lilyvale (Qld, 100 MWac)
Moree (NSW, 56 MWac)
Goonumbla (NSW, 68.7 MWaxc)
Sebastapol (NSW, 90 MWac)
Winton (Vic, 85 MWac)

Ownership structure:

Owned by Dubai and Saudi Arabia-based Abdul
Latif Jameel Energy.

Other activities:

Fotowatio Renewable Ventures (FRV)
specialises in renewable activities and is
present in Australia, Asis, the Middle East,
Africa, Europe and Latin America.

=A =4 =4 8 8 _a_°

Wirsol Australia
Estimated market share: 6%
Primary generation sites:

Whitsunday (QId, 69 MW)
Hamilton (Qld, 69 MW,)
Clermont (Qld, 89 MW)
Gannawarra (Vic, 60 MWp)
Wemen (Vic, 110 MWp)
Glenrowan (Vic, 149 MW))

History: established in 2017.

Ownership structure: Owned by Malaysian
clean energy company Gentari

Other activities:

E ]

AGL
Estimated market share: 5.3%
Primary generation sites:

1 Broken Hill (NSW, 53 MW)
1 Nyngan (NSW, 102 MW)

History: founded as Australian Gas Light
Company in 1837.

Ownership structure: Private company listed
on ASX.

Other activities:

AGL is Australiatgs |
AGL has activities across natural gas and
electricity generation from a range of sources as
well as substantial electricity and gas retailing.

ar

Enel Green Power
Estimated market share: 5.1%
Primary generation sites:

1 Cohuna (Vic, 34 MW)
1 Bungalal &2 (SA, 220 MW,)
1 Girgarre (Vic, 88 MW)

Ownership structure: Joint venture between
Italian energy concern Enel, formerly publicly
owned, and Japanese company INPEX.
Other activities:

Enel is developing wind projects (Flat Rocks,
WA, 75.6 WM).

Sources: see endnotes.3*
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Wind

Electricity generation from wind endregyiitre Austr
l acking -¢ddha&l empdderati on options that rooftop so
generators only account for aplproui gmatHeolwe vaert hir
further concentration is |likely into the future,
significantly greatAsr ojemewatitmge oapaoirty wind mas
more established than it&€eownlfyshbaetimagkeod emeércdhe
Wind electricity generators are more concentrate
Australia. Further wind power investment in Viect
constructing a $ billion Golden Pl aipas Wi ndfarnmn
|l berdrolaés Mount James windfarm in North Queens
wi ndfVvhrim.e they have fewer wind assets in absolu
Tasmania and Western Australia have matdéd establ i
Wal es.

Figure 3.22. Major firms in wind generation

AGL

Estimated market share: 15%
Primary generation sites:
Macarthur (Vic, 420 MW)
Wattle Point (Qld, 69 MW,)
Coopers Gap (Qld, 89 MW)
Hallet (SA, 351 MW)
Oaklands Hill (Vic)

Coopers Gap (Qld, 149 MWp)
Silverton (NSW)

History: founded as Australian Gas Light
Company in 1837.

Ownership structure: Private company listed
on ASX.

Other activities:

AGL is Australiabds |
AGL has activities across natural gas and
electricity generation from a range of sources as
well as substantial electricity and gas retailing.

E R ]

ar

Iberdola Australia Trust
Estimated market share: 12%
Primary generation sites:

 Bodangora (NSW, 113.2 MW)
I Capital (NSW, 140.7 MW)

i Lake Bonney 2 (Qld, 159 MW)
Port Augusta (SA, 217 MW)

1 Walkway (WA 89.1 MW)

Ownership structure: Part of the international
Iberdrola group, a Spanish group with history
extending back to 1901. It has projects
throughout Europe, the US and Australia.
Other activities:

Port August Renewable Energy Park also
includes 110 MW of solar.

Pacific Blue
Estimated market share: 7%
Primary generation sites:

i Codrington (Vic, 18.2 MW)

1 Challicum Hills (Vic, 52.5 MW)
i Clements Gap (SA, 57 MW)

1 Portland (Vic 179 MW)

1 Taralga (NSW, 106.8 GW)

History: founded 1992

Ownership structure: Owned by State Power
Investment Corporation (China).

Other activities:

Pacific Blue also operates hydroelectric projects
at Eildon Pondage, Lake Glenmaggie, Ord
River, The Drop and William Hovell.

Squadron energy
Primary generation sites:
i Bango (NSW, 244 MW)
I Crudine Ridge (NSW, 134 MW)
T Murra Warra | and Il (Vic, 435 MW)
1 Sapphire Wind (NSW, 270)

Ownership structure: Some projects
previously CWP Renewables. Owned by
Fortescue Future Industries (FFI).

Other activities:

Squardon has approval to develop the Sapphire
Solar Farm (NSW, 180 MWac) as well as a
number of other wind projects. FFl is investing
in a number of hydrogen projects.

Sources: see endnotes3®
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Hydroelectricity

This section includes hydroelectric power and pumped hydro storage, as the infrastructure
and ownership structures overlap, even though they play very different roles in the system.

Most of Tasmani ads el ect r i celedtrigity.Jle mya@noeettricio/n
generation industry is highly concentrated because of high set-up and ongoing maintenance
costs, and the requirements for an abundance of water. New South Wales is expanding the
Snowy Mountains Hydroelectric scheme which will increase the renewable power as coal-
fired plants close. New South Wales, Queensland and Western Australia have smaller scale
hydroelectric facilities (Figure 3.23).

Figure 3.23. Major firms in hydroelectric generation and pumped hydro storage

Hydro Tasmania Snowy Hydro
Estimated market share: 48% Estimated market share: 12%
Primary generation sites: Primary generation sites:
1 Gordon (Tas, 432 MW) T Tumutl, 2 and 3 (NSW, 2116 MW)
I Poatina (Tas, 300 MW)p) T Murray 1 and 2 (NSW, 1500 MW,)
1 Reece (Tas, 231.2 MW) 1 Blowering (NSW, 80 MW)
[ B_utters (e, L8 st Ownership structure: owned by Government
1 Tungatinah (Tas, 125 MW) of Australia.

& other smaller power stations Other activities: The Snowy Pumped Hydro
Ownership structure: Publicly owned by project is underway. Snowy Hydro also operates
Government of Tasmania. gas fired and diesel power stations in Victoria,
Other activities: NSW and South Australia and owns two

Hydro Tasmania operates a gas turbine power | electricity retailing business.
station in the Tamar Valley and wind farms at
Huxley Hill, Musselroe and Woolnorth.

AGL Queensland Hydro
Estimated market share: 5.6% Estimated market share: N/A
Primary generation sites: Primary storage sites (planned):

1 Kiewa Scheme (Vic, 395 MW) 1 Pioneer-Burdekin (Qld)

1 Dartmouth (Vic, 185 MW)) 1 Borumba (QId)

T Eildon (Vic, 120 MW) Ownership structure: Publicly owned by
History: founded as Australian Gas Light Government of Queensland.
Company in 1837. Other activities: N/A
Ownership structure: Private company listed
on ASX.

