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Glossary 

Abbreviation What it stands for 

AASN Australian Apprenticeship Support Network 

ABS Australian Bureau of Statistics 

ACCU Australian Carbon Credit Unit 

ACES ARC Centre of Excellence for Electromaterial Science 

ADR Automatic Deemed Registration 

AEER Australian Energy Employment Report 

AGEC Australian Gender Equality Council 

AEMO Australian Electricity Market Operator 

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 

ANZSIC Australia and New Zealand Standard Industry Classification 

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 

CCUS 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 

CSIRO 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  International Energy Agency   

IfATE Institute for Apprenticeships and Technical Education  

ILO International Labour Organisation  

IPP Commonwealth Indigenous Procurement Policy  

IRENA International Renewable Energy Agency  

ISF Institute of Sustainable Futures 

ISLP Infrastructure Skills Legacy Program  

ISP Integrated System Plan  

JSA Jobs and Skills Australia 

JSC Jobs and Skills Councils  

LEAP Leadership and Excellence in Aboriginal People  

LETDF Low Emissions Technology Demonstration Fund  

NAAA National Australian Apprenticeships Association  

NABERS National Australian Built Environment Rating System  

NatHERS Nationwide House Energy Rating Scheme  

NCVER National Centre for Vocational Education Research 

NEM National Electricity Market 

NOC National Occupation Classification  

NSC National Skills Commission 

OECD Organisation for Economic Co-operation and Development 

PALM Pacific Australia Labour Mobility  

PHES Pumped hydro energy storage 

PV Photovoltaic 

REDEI Renewable Energy Design Engineering and Integration 

REZ Renewable Energy Zones 

RMIT Royal Melbourne Institute of Technology 

RPL Recognition of Prior Learning  

RTO Registered Training Organisation 

SAF Sustainable Aviation Fuel  

SOTS Star of the South  

SSP Shared Socioeconomic Pathway 

STEM Science, Technology, Engineering and Mathematics 

TAFE Technical and Further Education 

UNCTAD United Nations Conference on Trade and Development 

UNSW University of New South Wales  

UOW University of Wollongong 

UTS University of Technology Sydney 

VET  Vocational Education and Training 

WGEA Workplace Gender Equality Agency  
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Commissionerôs Foreword 

I am delighted to present Jobs and Skills Australiaôs (JSA) first workforce capacity study, The 

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 theyôve made to this study and to Australiaôs skilling future. This is an excellent 

example of the tripartite effort needed to make lasting contributions.  

I 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-

quality jobs for all Australians.  

Professor Peter Dawkins AO 

Acting Commissioner 

Jobs and Skills Australia
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Executive summary  

Reaching the Australian Governmentôs net-zero emissions target by 2050 will require 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: 

Á 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.  

Á 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.  

Á 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. 

Á 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.  

Á 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 generations to come. This includes 

opportunities for our regional labour markets and industries that have long been in decline. 

With the right investment we can offset the jobs at risk in areas like coal-fired power and 

ensure these workers and their communities are given the support they need to transition 

and find new opportunities. 

However, the transformation also presents a major challenge. If we donôt fine tune our 

workforce pipelines, skill shortages could prevent us from reaching net zero by , and 

opportunities to broaden our industrial base will be missed. We also need to make sure that 

the jobs created are accessible and shared with all Australians, particularly 

underrepresented cohorts and workers in transitioning sectors.  

Ambitious net zero targets will need to be matched with ambitious workforce and skills 

policy. It will also require cohesive, collective action across all levels of government and 

better collaboration with industry, unions and the education and training sectors. This report 

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: 

 

Objective one: the energy transition isnôt hindered by skill shortages. 
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. 

 

 

  

https://www.jobsandskills.gov.au/work/clean-energy-capacity-study
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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 

Á Architectural, Building and Surveying 
Technicians 

Á Civil Engineering Draftspersons and 
Technicians 

Á Electrical Engineering Draftspersons 
and Technicians 

Á Other Building and Engineering 
Technicians 

Á Automotive Electricians 

Á Motor Mechanics 

Á Aircraft Maintenance Engineers 

Á Metal Fitters and Machinists 

Á Structural Steel and Welding Trades 
Workers 

Á Plumbers 

Á Electricians 

Á Airconditioning and Refrigeration 
Mechanics 

Á Electrical Distribution Trades Workers 

Á Chemical, Gas, Petroleum and Power 
Generation Plant Operators 

Á Telecommunications Trades Workers 

Á Electronics Trades Workers 

Professionals 

Á Marine Transport Professionals 

Á Architects and Landscape Architects 

Á Urban and Regional Planners 

Á Chemical and Materials Engineers 

Á Civil Engineering Professionals 

Á Electrical Engineers 

Á Industrial, Mechanical and Production 
Engineers 

Á Mining Engineers 

Á Other Engineering Professionals 

Á Agricultural and Forestry Scientists 

Á Chemists, and Food and Wine 
Scientists 

Á Environmental Scientists 

Á Geologists, Geophysicists and 
Hydrogeologists 

Á University Lecturers and Tutors 

Á Vocational Education Teachers 

Á Occupation and Environmental Health 
Professionals 

Managers 

Á Policy and Planning Managers 

Á Research and Development Managers 

Á Construction Managers 

Á Engineering Managers 

Á Production Managers 

Labourers 

Á Structural Steel Construction Workers 
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AUSTRALIAôS CLEAN ENERGY WORKFORCE IS: 

Á Predominantly 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.  

Á On 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. 

Á More 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.  

Á Underrepresented 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. 

Á Underrepresented 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. 

Á Typically paid less than transitioning sectors. In general, clean energy sectors lag 

behind the pay and conditions available in more established sectors. 

Á Predominantly 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. 

Á Employed 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:  

Á existing broad-based qualifications, like the Certificate III in Electrotechnology and 

Bachelor of Electrical Engineering. They provide the fundamental skills for a range of 

roles, including but not limited to clean energy. 

Á 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. 

Á new qualifications targeted to emerging sectors, such as the Bachelor of Renewable 

Energy and Certificate III 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 

the needs of net zero. Weôve identified three priority areas for attention:  

. System design 

Á frameworks for deeper collaboration between VET, higher education and industry 

Á new models for course delivery to better align graduates with emerging needs 

Á clearer pathways for students to navigate and access 

Á a cohesive and connected tertiary education system with fewer obstacles 

Á consistent approaches to occupational licencing. 

. Funding and program design 

Á new and responsive curriculum development for emerging needs 

Á servicing thin markets and regions through competitive models 

Á minimising capital constraints through better collaboration 

Á incentivising employer involvement in education and training. 

. Student pipeline 

Á increasing student participation in STEM 

Á growing and supporting the trainer, teacher and researcher workforce 

Á doubling down on efforts to get women into trades 

Á supporting more First Nations people into education and training 

Á better targeting of incentives and supports for apprentices. 

Despite a proven need to increase the number of apprenticeships in relevant trades and 

recent efforts by governments, there is still a significant underinvestment in this pipeline by 

industry. Leveraging government procurement and financing is a way to set standards 

regarding apprenticeship uptake, workplace gender equality and secure employment. This 

idea is incorporated in the Australian Skills Guarantee, which will introduce new national 

targets to ensure one in  workers on Australian Government-funded major projects is an 

apprentice, trainee or paid cadet. 
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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 canôt or do stay but struggle to find employment related to their field of study. 

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. 

Australiaôs remaining coal-fired power stations will gradually 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.  

While some transitioning workers will move into clean energy jobs, this isnôt the only (or 

necessarily the best) outcome. Policy analysts are often keen to use modelling exercises 

that map transitioning workers to new opportunities at a macro level, but this is only a 

conceptual exercise and can undervalue the circumstances of individuals and the barriers 

they face. Mismatches in skills, location, timing and preferences are just some of these 

considerations. Targeted, localised and individualised supports will be needed to drive 

successful outcomes for workers and their communities.  

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. 

The preliminary modelling suggests that under the central scenario we will need close to two 

million workers in building and engineering trades by , an increase of around %. 

Occupations with the highest growth rates ( - ) include Telecommunications Trades 

Workers, Electronics Trades Workers, Electrical Engineering Draftspersons and 

Technicians, Structural Steel Construction Workers, Construction Managers, Plumbers and 

Electricians.  
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Depending on different policy approaches to electrifying the National Energy Market (NEM) 

and reaching our renewable energy goals, the preliminary modelling shows we will need 

approximately ,  to ,  more electricians in the next seven years, and the clean 

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 Australiaôs energy grid and industrial base for net zero.  

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 

 
 Source: Deloitte Access Economics 2023.  
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Demand for Electricians, to 2050 

Source: Deloitte Access Economics 2023.  

EMERGING AND TRANSFORMING SECTORS 

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

While itôs easy to assume that the biggest impact will be in the sectors that need to grow the 

most, this is not necessarily the case. Increasingly over the next  years, the skills and 

roles of existing occupations will change in response to decarbonisation, even if overall 

demand does not increase. New occupations are also emerging which, even in small 

numbers, can be particularly difficult to grow, including in: 

New fuels and storage. For example, the bioenergy sector provides opportunities for skilled 

employment growth in regional areas and additional revenues streams to support 

employment in agriculture. This could see demand for new skills in agricultural science and 

chemical engineering. 

Transport will see major skills change as internal combustion engines are replaced with 

electric vehicles (and vehicles that use alternative fuels). Demand for specialist electric 

vehicle mechanics will increase, as will the demand for mechanics to work across both 

vehicle types.   

Energy performance.  An energy auditor is an example of an emerging role, while facility 

managers and air conditioning and refrigeration mechanics will likely experience changed 

skill and knowledge requirements. 
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BARRIERS FOR WORKERS AND COMMUNITIES  

Women. The clean energy sector cannot grow at the scale required without the 

participation of half of Australiaôs population, but this wonôt happen without addressing 

significant barriers that exist. Many female engineers report experiencing gender 

discrimination and bullying in the workplace and do not feel they have equal access to 

career progression opportunities, salary advancement or mentoring. The energy sector also 

has the third highest incidence of workplace sexual harassment, with % of women having 

experienced sexual harassment in the last  years. 

First Nations people. The transitioning energy sector, particularly coal mining, has been a 

major employer of First Nations people ( . %). The emerging clean energy sector is yet to 

reach these levels, with First Nations employment levels around . %. Growing the supply of 

First Nations tertiary graduates will take time but is critical to ensuring First Nations 

employment in the clean energy sector does not mimic the trends of the transitioning sector 

in concentrating First Nations employment at the lower skilled and lower paid operational 

level of the workforce. 

Safety culture. Working with clean energy infrastructure can be high risk, as is handling 

materials like hydrogen, ammonia and biofuels. A safety culture is vital and must consider 

remoteness, new technologies and processes, and regulation inconsistencies. 

Hiring and retention. The Clean Energy Council outlines several factors that exacerbate 

skill shortages within the sector, including:  

Á Visibility ï occupations within the clean energy sector and entry pathways are poorly 

understood as most workers enter the sector by side-stepping from other industries  

Á Location ï the regional location of most employment opportunities is a significant 

impediment to attracting qualified individuals, such as graduates  

Á Mobility and entitlements ï workers can experience challenges transitioning from one 

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 canôt grow the workforce at the pace 

and scale required if large groups of the population are excluded, including women, First 

Nations people, people with disability, and recent migrants whose skillsô potential are 

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 communities undergoing transition. The most positive and 

sustainable outcomes for workers and employers are individualised ones. Local support 

networks play a crucial role in this as does timing, especially for workers at different stages 

of their career and local support. The new Net Zero Authority will have a critical role driving 

consistency and coordination of these supports. 

A higher ambition? Australia can be a renewable energy superpower, but it will 

require significant effort. There is a potential path for Australia to take even fuller 

advantage of decarbonisation, expanding its production of renewable energy beyond what is 

our current domestic requirement. This would see Australia exporting renewable energy to 

the world, in the form of hydrogen, as well as extending further along the minerals value 

chain to process and refine more iron, aluminium, and critical minerals such as lithium here 

in Australia. Given proper planning, this transformational change could create generations of 

new employment opportunities 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 ï 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 

 

 

Chapter 1: 

The study 

Provides the studyôs purpose, approach and contextual 
information. Outlines the domestic and international policies 
driving the energy transition. 
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THE STUDY 

1A. Background 

Purpose of the study  

Australia is reshaping the way we generate, use and export our energy. Significant 

investments in clean energy generation and the electrification of our houses, vehicles and 

industries will help reduce emissions and cut power costs. 

However, this transition will only be possible with a workforce that is equipped with the right 

skills. New technologies mean new jobs, new skills and new industries. This report assesses 

the who, what, when, where and how of meeting the growing demand for clean energy skills. 

Just like any other element of the energy transition, our investment in workforce and skills 

development will take time and proper planning.  

Coordination will also be needed across education, training, migration and industry, which 

has proved challenging to this point. This independent report initiates these efforts by 

offering new evidence, data and insights to inform the Australian Governmentôs decisions 

about the future clean energy workforce. 

Scope of this study 

The final Terms of Reference (Figure .) for the study were published on  April  and 

incorporate feedback from state and territory governments, industry, unions, and the 

education and training sector. Our mandate was to: 

Á help clarify what jobs and industries make up our clean energy workforce  

Á understand how different transition scenarios affect future workforce needs  

Á explore how the workforce opportunities created by clean energy can be shared 

across regions and with First Nations people, women, people with disability and 

Australians from culturally and linguistically diverse (CALD) backgrounds 

Á identify the education, training and migration pathways that we should be developing, 

and the underlying system settings needed to enable those pathways. 

The study does not examine the merits of particular technologies, projects nor investments, 

nor the non-workforce impacts of the clean energy transition. 

  



 

Clean Energy Capacity Study | 21 

THE STUDY 

Figure 1.1. The studyôs terms of reference

 

The structure of this report 

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

Chapter 1: The study. Provides the studyôs purpose, approach and contextual information. 

Outlines the domestic and international policies driving the clean energy transition.  

Chapter 2: Defining óclean energy workforceô. Defines the clean energy 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. 
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What is Jobs and Skills Australiaôs role? 

Jobs and Skills Australiaôs (JSA) purpose is to be a catalyst in activating Australiaôs 

human capital potential to meet present and future skills needs. 

Our role is to engage, advise and assist the Australian Government and other 

stakeholders in decision-making on the current, emerging and future skills and 

workforce needs of the Australian economy. This includes in regional, rural and 

remote Australia, and on the development of new industries and new technologies. 

To do this, JSA provides high quality data, analysis, and insights to better 

understand Australiaôs skills and labour shortages across the economy. Providing 

advice on the effectiveness of Australiaôs VET, higher education, and migration 

systems to meet Australiaôs future skills and workforce needs is also a priority for us. 

JSAôs capacity studies assess the current and future demand for, and supply of, 

labour and skills in a critical area of the economy. They also make recommendations 

on how skill shortages (or surpluses) can be averted, within set time, resource and 

legislative constraints and government objectives.  

JSA has established an ongoing capacity study function which will: 

Á bring together subject matter experts, data specialists and people with 

stakeholder engagement expertise  

Á be informed by Project Steering Groups, with key stakeholders directly 

represented 

Á provide a detailed assessment of labour and skills supply and demand, 

employment arrangements, and education, training and migration pathways 

Á produce long-term modelling of future workforce demand and supply. 

This first capacity study is focused on a specific sector ï clean energy ï however, 

future studies may come from the perspective of a particular occupation, region or 

cohort. The topic of future studies will be decided through JSAôs annual workplan. 

