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infrastructure requirements by which Australia can transition to net zero emissions, and be a major expat of low emission
energy and products.

Disclaimer

The inherent and significant uncertainty in key modelling inputs means there is also significant uncertainty in the
associated assumptions, modelling, and results. Any decisions or actions that you take should therefore be informed by
your own independent advice and experts. All liability is excluded for any consequences of use or reliance on this
publication (in part or in whole) and any information or material contained in it. Also, the authors of this report do not

purport to represent Net Zero Australia Project Sponsors and Advisory Group member positions or imply that they have
agreed to our methodologies or results .
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Summary

This study estimates the labour impacts of decarbonisation in Australia over the coming decades to 2060.
Its novel contribution to the research in this field is the consideration of a wide range of technologies
required for decarbonisation, across four decades, and for both domestic and export sector emissions in
every Australian state and teritory. Using the DEERS model from Mayfield et al. (2021), we have been able
to project the impacts on gross and net jobs, as well as the changing makeup of the workforce. This includes
the occupations, skills and education required.

Across all Scenariospy mid-century, the total gross jobs created for the domestic and export sectors vary
between 210-490 thousand and 350-510 thousand, respectively. While there are periodic C&l booms, there
is also a growing demand for a large ongoing workforce. Net jobs are found to be approximately 15

thousand lower in the domestic sector than gross jobs, and 50 thousand in the export sector, due to

declining employment in coal and natural gas as the energy sector decarbonises. Overall, the number of
people employed in th e energy sector is projected to increase from less than 1% of the total workforce in
2020 to between 3-4% by 2060.

Domestic sector jobs are more evenly distributed, with consistent growth in all states across most Scenarios,
primarily in utility solar PV, batteries and electricity transmission and distribution. Export sector jobs are
more unevenly distributed, with job growth in most Scenarios being concentrated in Western Australia, the
Northern Territory and Queensland in the hydrogen supply chain, which includes utility solar PV, batteries,
electrolysis, hydrogen transmission and storage, and HaberBosch synthesis of ammonia. However, export
sector jobs will also be sensitive to several important factors that are external to this analysis. This includes
the need for contracted supply to export customers to underpin export investment before any construction
starts. Also, our Sensitivities have shown that the impacts of regional cost variations and other regional
constraints will impact export system investment significantly. As such, our export jobs modelling needs to
be interpreted with some care.

Significantly, all states and territories experience net job growth across each decade to 2060, with one
exception. Net job losses occur in the export sector in NSW and Queensland, primarily driven by declining
employment in coal mining, and to a lesser extent, natural gas extraction and transmission. Also, job creation
is disproportionate to population projections that anticipate workforce growth in existing popu lation

centres, which highlights a limitation in the modelling concerning regional cost modifiers.

Occupation projections demonstrate significant increases in absolute jobs for many different types of
worker. The most represented occupations include electiicians, engineering professionals, project managers,
associated trades workers and construction labourers.

While the projected jobs growth of the energy sector is lower in absolute terms than has been experienced
by several other Australian industries over the last 30-40 years, in relative terms the sector is required to
grow between five- to six-fold in this period, which is without precedent. Furthermore, most jobs will be in
regional communities, which are a potential source of revitalisation, but also pose social, infrastructural,
planning and investment challenges. This is also another, important reason to engage with different
Indigenous communities. Government involvement at state and federal levels is also essential to minimising
the current and fut ure potential for local unemployment or diminished employment conditions (in terms of
both wages and job security), education needs, labour shortages due to internal competition between
domestic and export sectors and states and territories, and potentially for facilitating the use of temporary
and permanent skilled migration to mitigate labour capacity shortfalls. Considerable further research is
required to evaluate such impacts further.
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1 Introduction

Many existing studies into the labour impacts of decarbonisation in Australia have focussed on the transition
for the domestic energy sector, as net-zero targets are typically based on emissions from domestic
consumption rather than total production. However, Australia is the largest global exporter of m etallurgical
coal, the second largest exporter of thermal coal, and the largest exporter of liquefied natural gas (LNG).
Furthermore, planning for the potential growth of the energy sector workforce across both domestic and
export sectors and within states and territories should be prioritised, as each will primarily draw from the
same pool of workers (Electrical Trades Union, 2022). Effective policy and decisioomaking are essential to
meeting the skill and education requirements of the workforce necessary to achieve decarbonisation at the
anticipated pace, without being stalled by labour constraints and inflating costs (Mayfield et al., 2021).