Other activities:
AGL is Australiabs | ar

AGL has activities across natural gas and
electricity generation from a range of sources as
well as substantial electricity and gas retailing.
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Electricity transmission and distribution

Historically, electricity transmission and distribution infrastructure across Australia was
publicly owned and this remains the case in a number of states and territories. Figures
3.24and 3.25 summarise the current transmission and distribution firms respectively.

Figure 3.24. Major firms in electricity transmission

States & Ownership structure

Territories
Transgrid NSW & ACT UTA Power Networks Trust
Powerlink Queensland Qld Queensland Government
ElectraNet SA Aus Utilities, State Grid Corp of China
AusNet Services Victoria Brookfield Corporation
Western Power and WA Government of Western Australia
Horizon Power
Power and Water Corp NT Northern Territory Government
TasNetworks Tas Tasmanian Government

Figure 3.25. Major firms in electricity distribution

AusNet Services
Essential Energy
Endeavour Energy

Energex
Ergon Energy
Powercor Australia

United Energy

CitiPower

SA Power Networks

Western Power and
Horizon Power
Evoenergy

Power and Water Corp
TasNetworks

Jemena

Region Ownership structure

Victoria Brookfield Corporation

NSW NSW Government

NSW Consort led by Macquarie
(50.4%), NSW Gov

SE QId Queensland Government

Regional Qld Queensland Government

Central & Western Vic Spark Infrastructure, Cheung
Kong Infrastructure Holdings,
Victoria Power Networks
(Finance) Pty Ltd
Consortium led by CK
Infrastructure

Spark Infrastructure, Cheung
Kong Infrastructure Holdings,
Victoria Power Networks
(Finance) Pty Ltd

SE Melb & Mornington Peninsula

Inner Melbourne

SA

Regional and remote WA

Cheung Kong Infrastructure
Holdings, Spark Infrastructure
Government of WA

ACT ActewAGL Distribution

NT Northern Territory Government
Tas Tasmanian Government

NSW, Vic, Qld State Grid Corp of China,

Singapore Power
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Clean energy demand

Energy usage 1 electrification

Electrification will be driven by electrical services firms with a wide distribution across
Australia throughout metropolitan and regional areas. There is a high concentration of small
businesses, with no particularly dominant firms.

Energy usage i hydrogen

The Australian Hydrogen sector remains in its de
demonstration and pilot projects wunderway. Often
commercial emitvern etshae@S|I RO ororogahreirséarteiscenasr.c h

A Australian Gas Networks (AGN) is developing t
(HyP SA). This project is targeting the devel
domestic consumption. AGN is part of the Aust

A Hydrogen Engineering Australia is partnering
AGL and Japanese energy users, to pilot the
the Latrobe Valley, transport it to Hastings,

AEngie, Mi t sui and Yara Fertilisers are seekir
MW el ectrolyser using electricity from onsi
renewhypt eccgpenammoni a project)

The NSW Government has invested in developing a
I'l'l awarra) with sever al projects at t'he explorat
A Hunter Energy Hub led by AGL Energy and Forte
develop a | arge scale hydrogen production f ac
A Origin Energy and Orica are seeking to produc
processes with a MW el ectrolyser.
A The Port of Newcastle together with Macquari e
feasibility study for a MW el ectrolyser fc
Si mi lparoljyects are at various stages in Queensl| anct
A The Central Queens!l aned Hy drso guenrd eRr djeeveetl o(pCGr@ n
Stanwel | Corporation Limited, Il wat ani Corpor e
El ectric PowenleQopneplaniyn,f rastructure. This pro
hydrogen expast weoltlenasi adomestic applications
scale up in 3®he | ate S .
With most projects not advanced beyond pilot sta
bi ased towards scientific, t edradasiacdananua mlds, r esear c

however these are expected once production reaches commercial scale.
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Energy performance

Most of the activity iocoaeneedyoperbypyrmanme wpeét a
construction industry, installing (including ret
materials such as glass, floor and wall <covering

more energy reifdalcicevi eé .ct

There wil/ al so be specialist professional servi
to manage the i mplementation of energy perfor man
energy performance roles within firmsivilth | arge
property manager s, | arge retailers and accommoda

Transport

The transport firms most involved in clean energ
A Public transport firms, rmetpwecilks | put hwiseg wi t
electrification
A Firms EWI! Ifiomgprivate and commercial wuse in t|
A Firms sEMvi(ofnrgegn with strom¥)links to firms
Public transport
A TramSgstems operates bus services in Queensl ar
South Wales, South Australia, Victoria, Nortdt
overseas and is reportedly Aeumitsrsailadnsd sb usaragred

coach &ssets.

A Other |l arge public transport operators, incl.
Transport are alEsvpl et ending their

This has implications primarily for the maintena
existing mechanics and sour E .new tradespeopl e t

El ectric vehicle sales and servicing

Battery el eCcBEVK Awdtircdleisa #wofosmat ed i@BTaulnae
and BYD remain the dominant brands although this
such as Toyota, Vol kswagen, Vo&uwal,|l Srueblaeraus,i nPge ueg\e

model s on to the Australian market. As relativel
through dealers aligneBVMWwbebombemautomakespr eAd,
demand for vehicle servi“‘cing may decline somewha
Rai l affd eirigadhd businesses will also be considerir
emi ssions. Airlines are also involved in efforts
devel opment of more fuel efficiedtstaircalalfe as w
Avi atti @ISAFt)hi s is discussed further in 6transiti
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Clean energy enabling

Engineering, procurement and construction

Engineering, procurement and construction is pro
two cleasnupmleygyegments. There are a number of f
construction of wutility solar, onshore and off sh
firms in fFagerlkeen identified through various so

Figure 3.26. Major firms in renewable energy engineering, procurement and
construction projects

Utility solar Wind Storage

Gransolar Vestas FutureGeneration

Sterling and Wilson Goldwind Consolidated Power Projects

PCL Acciona UGL

For wind, Siemens (Germany), Vestadf ewWDeonmamrk) an
firms) also play a significant role in the const
manufacturing, installing and servicing wind tur
skills deveClhgpmeeart (see

Education, training, research and technology

Many wuniversities, TAFEs and other education and
delivery of <cledmesmreragy moursexChapiteel y cover e

A large focus of the CommonwealOrilgaSdiéBrsd e 03nd | n
is directed toward research on decarbonisation,
emi ssions technol ogi es, renewabl e and energy sto
efficiency.
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Finance, legal and business

Australiabds banking anals slugregea hiaruvae sstbogrnss Ec tan s
influence over our path to net zero. Already by
|l argest banks had committed to net zero by
targets to cover their ope*Sup eornasn naunadt iionnv efsut nndesn t

|l i kely to have established targets for net zero
had committed to reaching®net zero across all ac
Finasmeetroergsui re investment analysts and other fir

emi ssions accounting to monitor their progress a
climate change ri sk.

Similarly, |l egal services firms have opportuniti.i
clean energy projects as well as complying with
Safeguard mechani sm.

Clean energy policy and regulation

At the federal |l evel there are a number of agenc
energy policy and regul ation:

A Department of CIl i mahEen\Cihranmgree ntE(nBea GEEMW) e r
overal/l policy responsibility for Australi ads
decarboni sation

A Australian RenewalAREEAMpgYyvAgeéheycompetiti ve
renewabl e energy technologies and increase tl
Australia.