  

https://www.jobsandskills.gov.au/consultations/work-plan-development-process-consultation-paper
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Our approach 

Ambitious net zero policy must be matched with ambitious workforce and skills policy. While 

Australia has a clear net zero objective, itôs also important that we have clear objectives for 

our workforce. JSA has identified three overarching objectives to guide workforce planning 

and policy: 

 

Objective one: the energy transition isnôt hindered by skill 
shortages. 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. 

The contribution of this report 

While this isnôt the first report to look at the Australian clean energy workforce, it provides 

several new and unique contributions that others donôt. The study: 

Á Defines the clean energy workforce. For the first time, a comprehensive definition of 

the clean energy workforce has been produced. Every industry in the economy is 

categorised and grouped based on its role in meeting net zero. 

Á Examines the supply of workers. Unlike other studies, we have had to consider 

where the supply of workers will (or wonôt) come from. With a finite number of workers 

in Australia, this element is important to understand whether workforce demand can be 

met. 

Á Takes a holistic view. By taking a whole-of-economy view, this study considers the 

broader impacts of the net zero transition. We also take a collective view of higher 

education, VET and migration systems to supply workers. 

Á Uses new data. JSA has pioneered the use of new data and techniques to analyse the 

clean energy workforce using unit record data to let us explore characteristics of 

workers and examine the real-world pathways they take into new roles. 

Á Provides gap analysis. Our supply and demand modelling shows when and where 

workforce gaps will likely arise, helping government to pre-empt and mitigate skill 

shortages. This includes gap analysis across a range of scenarios and sensitivities. 

  



 

Clean Energy Capacity Study | 24 

THE STUDY 

We have designed our work to align with existing plans and strategies. In particular, this 

report leverages the Australian Electricity Market Operatorôs (AEMO) Integrated System Plan 

(ISP) to build on what is already known and understood across the sector. This has been 

extended beyond the NEM to look at the contribution of all regions and sectors to 

decarbonisation.  

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.  

 

Whole of economy view 

This report examines Australia's current clean energy workforce and identifies the workforce 

needed to achieve net-zero emissions by . That means examining the industries and 

occupations with direct and indirect contributions to generating, using and managing clean 

energy, as well as the pathways.  

This analysis was undertaken at a time of record low unemployment and increased 

workforce shortages (Figure .). In these tighter labour market conditions, clean energy 

employers may find it increasingly difficult to attract and retain skilled workers. While the 

clean energy sector has a unique value proposition, it is competing with several other large 

and growing sectors like construction and defence.1 

We also examine where workers, who are a finite but very important resource, will come 

from. This is particularly important as Australiaôs students are being pulled in many directions 

across VET, higher education and the labour market. As such, our advice reflects the total 

workforce impact of clean energy and the cumulative needs of our education, training and 

migration systems. 
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Figure .. Job advertisements and the unemployment rate,  ï  

 
Source: ABS Labour Force Survey July ; JSA Internet Vacancy Index July  

Partnering with stakeholders 

Engagement is central to the way we work and achieve our priorities. JSA is committed to 

working with others in determining what we do and how we do it. This study has been 

informed by extensive engagement and partnerships with governments, industry, unions, 

universities, training providers, research bodies and subject matter experts. Key activities 

included: 

Á public consultation on the studyôs Terms of Reference 

Á a -member Project Steering Group that met regularly throughout the project to 

inform the design of the modelling, stakeholder engagement and final report 

Á a Discussion Paper that was publicly released on  April , to which we received 

 submissions 

Á roundtables and workshops with union representatives, educators from universities, 

TAFEs and other education and training providers, and businesses 

Á monthly forums with states and territories to share learnings and ensure strategies, 

initiatives and perspectives from all jurisdictions were captured in the analysis 

Á international engagements, including with Skills Future Singapore 

Á consultations with the First Nations Clean Energy Network, Aboriginal Housing 

Northern Territory, the Central Land Council and energy providers and workers in 

remote areas. 
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Future workforce estimates 

JSA partnered with Deloitte Access Economics (DAE) to produce workforce estimates for the 

Australian economy out to , covering a number of scenarios where we meet, exceed, and 

fall short of net zero (see Chapter ). These scenarios were developed in close consultation 

with our Project Steering Group and other experts across government. 

JSA and DAE have also looked at the likely pipeline of future workers over this thirty-year 

period, to assess where changes to existing education, training and migration settings may be 

needed and where the greatest opportunities to support workers impacted by decarbonisation 

may be. By working with a range of different scenarios, we can identify what is likely and how 

we might respond. This also includes the impacts of international policy on Australiaôs 

workforce needs, which will occur regardless of domestic policy.  

However, no economic or workforce forecasts can predict with certainty, especially over a 

thirty-year period. Australiaôs clean energy future will be heavily influenced by uncertain 

changes in technology, consumer preferences and global demand for energy. The scenarios 

are intended to guide and inform decision-making alongside quantitative and qualitative 

analysis. Between now and , this type of modelling exercise will need to be repeated and 

supplemented with better data collection activities and frequent consultation. 
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1B. Drivers of change 

What determines our future workforce needs? 

The size and composition of the clean energy workforce is driven by the level and direction 

of investment into the generation, transmission, distribution, and use of energy (Figure .). 

The demand for energy and the development of new technologies guides this investment. 

Investment is also influenced by government policy, export markets and international 

commitments.  

Each of these drivers has the potential to drastically change when, where, and how many 

workers we need. This can create uncertainty, which is a key reason why our clean energy 

workforce (and education, training and migration system) needs to be agile and adaptable. 

During the course of this study, a number of new announcements have been made that will 

impact this workforce, with more likely to come in response to the US Inflation Reduction 

Act: 

ñé the green hydrogen head start is a down payment on our response to the Inflation 

Reduction Act. As down payments go, $  billion isnôt bad, Iôm quite pleased with it, but itôs 

a down payment, in terms of what else we need to do later in the year, and beyond to 

respond.ò  

ï The Hon Christopher Bowen MP, Minister for Climate Change and Energy.2 

Figure .. Influencers of workforce demand 
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Government targets 

The Australian Government has committed to a faster, more ambitious net zero trajectory 

for Australia. Three key targets are driving this increased scale and pace: 

Á a net-zero emissions target by , which has been enshrined in law with 

the Climate Change Act , per commitments made under the Paris Agreement 

Á an emissions reduction target of % by , with  targets in active 

development 

Á a Renewable Energy Target of % by  for small and large-scale generation. 

The large-scale target encourages investment in large-scale renewable power 

stations to generate renewable electricity, whilst the small-scale scheme supports the 

installation of small-scale renewables, such as rooftop solar and solar hot water 

systems. 

Australia is also working with Pacific Island Nations, as well as New Zealand and the United 

States, on a range of energy and climate strategies and policies like the Quad Clean Energy 

Supply Chain Diversification Program and the Australia-United States Climate, Critical 

Minerals and Clean Energy Transformation compact. 

To reach net zero by , Australiaôs pace of emissions reduction needs to more than 

double.3 This means a much larger pipeline of renewable projects is required, many of 

which will be significantly larger in scale. It also means that expansion in renewable 

electricity will need to be complemented by initiatives to improve energy performance and 

reduce emissions from transport, buildings and industry. A larger pipeline of projects 

means a larger workforce.  

Ambition 

Beyond targets and carbon limits, the Australian Government has committed to a bolder 

ambition for our clean energy future: 

ñAustralia is among the countries best positioned to benefit from this 

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 unique 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 superpowerò  

ï Australian Federal Budget 2023-24.4 
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This ambition cuts across multiple government objectives: 

Á generating renewable energy for export markets (including hydrogen) 

Á improving the energy performance of homes, businesses and industry 

Á onshoring more processing and manufacturing, including critical minerals 

Á supporting a faster transition to Electric Vehicles (EVs) for individuals and 

businesses.  

Australia is also working with Pacific Island Nations, as well as New Zealand and the United 

States, on a range of energy and climate strategies to support the transition in our region. 

Investment and incentives 

The -  budget invested a further $  billion in its plan to become a renewable energy 

superpower, lifting the Governmentôs total investment in this plan to over $  billion. The 

establishment of Rewiring the Nation program under the -  Commonwealth Budget 

provides $  billion in low-cost financing to capitalise and modernise our electricity grid and 

infrastructure, with more than $  billion being allocated to priority transmission projects 

since September . Each of these measures will have an impact on the demand for 

workers. 

Selected measures include: 

Á The Powering the Regions Fund supports regional Australia to reduce emissions in 

existing industries, foster new clean energy industries, and develop associated 

workforces through $ .  billion in competitive grant programs 

Á Hydrogen Headstart program, provides $  billion of revenue support for large-scale 

renewable hydrogen projects to accelerate the development of Australiaôs hydrogen 

industry 

Á National Reconstruction Fund has an announced investment target of up to $ billion 

of finance to support the development of renewables and low emissions technologies 

Á The National Electric Vehicle Strategy will support the increased uptake of EVs across 

Australia, including the $  million Electric Car Discount Bill and the $ million 

Driving the Nation Fund to help reduce transport emissions, including EV charging 

infrastructure and hydrogen highways 

Á $ .  billion to enhance our energy performance. This includes the Household Energy 

Upgrades Fund, with $  billion being provided to the Clean Energy Finance 

Corporation to partner with banks and financial institutions to invest in household 

energy upgrades. 
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The clean energy transformation is a national effort that involves employers, employees 

and networks operating across state and territory borders. However, energy policy is 

predominantly the domain of state and territory governments, with the Australian 

Government supporting national arrangements, oversight and funding.5  

Each state and territory is pursuing its own energy investments and developments that 

cater to individual strengths and priorities. For example, Tasmania tailors its policies to 

hydroelectricity and offshore wind, while Western Australia is looking to transition its coal 

power plants and develop a new hydrogen industry. There are also major differences in the 

energy networks, with a mix of public and private ownership across Australia, and a NEM 

that excludes Western Australia and the Northern Territory. 

The National Energy Transformation Partnership provides a framework for national 

alignment and cooperative action to support Australiaôs energy sector transformation to net 

zero. At the same time, the Partnership acknowledges the individual needs and 

circumstances of each jurisdiction: 

ñ[the Partnership] 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 collaboratively to deliver the best outcomes at a national levelò.  

ï National Energy Transformation Partnership.6  

  



 

Clean Energy Capacity Study | 31 

THE STUDY 

Energy consumers  

Residential, commercial, and industrial energy consumers also influence Australiaôs energy 

use and therefore workforce needs. Decisions to reduce emissions (through electrification), 

lower costs (through energy efficiency), and improve energy independence (through 

distributed generation) will result in a higher demand for workers in population centres. 

Household solar and battery installation have been growing strongly in Australia, a trend now 

followed by business installations (Figure .). 

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

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

We are also seeing industry investment in clean energy technologies to diversify their 

business. For example, steel manufacturers are looking to power new electric arc furnaces 

with renewable energy to produce green steel. These new and changing industries are 

explored in Chapter . 

Most of Australiaôs energy is exported (around % in - . See Figure .), mainly as 

black coal, liquefied natural gas and crude oil. As export markets continue to decarbonise, 

the amount and type of energy Australia produces will change. This will substantially affect 

employment in traditional energy sectors and create opportunities for new ones, like 

hydrogen.  

Australia also imports a lot of energy, mostly refined fuels like diesel and petroleum, but also 

crude oil. How these imports are produced overseas, transported, and used in Australia will 

also evolve. 
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Figure 1.5. Australian energy balance 

 
Source: Department of Climate Change, Energy, the Environment and Water (DCCEEW) (2022), Australian 

Energy Statistics, Tables C, J. 

Technology development 

To date, most emissions reduction has centred around decarbonising the electricity grid 

with renewable energy. This attention is starting to shift as new priorities and technologies 

emerge. The Australian Government has already committed to new targets, investments 

and strategies across many emerging sectors, including: 

Á Transport makes up around one-fifth of Australiaôs total emissions, while EVs only 
account for . % of light vehicle sales in . The new National Electric Vehicle 
Strategy looks to increase the number EVs on our roads and the amount of 
supporting charging infrastructure. Focus is also starting to turn to decarbonising 
road, rail, maritime and air freight.7 

Á Energy performance will help Australia reduce its demand for energy and 
decarbonise faster through electrification and efficiency. The Australian Government 
is developing a National Energy Performance Strategy to accelerate these activities 
across residential, commercial and industrial settings. The -  budget included 
several initiatives for households and businesses to improve their energy 
performance. 

Á Hydrogen production, use and export are all being explored for Australia. This 
includes opportunities to use hydrogen as an alternate fuel in manufacturing and 
heavy transport as well as scaling its potential for storing energy produced from 
renewable sources. The Governmentôs recent $ bn Hydrogen Headstart Program 
aims to help grow local production of large-scale electrolysers.1  

  

 

1 Not all hydrogen is generated using renewable energy sources and only ógreenô or zero carbon 
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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Á Offshore wind has the potential to meet a large part of Australiaôs energy needs, 
with Victoria setting ambitious targets of at least  GW of capacity by ,  GW by 

 and  GW by . This will involve a complex mix of fabrication, installation, 
undersea cabling and maintenance activities. 

Á Manufacturing renewables and low emissions technologies is a priority area of the 
Australian Governmentôs National Reconstruction Fund that aims to diversify and 
transform Australiaôs industrial base. It includes a $ bn allocation for green metals 
(steel, alumina and aluminium), clean energy component manufacturing, hydrogen 
electrolysers and fuel switching, agriculture methane reduction and waste reduction. 

Á Battery storage will be a critical feature of Australiaôs future energy supply, both at 
grid-scale to support transmission but also in houses and businesses in tandem with 
small-scale solar. The government is delivering a National Battery Strategy to boost 
investment across the battery value chain. 

Á Critical minerals are essential inputs for a wide range of clean energy technologies. 
The Critical Minerals Strategy -  will support Australia to unlock our vast 
potential as a major supplier of the critical minerals needed to decarbonise the global 
economy.  

New technology has the potential to radically change the way we generate and use energy 

in Australia, which will ultimately impact the type of workforce we need. These new 

technologies and their potential impacts are explored in Chapter . 

International competition and commitments 

More than  countries have committed to achieving a net zero target, a significant 

milestone representing around % of global population. The energy transition will require a 

coordinated effort from all regions and nations, but the scale and pace of transformation will 

largely be driven by the major energy powers: China, the United States and the European 

Union. Collectively, these regions account for the majority of global energy supply and 

demand and are the three highest carbon emitters.  

The policy settings and fiscal incentives of these major powers (and countries like Japan and 

India) will heavily influence the flow of capital for clean energy projects. Therefore itôs 

important to note that regardless of Australiaôs domestic policies, our energy workforce 

needs will radically change. 

With many nations looking to transition their economies, secure energy supply, and 

develop new industries, the competition for workers will grow. As a result, Australia will 

likely find it harder to attract skilled migrants and retain local workers.8 

ñA clean-tech race is in full swing. The largest economies in the world ï 

from the United States to India, from China to Japan ï have all started to 

invest massively in green innovation. While this can only be good news for 

our planet, it is of course a lot of pressure on the EUôs own clean 

transition.ò 

ï The European Commission.9 
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Understanding the clean energy policy settings and fiscal incentives of the major energy 

powers will be critical to ensuring Australia is competitive, resilient and responsive to the 

shifting landscape of the international energy market. 

Á China has ratified the Paris Agreement, which centres on a commitment to reduce 

emissions, limit global temperature increases and mitigate the impacts of climate 

change. China is considered a developing country by the United Nations and is 

accordingly held to more lenient ratification requirements than highly developed 

countries. In , China committed to achieving carbon neutrality by . 

Á The U.S. is a party to the Paris Agreement and upon re-joining the Paris Agreement in 

, the US set an emissions reduction target of - % on  levels by  and 

has committed to achieving carbon neutrality by . 