Existing studies of labour impacts also tend to either consider a more limited time horizon or a more limited
range of technologies than the transition to net zero will likely require. Some studies focus on horizons to
the early- to mid-2030s (e.g., Rutovitz et al.,, 2020), orspecific technologies (e.g., Wood et al., 2020).
Furthermore, while greater uncertainties are inherent when projecting labour impacts over longer horizons,
particularly regarding cost and learning improvements that affect labour intensity, understanding scale of
labour requirements throughout the decarbonisation task is essential in informing effe ctive policy
interventions and government planning. This is particularly important when considering the education
demands of the emerging energy sector workforce, as establishing new qualifications for nascent sectors
can take up to six years from design mncept to producing the first graduates. Furthermore, Australia is
already experiencing skill shortages in critical renewable generation and storage jobs, which requires timely
intervention to mitigate further shortages in the context of growing labour dem and (Clean Energy Council,
2022).

Finally, it is critical for policymakers to understand the spatial impacts of decarbonisation (Cass et al., 2022)
Job losses are likely to occur in communities around industries that extract, process and use fossil fuels.
Government planning and intervention is therefore likely essential to achieving a just transition for affected

workers. This involves upskilling and reskilling workers, decisioamaking regarding the location of new

renewable infrastructure, and the establishment of just transition policies to compensate for lost wages or
relocations (Mayfield et al., 2021). While communities are increasingly calling for certainty, spatial
disaggregation is missed in many existing studies (Cass et al., 2022).

Table 1 catalogues existing research into the labour impacts of decarbonisation in Australia, including the
technologies studied, the time horizon applied, the consideration of occupations, skills and education, as
well as the spatial disaggregation of impacts. The present study seeks to address the research gaps
highlighted above by assessing direct gross and net job impacts, including associated impacts on
occupations, and the education and skills required by the energy sector throughout the net -zero energy
system transition from 2020 to 2060. This transition includes a broad suite of different technologi es and
resources relevant to both the domestic and export energy sectors, with all results disaggregated by state.
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Table 1| Summary of existing research into the labour impacts of decarbonisation in Australia.

Time Occupations, Spatiall
Author(s) Technologies I Sector(s) upat patially
horizon skills, education | disaggregated

Climate Council,
2016

Beyond Zero
Emissions, 2020

Briggs et al.,
2020

Stanford, 2020

Wood et al., 2020

RepuTex, 2021

Briggs et al., 2021

Construction
Skills
Queensland,
2022

Jackson and
Ibrahim, 2022

Rutovitz et al.,
2023

Chau et al., 2023

Wind, solar, hydro, biomass,
coal and gas

Renewable generation and
transmission, heating,
ventilation and air
conditioning, manufacturing,
mining, recycling, transport,
land restoration and carbon
and education

Solar, wind, hydro and
batteries

Coal and gas, solar, wind

Hydrogen, steel, direct
reduced iron, aluminium,
ammonia

Electricity grid, batteries,
rooftop solar

Large scale RE, coal and gas
rooftop solar, batteries,
transmission construction

Wind, solar, batteries,
transmission construction,
hydrogen

Wind, solar, electricity grid,
batteries

Electricity system
(generation & storage
technologies, and
transmission construction

Wind, solar, batteries,
hydrogen, electricity grid
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To 2030 Domestic No
Five years Domestic No
2020- .
Domestic Yes
2035
Short .
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To 2050  Export Yes
To 2030 Domestic No
2021 Domestic Yes
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To 2050 Domestic Yes
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2 Conceptual model and scope of analysis

The model used in this study is a form of the Decarbonization Employment and Energy Systems (DEERS)
model developed by Mayfield et al. (2021). This framework is applied to Australia, which enables the
estimation of impacts on labour throughout the decarbon isation Scenarios modelled in the Net Zero
Australia project through to 2060. It simulates the labour impacts over time for energy system technologies
and resources modelled in the transition across relevant lifecycle stages. It also models the impact on
employment by occupation, education and skill requirements for both domestic and export sectors by state.
The model also incorporates labour productivity as a time-varying factor to account for improvements that
will be experienced particularly in emerging technologies throughout decarbonisation. The DEERS model is
structured to produce outputs necessary to inform infrastructure and workforce planning and policymaking
in support of transitioning an energy sector to net -zero emissions over long temporal horizons (Mayfield et
al., 2021).

All technologies and resources included in the employment model, as well as their associated energy activity
processes are defined inTable 2 below. Employment impacts of energy activity within these technology and
resource categories are modelled in lifecycle stages summarised inTable 3.

Table 2 | All modelled technologies /resources and their associated energy activities.