A Climate Chan-ggen Awtdlegreintdyent statutory body es:
expert advice to the Australian Gover.nment or

A Clean Energy Fin@@ERMEbr pbsasi oapital i nvestr
renewabl e emdarsgyi,onl avwchnol ogy and energy eff
Australia

A Cl ean Ener gyadReigruilsattroat i ve responsibilities f
and Energy Rep&missgossh&mdpucti on Fund, Austr
Registry of Emissions Units, Safeguard Mechar

A Australian Ener giyA BMM@lstalian EDgrgy Regulaior (AER), and
Australian Energy Market Commission (AEMC) - national regulatory bodies

responsible for energy markets and systemsinAust r al i a
A Net Aetdhoresponsi ble for promoting orderly ar
transformation as the world decarbonises, to
wor kers realise and share the benefits of the
Many ot her Australian Government departments als
sections working on portfolio responsibilities w
Department of I ndustry Science anldt Res,oufkacreesst rty
Fisheries, and the Department of Infrastructure,

Communications and the Arts.
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Within State and Territory governments, there ar
managing the transition to renewable electricity
such as hydrogen, and developing abnhdniempkement n

as vehicles and gas.

Although not mapped as part of the clean energy workforce in Chapter 2, workplace
relations and safety regulators such as Safe Work Australia together with licensing bodies
also have an important role to play in regulating the clean energy workforce. This is
discussed further in Chapter 8.

Clean energy supply chain

At present, the workforce in the relevant industry groups directly relevant to the clean energy

supply chain are primarily in critical mi neral s
turbine components assembled and manufactured in
Critical mi ner al s

The Australian Governmentés critical mi neral s st
extraction and processing of critical mi ner al s,
earth minerals, t u*hTghsetseen mainnde rvaalnsadaruem.k ey t o dec

including in the productiCbapo).rthr oages diirkg (laante
under construction or development for purified s
Renascor Resowmaogasahnceoshed Ictk el Pure Battery Technol o
and rare earth minerals elsynasesKalEdfeamblbiae WAA; |

The worl dbébs | argest | isWesmemhnnAudbwmne@d odywctbon
Al bermarl e and TLEA (itself a jointtLveht umewbeét w
continue to be critical to decarboniscatlieon as it
batt elrhieesnext | argest | itéhium mines in Australia

f Pilangoora (Pilbara Mineral s)

T Mt Marion (Mineral Resources and Jianxi Ganf e

T Wodinga (Miner al Resources and Al bermarl e)

T Mt Cattlin (AlIl cem)

T Finniss (NT, Core Lithium)

Lithium hydroxide is refined by Tiangqi Lithium a
Aust P&l s@cond refinery at Kemerton (Al bermarl e a
commercial production and a third refinery, also
under construction.

Wind turbine manufacturing

Gl obal wind turbine manufacturer Vestas has part
Engineering to assemble wind turbine tower compo
Ford yiact@ea&Oohgr state governments are also pur
wind turbine components as part of the devel opme
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Vehicle and equi pment production, trac
There are a variety of trade and maintenance fir
mai ntenance of induagrialultmeahasagoapmantd. The i
transition to clean energy will be relatively gr
business and the potential for sustainable fuel
existing equi pment.

One prominent area where there is already subst a
electric buses. Volgren and BusTech are two Aust
partnership with original equPpment manufacturer

Carbon lifecycle

Recycling, waste reuse and energy recovery

The Nati onal Energy Waste Report identifies
management including waste reuse (such as tip sh
recovery. Energy recovery includes -dtehiev efdo |fluoewisn,g
anaerobic digesti o1 r emmansdt et hfearcmalli teineesr.gyLandf i | |
accounts for about % of energy recovery, thoug
derived from naitavbroaut.fhscals gomaédt nments and wast
management specialists are the dominant empl oyer

Kwi nana waste to energy Al anmbendef -tdenbeerkgoywmes h €)
projects are under devel opAMReEMNA wi th assistance f

Forestry and agriculture

Firms in the forestry and agriculture sector are
agriculpruodadctbhsy such as chaff providing feedstoc
species could also praowviwthdbbmacestfldefibgeotckivmat e
out cofreers bi ofuels depend on the feedstock and re
bi ofuels are | ow or zero carbon.

Transitioning and emissions intensive sectors

Transitioning sector

Fi gure@rovides a summary of the mai n-fempeldo ypeorwse ri r

generation. Many of those firms have begun to di
It is a similar situation in the natur al gas and
number of firms involved in natural gas and petr
have already been mentioned as actively involved
Prominent petroleum refiners and distributors ar
projects focused on road transport, aviation and
Kwi nanads refinery is one of fiSkmResdtesengWwabhetl y
di e¥el these efforts are successful, such firms
expand) Australian production using existing cap
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Figure 3.27. Major firms in coal and gas fired power generation

Firm Activities
AGL Energy - AGL Energy is one of the largest power generators and retailers in Australia,

Origin Energy

Energy
Australia

Stanwell

CS Energy

Alinta Energy

ENGIE
Australia and
New Zealand
EDL (Energy
Developments
Limited)
Power and
Water Corp

operating a diverse portfolio of power plants including coal, gas, and renewable
energy facilities.
1.AGL Loy Yang A (Latrobe Valley, Victoria). Coal fired, 2,210 MW. Loy Yang
A scheduled for closure 2035.
2.AGI Macquarie (Bayswaster) (Hunter Valley, NSW). Coal fired, 2715 MW.
Scheduled for closure 2030-2033.
3.AGL Torrens (Adelaide SA). Gas-fired. Last remaining station (Torres Island
B) to close on 30 June 2026.
4.AGL Somerton (Melbourne Vic). Peak gas turbine generator.
5.AGL Kwinana (Kwinana WA). Peak dual fuel 120MW station.
AGL is also developing gas-fired plants at Barker Inlet (SA), Tomago
(Newcastle NSW) and Tarrone (Vic).
Origin Energy is an integrated energy company involved in power generation,
retail, and exploration and production of natural gas. They operate a range of
power plants including gas-fired, coal-fired, and renewable energy facilities.
1.Eraring Power Station (New South Wales): Lake Macquarie, NSW. 2,880
megawatts (MW). Scheduled closure 2025.
2.Darling Downs Power Station (Dalby, Queensland): 630 MW. Combined-
cycle gas-fired power station.
3.Mortlake Power Station (Victoria): Gas-fired peaking power station, 566 MW
4.Ladbroke Grove Power Station (Taralgon, Victoria): gas-fired peak station.
320 MW
5.Quarantine Power Station (South Australia): 210MW gas-fired peaking
station.
Subsidiary of China Light and Power Company (CLP) with interests in electricity
generation and electricity and gas retailing.
1.Yallourn Power Station (Latrobe Valley, Vic, coal-fired, 1450 MW,
Scheduled closure 2028)
2.Mt Piper Power Station (Hunter Valley NSW, coal-fired, 1400 MW,
scheduled closure 2040)
3.Tallwarra Power Station (lllawarra, NSW, gas-fired, 435 MW)
4. Hallett Power Station (SA, gas fired, 235 MW)
5.Newport Power Station (Melbourne, SA, gas-fired, 510 MW)
6.Jeeralang Power Station (Latrobe Valley Vic, gas-fired peaking, 450 MW)
Energy Australia also operates Cathedral Rocks Wind Farm (SA).
Stanwell Corporation operates several coal-fired power stations in Queensland,
supplying electricity to the state's grid.
1.Stanwell (Qld, coal-fired, 1445 MW, scheduled closure 2046)
2.Tarong (QId, coal-fired, 1400 MW, scheduled closure 2037)
3.Tarong North (QId, coal-fired, 443 MW, scheduled closure 2037)
CS Energy is a Queensland-based energy company that owns and operates a
portfolio of coal and gas-fired power stations in the state.
1.Callide BI (QId, coal-fired, 700 MW, scheduled closure 2028)
2.Callide C (Qld, coal-fired, 810 MW, not scheduled for closure)
Alinta Energy operates a diverse range of power generation assets across
Australia, including gas-fired, coal-fired, and renewable energy facilities.
ENGIE Australia & New Zealand - ENGIE operates a number of power plants in
Australia, including gas-fired and renewable energy facilities.