Á The Inflation Reduction Act ( ) was designed to ensure that the United States 

remains a global leader in clean energy technology, manufacturing, and innovation. The 

IRA earmarks AU$  billion for clean energy investments across a range of sectors, 

with a view to strengthen the U.S. economy, job market and supply chains as well as 

conserve and restore the natural environment. This transformational investment is 

expected to create around  million jobs. 

Á The EU is a party to the Paris Agreement and has committed to achieve carbon 

neutrality by . Each of the EUôs  Member States are required to develop their 

own national strategies in support of these shared aims. 

The nationally determined nature of a countryôs emissions targets factors in the various 

starting positions of each country and their capacity to contribute to overarching global 

climate change objectives. 

  



 

Clean Energy Capacity Study | 35 

THE STUDY 

1C. How do we currently use energy? 

Energy is more than just electricity. It includes the fuel we use to heat our homes, fuel our 

vehicles and power our industries. Most of Australiaôs energy consumption comes from fossil 

fuels ï about % in - (Figure .). Oil is the largest fuel source (mostly for transport), 

followed by coal and gas used to generate electricity and in heavy industry. The renewable 

share has grown from around % in -  to % in - . Chapter  explores how our 

workforce needs may need to change considering different scenarios based on how the 

energy mix may change overtime. 

Figure 1.6. Australian energy consumption, by fuel type 

 

Source: DCCEEW (2022), Australian Energy Statistics, Table C. 

Energy consumption varies substantially by state and territory, although oil use is largely 

consistent (Figure .). Tasmania has the largest share of renewable energy, mostly sourced 

from hydroelectricity. South Australia uses renewables for electricity generation; however, 

gas and coal are still commonly used in industry, cooking and heating.  

Figure 1.7. Australian energy mix, by state and territory, 2020-21 

 
Source: DCCEEW (2022), Australian Energy Statistics, 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: 

Á just over half of all electricity was generated using coal (mostly black coal), followed 

by renewables (29%) and natural gas (18%) 

Á 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 

Á 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 

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

renewable electricity generation. 

Australiaôs renewable energy mainly comes from solar and wind electricity generation 

(Figure 1.9), which have grown rapidly over the past decade. While hydroelectricity makes a 

sizeable contribution (predominantly from Tasmania and NSW), itôs been at roughly the 

same levels for several decades. 

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

 

DCCEEW (2022), Australian Energy Update. Excludes biomass (wood, waste, charcoal, etc.). 
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Winding down fossil fuel generation 

The future of Australiaôs energy workforce will also be impacted by the declining use of fossil 

fuels. While this will impact many industries, like transport and manufacturing, the most 

immediate impact will be coal-fired power generation. Some power stations, like Hazelwood 

and Liddell (in  and  respectively), have already ceased operation, impacting local 

workforces. Figure . shows the expected closure timeline for Australiaôs remaining coal-

fired plants, with six expected to close by . Chapter  of this report explores the 

transition options for workers in these industries and others, while Chapter  explores the 

barriers and enablers for a successful transition. 

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

 

 
Source: AEMO, Generating united expected closure year, July 2023. 

NSW QLD VIC WA

2025   Eraring (2,880 MW)

2026

2027   Collie (340 MW)

2028   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

2035   Gladstone (1,680 MW)   Loy Yang A (2,200 MW)

2036

2037   Tarong (1,400 MW)   Tarong North (443 MW)

2038

2039

2040   Mount Piper (1,400 MW)

2041

2042   Kogan Creek (750 MW)

2043

2044

2045

2046 Stanwell (1,445 MW)

2047   Loy Yang B (1,050 MW)

2048

2049

2050

2051  Millmerran (852 MW)

TBA  Callide C (810 MW)   Bluewaters (416 MW)
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1D. Roles and responsibilities 

Clear and coordinated action by government 

The clean energy workforce challenge canôt be solved by one area of government, let alone 

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. 

Figure 1.11. The Australian Governmentôs key energy workforce activities 

 

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: 

. Support workers in emissions-intensive sectors to access new employment, skills and 
support as the net zero transformation continues. 

. Coordinate programs and policies across government to support regions and 
communities to attract and take advantage of new clean energy industries and set 
those industries up for success. 

3. Help investors and companies to engage with net zero transformation 
opportunities.10 
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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-paid jobs and diversify Australiaôs 

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 responsibility between governments, industry, workers, 

and communities. Australiaôs state and territory governments are all developing their own 

strategies and plans to grow their workforces; however, there is little consistency or 

collaboration. A complete mapping of these initiatives is available at Attachment A. States 

and territories also have different registration requirements that can lead to differences in 

training and limit mobility opportunities for workers.11 

There is an appetite for the Australian Government to provide greater coordination and 

stewardship for the clean energy workforce. The National Energy Transformation 

Partnership offers a framework for national alignment and cooperative action by 

governments to support energy transformation.12 As workforce is one of the key priorities 

for this partnership, the Australian Government should consider how its wide range of 

initiatives could contribute under the Partnership framework. Greater collaboration 

between the Australian Government and states and territories could also be supported 

through the National Energy Workforce Strategy, Net Zero Authority and JSCs. 

ñState governments should coordinate their workforce needs by sharing 

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 arrangementò.  

ï Clean Energy Council.13 
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Recommendation . 

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. 

Recommendation . 

The National Energy Workforce Strategy should involve all states and territories, leverage 
the National Energy Transformation Partnership and pursue genuine collaboration and 
consolidation opportunities.  

Recommendation . 

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 
óclean energyô 

Defines the clean energy workforce using industries, 

occupations and skills. Includes background information 

and data limitations.  
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2A. Our definition 

The approach 

In this chapter, we define the clean energy workforce, using the Australia and New Zealand 

Standard Industrial Classification (ANZSIC). This is an exhaustive process, to show how the 

clean energy workforce fits within the whole Australian labour market and economy. 

This report provides estimates of how large the clean energy workforce is, noting that in 

some sectors the number of workers directly involved in clean energy activities is small (and 

not easily measured), but which we know will grow substantially as we head toward net zero 

by . 

We then identify the critical occupations for clean energy, as classified in ANZSCO. An 

occupation is considered to be critical to the industry where: 

a. it is commonly occurring in a clean energy segment, and/or 

b. a relatively large proportion of workers in the occupation may be found in clean 

energy segments rather than in other segments, but this may not necessarily be 

the case 

c. it takes a long time to train this occupation (whether through higher education, 

VET or on the job), and 

d. to be able to work in clean energy requires specific additional skills or expertise. 

Activities covered 

JSA research and consultation within government highlighted that the lack of an evidence 

base and universal definition of the clean energy workforce was the result of two facts.  

Firstly, there are contested views on what should constitute ñclean energyò and the ñclean 

energy impacted workforceò ï and secondly because every worker will be impacted by 

decarbonisation to some extent. In practice this means government agencies were trying to 

achieve definitions that combined two lines of argument that at times conflicted.  

Various government agencies (and the many industry groups, research agencies and others 

to have done similar work) have used a wide range of data (ANZSCO, O*NET, former 

National Skills Commission (NSC) research and a new Australian Energy Employment 

Report or AEER) to infer a contested concept or concepts (ñgreenò, ñcleanò, ñefficiencyò, 

ñnew energyò), at the same time as being asked to define and identify new concepts such as 

ñnew energy apprenticeshipsò or the ñenergy performance workforceò. This resulted in 

multiple, overlapping 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: 

Á designing, developing, constructing and operating the infrastructure for 

generating, storing, transmitting and distributing energy from renewable, zero 

or low emissions energy sources* (óclean energy supplyô), 

Á reducing or managing the energy required to deliver energy services (energy 

efficiency, energy management, and demand management), and  

Á installing and maintaining the technology that uses clean energy rather than 

fossil fuels (óclean 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 feedback from our Discussion Paper and engagement with the Project Steering 

Group, the current JSA mapping of workforce against the definition of clean energyôs  

segments and  sub-segments, describe what constitutes the clean energy workforce and 

related sectors. The industry categories span energy supply, energy demand, enabling clean 

energy workforce, the workforce associated with the carbon lifecycle and the workforce from 

transitioning sectors. 

Adopting this approach, approximately % of the Australian workforce potentially has some 

direct exposure to the transition to clean energy, though based on the segments where we 

have estimated the current proportion actually in clean energy roles, the clean energy 

workforce would likely be less than % at present.  

This leaves around - % of the Australian workforce without direct or substantial 

connection to clean energy. As a predominantly service based economy, this is not 

surprising. However, we acknowledge that most industries will have some contribution. 

Further, there will be many industry groups that will experience a change in demand and 

various skill impacts because of decarbonisation and climate change. 

Figure . provides an overview of our industry categories and their relative sizes. We have 

published a full ANZSIC mapping of these segments, including employment counts, 

on our website. This mapping was produced within the constraints of ANZSIC and the 

significant data and information gaps that exist for this workforce. With new data collection 

activities like the AEER we hope that this kind of activity could be improved upon in the 

future. 

Overview of the segments 

We have identified a clean energy supply workforce. These are the business units that are 

essential to clean energy generation, transmission and distribution. Weôve included the 

supporting infrastructure for energy supply and distribution (focused on electricity given 

sustainable fuels are at a much earlier stage of development), reflecting that as we transition 

to renewable sources, these components will become more identifiably óclean energyô and 

the transition will require investment in these components as they transform. This category is 

small in terms of the total Australian workforce (approximately .%) but it will need to grow 

substantially and transform.  

We have proposed a separate segment we have called clean energy demand. This 

category captures the activities that directly relate to energy usage and energy performance, 

with energy for transport as its own sub-category. An important difference between this 

category and the clean energy supply category, is that clean energy demand activities exist 

within established ANZSIC groups where energy demand is not the main or originating 

activity but are nonetheless central to the transition. This category corresponds to around 

one in  Australian workers overall (%), but we have estimated that for most activities 

clean energy activities only currently account for up to % of employment in the relevant 

ANZSIC groups.  

https://www.jobsandskills.gov.au/sites/default/files/2023-04/Clean%20Energy%20Capacity%20Study%20-%20Discussion%20Paper.pdf
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The third category we have called clean energy enablers. Enablers do not directly result in 

the transition to clean energy, but they are nonetheless critical to creating clean energy 

supply and shifting to clean energy consuming products. Broadly, there are enabling 

services and enabling goods. The enabling services such as clean energy research, training, 

and regulation are only a small portion of the host industry groups (weôve estimated  

% at most for each of these industries). The proportion of the engineering, procurement 

and construction workforce that is working on clean energy projects is likewise small at 

present, but likely to grow substantially.  

The supply chain enabling activities include steel and fabrication for wind turbine generation 

as well as critical mineral mining and processing for battery development. At present the 

proportion of these workers within these segments in clean energy roles is very small with 

only limited onshore manufacturing for clean energy components occurring. However, it will 

grow over the period to , especially if ambitions to expand Australiaôs role along the 

value chain are realised.  

A further enabling sub-segment captures the production of, and trade in, vehicles and 

equipment such as agricultural and industrial machinery.    

The carbon lifecycle category includes industries which will have a substantial contribution 

to managing the carbon lifecycle, such as through carbon capture or the circular economy 

(which includes the reuse and regeneration of materials and products). Weôve estimated this 

adds . % of the Australian workforce. 

Based on the  Census, around .% of Australiaôs workforce is in transitioning sectors 

ï coal fired power, coal mining, oil and gas exploration and production, and downstream 

activities linked to fossil fuels, such as fuel retailing. Regionally, we know that the proportion 

is much higher in some areas and the transition will impact other jobs through supply chains 

and local communities. 

Around % of Australiaôs workforce is in emissions intensive sectors. Less than a quarter 

of this is in direct emissions-intensive sectors like metals, cement and chemicals 

manufacturing. A much larger proportion work in indirect emissions-intensive sectors that are 

high energy users like food and paper manufacturing. 
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Figure 2.1. Estimated proportion of the workforce by clean energy segment  

Segment, Description & Sub-segment  
?|J³X ­Z  Ä´º³JӃ JŻ´ 

total workforce   
Estimated proportion  

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 fossil-fuel-reliant energy sources. As we transition, these will predominantly 
support renewable energy.  

Supply Ɖ generation  0.03%  100%  

Supply Ɖ 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 Ɖ energy usage  1.1%  20%  

Demand Ɖ energy performance  3.7%  15% - 20%  

Demand Ɖ transport   3.2%  < 5% - 8%  

 Clean energy enabling  17.1%    

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.  

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

Enabling Ɖ finance, legal, business  4.4%  < 1%   

Enabling Ɖ engineering, procurement & construction  2.1%  10%  

Enabling Ɖ regulatory  3.9%  4%  

Enabling Ɖ supply chain  1.7%  < 1%  

Enabling Ɖ 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%    

Fossil-fuel 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 emissions-intensive 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 is an unallocated category where responses had missing information or 
insufficient detail.   

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



 

Clean Energy Capacity Study | 47 

DEFINING CLEAN ENERGY 

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 industry groups currently operating in the clean energy core workforce are 

hydroelectricity generation and, other electricity generation such as wind and solar. 

Electricity transmission and distribution, and on-selling electricity and electricity market 

operation are also integral parts of the supply of renewable energy. At present, 

approximately % of electricity generated in Australia is from renewable sources.14  

Existing estimates and research 

While clean energy generation (the industries captured in clean energy core - current) is a 

relatively small workforce, the most recent estimates from the Australian Bureau of Statistics 

(ABS)15 put renewable generation employment at , , with around half of this 

employment in roof-top solar: 

. Roof-top solar PV (including hot 

water) ï , 

. Solar PV large ï ,  

. Wind ï ,  

. Hydroelectricity ï ,  

. Biomass ï ,  

. Govt/Non-Profit Institution ï , 

. Geothermal -  

This is a much larger number than our estimate for the clean energy supply and reinforces 

our view to treat our analysis as indicative only. Many of the roles captured in the ABS report 

would be captured in other industry categories in the Census data, such as electrical 

services (discussed below). It also includes construction and installation activities which sit in 

our other segments. Additionally, these experimental ABS figures are also using an 

employment factor approach which only provides indicative estimates.16 

The Institute of Sustainable Futures (ISF) was commissioned to produce workforce 

projections for the Australian Energy Market Operatorôs (AEMO)  Integrated Systems 

Plan, which covers the NEM.17 ISF used an employment factor (full-time-equivalent job years 

per megawatt of installed capacity) based on current workforce estimates and projected this 

forward for each scenario. Due to information constraints, this work does not consider 

energy efficiency, demand-side energy management, electrification or renewable hydrogen 

production and is also limited by the likelihood that workforce composition and requirements 

will change over time.  

Under AEMOôs step change scenario, ISF projects that employment will grow from ,  in 

 to a peak of ,  in . Around % of employment is for onshore wind 

generation, % for rooftop solar and % for batteries, with NSW having the greatest share 

of employment, followed by Queensland, Victoria, South Australia and Tasmania. Trades 

and technicians are by far the largest occupation group, with electricians and mechanical 

trades and technicians in particularly high demand.  
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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: 

Á Energy usage relates to the installation of small scale (residential) solar electricity 

generation and the role of electrification in decarbonising energy use, electrical services 

and air conditioning and heating services (which are in the Construction industry division). 

This group will be central to electrification, as well as capturing some current rooftop solar 

installation. 

Á Estimating the current proportion of these industry groups working on clean energy is 

difficult. The ABS Employment in Renewable Energy Activities, Australia estimated that in 

financial year - , there were ,  jobs in roof-top solar PV systems and that 

growth had been approximately % a year since - .18 On that basis, it is likely to 

account for approximately % of the total electrical services workforce of approximately 

,  based on the  Census. 