Technology/resource Energy activities

Aluminium production (onshored) Production (i.e., refining alumina and aluminium smelting)

Autothermal reformin g Hydrogen (Hz) production

Batteries Storage (i.e., electricity storage of variable duration)

Biofuels Feedstock conversion to biofuels (i.e., conversion of biomass tosynthetic

natural gas/H?2)
Production (i.e., of biomassfeedstock for biofuel production , including crop

Slomass stubble, native grasses, pulpwood, bagasse and organic municipal solid waste)

Carbon dioxide ( COy) storage Storage (i.e.,permanent sequestration of captured COg)

CQz transmission Transmission (i.e., transport of captured CQ for sequestration/use via pipeline)

Coal Electricity generation (i.e., through combustion of coal) and extraction (i.e.,
coal mining)

s i (346 Operation .(i.e., capture of CQ from the atmosphere for transmission and
sequestration)

Distribution (i.e., operation, maintenance and augmentation of low voltage
Electricity distribution electricity distribution systems, including lines, poles, meters and wiring that
deliver electricity to final consumers (ABS, 2006))
Electricity transmission (i.e., from utility solar for the purposes of export via
undersea cable to Southeast Asia).
Transmission (i.e., operation of high voltage electricity transmission systems
including lines and transformer stations (ABS, 2006))

Electricity export

Electricity transmission

Electrolysis Hydrogen production

FischerTropsch Synthetic fuel production

Haber-Bosch Ammonia production

Hydroelectricity (Hydro) Electricity generation

Hydrogen storage Storage (i.e., largescale underground storage in salt caverns)
Transmission (i.e., transport of hydrogen for storage or conversion via

Hydrogen transmission
SRS pipeline)

Direct reduced iron production L - . . .
) Production (i.e., refining of iron ore into sponge iron)

(onshored iron DRI)

LNG production (i.e., liquid fuel produced by the liquefication of petroleum

Liquified natural LNG
iquified natural gas ( ) gases (ABS, 2006))
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Technology/resource Energy activities

Methanation Synthetic fuel production
Electricity generation (i.e.,through combustion of natural gas) and extraction

Natural gas
of natural gas
Natural gas transmission Transmission (i.e., transport of pipeline gas to mid-stream fuel conversion)
Offshore wind Electricity generation
iliciney Refining heavy and light component crude oil, manufacturing and/or blending
materials into petroleum fuels (ABS, 2006)
Onshore wind Electricity generation
Pumped hydroelectric storage (PHES) Storage (i.e., electricity storage of variable duration (10 48 hours))
Rooftop solar PV Electricity generation
Steam methane reforming (SMR) Hydrogen production
Utility solar PV Electricity generation

Table 3 | Summary and description of all modelled lifecycle stages.

These jobs encompass the activities required to produce a unit of power generation (e.g.,
the manufacturing of solar panels or towers for wind turbines), energy storage or
production capacity. In the context of the technical lifecycle of a given technology or
resource, manufacturing work constitutes temporary employment. However, from a
workforce perspective, manufacturing jobs are often tied to significant infrastructure and
investment which may expand significantly over the decades-long transition, so should be
considered ongoing jobs. Jobs may employ domestic or offshore labour. Adjustments have
been made to account for the current capacity of Australian manufacturing, noting that this
may change in future. Manufacturing jobs are derived from annual capacity additions to
the energy sector in a given year.

Manufacturing (M)

These jobs encompass the activities required to build a unit of power generation, energy
storage or production capacity. C&I jobs are temporary, onshore employment. However,
whether the roles are filled by local workers or a transient workforce is determined by local
capacity and capabilities needed to deliver large-scale energy system construction. C&I
jobs are also derived from annual capacity additions to the energy sector over time.

Construction and
installation (C&I)

These jobs encompass primary production, including the extraction of fossil fuels, the
Production (P) production of biomass, as well as the production of aluminium and direct reduced iron.
They are expressed in terms of jobs per petajoule or kilotonne.

These jobs encompass the ongoing activties required to ensure the plant functions
throughout its technical lifetime. Compared with C&I, O&M jobs occur over a longer time
horizon and are typically presented as jobs per unit of energy generated, stored, or
converted. Like C&I jobs, these are lo@l roles. They are derived from the cumulative
operating capacity of the energy sector.

Operations and
maintenance (O&M)

These jobs encompass the work activities
lifetime, including dismantling, recycling, and rehabilitati on of land. While decommissioning
jobs can occur over varying time horizons depending on the technology (Ram et al., 2022),
they are modelled in a similar way to C&I jobs, being derived from early and end-of-life
retirements from the energy sector in a given year.