EDL (Energy Developments Limited) specializes in developing, owning, and
operating landfill gas, waste coal mine gas, and natural gas power generation
projects in Australia.

Runs the power generation in the NT in Darwin, Katherine, Tenant Ck and Alice
Springs and Yulara.

Sources: see endnotes®
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Emissions-intensive sectors

The Safeguard mechanism identifies the | argest s
(excluding electricity generation). These sites
various segments adopted in this report, includi

Angl ol, Cantenni at ) andpiorsuds(t r al i a, Qantas, Auri zc
Hol dings), enabling supplpy odBalichB (assk S@mmpeum and
Al coa) and carbon | ifecycle (Veolia). The firms
mechanism that align with the emkFisguoasThayensiyv
cover cement, fertiliser, paper polymer and starch production.

Figure 3.28. Safeguard mechanism sites and firms (selection) by clean energy
segment

ADBRI LIMITED Angaston Operations SA
ADBRI LIMITED Birkenhead Operations SA
ADBRI LIMITED Cockburn Operations WA
ADBRI LIMITED Dongara Operations WA
CEMENT AUSTRALIA (GOLIATH) PTY Railton TAS
LIMITED
CEMENT AUSTRALIA (QUEENSLAND) PTY  Fisherman's Landing QLD
LIMITED
Kimberly-Clark Australia Pty. Limited Millicent Mill SA
Norske Skog Paper Mills (Australia) Limited Norske Skog Boyer Mill TAS
ORICA AUSTRALIA PTY LTD Yarwun Nitrates QLD
PAPER AUSTRALIA PTY LTD Opal Australian Paper VIC
Maryvale Mill
QENOS PTY LTD Qenos Altona Manufacturing VIC
QENOS PTY LTD Qenos Botany Manufacturing NSW
Queensland Nitrates Pty Ltd Queensland Nitrates QLD
Ammonium Nitrate Plant
Shoalhaven Starches Pty Ltd Nowra Plant NSW
Yara Pilbara Fertilisers Pty Ltd YPF AMMONIA PLANT WA
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Coordination across segments

Industry associations

Many of the c¢clean energy firms identified in thi
associations. These associations play an i mporta
f mcreasing the profile of clean energy

T coordinating across industry segments
f sponsoring strategies to develop a sustainabl
1

fostering training pathways and workforce dev
accrediti.ng cour ses

A selection of active industry. .associations are

Figure 3.29. Clean energy industry associations

Broad membership Clean energy focused Sector focused

Specifically focused on Focused on decarbonization
clean energy aspects of specific

segments or sectors.

A Business Council of A Clean Energy Council A Hydrogen Council
) Australia A Smart Energy Council A Electric Vehicle Council
A Ai Group A Bioenergy Australia

A Australian Chamber of

A Circular Australia
Commerce and Industry
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Linkedln data indicates there are over
Australiads O6Renewables and Environment
Linkedln Talent Insights is a database based or
million members wor | dtwindeed ainnds ipgrhotvsi doens sokrielalls
titles and industries. The database has some st
or admini stirtatiisves kdeawtead t owar ds pwvefposdiceanal ro
However, it is a useful tool to understand the
clean energy. For example, this yeamwthi mKkedl n i
green skills based on over o6green skillsod.
skill areas: Engineering (Renewables & Environr
Sol ar, Wind, Land Use, Energy performance, Bi of
I n , there are over , Linkedln member s
Renewables and Environment I ndustry. Over :
one green skill on their profile; and sover
groups |l isted. O6Energy performanced was the bic
Australia, with al most % of green talent hol c
Over % hold at | east one skill in the 6sol ar 6
Green skills more broadly are on the rise, up &
wor |l dwi de) and hiring demand is high or very hi
the most growth were hydrogerf |l(ect%)ngarnd ebdtntcarei
i nvest ment in these technologies.

The strongest growth in employment for O6green ¢
I nformati on Technol ogy & Services ( %) Renew:e
Engineering ( %). This is despite enabling part
GovernmeéAmmi ni stration, Higher Education and En:
|l argest employing industries.

The Linkedln 6clean energyd cohort had a high g
di ffer depending on the skills group. For examg
Batteries were male, compared to only % of me

Ec ony.m

The data also shows that the strongest net migr
I ndia, with a net increase of al most wor ker

mad e, it shows some consistency with ABS data v
born workers in clean energy jobs were born in
is true for most of the skills groups except fc
mi grated from the United Kingdom where there he
eerrgy.

The most common green skills groups were Engi ne
Energy. The fastest growing job titles include
Engineering Manager (Hydrogen), Sustainability
Sewi ce Engineer (Solar) and Policy Officer (Cirt
Linkedln Talent I|Insights data is derived by aggregating p
members. As such, Linkedln cannot guarantee the accuracy
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WORKFORCE PATHWAYS

4A. The pathways

This section examines the pathways into critical clean energy roles. We have grouped them
into three main pathways: tertiary education (including VET and higher education), migration,
and transitions from other industries (Figure 4.1). This includes a particular focus on industry
sectors impacted by decarbonisation and other sectors and job roles likely to experience
structural adjustment.

Each of these pathways is vital to the supply of clean energy workers and will need to be
scaled and better targeted. Chapters 7 and 8 explore the barriers impacting these pathways
and identifies opportunities to overcome them. These pathways also interconnect and
overlap to a great extent and will continue to do so.

Figure 4.1. Pathways to the clean energy workforce

Education and Training

Vocational : : ]
*1% Education ]‘.' Higher ﬁ./j Industry-led
. -

and Training

Industry transitions

P o

Education 22 skilling

International International
specialists students

A&  Skilled
ﬂﬂm migrants

Adjusting - Adjacent

_’l‘_ industries .} industries
The Australian Government is currently examining
pat hways through significant reform initiatives:

A théniversities AMAcamgeriduBevibeweport by the end
considering recommendations to ref,orm Austr al
incl opipmgt utni support grewittelmn tchhean€ET i et or

A negotiations with StatbBataodaleB6ki ttbhsateagr &€ e me
strengthens the VET sector

A a nBiwgr a$t oamtdaigey t o be releasedfbamed by the 1
Mi grati omwi Reéviceolmisli ldeed mi gr at i-doenmapnadt hiwnadyuss tfroire

A the establ Nehm&@mrtooEcanotmy Adms hoeitlyat regi on

wor kers across Australia realise and share ¢t}
This studiyméed welinf-oamgt hgseeWwbdes and ensure A
workforce it neeAlssamtl,d ddve ;magr b cdhrei s e . Jobs and Ski
Treasewvyel apedrecentany Emplagment WhitesaPaper t ha
roadmap for Australiabs future workforce.