Á This industry group will be the one that will need to respond to additional demand for 

electrification (alongside plumbing). It is also where a large proportion of current 

electricians are employed, and so is critical to consider in terms of potential sources of 

labour for the clean energy core workforce. 

ENERGY PERFORMANCE: 

Á Energy performance relates to reducing energy demand and includes energy efficiency, 

energy management and demand management. This sub-segment includes the industry 

groups that directly contribute to improving energy efficiency in residences and other 

buildings (e.g. house construction, carpentry services, glazing services, plumbing 

services), supporting industry groups in the value chain (e.g. glass and glass product 

manufacturing) and the various road, rail, aviation and maritime transport sectors. We 

have estimated that the clean energy component is approximately - % in construction 

(based on the distribution of spending for alterations and additions to existing residential 

buildings), and between - % in transport (based on the occupations within the industry 

that would be most impacted by conversion from combustible engines).19  
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TRANSPORT: 

Á We have created a separate sub-segment for transport, given its crucial contribution to 

reaching net zero but at the same time recognising that at this point it is less advanced in 

the transition to clean energy sources. 

Á This sub-segment includes all modes of transport from the Transport and Distribution 

industry division, as well as automotive repair. 

Á We have focused on the proportion of the workforce that will be impacted by the change 

in engine technology in terms of skills they will need to do their jobs. Therefore, weôve 

included motor mechanics rather than drivers or supporting clerical workers, to identify a 

proportion of around % for those industry groups.  

Á For automotive repair, we have considered the proportion of vehicles that are currently 

electric or hybrid. We have chosen an upper range figure ï .% of new vehicle sales in 

June  were electric or hybrid.20 The proportion of all operational vehicles is 

obviously lower 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 ï education, training, research & technology. Provides the skills and the 
technology needed to produce the clean energy sector and workforce. 

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

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

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

- Enabling ï 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 ï 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: 

Industries in this sub-segment include higher education; technical and VET; scientific 

research services, other professional, scientific, and technical services. In total, this segment 

comprises approximately a quarter of a million workers, but the proportion of workers in these 

industry groups connected with clean energy is quite small ï approximately  or %. 

A  ARENA report found - % of indexed journal articles attributed to CSIRO and 

Australian universities were related to renewables, with the total number increasing each year 

since .21 JSA analysis shows that . % of enrolments in VET are in training products 

mapped to the Powering Skills Organisation (Jobs and Skills Council). 

Finance, legal and business: 

Industries in this sub-segment are financial and insurance services, and the following from 

professional scientific and technical services: legal services, accounting services, and 

management advice and related consulting services. Like education, training, research and 

technology, the overall size is quite significant (approximately half a million workers), but the 

proportion of workers in these industry groups connected with clean energy is quite small.  

The International Energy Agency (IEA) estimates professional services (including legal, 

accounting, engineering design, and others) at around % of the clean energy workforce.22 

This aligns with the ISF analysis, which has finance, business, legal and planning 

occupations at . % for Australia.23  
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Engineering, procurement and construction: 

This sub-segment contains a combination of professional services (engineering design and 

consulting, architectural services, scientific testing and analysis services) and the group of 

heavy and civil engineering construction that covers electricity infrastructure. 

Based on Race for  workforce modelling, which provided separate workforce estimates 

and forecasts for the construction phase of renewable electricity projects, we have estimated 

that renewable energy currently accounts for approximately % of employment in this 

segment. 

One additional area of activity for the engineering, procurement and construction workforce 

is in decommissioning depleted oil and gas reserves, coal mines and coal fired power 

stations. 

Regulatory: 

Industries in this sub-segment are central government administration, state government 

administration, local government administration. As for the above two sub-segments, the 

proportion of workers in these industry groups connected with clean energy is quite small. 

Energy Assessor is an example of a regulatory related role in clean energy, as are small 

generation unit inspectors appointed by the Clean Energy Regulator. 

Data from the Australian Public Service Commission indicates that in , approximately % 

of Australian Public Service employees were working in agencies within the Climate Change, 

Energy, the Environment and Water portfolio (including the Bureau of Meteorology, the Clean 

Energy Regulator, the Climate Change Authority, the Great Barrier Reef Marine Park 

Authority, the Murray-Darling Basin Authority and the North Queensland Water Infrastructure 

Authority).24  

Supply chain: 

This sub-segment includes critical mineral mining and processing (as well as supporting 

sectors such as mineral exploration and mining support services) and manufacturing and 

construction activities that support renewable energy infrastructure, such as electric cable 

and wire manufacturing and heavy and civil engineering construction. Also in this sub-

segment are:  

Á iron ore and silver-lead-zinc ore mining 

Á iron and steel manufacturing, forging, and fabrication 

Á product manufacturing like space heating, cooling and ventilation equipment.  

As a share of the total industry groups included in this sub-segment, the proportion of workers 

with some direct connection to clean energy or its supply chain components is small. 

Employment in this sub-segment is dominated by iron ore and gold mining, for example, 

whereas the proportion connected with lithium mining is less % of those larger industry 

groups. Likewise, there is some manufacturing of wind turbine components in Victoria, but 

current employment levels are measured in the hundreds or low thousands,25 against the 

approximately ,  workers employed in various stages of steel product manufacturing in 

Australia.   
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Vehicle and equipment production, trade and maintenance: 

This sub-segment includes manufacturing vehicles as well as other machinery and 

equipment that is likely to transition from using fossil fuels as an energy source to electric 

power or sustainable fuels. This sub-segment also includes wholesale and retail trade for 

vehicles as well as machinery and equipment, and repair and maintenance of machinery and 

equipment not captured elsewhere.  

We included automotive repair with the ñEnergy demand ï transportò sub-segment, because 

of its significance and more direct connection with clean energy skills. 
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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. 

π From Agriculture, Forestry and Fishing: Forestry, Logging and Forestry Support 

Services 

π From Electricity, Gas, Water and Waste Services: Waste Treatment and Disposal 

Services; and Waste Remediation and Materials Recovery Services 

π From Arts and Recreation Services: Nature Reserves and Conservation Parks 

Operation. 

The carbon lifecycle segment has two distinct parts. The National Waste Policy Action Plan 

 (updated in )26 provides national direction to reduce the total amount of waste 

generated in Australia, increase the recovery rate from all waste streams, and significantly 

increase the use of recycled content. The mapping here concentrates on the final stage 

Waste Treatment and Disposal Services and Waste Remediation and Materials Recovery 

Services. While other industries make an important contribution to circular economy 

initiatives, such as the clothing manufacturing and retailing sectors,27 we have concentrated 

on those parts where waste management is the primary activity.  

The second part focuses on the contribution that our land mass can make to progress 

toward net zero through sequestering carbon in soil as well as living biomass and forest. By 

, nature-based sequestration technologies had produced . million Australian 

Carbon Credit Units, with the CSIRO estimating that there is the potential to capture over 

,  megatons of carbon per year across permanent plantings, plantation and farm forestry, 

and soil carbon.28 For this part, we have allocated the industry groups Forestry, Logging and 

Forestry Support Services and Nature Reserves and Conservation Parks Operation. 

Arguably Agriculture could also be included here as operations across farms, from soil 

management, feedstock, and land clearing make a substantial impact on Australiaôs 

emissions. However, we have left them out of the carbon lifecycle segment based on the 

óprimary activityô test. 
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Transitioning segments 
Estimate of approximately 129,000  

Fossil-fuel related groups which will decline or transform substantially as a result of 

decarbonisation. 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 Australiaôs coal powered electricity generators are expected to close by 

2050 but it is expected there will be an ongoing role for gas-fired electricity 

generation as part of load management. 

The major transitioning industry groups are: 

Á Mining: Coal mining, oil and gas extraction, petroleum exploration 

Á Manufacturing: Petroleum Refining and Petroleum Fuel Manufacturing and Other 

Petroleum and Coal Product Manufacturing 

Á Electricity, Gas, Water and Waste Services: Fossil Fuel Electricity Generation and Gas 

Supply 

Á Wholesale and Retail Trade: Petroleum Product Wholesaling and Fuel Retailing. 

Coal mining is the largest industry group in this segment, with approximately ,  workers 

(about one third of the , transitioning workforce), while fuel retailing is the next largest 

with approximately , . 
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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 identified using data on scope  emissions by 

ANZSIC subdivision, released by the Clean Energy Regulator.29 Scope  emissions are 

emissions that a company makes directly ð for example, burning fuels in a furnace. As this 

data is only available by subdivision, all industry groups within that subdivision have been 

allocated to the direct emissions-intensive sector.  

Any industry group that had already been allocated to one of the preceding sectors (Clean 

energy core, clean energy contributing, clean energy enabling, carbon lifecycle, 

transitioning) has been left in their initial segment. This means that the industry groups in the 

largest emitting industry subdivisions (Electricity supply, Coal mining) are captured 

elsewhere. 

Á From Primary Metal and Metal Product Manufacturing: Basic Non-Ferrous Metal 

Manufacturing, Alumina Production, Aluminium Smelting, Copper, Silver, Lead and 

Zinc Smelting and Refining, Other Basic Non-Ferrous Metal Manufacturing 

Á From Basic Chemical and Chemical Product Manufacturing: Basic Organic 

Chemical Manufacturing, Basic Inorganic Chemical Manufacturing, Synthetic Resin 

and Synthetic Rubber Manufacturing, Other Basic Polymer Manufacturing, Fertiliser 

Manufacturing, Pesticide Manufacturing, Human Pharmaceutical and Medicinal 

Product Manufacturing, Veterinary Pharmaceutical and Medicinal Product 

Manufacturing, Cleaning Compound Manufacturing, Cosmetic and Toiletry Preparation 

Manufacturing, Photographic Chemical Product Manufacturing, Explosive 

Manufacturing, Other Basic Chemical Product Manufacturing n.e.c. 

Á From Non-Metallic Mineral Product Manufacturing: Clay Brick Manufacturing, 

Other Ceramic Product Manufacturing, Cement and Lime Manufacturing, Plaster 

Product Manufacturing, Ready-Mixed Concrete Manufacturing, Concrete Product 

Manufacturing. 

This captures all industry subdivisions accounting for at least % of Australiaôs total Scope  

emissions. 
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Indirect emissions-intensive sub-sector (high energy users) 

Indirect emissions-intensive sub-sectors were identified in a similar manner to the direct 

subsector. The data source was Table .  of Energy Account, Australia, - , which 

records electricity usage by industry.30 In some cases, only data at the division level is 

available, while for some industries it is provided for particular subdivisions or groups of 

subdivisions. Electricity consumption as a proportion of total consumption was compared to 

each industryôs proportion of Gross Value Added (GVA) and, as a secondary measure, total 

employment. As for direct emissions, industry categories already captured in earlier sectors 

were not moved (this included electricity supply, water and waste services, coal mining, oil 

and gas extraction, most of other mining, most of petroleum and chemical product 

manufacturing, iron and steel manufacturing and non-ferrous metals manufacturing). 

On this basis, the following industry groups were allocated to indirect emissions-intensive 

sub-sector: 

Á Food, beverages, textiles manufacturing 

Á Wood and paper product manufacturing and printing 

Á Gravel and sand mining from Other mining (all other mining categories were captured 

elsewhere) 

Á Polymer Product and Rubber Product Manufacturing from Petroleum and chemical 

products. 

The proportion of electricity consumption was similar to GVA for three further industry 

divisions: Accommodation and Food Services, Retail Trade, and Rental, Hiring and Real 

Estate Services. For Rental, Hiring and Real Estate Services, the proportion of electricity 

usage was similar to GVA and larger than employment ( . % electricity usage vs . % GVA 

vs . % employment). JSA has included property operators (both residential and non-

residential) within the indirect emissions-intensive segment while excluding the other 

categories within this industry division. 

However the decision was made not to include Retail trade or Accommodation and Food 

Services as while their share of electricity usage was similar to or larger than their share of 

GVA ( . % vs . % for Retail trade, . % vs . % for Accommodation and food services), 

the ratio between electricity usage and employments were both much lower ( . % vs . % 

for Retail trade, . % vs . % for Accommodation and Food Services). We acknowledge 

that there will be roles within both industries directed toward reducing electricity 

consumption, which we will come back to in the occupational profiles. 
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2C. Critical occupations 

This report also identifies the critical occupations Australia will need to develop and grow to 

support the transition. Identifying critical occupations is important for the purposes of the 

study because it provides a range of insights into: 

Á understanding the extent to which people can transition between the industry 

categories is a critical objective of the study. 

Á the retraining or reskilling need is different for people transitioning between industries 

within the same occupation compared to changing occupation as well as industry. 

Á understanding more the barriers that prevent the supply pipeline meeting demand can 

inform the analysis in the study. 

JSA identified critical occupations through an iterative process of desktop research, analysis 

of Census data, and feedback from stakeholders. The start of the approach was to examine 

those occupations that occurred commonly within the clean energy segments (the  most 

common occupations in each segment) and then considering if: 

Á a relatively large proportion of workers in the occupation may be found in clean energy 

segments rather than in other segments (but this may not necessarily be the case) 

Á it takes a long time to train this occupation (whether through higher education, VET or 

on the job), and 

Á to be able to work in clean energy requires specific additional skills or expertise (for 

example, a university lecturer requires specialist knowledge to enable clean energy 

education and training, but this is not true to the same extent for an accountant or 

solicitor).  

In total  critical occupations have been identified (profiles for each follow this section). 

Figure . shows how these occupations (grouped based on the Australian and New 

Zealand Standard Classification of Occupations ANZSCO) occur across segments. As would 

be expected, Electricians and Electrical Engineers recur across multiple segments but so do 

engineering trades such as Metal Fitters and Machinists, engineering roles such as 

Industrial, Mechanical and Production Engineers, and managerial occupations such as 

Production Managers and Construction Managers. Our analysis of skill pathways and future 

supply will focus on these critical occupations. 

The full occupation to industry segment mapping is available to download on the JSA 

website.   

There is also a wide range of labourer occupations that are critical to the clean energy 

workforce. These include Construction and Plumbing Labourers, Concreters, and Insulation 

and Home Improvement Labourers. While these roles donôt meet our above criteria, this 

doesnôt underplay play their continued contribution to the clean energy sector, including in 

construction, energy performance, manufacturing, mining and installation. Machinery 

operators and drivers are also critical, particularly to projects that require large-scale civil 

engineering activity, such as hydroelectricity. 
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Figure 2.2. Critical occupations by segments 
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Occupation 
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There are a number of occupations that are common to clean energy and transitioning 

segments, including Electricians, Metal Fitters and Machinists, and Chemical, Gas and 

Petroleum and Power Generation Plant Operators. Figure .  shows  large occupations in 

the transitioning segment and their commonality with two clean energy segments. Chapter 

D explores workforce transitions in greater detail. 

Figure 2.3. Common occupations for clean energy and transitioning sectors  

Largest occupations in the transitioning segment 
Clean Energy 
 Generation 

Clean Energy 
Supply Chain 

Drillers, Miners and Shot Firers U V 

Service Station Attendants U U 

Metal Fitters and Machinists V V 

Other Building and Engineering Technicians U V 

Truck Drivers V V 

Electricians V V 

Chemical, Gas, Petroleum and Power Generation Plant Operators U V 

Production Managers V V 

Occupations meeting the ñcriticalò criteria are bolded.  
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Emerging occupations and industries 

There are a growing number of new and emerging occupations that are not well captured 

by existing structures like ANZSCO. However, there is an important distinction between a 

new occupation, which has substantially different skill needs, and a specialisation or 

alternate title which is an existing occupation but in a new context.31  

While the ABS is in the process of updating ANZSCO, it is important to note that not every 

emerging occupation will meet the ABSô criteria to be included as a discreet occupation 

(ANZSCO -digit code). For example, in  the ABS added Solar Installers as a 

specialisation of Electricians, rather than having it as its own occupation with a different 

code, meaning it is not able to be measured separately.32 Wind Turbine Technicians is 

another occupation that while identified by the National Skills Commission (NSC) in , 

did not meet the ABSô criteria for inclusion.  