Decommissioning

(D)

Lifecycle stages are modelled for each technology and resource based on suitability, substitutability, and the
availability of suitable Employment Factors (EF). For some technologies and resources, a given lifecycle stage
may not be suitable; for example, as CQ storage utilises geological formations, there is no associated
manufacturing EF. Furthermore, decommissioning jobs may not be modelled where there are no retirements
modelled for a given technology, such as aluminium production. Substituti on occurs when operational jobs
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involved in processes of feedstock conversion, such as biofuel, electrolysis or HabeiBosch plants are
counted towards the O&M lifecycle stage rather than production, as calculations are not based on quantified

output. Finally, some technology lifecycle stages such asmanufacturing for iron DRI and natural gas
transmission, or decommissioning for many technologies, are not modelled due to lack of verified EFs. All
modelled energy sector technologies, resources and lifecycle sages covered in the employment model are
summarised in Table 4 below.

Table 4 | Coverage of lifecycle stages by modelled energy sector technol ogy/resource.

Technology/resource M Cé&l P o&M D
Aluminium production N .

(onshored) - -

Autothermal reforming N N N

Batteries N N N

Biofuels N N N

Biomass N N N N N
CO; storage N

CQ; transmission N N

Coal N N N N N
Direct air capture N N N

Electricity distribution N N

Electricity export N N

Electricity transmission N N

Electrolysis N N N
FischerTropsch N N N

Haber-Bosch N N N
Hydroelectricity N N N

Hydrogen storage N

Hydrogen transmission N N

Iron DRI (onshored) N N

LNG N N N

Methanation N N

Natural gas N N N N N
Natural gas transmission N N

Offshore wind N N N N
Oil refinery N N N

Onshore wind N N N N
PHES N N N

Rooftop solar PV N N N

SMR N N N

Utility solar PV N N N N

The distribution of labour impacts is modelled from 2020 to 2060, disaggregated by 15 defined sub -regions
and those serving domestic and export energy demands, across multiple industries, including agriculture,
mining, manufacturing, construction, electricity generation and transport. We note, in particular, that

throughout this report we distinguish between employment associated with serving domestic and export
energy demands. This is in alignment the overall NZAu project approach to modelling domestic and export

energy system decarbonisation with separate netzero emissions constraints, but as one interconnected
energy system. While domestic and export energy sector activities are related, the distinction shown in
results below provides a reasonable illustration of sectoral trends.
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We model with the DEERS model only direct job creation within sectors relevant to the energy supply. That
is, those associated with primary energy activities such as extraction or eletricity generation, and mid - or
downstream energy activities within the value chain such as fuel conversion. We do not account for induced
jobs, i.e. those created from the economic activity generated by the spending of direct job incomes. We also
do not i nclude the labour impacts from the transition to net zero that are associated with energy efficiency,
appliances, vehicles, transport and downstream industrial processes, such as cement or steel manufacturing.

When describing employment outcomes, this study uses the metricjob, which describes fulFtime equivalent
jobs required over a single year, rather than jobs sustained over multiple years. Alternatively, jobyears is
used as a time-weighted metric to describe cumulative employment that occurs over long er time horizons
(Mayfield et al., 2021).
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3 Modelling

3.1 Employment model specification

Gross job creation during the decarbonisation of the energy sector is estimated using equations that relate
energy activity outputs by technology/resource from energy sys tem modelling and lifecycle stage with an
employment factor (EF) and a labour learning factor, as shown inFigure 1. The sum of jobs across each
modelled lifecycle stage outlined in Table 4 then provides total employment for a given
technology/resource.

Figure 1| Overview of total employment calculation process, adapted from Rutovitz et al. (2015)

N

Manufacturing — Annualised
jobs capacity additions

Labour learning

"8 ManufacturingEF 4 i

Construction and
installation EF

Annualised
capacity additions

Construction and
installation jobs

Labour learning
factor

b 4

Annualised Labour learning

Production jobs — factor

% Production EF ®

Z = Total jobs

production

Operations and — Cumulative
maintenance jobs capacity

Operations and
maintenance EF

Labour learning
factor

x x

) 4

Decommissioning [l Annualised retired Labour learning

jobs

Decommissioning

® b

capacity factor

J

3.1.1 Energy activity data

A primary input into the employment model is energy activity by technology/resource, lifecycle stage, spatial
unit, and year. All energy activity data used to assess employment impacts are provided by Net Zero
Aust r al i-scélesenergy systeam modellig, and specifically, the Regional Investments & Operations
(RIO) modelling tool (Williams et al., 2021). This data reports cumulative generation, storage and conversion
capacity, capacity additions, capacity retirements, production and extraction, and generated electricity in
five-year increments. All energy activity data by technology/resource and lifecycle stage is detailedbelow in
Figure 3, Figure 4, Figure 5, and Figure 6. Furthermore, RIO modelling incorporates the 15 Australian
domestic regions, shown in Figure 2, each with its own energy and energy-service demand, initial stock of
energy infrastructure and resources (NZAu, 2022a). In addition, RIO modelling incorporates regions that are
designated to the potential production of energy for exports. Capital expenditure (CAPEX) and operational
expenditure (OPEX) ae reported for each region and technology/resource in annual increments. These
inputs have been further aggregated, annualised and converted, where relevant, to inform employment
modelling, as outlined in Table5.