Clean Energy Capacity Study | 102



WORKFORCE PATHWAYS

48. Education and training

Education and training is a shared responsibility

The clean energy workforce draws heavilyonAustr al i ads higher educati ol
Both systems provide many diverse pathways into clean energy, including through upskilling.

Our modelling shows that the vast majority of clean energy jobs over the next 30 years will

require tertiary-level qualifications. Tertiary pathways rely on Australian schools, career

guidance and informal experiences where young people gain interest and exposure in

different fields and careers.

Table 4.1. Types of education and training pathways

Vocational Education Higher Education Industry-led

Industry delivers on-the job,

Developing practical skills for ~ Generalist education firm specific training. Helps

a particular job function or Training for highly specialised Wworkers specialise with

trade professional occupations particular technologies and
practices.

Certificates I-1V ) ) )
Higher education diplomas

Diplomas Unaccredited training
_ Undergraduate degrees
Advanced Diplomas Postoraduat ifcat 4 Industry placements and
N ostgraduate certificates an i
Graduate Certificates and degrees work experience
Diplomas

Professionals like electrical
engineers and environmental  Job role specialisation
scientists

Trades like electricians and
automotive mechanics

Industry involvement

Not all skills can (or should) be provided by formal training. Industry-led informal training is
an important bridge between tertiary qualifications and the specific, in-house skills needs of
employers. Informal training, typically undertaken on the job, can still be rigorous and may
provide a pathway to formal qualifications through Recognition of Prior Learning (RPL).
Some industry-led training can align with international standards, which is an important
consideration in sectors such as wind energy, where firms and workers are globally mobile.

ATraining and certification delivered by ind
enabling parts of the transition. For exampl
Installer program is underpinning state and territory government initiatives to
deploy insulation to buildings, improving thermal performance and reducing
energy system emissions associated with heat

i Energy Efficiency Council (EEC).%®
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Industry also has a vital role in providing students with work experience and exposure to

business practices and technology. In VET, this relationship is built-in through the
apprenticeship model. However, apprentfdleares canot
energy through a single employer. Industry has an important role in providing Registered

Training Organisations (RTOs) and students with access to a range of technology and

worksites, like wind turbines, that are difficult to replicate in a classroom environment.

For higher education students, exposure to industry is often less formal and not always

guaranteed. Some universities, like the University of New South Wales (UNSW), provide

third and fourth-year students the opportunity to undertake internships within a chosen field

as part of their studies, lasting anywhere between one to six months. Without these industry
familiarisation opport unitudents sanentertth@ svorkiiorce vetla | i st i c
all the skills and experience employers need.

Tertiary alignment

While VET and higher education are two distinct sectors, there is growing interest and
opportunity for a more aligned tertiary system. This is particularly so for an emerging
workforce like clean energy, with potential to move away from the linear, siloed approach to
tertiary pathways.

ifiWe need to encourage innovative methods of
areas of national priority such as health care, clean energy and defence.
Industry providers should be engaged in course design with VET and higher
education providerstoidentfyk ey | earning requirements acros

i Australian Universities Accord: Interim Report.%’

Some of Au s isectarlunivarsities ack aleeddy looking to bridge the gap between
the two distinct sectors through initiatives like degree apprenticeships. For example, the Ai
Group is seeking to establish a pilot to combine a degree in electrical engineering with a
Certificate Il electrical trade, delivered as an apprenticeship.5® Chapter 7 explores some of
the challenges and opportunities with tertiary alignment from a clean energy perspective.
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Elements of tertiary pathways

The clean energy workforce builds on a deep knowledge base provided by the existing
tertiary system. This pipeline has and will continue to deliver the fundamental skills needed
for the sector. This is true for electro-technology (the primary field of interest) and other roles
in engineering, construction and automotive technology.

There are a growing number of clean energy-specific skills, like managing energy efficiency,

which are also important to the workforce. However, for the most part these skills are
extensions or O6top upsd that buiihiypackagesdnd s ki |
undergraduate degrees.

JSA has identified three key elements of clean energy education and training pathways:
A existing broad-based qualifications
A clean energy top-up and electives
A new qualifications targeted to emerging sectors.

These elements are explored in Figure 4.2 with example courses.

Figure 4.2. lllustrative tertiary education pathways for the clean energy workforce

Broa_ad-ba_sed Existing
qualifications workers

Certificate Il in
Electrotechnology
Electrician
Bachelor of Electrical
Engineering |
A4 v
Clean energy top ups New targeted
and electives qualifications
Unit: Apply safe work practices in . .
the rooftop solar industry Certificate Il in

Automotive Electric
Accredited course: Evaluate large Vehicle Technology

wind turbine operation and safety
Bachelor of Renewable
Masters of Renewable and Energy Engineering

Future Energy

v v v

Clean Energy Workforce
On the job and in-house skilling Accreditation and licencing
Firm specific technologies & systems Electrical contractor licence

Note: existing workers (including those within clean energy, transitioning industries, or any other sector of the
economy) can also benefit from targeted and broad-based qualifications where major upskilling or reskilling is
required.
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Broad based qualifications are key

Types of qualifications

Broad-based qualifications include common pathways like a Certificate Il in
Electrotechnology (VET) and Bachelor of Electrical Engineering (Higher Education). These
existing qualifications provide the fundamental skills required across a wide range of roles,
including clean energy. These qualifications are already delivered in large numbers across
Australia and are key to ensuring everyone has the knowledge, skills and competencies
needed to thrive in a variety of work settings (Table 4.2).

Increasing the capacity of education and training providers to scale these courses will be a
key challenge going forward. In the short-term, many graduates with these qualifications will
work in larger, adjacent sectors such as construction, mining and manufacturing. But as the
demand for clean energy workers grows, the early investment in these skills pipelines will
pay dividends, as these broad-based qualifications will be highly transferable and relevant
into the future.

Table 4.2 Example broad-based qualifications

Certificates Ill and IV and Diplomas Bachelord eand Ma s t ededgiees
Metal and Engineering Engineering
A Engineering i Electronic Trade A Electrical
A Engineering i Mechanical Trade A Civil
A Engineering i Fabrication Trade A Industrial, Mechanical and Production
A Engineering Drafting A Electronic
A Chemical

Electrotechnology
A Electrotechnology electrician
A Switchgear and Controlgear
A Electrical Fitting
A Airconditioning and Refrigeration

Natural and physical sciences

Biological sciences

Electrical Supply Industry Social sciences
A Transmission Overhead
A Network Systems Economics

A Generation

Automotive Industry Service and Repair
A Light Vehicle Mechanical
A Automotive Electrical Technology

Undergraduate degrees

Most undergraduate students in Australia must complete secondary education and receive
an Australian Tertiary Admission Rank (ATAR) or equivalent. Entrance requirements vary
considerably for broad-based degrees, ranging from anywhere between an ATAR of 75 to

the mid 9006s. 1 todés very c o mmdepreréqaisiteseJunsgoveneer i ng

half of all undergraduate engineering courses have a maths prerequisite, more than any
other discipline, and 24% require at least one science subject.
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Undergraduate engineering students typically choose their practice area (like mechanical or
civil engineering) at enrolment. However, many engineering programs share similar core
subjects in their first years, allowing students to change disciplines.