This is particularly challenging for government policy interventions in occupations defined 

under the areas of skilled migration and vocational education that often link eligibility 

criteria to occupations defined in ANZSCO, meaning emerging occupations are often 

unable to be included or individually targeted. A new, consistent approach to identifying 

and reporting on emerging occupations could help governments incorporate emerging 

occupations into program design, without having to replace or change ANZSCO. 

Recommendation . 

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

new mechanism to identify emerging occupations in the labour market that donôt meet 

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  highlighted four key emerging 

occupations related to clean energy: Solar Installers (mapped to Electricians), Wind 

Turbine Technicians (mapped to Power Generation Plant Operator), Energy Auditors and 

Energy Efficiency Engineers. JSA has since taken carriage of this work, with Figure . 

showing how job advertisements for these roles have grown. 

Figure . . Job posting counts for emerging occupations 

 
Source: JSA , Lightcast 

The data analytics function within JSA is currently researching a range of new and 

emerging occupations, with some occupations having relevance to the clean energy 

sector. Exploratory analysis has identified the following list of occupations, including:  

Á EV Mechanic 

Á Climate Change Analyst 

Á Recycling Coordinator 

Á Energy Broker 

Á Solar Energy Systems Engineer 

Á Weatherisation Installers and Technicians. 

During the course of this study, stakeholders have also raised a range of other potential 

emerging occupations, including: 

Á Carbon capture and storage specialists 

Á Hydrogen fuel cell technicians 

Á Battery design specialists (grid and residential) 

Á Battery recycling specialists 

Á Blade engineers. 
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Figure .. Job posting counts for potential emerging occupations 

 
Source: JSA , Lightcast job advertisement data. 
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2D. Data limitations 

While this study addresses a number of information gaps, longer-term solutions will be 

needed to truly improve the data landscape for this critical sector. 

Earlier this year, the Australian Government launched the first AEER survey to provide a 

sample data of the energy workforce. Unfortunately, due to a low response rate and non-

random sample, the survey produced limited quantitative results.  

JSA will work with DCCEEW to develop a business case to build on the capability of the 

AEER and broaden its data collection in future years. A well-developed AEER would support 

many areas of government, industry and the education and training sector to effectively 

manage the clean energy transformation. 

Recommendation . 

The Australian Government could commission a comprehensive and regular AEER.  

This will be critical to address data gaps limiting Australiaôs ability to identify and project 

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. 

In , the ABS published a data set called Employment in Renewable Energy Activities. 

This series provided annual employment estimates for renewable energy activities in 

Australia, from -  to - . Unlike other data, this series can be disaggregated by 

type of renewable activity (e.g. solar, wind), giving us a rare insight into the current day 

employment of these sectors. This type of product can provide regular, consistent time 

series of employment and allow government to track the progress of the clean energy 

transition. The Australian Government should consider supporting the ABS to renew this 

product to complement the more extensive AEER. 

Recommendation . 

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 workforceôs progress. 
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Chapter 3: 

The current 
workforce 

Explores the size and composition of the clean energy 

workforce. Includes demographic, geographic and 

employment characteristics. 
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Introduction 

In the first part of this chapter, we look at the characteristics the workers in clean energy, 

using the segments presented in Chapter . Our analysis relies on Census data, and other 

data sources, as a baseline for consistent analysis of:  

Á demographic characteristics, including gender, age, highest level of education, 

Aboriginal and Torres Strait Islander status, country of birth, and disability status. 

Á spatial characteristics, namely where workers live and work. 

Á employment characteristics, including working hours, income, work travel patterns, 

forms of employment and union membership. 

This analysis is illustrative for some industry segments and occupations, as we can only 

analyse those employed in the whole industry groups related to the clean energy segments 

or whole critical occupation identified in Chapter , and not the specific clean energy workers 

within these. 

In the second part, we examine the characteristics of firms in clean energy, again considered 

segment by segment. This includes consideration of the following, wherever relevant: 

Á firm size and age 

Á ownership structure (public vs private) 

Á activities and involvement in other economic sectors, with a particular focus on the 

transitioning sector and the clean energy supply chain.  

Á business models 

Á role of employer associations and peak bodies, engagement with trade unions, First 

Nations groups and communities. 

The rationale for examining these characteristics is to better understand how workers are 

engaged and labour deployed in these firms ï this will reveal (hopefully) potential mutual 

interests and levers for positive workforce development. 
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3A. Worker characteristics 

Demographic characteristics 

Gender 

Women are underrepresented within the clean energy workforce, particularly in higher skill-

level occupations, clean energy critical occupations, and senior positions. Overall, 65% of 

the clean energy workforce is male but this varies across the clean energy demand, enabling 

and supply segments ( %, %, % respectively). Looking at the distribution of women by 

clean energy sub-segments, Figure . shows that the lowest levels of female participation 

are in clean energy demand (energy performance, energy usage and energy transport) 

(predominantly in the Construction industry) and clean energy enabling (supply chain and 

vehicle and equipment production, trade and maintenance). There are slightly higher levels 

in clean energy supply (distribution and generation).  

The three more white collar clean energy enabling sub-segments (education, training, 

research and technology, finance, legal and business, and regulatory) are the only clean 

energy segments with majority female workers. In comparison, other industry groups have 

more than % female participation. Occupationally, the gender segregation is even more 

apparent, especially amongst the Technicians and Trades occupations (Figure . ).  

Figure 3.1. Female representation by Clean Energy Sub-segment

 

Source: ABS Census of Population and Housing, 2021 
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Figure 3.2. Female participation across the critical occupations in clean energy  

 

Source: ABS Census of Population and Housing, 2021 
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The CECôs survey found the representation of women decreased as roles became senior 

leadership roles or board positions.33 

Across all three sectors of clean energy, transitioning and emission intensive, women are 

more likely to work in on-selling electricity and fuel retailing than in energy generation, gas 

supply and electricity distribution transmission. Where women are working in clean energy, 

they are in roles such as general clerks, office managers, accounting clerks, commercial 

cleaners and interior design whereas female representation in trade qualified roles and 

engineering roles is very low. 

The barriers to womenôs participation in the clean energy workforce including issues around 

the gender pay gap; workplace safety in particular high rates of sexual harassment and 

basic issues like suitable workplace amenities is discussed in Chapter . Increasing 

womenôs participation is key to scaling up the workforce that we need for the net zero 

transition so opportunities to do this including the Smart Energy Councilôs Gender Action 

Plan are also highlighted in Chapter 8. 
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Age 

The average age of the clean energy workforce is , which is on par with the average age 

of the workforce in emissions-intensive and transitioning segments. It is slightly older than 

the wider Australian labour force which has an average age of . Across all sub-segments, 

the average age ranges from  to  (Figure .). The clean energy demand workforce is 

younger than the other segments, especially amongst the energy usage and performance 

sub-segments. The emissions-intensive, demand transport and enabling regulatory 

workforces are slightly older with an average age ranging  to . Several of the technical 

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 

 

Source: ABS Census of Population and Housing 2021 
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Highest level of education 

The level of qualifications differs significantly across the clean energy segments. In general, 

clean energy workforce segments contain a larger proportion of VET-qualified workers than 

the overall economy (Figure .). There are exceptions: in the enabling sub-segments of 

education, training, research; finance, legal, business, as well as clean energy regulation 

where there are higher levels of degree-qualified workers. Of the clean energy segments, 

the transport and carbon lifecycle segments have the largest proportion of workers without a 

post-school qualification at Certificate level III or higher. 

A notable finding is that the clean energy supply segment comprises a larger proportion of 

workers with higher education (undergraduate and postgraduate qualifications) than the 

transitioning segment which has workers in coal-fired power stations.  

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

Source: ABS Census of Population and Housing 2021 
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First Nations status 

The proportion of First Nations people working in the clean energy 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  

 

Source: ABS Census of Population and Housing 2021  
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Country of birth 

Around % of the Clean Energy workforce are overseas born workers, with the enabling 

segments having the highest proportion of overseas born workers (over %). Clean energy 

supply segments are broadly similar to the transitioning segment, and are below the labour 

market average (Figure .).  

Figure 3.6. Workers born overseas by Clean Energy Sub-Segment 

 

Source: ABS Census of Population and Housing 2021 
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Of the 38 critical clean energy occupations, engineering professions have the highest 

proportion of overseas born workers (Figure 3.7). In 2021, over half of Australiaôs Electrical 

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 highlights the fact that Australiaôs migration system has had an uneven impact 

on the labour market, skewing towards higher skill level professions. A similar observation 

can be made of Australiaôs international education market, where higher education receives 

a larger share of enrolments than VET.  

Figure 3.7. Workers born overseas by critical occupation 

 
Source: ABS Census of Population and Housing 2021 
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Within clean energy, overseas born workers come from around the world, with Southern 

Asia being the largest source region (Figure .). Countries of birth were broadly consistent 

across most sub-segments and with the broader labour market. 

Figure .. Country of birth for workers born outside of Australia 

 

Source: ABS Census of Population and Housing 2021  
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Disability and health status 

Based on the limited data available, rates of long-term health conditions (a proxy indicator 

for disability status in the Census) are somewhat lower than the general workforce (Figure 

.). Where higher rates are observed, these are in the enabling sub-sectors (education, 

training, regulatory, and research and technology), which may be reflective of these broader 

industries than clean energy specifically. 

Figure .. Long-term health conditions by Clean Energy sub-segment

 

Source: ABS Census of Population and Housing, 2021 
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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) by Clean Energy sub-segments 

 
Source: ABS Census of Population and Housing  
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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). Weôve identified 12 regions where workers 

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. 

Figure .. Regions (SA) where transitioning workers are a high proportion (> %) of 

local employment 

 

Source: ABS Census of Population and Housing  
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Employment characteristics 

Working hours 

Workers in clean energy segments are more likely to work full-time than the rest of the 

workforce. The clean energy generation and distribution sub-segments have very low 

proportions of part-time workers ( % and % respectively), less than half the rate of the 

transitioning segment. All energy sub-segments have lower rates of part-time employment 

than other industry groups (Figure .). 

Figure .2. Working hours (full-time/part-time status) by Clean Energy Sub-Segment  

 

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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Figure .. Gender distribution for part-time working hours by sub-segment 

 

Source: ABS Census of Population and Housing 2021 

Remuneration 

In general, remuneration in clean energy (including renewable energy generation, hydrogen 

production, critical minerals extraction) lags behind the remuneration in non-clean energy. 

This can be seen when comparing average incomes for the  critical occupations (Figure 

.). In many, but not all cases, both groups of energy workers earn more on average than 

other workers. Some of the reasons behind this disparity are explored in Chapter . 

Remuneration for non-clean energy activities may be skewed by the mining sector, which 

has typically provided some of the highest renumeration in the labour market. Power 

Operators, which are employed in fossil-fuel generation and hydroelectricity, earn more in 

clean energy than non-clean energy. This might suggest that clean energy wages are more 

competitive when comparing roles in more similar settings. 
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Figure 3.14. Average annual personal income for critical occupations by segment

 
Source: ABS Census of Population and Housing 2021   

  



 

Clean Energy Capacity Study | 81 

THE CURRENT WORKFORCE 

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  

Source: ABS Census of Population and Housing 2021 

Figure 3.16. First Nations Average Income gap for selected Critical Occupations in the 

Clean Energy Workforce  

Source: ABS Census of Population and Housing 2021 
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Box 3. Wages of electrical apprentices  

Most Electricians, including apprentices, have their wages set through individual agreements with 
their employer (Figure .). However, around a third of electrical apprentices are paid according to 
their modern award, which sets the minimum wages and conditions for the trade. 

Figure .. Method of pay setting, Electricians  

 
Source: ABS Employee Earnings and Hours  

Minimum pay rates in the Electrical Award varies for apprentices who have not completed year , 
those who have, and adult apprentices aged  years and over (Figure .). Pay rates also increase 
in each year of the apprenticeship, except for adult apprentices who have the same minimum in nd, 
rd and th years. 

Figure .. Minimum weekly wage rates for electrical apprentices 

 
Source: Fair Work Ombudsman 

Electrical apprentices earn around % of what their fully qualified counterparts do per year, and 
around % of the average Australian worker (Figure . ). These proportions have seen little 
change in the past decade, which suggests that the comparative earnings of electrical apprentices 
have not changed. 

Figure .. Electrical apprenticesô annual salary comparison. 

 
Source: Australian Taxation Office, Taxation Statistics: individuals 

0%

10%

20%

30%

40%

50%

60%

Owner manager
of incorporated
enterprise

Individual
arrangement

Collective
agreement

Award only

Adult rate

Apprentice or trainee rate

$0

$200

$400

$600

$800

$1,000

1st Year 2nd Year 3rd Year 4th Year

Junior - not finished Y12 Junior - finished Y12 Adult apprentices (21+)

0%

20%

40%

60%

80%

As a % of the average
Australian salary

As a % of the average
Electrician salary (qualified)



 

Clean Energy Capacity Study | 83 

THE CURRENT WORKFORCE 

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 

 

Source: ABS Census of Population and Housing 2021 

Forms of employment 

Data on forms of employment are not as widely available as the characteristics already 

discussed, so it is not possible to be as precise. The best available source is through the 

ABS Characteristics of Employment survey. This restricts us to ANZSIC -digit (sub-division) 

and ANZSCO -digit (minor group) results, so we will focus on a subset of industries and 

occupations as most relevant to clean energy generation and the procurement, construction 

and engineering enabling segment. The Characteristics of Employment survey lets us 

examine the proportion of workers who are permanent or casual (defined by the ABS for this 

survey as without paid leave entitlements), and those who are not defined as employees ï 

this includes owner managers (whether they have employees or not) and contributing family 

workers.  
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In general, we observe higher levels of permanent employment and lower levels of casual 

employment in the selected clean energy industries and occupations than for the overall 

Australian workforce. The electricity supply industry (which covers generation and 

distribution) has a very a low level of self-employment ( % and % respectively). This pattern 

also holds for the selected occupations, except electricians, where there is a higher level of 

self-employment. Rates of casual employment are also very low among selected industries 

and occupations (Table . ). 

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

Selected Clean Energy Industries  
Permanent 

(%) 
Casual (%) 

Not an 
employee 

(%) 

   Electricity supply 91.6 ** ** 

   Heavy and Civil Engineering Construction 72.2 11.7 16.1 

Selected Clean Energy Occupations     

   Electricians 75.6 2.9* 21.5 

   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 of employment, JSA is reliant on survey data to examine levels of union 

membership and methods of pay setting. For consistency, we have used the same industry 

and occupational categories as above, again relying on data from the ABS Characteristics of 

Employment survey.  