Modelling occurs across the six Core Scenarios defined for the Net Zero Australia Project: a Reference
Scenario with no emissions constraint, and six Scenarios with a net zero emissions constraint, as summased
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in Table 6. Further information regarding each Scenario is available in the Net Zero Australia Methods,
Assumptions, Scenarios & Sensitivities document(NZAu, 2022a).

Table 5 | Usage of Net Zero Australia energy activity data to calculate employment .

Energy activit Lifecycle
9y y Y How it is used
data stages

Data distinguishes between new installaions, end-of-life retirements, and early
retirements; new installations are used to calculate manufacturing and C&lI
employment, while all retirements are combined to calculate decommissioning
employment. Data is reported in five-year timesteps, which is annualised to
ensure jobs are reported for a given year.

As onshored production of aluminium and iron DRI is reported in NZAu as a
displacement of energy required to meet the export constraint outlined in the
Net Zero Australia Methods, Assumptions, Scenaios & Sensitivities (2022a),
these units are converted from GW to kilotonnes/year of actual production

Changes in M, C&l, D  using the displacement formula described in that document.

installed capacity Whether energy activity supports the export or domestic sector is determined

by the region where the technology is installed.
Notes:

- One tonne of aluminium displaces 107.7 GJ of exported energy. One
tonne of iron DRI displaces 11.66 GJ of exported energy.

- Capacity installations occurring during the years 2020-2025 are
attributed as changes observed in 2025. As a result, the 2020
modelled C&l employment in utility solar, rooftop solar, onshore wind
and PHES will be lower than actual observed employment.

: Units for DAC are converted from kilotonne/hour to a nnual kilotonnes of CQs.
Cumulative

O&M ivi i i i
installed capacity Whether energy activity supports the export or domestic sector is determined

by the region where the technology is installed.

Data is mainly used to calculate production employment, and O&M
employment for electricity distribution and transmission.

Units for biomass, coal and natural gas are converted from gigawatt hours to

petajoules.
Energy production Onshored production of aluminium and iron DRI is converted from GWh to
and flows within P 0&M kilotonnes per the above.
and between Total electricity generated is used for electricity generation and transmission.

modelled regions Whether natural gas meets domestic or export demand is determined by the

national proportion of extracted gas consumed by the domestic market for
each Scenario and modelled year. For all other commaodities, this is determined
by the region to which a given commodity flows, rather than the region from
which it originates.

Data is used for the C&I stages of CO; storage, CQ: transmission, electricity

export, hydrogen transmission, natural gas transmission, and the O&M stages

of CO, transmission, hydrogen transmission and natural gas transmission.

Stage is determined by cost type, which enable the attribution of expenditure
Expenditure C&l, O&M to CAPEX and OPEX, the former of which is used to calculate C&l employment

and the latter for O&M employ ment.

All units converted to million 2020 AU$.

Whether energy activity supports the export or domestic sector is determined

by the region where the technology is installed.
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Table 6 | Modelled Scenario names and descriptions (NZA u, 2022a).

Scenario name Description

Reference:

- Projects historical trends, does not model cost impacts of fossil fuel supply
REF constraints;

- No new greenhouse gas emission constraints imposed domestically or on exports;

- Policy settings frozen from 2020 onwards.

Rapid electrification:
. - Nearly full electrification of transport and buildings by 2050;
+
- No limit on renewable rollout;

- Lower cap on underground carbon storage.

Slower electrification:
v - Slower electrification of transport and buildings compared to E+;
- No limit on renewable roll out rate;

- Lower cap on underground carbon storage rate.

Full renewable rollout:
- No fossil fuel use by 2050;
E+RE+ - No limit on renewable rollout rate;
- Lower cap on underground carbon storage rate, which is only used for non-fossil
fuel sources (e.g.,cement production).
Constrained renewable rollout:

- Renewable rollout rate limited to several times historical levels (to examine supply

E+RET _ - .
chain and social license constraints);
- Much higher cap on underground carbon storage (to make net zero achievable).

Onshoring:
E+ONS - Local production of iron and aluminum using clean energy;

- Progressively displaces exports of iron ore, bauxite, alumina and fossil fuels.