Despite strong g highereducatiomsecton the nurableriofaddnsestic
students studying engineering has barely changed in the past decade (Figure 4.3). In 2021,
there were around 15,500 domestic higher education commencements in the field of
engineering. Of these, only around 10.5% were studying Electrical and Electronic
Engineering and Technology.

Figure 4.3. Domestic commencements in Electrical and Electronic Engineering and
Technology( bachel ords degrees)

3500 3%
3000 3%
2500 2 %
2000 2 00
1500 1%
1000 10
500 5%
0 0%
T T T T T s s T
mmmE| ectrical and El ectronic Engineering alil
e—=ASs a proportion of all/l engineering comm

Source: Custom Department of Education microdata.
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Trade apprenticeships

Trade qualifications are predominantly delivered at the Certificate III/IV level and as
Australian Apprenticeships. The number of apprenticeship commencements in relevant
fields have also remained largely steady in recent years, although there was notable growth
in 2020 and 2021, likely as a result of large wage subsidies during COVID-19 (Figure 4.4).
Whether this growth in commencements continues is not yet known. Around 15,700
apprentices commenced in Electrical and Electronic Engineering and Technology in 2021.

Fi gur eApprenticeshipcommencements by field of educati or
5000

40000

30000
2@O00
1000

0
20120130120130150170130132302»0022022

BE031-El ectrical and
engineering and t

E030Mechanical and
engineering and t

E030RAutomotive eng
technol ogy

Source: NCVER Apprentices and Trainees, December 2022.
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BOX 1: How do Australian Apprenticeships work?
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BOX : Who employasppegldemani eae? gy

The vast majority of trade apprentices in clean energy are now employed by the private sector. This
has changed over time, as the number of clean energy apprentices employed by government
enterprises has declined. Around 10% are employed directly by state and territory governments
(Figure 4.5).

Figure 4.5. In-training trade apprentices by employer type (clean energy supply)
5l B B BN

75%

m State government
50% . .
Government business enterprise
m Private sector
25%
0%

Q3 2007 Q32012 Q32017 Q3 2022

Source: NCVER apprentices and trainees, September 2022. Data is for trade apprentices employed in a clean energy supply
industries. A small proportion (less than 1%) are employed by local governments.

GTOs also employ a large number of apprentices, although this has declined overtime. In Q3 2022,
almost 11% of all electrical apprentices (not just in clean energy) were employed by a GTO. This is
higher than the all-trade average of 7.5% (Figure 4.6).

Figure 4.6. In-training trade apprentices employed by GTOs

20%
m Electrical
. m All trades

Q3 2007 Q3 2012 Q3 2017 Q3 2022

15%

10%

5%

0%

Source: NCVER apprentices and trainees, September 2022.

Unlike most other industries, apprentices in clean energy supply are predominantly employed by very

large employers (Figure 4.7). However, this most likely excludes a large number of smaller employers

that work across electrical services, like rooftop solar, that are not captured as renewable generation
businesses. For example, according to BPAEpWEice program
Support Payment recipients work for a small business, mostly in the Electrical Services industry,

which includes rooftop solar.

Figure 4.7. In-training trade apprentices by employer size (clean energy supply)
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Source: NCVER apprentices and trainees, September 2022.
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Dual qualifications

The increasing popularity of double degrees through a multidisciplinary approach has led to

universities offering flexibility for students to be qualified in different academic disciplines.

The perspective of developing a multidisciplinary approach is related to the ever-fluctuating

market conditions and transferrable job skills as prospective students seek to diversify

themselves prior to entering the workforce. For example, RMIT offers a Bachelor of
Environmental Science and Bachel oasaddubletEngi neer i n
degree graduate, you will be uniquely placed to work in a variety of industries and roles, with

a combined understanding of the sciencé& and the

Dual-trade apprenticeships are a recent concept that allows apprentices to train for two trade

qualifications concurrently. The National Electrical and Communications Association (NECA)
establishedAustraliaés first pilot program in 2021, cc
conditioning qualifications, to meet the sectoro
sets and to increase job security for apprentices.

Students in this pilot will complete two apprenticeships within five years, reducing the time
required for completing both apprenticeships separately (up to eight years). To develop the
program, experts identified overlapping units from both qualifications, and then streamlined
the units into a single pilot program.

The automotive industry may also benefit from dual trade apprenticeships as the industry
goes through rapid technological advancement. BMW Group developed a dual
apprenticeship program in 2021, offering students to undertake light vehicle mechanical
technology and automotive electrical apprenticeships within four years. Under this program,
apprentices will be trained on all types of vehicles, from petrol fuelled to E \s.

Recommenda.ti on

Jobs and Skills Councils should explore and advise on mechanisms for dual-trade
pathways that harness existing training packages and training capacity for emerging
roles. Delivery models will need to be sustainable for employers, apprentices and RTOs,
which may require funding changes by governments.

Recommenda.ti on

Explore funding, incentives and support mechanisms for the tertiary sector to develop,
and students to complete, higher and dual sector apprenticeships in clean energy.
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Electives and top-up skilling

Clean energy top-ups and electives, including post-trade and post-graduate courses, allow
workers to build on their broad-based qualifications, gain specific clean energy skills and
specialise.

Electives

Training package electives are nationally recognised and can be delivered by many RTOs.
Several training package electives are already available for electrical apprentices to gain
skills in areas like solar and battery installation during their apprenticeship. However, the
availability of these electives is not always widespread, particularly for emerging
technologies. Table 4.3 lists a wide range of electives in the Electrotechnology Training
Package that are particularly relevant to renewables (a complete list is at Attachment B).

Table 4.3. Electrician Training Package electives relevant to renewables, 2022

Training Package el ective RTO: Enrol m Super sede

UEEELO0069 - Select and arrange equipment for special LV

S . 70 19 UEENEEG120A
electrical installations
UEEREQOSl— Install photovoltaic systems to power 72 1,766 UEERE0016
conversion equipment
UEEECOO?S- Troubleshoot single phase input d.c power 84 191 UEENEEH111A
supplies
UEEAS_OOO?- Assemble, mount and connect control gear 68 36 UEENEEA110A
and switchgear
UEEELO0O055 - Overhaul and repair major switchgear and 68 112* UEENEEG129A
control gear
UETDRIS033 - Solve problems in network protection 70 4,222* UETTDRIS68
UEEREQO??- Install battery storage equipment power 20 4.905¢ UEERE4001
conversion equipment to grid
UEEASO0009 - Mount and wire control panel equipment 68 489 UEENEEA113A
_UEERE0049 - Apply safe work practices in the rooftop solar 69 14 New
industry
UE_E_ELO(_)16_- Provide advice on effective and energy 69 57 UEENEEG181A
efficient lighting products
UEEREOO?S - Install battery storage to power conversion 70 4.905¢ UEEREA4001
equipment
UETDRSBO007 - Install and maintain substation direct current 66 4 UETTDRSB23
systems
UEER_A0_049 - Install and start up single head split air 86 1,239 UEENEEJ105A
conditioning and water heating heat pump systems
UEEREOQO08O - Install photovoltaic power conversion
- . 72 New
equipment to grid
UEEREO0054 - Conduct site survey for grid-connected
; 73 New
photovoltaic and battery storage systems
UEEICO0024 - Plan the electrical installation of integrated 79 5 UEENEEI140A
systems
Source: Training.gov. a NCVBR Sept embeal* iVhETI cAactteisv itthyatDa't

u,;
enrol ment numbers @aower §®r superseded
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There are now sever al new el ectives for automot.
mai nt aMi hHabl.e These el ectives are starting to
, subject enrol ments 1in . However, this
automotive enrol ments that vyear, indicating thert
Tabl eEl ectric vehicle electives in traditional é