The electricity supply industry has a higher level of trade union membership than the overall 

Australian workforce, as well as a much higher levels of collective agreement coverage 

(Table . ). The level of trade union membership in heavy and civil engineering construction 

is also higher than the Australian average, but the industry sector has a lower level of 

collective bargaining coverage. When examined by occupation, electricians have a 

substantially higher level of union membership than the Australian workforce overall, as do 

mechanical engineering trades workers. Levels of collective bargaining coverage for both 

trade occupation groups reflect the Australian average, with the slightly lower figure for 

electricians influenced by the higher level of self-employment (see above). Engineering 

professionals have a lower level of union membership and collective bargaining coverage 

but may be more likely to be members of a professional association. 

https://www.abs.gov.au/statistics/detailed-methodology-information/concepts-sources-methods/labour-statistics-concepts-sources-and-methods/2021/concepts-and-sources/employment-arrangements
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There are several trade unions representing workers in the clean energy workforce, with 

coverage variously defined by occupation and industry. The Electrical Trades Union of 

Australia (ETU) represents more than ,  Electricians, apprentices and electrical workers 

around Australia. The Australian Manufacturing Workers Union (AMWU) would typically 

represent mechanical engineering trades workers in most workplaces, including in Electricity 

Supply and Heavy and Civil Engineering Construction. Depending upon their role, Electrical 

Engineers may be eligible for membership with the Association of Professional Engineers 

Australia (APEA), Engineers Australia, or the ETU, which represents their members in the 

clean energy generation electricianôs workforce. 

Regarding other occupational categories in the clean energy workforce, electrical distribution 

trade workers can work across several industries including electricity, gas and trades 

services, construction, public administration and safety.  They may be eligible to join unions 

including the Australian Workers Union (AWU), the Construction Forestry Maritime Mining 

Energy Union (CFMEU) and the ETU. There is no one union for Chemical, Gas, Petroleum 

and Power Generation Plant Operators. Workers from this industry may be eligible to join 

unions including the AWU, the Australian Services Union (ASU) or the United Workers Union 

(UWU). 

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

 
Selected Clean Energy Industries 

Trade union 
member (%) 

Collective 
agreement 

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. Firm 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 CECôs Empowering Everyone survey found nearly % of utility-scale renewable energy 

businesses had  employees or more compared to % of smaller scale renewable 

organisations. Analysis of the membership available on the CEC shows several small-scale 

solar rooftop installers. Small-scale renewable energy generation now accounts for a quarter 

of renewable energy generation with storage expected to increase as the costs of batteries 

reduce. The small-scale renewable energy market provides significant employment to 

businesses, including small business and sole traders, providing roof top solar installation, 

solar panel cleaning, battery systems installation and energy management advisory 

services. The CEC has accredited nearly ,  installers and designers. Many of these 

businesses provide additional electrical services, and as noted in Chapter  are counted in 

the Electrical Services ANZSIC group.  

The commercial solar market is mature and relatively well diversified. At present, the largest 

utility-scale solar electricity generators are Neoen Australia, FRV Australia, Wirsol Energy, 

AGL and Enel Green Power (Figure .). 
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Figure 3.21. Major firms in solar generation 

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

¶ Colembally (NSW, 150 MW) 

¶ Western Downs (Qld, 460 MWp) 

¶ Numurkah (Vic, 128 MW) 

¶ 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 MWac) 

¶ Clare (Qld, 100 MWac) 

¶ Lilyvale (Qld, 100 MWac) 

¶ Moree (NSW, 56 MWac) 

¶ Goonumbla (NSW, 68.7 MWac) 

¶ 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. 

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

¶ Whitsunday (Qld, 69 MWp) 

¶ Hamilton (Qld, 69 MWp) 

¶ Clermont (Qld, 89 MW) 

¶ Gannawarra (Vic, 60 MWp) 

¶ Wemen (Vic, 110 MWp) 

¶ Glenrowan (Vic, 149 MWp) 

History: established in 2017. 
Ownership structure: Owned by Malaysian 
clean energy company Gentari 
Other activities: 

AGL 
Estimated market share: 5.3% 
Primary generation sites:  

¶ Broken Hill (NSW, 53 MW) 

¶ Nyngan (NSW, 102 MW) 

 
History: founded as Australian Gas Light 
Company in 1837. 
Ownership structure: Private company listed 
on ASX. 
Other activities:  
AGL is Australiaôs largest electricity generator. 
AGL has activities across natural gas and 
electricity generation from a range of sources as 
well as substantial electricity and gas retailing.  

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

¶ Cohuna (Vic, 34 MW) 

¶ Bungala 1 & 2 (SA, 220 MWp) 

¶ 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.34 

  



 

Clean Energy Capacity Study | 88 

THE CURRENT WORKFORCE 

Wind 

Electricity generation from wind energy in Australia is currently quite dispersed, despite 

lacking the small-scale generation options that rooftop solar provides. The three largest 

generators only account for approximately a third of current output (Figure .). However, 

further concentration is likely into the future, as planned offshore wind projects have 

significantly greater generating capacity. As of now, the onshore wind market in Australia is 

more established than the offshore market which is only starting to emerge. 

Wind electricity generators are more concentrated in Victoria, New South Wales and South 

Australia. Further wind power investment in Victoria is planned with Westwind Energy 

constructing a $  billion Golden Plains Windfarm, located near Geelong. Once online, 

Iberdrolaôs Mount James windfarm in North Queensland will be Australiaôs biggest onshore 

windfarm. While they have fewer wind assets in absolute terms, on a population basis, 

Tasmania and Western Australia have more establishments per capita than New South 

Wales. 

Figure 3.22. Major firms in wind generation 

AGL 
Estimated market share: 15% 
Primary generation sites:  

¶ Macarthur (Vic, 420 MW) 

¶ Wattle Point (Qld, 69 MWp) 

¶ 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 Australiaôs largest electricity generator. 
AGL has activities across natural gas and 
electricity generation from a range of sources as 
well as substantial electricity and gas retailing. 

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

¶ Bodangora (NSW, 113.2 MW) 

¶ Capital (NSW, 140.7 MW) 

¶ Lake Bonney 2 (Qld, 159 MW) 

¶ Port Augusta (SA, 217 MW) 

¶ 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:  

¶ Codrington (Vic, 18.2 MW) 

¶ Challicum Hills (Vic, 52.5 MW) 

¶ Clements Gap (SA, 57 MW) 

¶ Portland (Vic 179 MW) 

¶ 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:  

¶ Bango (NSW, 244 MW) 

¶ Crudine Ridge (NSW, 134 MW) 

¶ Murra Warra I and II (Vic, 435 MW) 

¶ 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. FFI is investing 
in a number of hydrogen projects. 

Sources: see endnotes35  

https://www.iberdrola.com.au/our-assets/asset-map/
https://www.iberdrola.com.au/our-assets/asset-map/
https://www.iberdrola.com.au/our-assets/asset-map/
https://www.iberdrola.com.au/our-assets/asset-map/
https://www.iberdrola.com.au/our-assets/asset-map/
https://www.iberdrola.com.au/our-assets/asset-map/
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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 Tasmaniaôs electricity generation comes from hydroelectricity. The hydroelectricity 

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 
Estimated market share: 48% 
Primary generation sites:  

¶ Gordon (Tas, 432 MW) 

¶ Poatina (Tas, 300 MWp) 

¶ Reece (Tas, 231.2 MW) 

¶ John Butters (Tas, 144 MW) 

¶ Tungatinah (Tas, 125 MW) 
& other smaller power stations 

Ownership structure: Publicly owned by 
Government of Tasmania. 
Other activities:  
Hydro Tasmania operates a gas turbine power 
station in the Tamar Valley and wind farms at 
Huxley Hill, Musselroe and Woolnorth. 

Snowy Hydro 
Estimated market share: 12% 
Primary generation sites:  

¶ Tumut 1, 2 and 3 (NSW, 2116 MW) 

¶ Murray 1 and 2 (NSW, 1500 MWp) 

¶ Blowering (NSW, 80 MW) 

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

AGL 
Estimated market share: 5.6% 
Primary generation sites:  

¶ Kiewa Scheme (Vic, 395 MW) 

¶ Dartmouth (Vic, 185 MWp) 

¶ Eildon (Vic, 120 MW) 

History: founded as Australian Gas Light 
Company in 1837. 
Ownership structure: Private company listed 
on ASX. 
Other activities:  
AGL is Australiaôs largest electricity generator. 
AGL has activities across natural gas and 
electricity generation from a range of sources as 
well as substantial electricity and gas retailing. 

Queensland Hydro 
Estimated market share: N/A 
Primary storage sites (planned):  

¶ Pioneer-Burdekin (Qld) 

¶ Borumba (Qld) 

Ownership structure: Publicly owned by 
Government of Queensland. 
Other activities: N/A 
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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 & 
Territories 

Ownership structure 

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 
Horizon Power 

WA Government of Western Australia 

Power and Water Corp NT Northern Territory Government 

TasNetworks Tas Tasmanian Government 

 

Figure 3.25. Major firms in electricity distribution 

 Region Ownership structure 

AusNet Services Victoria Brookfield Corporation 
Essential Energy NSW NSW Government 
Endeavour Energy NSW Consort led by Macquarie 

(50.4%), NSW Gov 
Energex SE Qld Queensland Government 
Ergon Energy Regional Qld Queensland Government 
Powercor Australia Central & Western Vic Spark Infrastructure, Cheung 

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

United Energy SE Melb & Mornington Peninsula Consortium led by CK 
Infrastructure 

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

SA Power Networks SA Cheung Kong Infrastructure 
Holdings, Spark Infrastructure 

Western Power and 
Horizon Power 

Regional and remote WA Government of WA 

Evoenergy ACT ActewAGL Distribution  
Power and Water Corp NT Northern Territory Government 
TasNetworks Tas Tasmanian Government 
Jemena NSW, Vic, Qld State Grid Corp of China, 

Singapore Power  
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Clean energy demand 

Energy usage ï 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 ï hydrogen  

The Australian Hydrogen sector remains in its developmental phase, with a number of 

demonstration and pilot projects underway. Often these involve collaborations between 

commercial entities and universities, the CSIRO or other research organisations.36 

Á Australian Gas Networks (AGN) is developing the Hydrogen Park South Australia 

(HyP SA). This project is targeting the development of renewable blended gas for 

domestic consumption. AGN is part of the Australian Gas Infrastructure Group.  

Á Hydrogen Engineering Australia is partnering with a number of other firms, including 

AGL and Japanese energy users, to pilot the production of hydrogen from coal gas in 

the Latrobe Valley, transport it to Hastings, and then liquify it for transport to Japan.  

Á Engie, Mitsui and Yara Fertilisers are seeking to produce green ammonia from a 

MW electrolyser using electricity from onsite solar production in Karratha (Yuri 

renewable hydrogen to ammonia project). 

The NSW Government has invested in developing a hydrogen hub in the Hunter (as well as 

Illawarra) with several projects at the exploration, feasibility or development stage:37 

Á Hunter Energy Hub led by AGL Energy and Fortescue Future Industries is seeking to 

develop a large scale hydrogen production facility (min.  MW). 

Á Origin Energy and Orica are seeking to produce hydrogen primarily for industrial 

processes with a  MW electrolyser. 

Á The Port of Newcastle together with Macquarie Green Investment has completed a 

feasibility study for a  MW electrolyser for domestic use initially.  

Similarly, projects are at various stages in Queensland. 

Á The Central Queensland Hydrogen Project (CQ-H ) is under development, led by 

Stanwell Corporation Limited, Iwatani Corporation, Marubeni Corporation, Kansai 

Electric Power Company, and Keppel Infrastructure. This project is targeting liquid 

hydrogen export potential,38 as well as domestic applications, with production to 

scale up in the late s.39  

With most projects not advanced beyond pilot stage, employment overall remains low and 

biased towards scientific, technical and research roles, with fewer trades and manual roles, 

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

Most of the activity in energy performance will be carried out by firms operating in the 

construction industry, installing (including retrofitting) more energy efficient forms of building 

materials such as glass, floor and wall coverings, roofing and insulation, etc., as well as 

more energy efficient electrical devices. 

There will also be specialist professional services consulting firms offering energy audits and 

to manage the implementation of energy performance programs and technologies, and 

energy performance roles within firms with large energy demand, such as commercial 

property managers, large retailers and accommodation sites, and manufacturing facilities.  

Transport 

The transport firms most involved in clean energy at present include: 

Á Public transport firms, especially those with large bus networks pursuing 

electrification 

Á Firms selling EVs for private and commercial use in the Australian market 

Á Firms servicing EVs (often with strong links to firms selling EVs). 

Public transport 

Á Transit Systems operates bus services in Queensland, Western Australia, New 

South Wales, South Australia, Victoria, Northern Territory as well as locations 

overseas and is reportedly Australiaôs largest operator of zero-emissions bus and 

coach assets.40 

Á Other large public transport operators, including Veolia Transdev and Brisbane 

Transport are also extending their EV fleet.41 

This has implications primarily for the maintenance workforce, with firms needing to retrain 

existing mechanics and source new tradespeople to work on EVs.  

Electric vehicle sales and servicing 

Battery electric vehicles (BEV) in Australia accounted for .% of sales in June .42 Tesla 

and BYD remain the dominant brands although this could shift as traditional automakers 

such as Toyota, Volkswagen, Volvo, Subaru, Peugeot and Renault are all releasing EV 

models on to the Australian market. As relatively new vehicles, most EV servicing occurs 

through dealers aligned with the automakers. As EVs become more widespread, overall 

demand for vehicle servicing may decline somewhat.43 

Rail and road-freight businesses will also be considering how they can reduce their fleet 

emissions. Airlines are also involved in efforts to reduce emissions, through supporting the 

development of more fuel efficient aircraft as well as the development of Sustainable 

Aviation Fuel (SAF) ï this is discussed further in ótransitioningô below.  
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Clean energy enabling 

Engineering, procurement and construction 

Engineering, procurement and construction is probably the most crucial segment after the 

two clean energy supply segments. There are a number of firms that are specialising in the 

construction of utility solar, onshore and offshore wind, and pumped hydro storage. The 

firms in Figure .  have been identified through various sources. 

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

Utility solar Wind Storage 

Gransolar 

Sterling and Wilson 

PCL 

Vestas 

Goldwind 

Acciona 

FutureGeneration 

Consolidated Power Projects 

UGL 

 

For wind, Siemens (Germany), Vestas (Denmark) and GE (US) (along with a few other 

firms) also play a significant role in the construction phase as the globally dominant firms 

manufacturing, installing and servicing wind turbine technology. This has implications for 

skills development (see Chapter ). 

Education, training, research and technology 

Many universities, TAFEs and other education and training providers are involved in the 

delivery of clean energy courses - these are more extensively covered in Chapter .  

A large focus of the Commonwealth Science and Industry Research Organisation (CSIRO) 

is directed toward research on decarbonisation, including carbon removal technologies, low 

emissions technologies, renewable and energy storage technologies, and improving energy 

efficiency.  

  



 

Clean Energy Capacity Study | 94 

THE CURRENT WORKFORCE 

Finance, legal and business 

Australiaôs banking and superannuation sectors, as large investors, have significant 

influence over our path to net zero. Already by , more than half of Australiaôs twenty 

largest banks had committed to net zero by  and a quarter had established emissions 

targets to cover their operations and investment activities.44 Superannuation funds were less 

likely to have established targets for net zero though three (Cbus, HESTA and UniSuper) 

had committed to reaching net zero across all activities.45 

Finance sectors require investment analysts and other finance specialists with expertise in 

emissions accounting to monitor their progress against net zero commitments and assess 

climate change risk.  

Similarly, legal services firms have opportunities to specialise in assisting clients involved in 

clean energy projects as well as complying with emissions obligations, including under the 

Safeguard mechanism. 

Clean energy policy and regulation 

At the federal level there are a number of agencies with oversight of some aspects of clean 

energy policy and regulation: 

Á Department of Climate Change, Energy, the Environment and Water (DCCEEW) ï 

overall policy responsibility for Australiaôs response to climate change and 

decarbonisation. 

Á Australian Renewable Energy Agency (ARENA) - improve the competitiveness of 

renewable energy technologies and increase the supply of renewable energy in 

Australia. 

Á Climate Change Authority - an independent statutory body established to provide 

expert advice to the Australian Government on climate change mitigation initiatives. 