Figure 2 | Model | ed domesti c r egnemysystemimodel (W28 .uds macr o

B ve-south I QLD-outback [ NSW-outback
[ wa-central [ Qo-south [ Vic-east
0 wa-north [ NSWenorth [ VIG-west

| L [0 nswecentral [ TAS

[0 oo-north [0 msw-south [ sA

Downscaling 8 Employment impacts | 19 April 2023 10



Figure 3 | Energy activity data for changes in installed capacity of various technologies/resources, by year
and Scenario for both domestic and export sectors. Positive changes in installed capacity are used for
Manufacturing ( M) and Construction and installation (C&l) employment lifecycle stages, while negative
changes are used for Decommissioning ( D) jobs. Note vertical axis scales vary by technology/resource.
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Figure 4 | Energy activity data for cumulative capacity of various technolog ies/resources, by year and
Scenario for both domestic and export sectors. Cumulative installed capacity data are used for the
operations and maintenance ( O&M) employment stage. Note y -axis scale varies bytechnology /resource.
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Figure 5 | Energy activity data for production by technology/resource

lifecycle stage. Note vertical axis scales vary by technology/resource.

Annual production for various technologies/resources

Aluminium
production
(onshored)

Biomass

Coal

Electricity
generated

Iron DRI
(onshored)

Natural gas

Downscaling 8 Employment impacts | 19 April 2023

GWh PJ PJ Kilotonnes

Kilotonnes

PJ

10K

5K

0K

500

10K

5K

0K
2M

oM
800K
600K
400K
200K

15K

5K
0K

, by year (x-axis) and Scenario for
both domestic and export sectors. Production activity data are used for the Production ( P) employment

P
_
i | T
1
I 1
o LN o [¥p] o LN o [¥p] o
(o} Al o™ (a0 < < N N O
o o o o o o o o o
[qV} [V} [qV} [qV} [qV} [V} [qV] [qV} [qV}

Scenario

M REF

WE+

M E+RE+

W E+RE-

M-
E+ONS

[13]



Figure 6 | Energy activity data for expenditure by technology/resource , by year and Scenario for both
domestic and export sectors. Capital expenditure data are used for the Constructio n and installation
(C&I) stage, while operating and maintenance expenditure are used for the O&M employment lifecycle
stage. Note vertical axis scales vary by technology/resource.
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3.1.2 Employment Factors

An Employment Factor (EF) is a measure overage or marginal job creation associated with a unit of energy
activity, such asthe addition of a renewable/storage plant, generation of an amount of electricity, or
operation and maintenance of an electricity or gas grid. Each technology/resource and corresponding
lifecycle stage has a distinct EF according to their employment intensity, as summarised inTable 7.

In the literature, researchers derive EFs in three ays: by surveying industry professionals; by calculation
based on available employment and energy activity data; and from the existing literature. A combination of
these approaches may also be used. While the first two approaches are superior within a geogaphic area,
as they ensure relevance to the context of study, they are dependent on data availability. For example, the
current Australian and New Zealand Standard Industrial Classification (ANZSIC) scheme does not
disaggregate employment in electricity g eneration by renewable technology, instead grouping generation

from sol ar, wi nd, bi omass, geot her mal et c. as 00t her E
early lifecycle stages such as manufacturing and construction is accounted in other aggegated ANZSIC
codes such as 060ther Heavy and Civil Engineering Const |

jobs and the energy activities they support.
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Australian Bureau of Statistics (ABS) policies on data suppression to prevent the identificion of individuals
also affects the availability and reliability of high -resolution time -series data disaggregated by state, industry
and occupation (ABS, 2021a). While this data is available for national censuses, the periodic nature of this
dataset is a barrier to understanding changes in the rapidly evolving energy sector. For similar reasons,
calculating EFs is also difficult for emerging technologies that are yet to be deployed at scale, such as
hydrogen electrolysis.

This study therefore primarily relies on surveying EFs from the existing literature, with particular use of those
derived by Rutovitz et al. (2020) and Rutovitz et al. (2023), which utilised both industry surveys and historical
data to calculate EFs for the Australian context.

Table 7 presents the EFs used in the present study for each modelled technology/resource by employment

lifecycle stage and energy activity basis. Each lifecycle stage has beematched with a relevant Australian

and New Zealand Standard Industrial Classification (ANZSIC) code based on description and primary

activities (ABS, 2006), which is used for occupation modelling. ANZSIC uses an alphanumeric hierarchy to

distinguish between levels of increasing specificity. In the below example, the Electricity, Gas, Water and

Waste Services industry is denoted by the character D.
number 26, the OEIl ectr i cinmbyerGe2n6elr,a tainodn 6t hger obuFpo sbsyi |t hFeu enl
the number 2611.