. . . Aut omo't Mot or
Unit description Enr ol me ‘ RTOs
el ectri Mechan

AURETH-I nspect and T;gl'(g' T;?Lg(‘
battery electric v P g P '
electi el ect
AURETH-Depower and Traini Traln
battery electric v ' packag packay
electi el ect
AURETH-Di agnos e, r e Trai ni
replace heavy el ec packag -
rechar geabslteo reangeer gs el ecti
SourTreaii ning. gov. au; Certificate 111 in Automotive Electri

Mechani Sepn ember

Not e: i RT Ostoh e nndu ndbdes sowfi t h t he units of competency on thei
not imply active enrol ments in these courses at all/l of the

Higher education

Unlike the VET sector, higher education electives are designed by individual universities,
meaning there is no consistent approach to their development or delivery. However, this
enables respective universities to specialise their offerings and target particular technologies
or industries at a more sustainable scale.

By enrolling in broad-based engineering qualifications, students can tailor their
specialisations and select courses relevant to the clean energy sector. Some of the
gualifications that are being offered by universities in Australia to select a specialisation as
part of their undergraduate programme are shown below. The full list of specialisation units
for undergraduate and postgraduate pathways can be found in Attachment B.

Table 4.5. Example of additional specialisation units delivered by Universities

Tech Unit name Unit Description University
Solar Solar Energy Provides concepts associated with the Monash
solar energy industry, including the University
characteristics of solar radiation and solar
collectors.
Solar Thermal Provides an engineering perspective of UNSW
Energy Design the solar technologies used to meet these

demands and how the technologies can
be integrated into systems including
control, circulation and storage.

Photovoltaic Stand- Enables students to obtain their Business
alone System Design | Council for Sustainable Energy (BSCE)
and Installation provisional accreditation to design and

install stand-alone power systems.
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Photovoltaic
Systems Design

Provide an understanding on the technical
and economic issues with respect to the
design, installation and operation of
photovoltaic energy systems.

Battery

Energy Storage

Learn the basic principles of
electrochemical technologies in energy
storage engineering: rechargeable
batteries, flow batteries, supercapacitors,
fuel cells, electrolysers, photo-
electrochemical reactions.

UNSW

Hydroelectricity

Hydroelectricity

This unit covers all aspects of hydropower,
including the fundamental physics behind
energy storage in potential energy, design
of hydropower systems (dam walls and
reservoirs, penstock piping and tunnelling,
powerhouse design (turbine and
generator), tailrace and electrical
connection).

Wind

Wind engineering*

Introduction to the fundamentals of the
wind environment, and how the wind
interacts with both turbines to generate
power, and structures to cause loads.
Gain an understanding of wind turbines,
including turbine performance, analysis
methods, wind turbine siting, and
blade/component loading aerodynamics of
wind turbines.

Monash
University

Wind Energy

The course covers the full spectrum of
wind energy from the underlying physics
of wind and wind generation technologies,
delivered in collaboration between ANU
Energy academics and Windlab.

ANU

Hydrogen

Renewable Energy
and Hydrogen
Technologies**

Introduction to the underlying
fundamentals as well as application of
various renewable and hydrogen-based
energy technologies, with a particular
focus on solar thermal, photovoltaic, wave
energy, wind energy and hydrogen
production and tech principles; as well as
the design of these energy systems.

Hydrogen and
Energy Storage

Introduction to the principles of energy
storage systems and in-depth knowledge
on the operation and implementation of
energy storage system in current power
domain.

Swinburne
University of
Technology

Source: Non-exhaustive list of specialisation units obtained from selected universities. Accurate as of 31 August 2023.
* This unit is not being offered in 2023, but has been offered in previous years
** Note that this course is a new unit to be delivered from 2024

Recommenda.ti on

Through the Universities Accord, explore opportunities for the Australian Government to
incentivise higher education providers to design and deliver specific courses in identified
areas of shortage and national priority, including clean energy.
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Post-trade and postgraduate qualifications

Accredited courses and post-graduate qualifications are starting to emerge that can provide

addi ti eunpadl soktiolpl s for workers after comppeting t
skilling opportunities are not just for recent graduates i a large pool of qualified workers in

areas like construction could move into clean energy if short, accessible and affordable

training were available. These could prove particularly important for workers in transitioning

industries, like coal-fired power generation, who would benefit from short skilling pathways

that can bridge gaps to new opportunities.

Post-trade qualifications like the Certificate IV in Electrical - Renewable Energy are a way to
specialise and gain new skills after an apprenticeship. These formal qualifications typically
take several years to attain and are at the Certificate 1V, Diploma or Advanced Diploma
levels. Figure 4.9 shows four post-trade qualifications for Electricians that can be completed
as standalone qualifications or as apprenticeships in some states and territories.

FigurePosttrade qualificatBloenctprattwaps for

UEE40620
Certificate IV in Electrotechnology (Systems Electrician)

58 enrolments (2022)

UEE43322

UEE30820 Certificate IV in Electrical (Renewable Energy)

Certificate Ill in Electrotechnology 67 enrolments (2022) for superseded course (UEE41920)

Electrician

14,332 enrolments (2022) UEE40920
Certificate IV in Industrial Electronics and Control

7 enrolments (20221)

UEES50411
Diploma of Electrical Engineering

182 enrolments (2022)

Source: NCVER, , Tot al VET activity data

Postgraduate degrees can act as a conversion course, allowing prospective students to
change their direction of studies. Postgraduate courses also provide students with an
alternative path for career progression, through conducting research in a field of interest and
contributing to institutional change.

Prospective students seeking to enrol in a postgraduate qualification can either pursue the

research or coursework pathway. Postgraduate coursework programs deliver content

through a specified program (similar taamoran under
advanced level, allowing students to deepen their knowledge within a discipline.