Á Clean Energy Finance Corporation (CEFC) - mobilises capital investment in 

renewable energy, low-emission technology and energy efficiency projects in 

Australia. 

Á Clean Energy Regulator - administrative responsibilities for the National Greenhouse 

and Energy Reporting scheme, Emissions Reduction Fund, Australian National 

Registry of Emissions Units, Safeguard Mechanism and Renewable Energy Target. 

Á Australian Energy Market Operator (AEMO), Australian Energy Regulator (AER), and 

Australian Energy Market Commission (AEMC) - national regulatory bodies 

responsible for energy markets and systems in Australia. 

Á Net Zero Authority - responsible for promoting orderly and positive economic 

transformation as the world decarbonises, to ensure Australia, its regions and 

workers realise and share the benefits of the net zero economy. 

Many other Australian Government departments also have dedicated Net Zero Units or other 

sections working on portfolio responsibilities with implications for clean energy, including the 

Department of Industry Science and Resources, the Department of Agriculture, Forestry and 

Fisheries, and the Department of Infrastructure, Transport, Regional Development, 

Communications and the Arts.  
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Within State and Territory governments, there are similar agencies and units involved in 

managing the transition to renewable electricity, sponsoring new technologies and industries 

such as hydrogen, and developing and implementing other policies to support net zero, such 

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 minerals extraction and processing, with some wind 

turbine components assembled and manufactured in Victoria.  

Critical minerals 

The Australian Governmentôs critical minerals strategy outlines opportunities to expand 

extraction and processing of critical minerals, including lithium, cobalt, manganese, rare 

earth minerals, tungsten and vanadium.46 These minerals are key to decarbonisation, 

including in the production of things like batteries (see Chapter ). Processing plants are 

under construction or development for purified spherical graphite (EcoGraf, Kwinana, WA; 

Renascor Resources), nickel-manganese-cobalt (Pure Battery Technologies, Kalgoorlie WA) 

and rare earth minerals (Lynas, Kalgoorlie WA; Iluka Resources, Eneabba WA).47 

The worldôs largest lithium mine by production is in Western Australia, co-owned by 

Albermarle and TLEA (itself a joint venture between Tianqi Lithium and IGO).48 Lithium will 

continue to be critical to decarbonisation as its needed in many small and large-scale 

batteries. The next largest lithium mines in Australia are: 

¶ Pilangoora (Pilbara Minerals) 

¶ Mt Marion (Mineral Resources and Jianxi Ganfeng Lithium) 

¶ Wodinga (Mineral Resources and Albermarle) 

¶ Mt Cattlin (Allcem) 

¶ Finniss (NT, Core Lithium) 

Lithium hydroxide is refined by Tianqi Lithium and IGO at a refinery in Kwinana, Western 

Australia.49 A second refinery at Kemerton (Albermarle and Mineral Resources) is close to 

commercial production and a third refinery, also at Kwinana (Wesfarmers and SQM), is 

under construction.  

Wind turbine manufacturing 

Global wind turbine manufacturer Vestas has partnered with local firm Marand Precision 

Engineering to assemble wind turbine tower components at a facility on the site of the former 

Ford factory in Geelong.50 Other state governments are also pursuing local manufacturing of 

wind turbine components as part of the development of their wind energy capacity.  
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Vehicle and equipment production, trade and maintenance 

There are a variety of trade and maintenance firms responsible for the production, trade and 

maintenance of industrial, mechanical and agricultural equipment. The impact of the 

transition to clean energy will be relatively gradual for this sector given investment cycles for 

business and the potential for sustainable fuel technologies to permit the ongoing use of 

existing equipment. 

One prominent area where there is already substantial activity is the local manufacturing of 

electric buses. Volgren and BusTech are two Australian firms producing electric buses in 

partnership with original equipment manufacturers such as Volvo.51 

Carbon lifecycle 

Recycling, waste reuse and energy recovery 

The  National Energy Waste Report identifies activities at various stages of waste 

management including waste reuse (such as tip shops as well as soils and ash) and energy 

recovery. Energy recovery includes the following methods: landfill gas, waste-derived fuels, 

anaerobic digestion, and thermal energy-from-waste facilities. Landfill gas collection 

accounts for about % of energy recovery, though its contribution to the total energy 

derived from natural gas is small ï about .%.52 Local governments and waste 

management specialists are the dominant employers here, including Veolia (involved in the 

Kwinana waste to energy plant under development).53 A number of other waste-to-energy 

projects are under development with assistance from the ARENA.  

Forestry and agriculture 

Firms in the forestry and agriculture sector are also involved, with timber residues and 

agricultural by-products such as chaff providing feedstock for biofuels. Rapid growing tree 

species could also provide a cost effective, renewable biomass feedstock. However, climate 

outcomes for biofuels depend on the feedstock and renewable production process, as not all 

biofuels are low or zero carbon.  

Transitioning and emissions intensive sectors 

Transitioning sector 

Figure .  provides a summary of the main employers involved in coal and gas-fired power 

generation. Many of those firms have begun to diversify into renewable power generation. 

It is a similar situation in the natural gas and petroleum refining and wholesale sectors. A 

number of firms involved in natural gas and petroleum, such as Origin Energy and Orica, 

have already been mentioned as actively involved in hydrogen projects. 

Prominent petroleum refiners and distributors are likewise involved in sustainable fuel 

projects focused on road transport, aviation and the resources industry. For example, BPôs 

Kwinanaôs refinery is one of five sites globally developing projects for SAF and renewable 

diesel.54 If these efforts are successful, such firms will be able to continue (and potentially 

expand) Australian production using existing capital and workforce.  
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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, 
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. AGl 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 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.  

Energy 
Australia 

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 (Illawarra, 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 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 (Qld, coal-fired, 1400 MW, scheduled closure 2037) 

3. Tarong North (Qld, coal-fired, 443 MW, scheduled closure 2037) 

CS Energy 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 Bl (Qld, coal-fired, 700 MW, scheduled closure 2028) 

2. Callide C (Qld, coal-fired, 810 MW, not scheduled for closure) 

Alinta Energy Alinta Energy operates a diverse range of power generation assets across 
Australia, including gas-fired, coal-fired, and renewable energy facilities. 

ENGIE 
Australia and 
New Zealand 

ENGIE Australia & New Zealand - ENGIE operates a number of power plants in 
Australia, including gas-fired and renewable energy facilities. 
 

EDL (Energy 
Developments 
Limited) 

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

Power and 
Water Corp 

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

Sources: see endnotes55     
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Emissions-intensive sectors 

The Safeguard mechanism identifies the largest sites responsible for direct emissions 

(excluding electricity generation). These sites (and the firms that operate them) map to 

various segments adopted in this report, including transitioning (e.g. Adani Mining Pty Ltd, 

Anglo Coal, Centennial), demand ï transport (Virgin Australia, Qantas, Aurizon, Toll 

Holdings), enabling supply chain (aluminium and steel products such as BlueScope and 

Alcoa) and carbon lifecycle (Veolia). The firms and facilities captured by the safeguard 

mechanism that align with the emissions intensive sectors are shown in Figure .. They 

cover cement, fertiliser, paper polymer and starch production.  

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

Responsible emitter Facility name State  

ADBRI LIMITED Angaston Operations SA 

ADBRI LIMITED Birkenhead Operations SA 

ADBRI LIMITED Cockburn Operations WA 

ADBRI LIMITED Dongara Operations WA 

CEMENT AUSTRALIA (GOLIATH) PTY 
LIMITED 

Railton TAS 

CEMENT AUSTRALIA (QUEENSLAND) PTY 
LIMITED 

Fisherman's Landing QLD 

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 
Maryvale Mill 

VIC 

QENOS PTY LTD Qenos Altona Manufacturing VIC 

QENOS PTY LTD Qenos Botany Manufacturing NSW 

Queensland Nitrates Pty Ltd Queensland Nitrates 
Ammonium Nitrate Plant 

QLD 

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 clean energy firms identified in this chapter are active participants in industry 

associations. These associations play an important role in: 

¶ increasing the profile of clean energy 

¶ coordinating across industry segments 

¶ sponsoring strategies to develop a sustainable and diverse clean energy workforce 

¶ fostering training pathways and workforce development approaches, including 

accrediting courses. 

A selection of active industry associations are captured in Figure .. 

Figure 3.29. Clean energy industry associations 

Broad membership Clean energy focused Sector focused 

Open to membership across 
multiple industry segments 
but promoting 
decarbonisation 

Specifically focused on 
clean energy 

Focused on decarbonization 
aspects of specific 
segments or sectors. 

Á Business Council of 
Australia 

Á Ai Group 

Á Australian Chamber of 
Commerce and Industry 

Á Clean Energy Council 

Á Smart Energy Council 

 

Á Hydrogen Council  

Á Electric Vehicle Council 

Á Bioenergy Australia 

Á Circular Australia 
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 LinkedIn data indicates there are over ,  workers in  
Australiaôs óRenewables and Environmentô industry  

LinkedIn Talent Insights is a database based on the professional networking siteôs  

million members worldwide and provides óreal-timeô insights on skills, employers, job 

titles and industries. The database has some shortcomings when compared with survey 

or administrative data - it is skewed towards professional roles and is self-reported. 

However, it is a useful tool to understand the growth of job roles in new industries like 

clean energy. For example, this year LinkedIn identified the emergence and growth of 

green skills based on over  ógreen skillsô. Our analysis focuses on a smaller list of  

skill areas: Engineering (Renewables & Environment Industry), Batteries, Hydrogen, 

Solar, Wind, Land Use, Energy performance, Biofuels, and Circular Economy.  

In , there are over ,  LinkedIn members based in Australia listed as working in 

Renewables and Environment Industry. Over ,  Australian users listed at least 

one green skill on their profile; and over ,  have one or more of the green skills 

groups listed. óEnergy performanceô was the biggest skill group for members based in 

Australia, with almost % of green talent holders listing at least one of these skills. 

Over % hold at least one skill in the ósolarô skill group.   

Green skills more broadly are on the rise, up by % in the last  months ( % 

worldwide) and hiring demand is high or very high for all groups. The skills groups with 

the most growth were hydrogen ( %) and batteries ( %), reflecting the increased 

investment in these technologies.  

The strongest growth in employment for ógreen skillsô over the last  months was in 

Information Technology & Services ( %), Renewables & Environment ( %) and Civil 

Engineering ( %). This is despite enabling parts of the clean energy sector like 

Government Administration, Higher Education and Environmental Services being the 

largest employing industries.  

The LinkedIn óclean energyô cohort had a high proportion of male workers ( %), but did 

differ depending on the skills group. For example, % of members with skills in 

Batteries were male, compared to only % of members with skills in the Circular 

Economy. 

The data also shows that the strongest net migration of talent with these skills was from 

India, with a net increase of almost  workers. While a direct comparison cannot be 

made, it shows some consistency with ABS data which indicates that most overseas 

born workers in clean energy jobs were born in Southern and Central Asia regions. This 

is true for most of the skills groups except for Wind skills. Most of these workers have 

migrated from the United Kingdom where there has been a strong focus on wind 

energy. 

The most common green skills groups were Engineering, Sustainability and Renewable 

Energy. The fastest growing job titles include Principal Electric Engineer (Engineering), 

Engineering Manager (Hydrogen), Sustainability Consultant (Energy Performance), 

Service Engineer (Solar) and Policy Officer (Circular Economy). 

LinkedIn Talent Insights data is derived by aggregating profile data voluntarily submitted by LinkedIn 
members. As such, LinkedIn cannot guarantee the accuracy of LinkedIn Talent Insights data. 
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Chapter 4: 

Workforce 

pathways 

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

 

The Australian Government is currently examining the policy frameworks for each of these 

pathways through significant reform initiatives: 

Á the Universities Accord Review Panel, due to report by the end of , is 
considering recommendations to reform Australian higher education system, 
including opportunities to support greater connections with the VET sector 

Á negotiations with States and Territories for a new National Skills Agreement that 
strengthens the VET sector 

Á a new Migration Strategy due to be released later in , informed by the recent 
Migration Review, will consider skilled migration pathways for in-demand industries 

Á the establishment of a Net Zero Economy Authority to ensure that regions and 
workers across Australia realise and share the benefits of the net zero economy. 

This study is well-timed to inform these wide-ranging reforms and ensure Australia has the 

workforce it needs to decarbonise. Also, following the  Jobs and Skills Summit, 

Treasury developed and recently released an Employment White Paper that provides a 

roadmap for Australiaôs future workforce.  
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4B. Education and training 

Education and training is a shared responsibility 

The clean energy workforce draws heavily on Australiaôs higher education and VET systems. 

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 

Developing practical skills for 
a particular job function or 
trade 

Generalist education  

Training for highly specialised 
professional occupations 

Industry delivers on-the job, 
firm specific training. Helps 
workers specialise with 
particular technologies and 
practices.  

Certificates I-IV 

Diplomas  

Advanced Diplomas 

Graduate Certificates and 
Diplomas 

Higher education diplomas  

Undergraduate degrees 

Postgraduate certificates and 
degrees 

Unaccredited training 

Industry placements and 
work experience 

Trades like electricians and 
automotive mechanics 

Professionals like electrical 
engineers and environmental 
scientists 

Job role specialisation  

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. 

ñTraining and certification delivered by industry groups is currently critical to 

enabling parts of the transition. For example, the EECôs Certified Insulation 

Installer program is underpinning state and territory government initiatives to 

deploy insulation to buildings, improving thermal performance and reducing 

energy system emissions associated with heating and cooling buildingsò. 

ï Energy Efficiency Council (EEC).56 
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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, apprentices canôt gain exposure to every element of clean 

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 opportunities, itôs unrealistic to assume students can enter the workforce with 

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. 

ñWe need to encourage innovative methods of course delivery, particularly in 

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 providers to identify key learning requirements across both sectorsò. 

ï Australian Universities Accord: Interim Report.57 

Some of Australiaôs dual-sector universities are already 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 III electrical trade, delivered as an apprenticeship.58 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 ótop upsô that build on the skillsets provided by existing training packages and 

undergraduate degrees.  

JSA has identified three key elements of clean energy education and training pathways:  

Á existing broad-based qualifications  

Á clean energy top-up and electives  

Á new qualifications targeted to emerging sectors.  

These elements are explored in Figure 4.2 with example courses. 

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

 
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 III 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 III and IV and Diplomas Bachelorôs and Masterôs degrees 

Metal and Engineering 
Á Engineering ï Electronic Trade 
Á Engineering ï Mechanical Trade 
Á Engineering ï Fabrication Trade 
Á Engineering Drafting 

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

Electrical Supply Industry 
Á Transmission Overhead 
Á Network Systems 
Á Generation 

Automotive Industry Service and Repair 
Á Light Vehicle Mechanical 

Á Automotive Electrical Technology 

Engineering 
Á Electrical 
Á Civil 
Á Industrial, Mechanical and Production 
Á Electronic 
Á Chemical 

Natural and physical sciences 

Biological sciences 

Social sciences 

Economics 

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 90ôs. Itôs very common for engineering courses to include prerequisites. Just over 

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 growth in Australiaôs higher education sector, the number of domestic 

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 (bachelorôs degrees) 

 
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. 

Figure .. Apprenticeship commencements by field of education

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

Australian Apprenticeships are a popular way to gain a nationally recognised VET qualification 
through hands-on learning and while earning an income. Apprenticeships in trade occupations, 
typically take -  years to complete full-time, and start from the certificate III level. 

State and Territory Training Authorities determine which qualifications are delivered as an 
apprenticeship or traineeship, and some states offer different funding based on this classification. 
The Fair Work Ombudsman is responsible for providing information, resources and advice on 
wages and entitlements for different apprenticeships. 