Level Example

Division D Electricity, Gas, Water and Waste Services
Subdivision 26 Electricity Supply

Group 261 Electricity Generation

Class 2611 Fossil FuelGeneration

2612 Hydro-Electric Generation
2619 Other Electricity Generation

In general, the lowest level ANZSIC code has been attributed to the relevant energy activity. In some cases,
classes are aggregate categories, such a2619 Other Electricity Generéion which comprises generation from
wind, solar, geothermal, and other renewable plants. This highlights the challenge of matching ANZSIC
codes for emerging technologies, as the typology reflects current industrial activities and imperfectly
matches with emerging technologies. This is a trade-off against using higher level ANZSIC codes that include
industrial activities that are clearly misaligned, for example by using 261 Electricity Generationfor both fossil
fuel and renewable generating technologies. However, in some cases, such a6 Coal Mining, subdivisions
or groups do not disaggregate further, and the higher level is used. An overview of each attributed ANZSIC
code, including the level and industry can be found in Table 7 and Table 8.

Table 7 | All employment factors ( EF9 by technology/resource, i ncluding units, sources, ANZSIC code
and energy activity basis by lifecycle stage.

Technology/resource - ANZSIC|Energy activity basis

Aluminium production 0.579* job-yrs/kilotonnes [1] 3109 Annualised production capacity additions
Aluminium production 2.15*  jobs/kilotonnes P [1] 213  Annualised aluminium produced
Autothermal reforming 196*  job-yrs/IGW M [2] 249  Annualised plant capacity additions
Autothermal reforming 368*  job-yrs/IGW cal [2] 3109 Annualised plant capacity additions
Autothermal reforming 121  jobs/GW O&M [3] 1811 Cumulative plant capacity

Battery 90 job-yrs/IiGW M [16] 243  Annualised storage capacity additions
Battery 600  job-yrs/IGW cal [16] 3109 Annualised storage capacity additions
Battery 40 jobs/GW 0O&M [16] 2619 Cumulative storage capacity
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Technology/resource - ANZSIC|Energy activity basis

Biofuels 196*  job-yrs/IGW [2] Annualised plant capacity additions
Biofuels 368*  job-yrs/IGW C&l [2] 3109 Annualised plant capacity additions
Biofuels 121*  jobs/GW O&M [3] 1701 Cumulative plant capacity

Biomass 2900 job-yrs/GW M [7] 243  Annualised generation capacity additions
Biomass 14000 job-yrs/GW C&l [7] 3109 Annualised generation capacity additions
Biomass 29.9 jobs/PJ B2 [7] 1 Annualised dry biomass produced
Biomass 1500 jobs/GW Oo&M [7] 2619 Cumulative generation capacity

Biomass 1588  jobs-yrs/GW D [6] 3212 Annualised generation capacify removed
CO; storage 1.67*  job-yrs/$millionAUD o&M [6] 3212 Annualised OPEX spend

CQ, transmission 7.46*  job-yrs/$millionAUD cal [6] 3109 Annualised CAPEX spend

CQ, transmission 3.31*  jobs/$millionAUD O&M [6] 5021 Annualised OPEX spend

Coal 3320 job-yrs/IGW M [16] 243  Annualised generation capacity additions
Coal 11100 job-yrs/GW c&l [16] 3109 Annualised generation capacity additions
Coal 3.24*  jobs/PJ P [1] 6 Annualised coal extracted

Coal 220  jobs/GW O&M [16] 2611 Cumulative generation capacity

Coal 690  job-yrs/IGW D [6] 3212 Annualised generation capacity removed
Direct air capture 1.54  job-yrs/kilotonnes M [8] 249  Annualised extraction capacity additions
Direct air capture 1.38 job-yrs/kilotonnes cal [8] 3109 Annualised extraction capacity additions
Direct air capture 0.28  jobs/kilotonnes O&M [8] 9429 Cumulative extraction capacity

Electricity distribution 0.10*  jobs/GWh O&M# [1] 263  Annual electricity generated

Electricity export 3.07*  job-yrs/$milionAUD Cé&l [6] 3109 Annualised CAPEX spend

Electricity export 440*  jobs/GW O&M [6] 262  Cumulative generation capacity
Electricity transmission 1.9  job-yrs/$millionAUD c&l [9] 3224  Annualised CAPEX spend

Electricity transmission 0.01*  jobs/GWh O&M [1] 262  Annual electricity generated