On the other hand, postgraduate research programs (or Higher Degree Research) allow

students to develop their knowledge and experience within the chosen field by completing a

major research project under the supervision of an academic, with postgraduate research

degr ees, including Mast e PhD}progrgmsrTaesfalavingtableor Doct o
below provides a snapshot of the current postgraduate pathways in Australia in the

engineering field, with a specific focus on renewable energy. The full list of postgraduate

pathways can be found in Attachment B.
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Table 4.7. List of postgraduate pathways in renewable energy

University Course Title Full-time duration

The University of Western Australia | Masters of Renewable and 1.5to 2 years
Future Energy

UNSW Master of Engineering 2 years
(Renewable Energy)
Master of Engineering 1.5to 2 years
Science (Renewable Energy)

Murdoch University Master of Renewable and 2 years
Sustainable Energy

ANU Master of Engineering in 2 years
Renewable Energy

Queensland University Technology | Master of Renewable Energy | 1.5 years

Source: Non-exhaustive list of postgraduate pathways in the renewable energy sector. Courses are accurate as
of 31 August 2023

The number of students commencing a masters in electrotechnology (coursework) has
steadily grown over the past decade, although declined following COVID-19 (Figure 4.10).
The vast majority of these students are international students (93% in 2018). The number of
domestic commencements was actually lower in 2018 than it was in 2008 (80 vs 113).

Figure 4.10. Electrical and Electronic Engineering and Technology commencements
(masters by coursework)

1200

1000
800
600
400
200

0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Source: Department of Education dat a

Developing specialist knowledge through postgraduate studies can position students to be
experts in the relevant field, boosting future employment prospects and remaining versatile
in the current labour market.
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Other top-up pathways

Unaccredited coursesxsdamphe on ftaosta,ddireeves small e
exampl e, TAFE Queensl and ofédgersoansenbocgednt exy
with solar and heat pump water systems. Unaccr e
devel op and roll out than qualifications under t

TAFE NSW also offers various unaccredited renew:
Grid Connected Solar PV Systems Design, Wi nd En:¢
Storage Systems, Foundation Studies in Renewabl
ofEl ectrical Engineering and Sustainabl e Strateg
accredi t€egCby the

The currency of the modern-day career portfolio is skills. As the job market becomes
increasingly competitive, developing an effective culture of lifelong learning is key to
ensuring that everyone has the knowledge, skills and competencies needed to thrive in both
their personal and professional lives through microcredentials.®°

The role of micro-credentials in the higher education sector acts as a bridge between
complementary courses. Prospective students might commence in an undergraduate degree
followed by enrolling in specific courses for specialisation. The flexibility of the delivery
mechanism under microcredentials allows individuals to regularly reskill and upskill, meeting
the needs of employers and industries.

The announcement of the microcredentials pilot in the higher education sector in June 2023
will support the design and delivery of up to 28 micro credential courses from 18 universities
to help meet skills needs in priority industries at the cost of $18.5 million, with a further
announcement for the second phase of the program to commence from 2024 onwards. The
following table below provides a snapshot of the microcredentials pilot in the field of
renewable energy.

Table 4.8. Microcredentials pilot in the renewable energy sector

. . : Course duration in
University Course Title EETSL
Curtin University Net Zero Engineering Fundamentals 0.25
University of New South Hydrogen Production for Electrical 0.25
Wales Engineers
Western Sydney Foundations of Environmental 0.25
Sustainability
Murdoch University Certificate in Strategic Decarbonisation 0.25
Management
Source: Microcredentials Pilot in Higher Education, Department of Education®!
I n , Feder atbieogd e n iveeeg snigh | Wy | t-ecadpi sadbpace
technician training course developed by the Ger.
month intensive course for electricians, mec hani
includes an internshufpawi thews nandus d&i nieceaoar gar
el ectrical, mechani cal, and hydraulic systems ti
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Recommenda.ti on

Where appropriate, support unaccredited and industry accredited courses, including
microcredentials, as fast, low-cost options to bridge skills gaps for emerging roles and for
workers with existing qualifications. This includes exploring appropriate and stable
funding mechanisms and expedited quality assurance and recognition. Training should be
agnostic as to sector of delivery and pilot innovative collaborations.

Case Study: Australiads rooftop solar swucce

Australia is one of thPheVelacgestcipyodltenscoiinse
al | consumption in , behind onl yc &piatt ama, Gr e
basis, Australia has the hlgheshatapanal t Renéwab
Agency, ) .

Most of APuWpODwelri a8sdiypi cmabdtyedtit ops, rsataher. t han
Unl i ke other power sources, rooftop solar is 1|lo
cent(rreisgur.e Thiis )means that demand for installat
occurred whrerpel a dlessiregxeiags tei ng wor kf orces and train

Because much of the work |l ocating, mounting and
undertaken by skilled | abourers, the workforce
Similarly, in most cases solar panells can be co
el ectrical Ilicence, rather than a bespoke qual.i
add solar to their scope of services without ha

I n response to growimgl cymesmuiineipn e drmaisdu,b | ee d

from around - |, to in,- .Thiisn includes site prepart
modi fications, preparation of power boards and
other infrastructure, and testing systems once

Figureercent aRe of davefldd nsgoesl awi O\, e
QLD

SA

WA

ACT

NSW

NT

VI C

TAS

0% 10 2 % 3 % 4 O 5 06

Source: Australian PV Institute (APVI) Solar Map, funded by the Australian Renewable Energy Agency,
accessed from pv-map.apvi.org.au on 20 September 2023.
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New specialised qualifications

There wil|l also be a need to develop new qualif.i
require a | arger suite of speCanablersread lunnsittist.u tFeo I
TechnoClogrufichedEVatpprfeintstceshi p paCéamwtaiyf uanatee Ila
in Electrical VeWhdlle Téeehreolisgyverl ap bet ween
exi s€@emtgi ficate || 1,1 tihregq wadgifti &/&thiien eisncl-udes a |
specific units, many of which are core requir eme
gualifications include:

A CPP -Certificate I'V in Home Energy Efficienc
A AUR -Certificate 111 in Automotive Electric
A WA aduate Certificate in Renewable Energ
Scaling these new qualifications requires a c¢rif
enr ol and enough employers that recognise the (¢l
industry before RTOs may be willdcdogrde matker it dles
capital and equipment. This has proved difficult

The growing demand for engineering graduates in the field of renewable energy has led to
universities establishing new undergraduate pathways to meet the current skills gap that
persists within the labour market. As an example, the successful development of the new
Bachelor in Renewable Energy Engineering program at the University of Newcastle saw the
first cohort of graduates all securing a local renewable job. Table 4.9 provides a snapshot of
the current undergraduate pathways in Australia that are in the field of engineering, with a
specific focus on renewable energy. The full list of specialist undergraduate pathways can be
found in Attachment B.

Tabl eExample specialist undergraduate pathways
University Course Title Full-time duration Degree type
UNSW Bachelor of 4 years Undergraduate
Engineering
(Honours)

(Photovoltaics and
Solar Energy)

Bachelor of
Engineering
(Honours)
(Renewable Energy)

University of Bachelor of 4 years Undergraduate
Newcastle Renewable Energy

Engineering

(Honours)
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Queensland
University
Technology

Bachelor of
Engineering
(Honours) (Electrical
and Renewable
Power)

4 years

Undergraduate

Bachelor of
Engineering
(Honours)/Master of
Renewable Energy

5 years

Undergraduate
followed by
Postgraduate

Edith Cowan
University

Bachelor of
Engineering
(Electrical and
Renewable Energy
Honours)

4 years

Undergraduate

Source: Non-exhaustive list of postgraduate pathways in the renewable energy sector. Courses are accurate as
of 31 August 2023
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