Apprentices enter into a Training Contract with their employer through an Australian 
Apprenticeship Support Network (AASN) provider. These contracts outline: 

Á each partyôs responsibilities in the apprenticeship 
Á the employment arrangements 
Á the relevant industrial award 
Á what qualification the apprentice will get, and 
Á which RTO will deliver the training. 

Apprentices can also be employed by Group Training Organisations (GTO) which place them 
with host employers on a short or long-term basis. This model can make it easier for employers to 
take on apprentices and help provide continuity of employment and training for the apprentice. 

The Australian Government partnered with state and territory governments to establish a -month 
Skills Agreement to deliver ,  Fee-Free TAFE and vocational education places in areas of 
national priority, including technology and sovereign capability. Fee-Free TAFE will be prioritised 
for several priority groups, including First Nations people, young people and women undertaking 
study in non-traditional fields. 

The Australian Apprenticeships Incentive System (Incentives System), commenced on  July , 
is designed to target skills, and offers a range of financial incentives for employers and apprentices 
including:  

Á The New Energy Apprenticeships Program was established in -  to encourage more 
Australians to consider careers in the clean energy sector. The program delivers direct 
financial assistance to eligible apprentices, with the aim of supporting ,  completions. It 
is complemented by the New Energy Skills Program which includes funds for specialist 
mentoring supports. Only apprentices who started on or after  January  are eligible. 

Á The Priority Wage Subsidy aims to improve commencement and completion rates in priority 
occupations on the Australian Apprenticeships Priority List. Eligible employers can claim a 
subsidy of % of wages paid for the first and second year, and % of wages for the third 
year (up to a maximum of $ , ), to help offset the cost of taking on an apprentice.  

Á The Australian Apprenticeship Training Support Payment, providing direct financial 
support to apprentices and trainees in priority occupations, set at $ ,  and paid at every 
six-months for the first  years of the apprenticeship, up to a maximum of $ , .  

Á Australian Apprenticeship Support Loans of up to $ ,  over the course of an 
apprenticeship to cover everyday expenses. These loans are interest free but indexed 
annually.  

Á A Hiring Incentive of $ ,  for all employers of apprentices and trainees in occupations not 
listed on the Priority List paid in two six-month instalments.  

Á Targeted financial support for both apprentices and employers, under the Living Away from 
Home Allowance (LAHFA) for apprentices that move away from home to take up or remain 
in an apprenticeship, and the Disabled Australian Apprentice Wage Support (DAAWS) 
Program, for employers of apprentices with a disability.  
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` 

BOX : Who employs clean energy apprentices? 

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) 

 
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

 
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 DEWRôs program data, over half of New Energy Apprentice 
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) 

 
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 Bachelor of Engineering as a double degree: ñas a double 

degree graduate, you will be uniquely placed to work in a variety of industries and roles, with 

a combined understanding of the science and the ability to design technical solutionsò.59 

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

qualifications concurrently. The National Electrical and Communications Association (NECA) 

established Australiaôs first pilot program in 2021, combining electrical and refrigeration/air 

conditioning qualifications, to meet the sectorôs demand for technicians with broader skill 

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 EVs. 

Recommendation . 

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. 

Recommendation . 

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 elective RTOs Enrolments Superseded 

UEEEL0069 - Select and arrange equipment for special LV 
electrical installations 

70 19 UEENEEG120A 

UEERE0081- Install photovoltaic systems to power 
conversion equipment 

72 1,766* UEERE0016 

UEEEC0075- Troubleshoot single phase input d.c power 
supplies 

84 191 UEENEEH111A 

UEEAS0007- Assemble, mount and connect control gear 
and switchgear 

68 36 UEENEEA110A 

UEEEL0055 - Overhaul and repair major switchgear and 
control gear 

68 112* UEENEEG129A 

UETDRIS033 - Solve problems in network protection 70 4,222* UETTDRIS68 

UEERE0077- Install battery storage equipment power 
conversion equipment to grid 

70 4,905* UEERE4001 

UEEAS0009 - Mount and wire control panel equipment 68 489 UEENEEA113A 

UEERE0049 - Apply safe work practices in the rooftop solar 
industry 

69 14 New 

UEEEL0016 - Provide advice on effective and energy 
efficient lighting products 

69 57 UEENEEG181A 

UEERE0078 - Install battery storage to power conversion 
equipment 

70 4,905* UEERE4001 

UETDRSB007 - Install and maintain substation direct current 
systems 

66 4 UETTDRSB23 

UEERA0049 - Install and start up single head split air 
conditioning and water heating heat pump systems 

86 1,239 UEENEEJ105A 

UEERE0080 - Install photovoltaic power conversion 
equipment to grid 

72  New 

UEERE0054 - Conduct site survey for grid-connected 
photovoltaic and battery storage systems 

73  New 

UEEIC0024 - Plan the electrical installation of integrated 
systems 

79 5 UEENEEI140A 

Source: Training.gov.au; NCVER  Total VET Activity Data on  September . *indicates that 
enrolment numbers are for superseded course. 
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There are now several new electives for automotive apprentices to gain competencies in 

maintaining EVs (Table .). These electives are starting to grow in scale, with almost 

,  subject enrolments in . However, this only accounted for . % of all 

automotive enrolments that year, indicating there is still substantial growth needed. 

Table .. Electric vehicle electives in traditional automotive apprenticeships 

Source: Training.gov.au; Certificate III in Automotive Electrical Technology and Certificate III in Light Vehicle 

Mechanic on  September . 

Note: ñRTOsò indicates the number of RTOs with the units of competency on their scope of delivery. This does 

not imply active enrolments in these courses at all of these RTOs.  

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 

qualifications 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 

solar energy industry, including the 
characteristics of solar radiation and solar 
collectors.  

Monash 
University 

Solar Thermal 
Energy Design 

Provides an engineering perspective of 
the solar technologies used to meet these 
demands and how the technologies can 
be integrated into systems including 
control, circulation and storage. 

UNSW 

Photovoltaic Stand-
alone System Design 
and Installation 

Enables students to obtain their Business 
Council for Sustainable Energy (BSCE) 
provisional accreditation to design and 
install stand-alone power systems.  

  

Unit description Enrolments 
Automotive 

electrician 

Motor 

Mechanic 
RTOs 

AURETH  - Inspect and maintain 
battery electric vehicles 

 
Training 
package 
elective 

Training 
package 
elective 

 

AURETH  - Depower and reinitialise 
battery electric vehicles 

,  
Training 
package 
elective 

Training 
package 
elective 

 

AURETH  - Diagnose, remove and 
replace heavy electric vehicle 
rechargeable energy storage systems 

 
Training 
package 
elective 

-  
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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). 

Monash 
University 

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.  

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. 

Swinburne 
University of 
Technology 

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.  

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 

Recommendation . 

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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CASE STUDY: Enrolments in clean energy units increasing by over % 
since  

JSA examined enrolments in a range of clean energy-related VET units. This list was prepared 
based on the units associated with CEC accreditation for solar installers and solar planners, but 
some units are broader and can be taken on a standalone basis. 

Enrolments in clean energy related VET units have increased substantially since  from ,  
in  to ,  in  ï a % increase (Figure . ). A full list of the training units is in 
Attachment B, and range from planning and managing renewable energy projects and targeted 
units on micro-hydro systems, batteries and solar. Demographically, the overwhelming number 
of students identified as male (almost %) and the average age of students enrolling is 
dropping fast. For example, the average age dropped almost four years from .  years in  
to .  in . Most likely, this reflects the point at which apprentices began to undertake these 
units in larger numbers.  

Figure . . Number of enrolments and average age of students

 
Source: ABS ( ) Microdata: Total VET Activity (  to ) 

Electricians most likely to enrol in clean energy units 

On average almost % of training students were classified as qualified Electricians. The next 
most common group - % of students were Electrical Apprentices (Table . ). 

Table . . Most common occupations on enrolments 

Occupation Average Pre-training % 

 Electricians . % 

 Electrical apprentice/Trainee . % 

 Electrical Engineer . % 

 Executive Officer/Managing Director . % 

 Electrical trades assistant/labourer; Electricianôs assistant; 
Labourer - electrical; Telecommunications trades assistant 

. % 

Other occupations . % 

Before enrolling, most clean energy students had completed a Certificate III or IV, with many 
completing Year  ( . % and . % respectively in ). Overall, while the proportions for the 
highest education attainment prior to enrolment have remained broadly constant since , it 
should be noted that the aggregate numbers for educational attainment have increased 
tremendously (Certificate III up %, Certificate IV up % and Bachelor degree up %).  
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Post-trade and postgraduate qualifications 

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

additional ótop-upô skills for workers after completing their core qualifications. These top-up 

skilling opportunities are not just for recent graduates ï 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 IV, 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.  

Figure .. Post-trade qualification pathways for Electricians 

 

Source: NCVER, , Total 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 to an undergraduate Bachelorôs Degree), but at a more 

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 

degrees, including Masterôs by research or Doctorate (PhD) programs. The following table 

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 
Future Energy 

1.5 to 2 years 

UNSW Master of Engineering 
(Renewable Energy) 

2 years 

Master of Engineering 
Science (Renewable Energy) 

1.5 to 2 years 

Murdoch University  Master of Renewable and 
Sustainable Energy 

2 years 

ANU Master of Engineering in 
Renewable Energy 

2 years 

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) 

 
Source: Department of Education data 

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 courses can be a fast, low-cost option to address smaller skills gaps. For 

example, TAFE Queensland offers an unaccredited three-day course to gain experience 

with solar and heat pump water systems. Unaccredited courses can also be faster to 

develop and roll out than qualifications under the nationally recognised training system. 

TAFE NSW also offers various unaccredited renewable energy microcredentials, including 

Grid Connected Solar PV Systems Design, Wind Energy Conversion Systems, Energy 

Storage Systems, Foundation Studies in Renewable Energy and Sustainability, Principles 

of Electrical Engineering and Sustainable Strategies. Some of these courses are industry 

accredited by the CEC. 

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.60  

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 

University Course Title 
Course duration in 

EFTSL 

Curtin University Net Zero Engineering Fundamentals 0.25 

University of New South 
Wales  

Hydrogen Production for Electrical 
Engineers 

0.25 

Western Sydney Foundations of Environmental 
Sustainability 

0.25 

Murdoch University  Certificate in Strategic Decarbonisation 
Management  

0.25 

Source: Microcredentials Pilot in Higher Education, Department of Education61 

In , Federation University will begin delivering a globally recognised post-trade turbine 

technician training course developed by the German industry network BZEE. The six-

month intensive course for electricians, mechanical fitters, and automotive technicians 

includes an internship with wind turbine manufacturers and service organisations, covering 

electrical, mechanical, and hydraulic systems training. 
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Recommendation . 

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: Australiaôs rooftop solar success 

Australia is one of the largest producers of solar PV electricity. It accounted for . % of 

all consumption in , behind only Spain, Greece, Chile and Jordan. On a per-capita 

basis, Australia has the highest capacity of solar energy (International Renewable Energy 

Agency, ). 

Most of Australiaôs PV power is distributed, typically on rooftops, rather than utility-scale. 

Unlike other power sources, rooftop solar is located across Australia and in population 

centres (Figure . ). This means that demand for installation services has mostly 

occurred in places where there are large existing workforces and training organisations.  

Because much of the work locating, mounting and fixing unconnected solar panels can be 

undertaken by skilled labourers, the workforce has been able to scale with relative ease. 

Similarly, in most cases solar panels can be connected by workers with a general 

electrical licence, rather than a bespoke qualification or licence, allowing electricians to 

add solar to their scope of services without having to specialise.   

In response to growing consumer demand, employment in roof-top solar almost doubled 

from around ,  in -  to ,  in -. This includes site preparation, roof 

modifications, preparation of power boards and meters, installation of solar panels and 

other infrastructure, and testing systems once initial installation is complete. 

Figure . . Percentage of dwellings with roof-top solar PV,  June  

 
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. 

 

0% 10% 20% 30% 40% 50%

TAS

VIC

NT

NSW

ACT

WA

SA

QLD



 

Clean Energy Capacity Study | 120 

WORKFORCE PATHWAYS 

New specialised qualifications 

There will also be a need to develop new qualifications with industry where technologies 

require a larger suite of specialised units. For example, in  Canberra Institute of 

Technology (CIT) launched its first EV apprenticeship pathway under a new Certificate III 

in Electrical Vehicle Technology. While there is overlap between this qualification and the 

existing Certificate III in Light Vehicles, the new qualification includes a longer list of EV-

specific units, many of which are core requirements. Examples of new specialised VET 

qualifications include: 

Á CPP  - Certificate IV in Home Energy Efficiency and Sustainability (  RTOs) 

Á AUR  - Certificate III in Automotive Electric Vehicle Technology (  RTOs) 

Á WA - Graduate Certificate in Renewable Energy Technologies (  RTO) 

Scaling these new qualifications requires a critical mass of students able and willing to 

enrol and enough employers that recognise the qualification as a suitable pathway into the 

industry before RTOs may be willing to make the upfront investment in course materials, 

capital and equipment. This has proved difficult in some regions and sectors. 

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. 

Table .. Example specialist undergraduate pathways 

University Course Title Full-time duration Degree type 

UNSW Bachelor of 

Engineering 

(Honours) 

(Photovoltaics and 

Solar Energy) 

 

4 years Undergraduate  

Bachelor of 

Engineering 

(Honours) 

(Renewable Energy) 

 

University of 

Newcastle 

Bachelor of 

Renewable Energy 

Engineering 

(Honours)  

4 years Undergraduate  
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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 

The involvement of employers directly engaged in particular skills and job roles is critical to 

the success of new qualifications. A Certificate IV of Large-Scale Wind Generation ï 

Electrical was developed; however, some employers did not recognise the qualification as 

a pathway to becoming a wind turbine technician. A Certificate IV in Wind Power 

Generation has now superseded it, aligning with new technologies and current work 

practices. This demonstrates how bespoke qualifications can quickly become outdated and 

limit RTOsô abilities to gain momentum in new technologies.62 
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Case Study: Green Apprenticeships in the UK 

The UK has demonstrated a firm commitment to reaching net zero emissions by 

, having cut emissions by % between  and , and is decarbonising 

faster than any other Group of  (G ) country. One feature of this success has been 

well-coordinated efforts and investments in greening the domestic workforce and 

economy. Building on the work of the Green Jobs Taskforce (- ), the Net 

Zero Strategy ( ) and the Net Zero Growth Plan ( ), the Institute for 

Apprenticeships and Technical Education (IfATE) is working to identify and map the 

progress of 'green occupations' and ógreen apprenticeshipsô to support employers, 

workers and students to better understand which apprenticeships and technical 

qualifications support a ógreen careerô.  

Some of the ógreen occupationsô already captured in the UK apprenticeship program 

include sustainability business specialists, smart meter installers, ecologists, metal 

recycling technical managers and forest craftspersons. IfATE are currently 

developing two others: low carbon heating technician and battery manufacturing 

technician, under the guidance of the Green Apprenticeships and Technical 

Education Advisory Panel (GATEAP). These fall into the óemerging occupationsô 

zone of JSAs clean energy occupation mapping.  

It is important to note that the UK apprenticeship system has lower barriers to entry 

than the Australian system, due to the implementation of an apprenticeship levy on 

businesses in  which spurred a high number of óapprenticeshipsô which span the 

traditional trades into areas that Australian states and territories and the IR system 

would still consider ótraineeshipsô or higher education pathways into professions. This 

has led to some criticism of poor quality, particularly in the formal qualifications 

awarded as part of the apprenticeship. However, formal evaluation found a net-

positive impact of the levy on commencements over the period -  to -  

with no associated decrease in other forms of training. 

  














































































































































































































































































