Electrolysis 111 job-yrs/IGW M [10] 249  Annualised plant capacity additions”
Electrolysis 225  job-yrs/IGW C&l [11] 3109 Annualised plant capacity additions”
Electrolysis 172  jobs/GW O&M [11] 1811 Cumulative plant capacity®
FischerTropsch 196*  job-yrs/IGW M [2] 249  Annualised plant capacity additions
FischerTropsch 368*  job-yrs/IGW cal [2] 3109 Annualised plant capacity additions
FischerTropsch 21*  jobs/IGW O&M [2] 1831 Cumulative plant capacity

Haber-Bosch 196*  job-yrs/IGW M [2] 249  Annualised plant additions

Haber-Bosch 368*  job-yrs/IGW C&l [2] 3109 Annualised plant additions

Haber-Bosch 21*  jobs/GW o&M [2] 1831 Cumulative plant capacity

Hydro 2210  job-yrs/IGW M [16] 243  Annualised generation capacity additions
Hydro 7400  job-yrs/IGW cal [4] 3109 Annualised generation capacity additions
Hydro 140  jobs/GW O&M [4] 2612 Cumulative generation capacity
Hydrogen storage 1.67*  job-yrs/$millionAUD Cé&l [6] 3212 Annualised storage capacity additions
Hydrogen transmission 7.46*  job-yrs/$millionAUD Cé&l [6] 3109 Annualised CAPEX spend

Hydrogen transmission 3.31*  jobs/$millionAUD Oo&M [6] 5021 Annualised OPEX spend

Iron DRI (onshored) 0.58*  job-yrs/kilotonnes cal [1] 3109 Annualised production capacity additions
Iron DRI (onshored) 0.09* jobs/kilotonnes P [1] 211  Annualised DRI produced

LNG 196*  job-yrs/IGW M [2] 249  Annualised plant capacity additions

LNG 368*  job-yrs/IGW C&l [2] 3109 Annualised plant capacity additions

LNG 21*  jobs/GW Oo&M [2] 1701 Cumulative plant capacity

Methanation 788  job-yrs/IGW cal [12] 3109 Annualised plant capacity additions
Methanation 788  jobs/GW O&M [12] 1811 Cumulative plant capacity

Natural gas 380 job-yrs/IGW M [16] 243  Annualised generation capacity additions
Natural gas 1300 job-yrs/GW C&l [7] 3109 Annualised generation capacity additions
Natural gas 3.14*  jobs/PJ P [1] 7 Annualised natural gas extracted

Natural gas 140  jobs/GW O&M [7] 2611 Cumulative generation capacity

Natural gas 1588  job-yrs/GW D [6] 3212 Annualised generation capacity removed
Natura! ge-ls 3.31*  jobs/$millionAUD o&M [1] 5021 Annualised OPEX spend

transmission

Offshore wind 377*  job-yrs/GW M [4] 243  Annualised generation capacity additions
Offshore wind 1400  job-yrs/IGW cal [16] 3109 Annualised generation capacity additions
Offshore wind 80 jobs/GW O&M [16] 2619 Cumulative generation capacity

Offshore wind 580  job-yrs/IGW D [13] 3212 Annualised generation capacity removed
Oil refinery 196*  job-yrs/IGW M [2] 249  Annualised plant capacity additions
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Technology/resource - ANZSIC|Energy activity basis

Oll refinery 368*  job-yrs/IGW [2] 3109 Annualised plant capacity additions

Oll refinery 21*  jobs/GW Oo&M [2] 1701 Cumulative plant capacity

Onshore wind 377  job-yrs/GW M [4] 243  Annualised generation capacity additions
Onshore wind 2700  job-yrs/GW c&l [16] 3109 Annualised generation capacity additions
Onshore wind 220  jobs/GW Oo&M [4] 2619 Cumulative generation capacity

Onshore wind 460  job-yrs/IGW D [14] 3212 Annualised generation capacity removed
PHES 699  job-yrssGW M [4] 243  Annualised generation capacity additions
PHES 7200 job-yrs/GW c&l [4] 3109 Annualised generation capacity additions
PHES 80 jobs/GW O&M [4] 2612 Cumulative generation capacity

Rooftop solar PV 153  job-yrs/IGW M [4] 243  Annualised generation capacity additions
Rooftop solar PV 5200 job-yrs/IGW C&l [16] 3109 Annualised generation capacity additions
Rooftop solar PV 160  jobs/GW Oo&M [4] 2619 Cumulative generation capacity

SMR 196*  job-yrs/IGW M [2] 249  Annualised plant capacity additions

SMR 368*  job-yrs/GW c&l [2] 3109 Annualised plant capacity additions

SMR 121*  jobs/GW O&M [3] 1811 Cumulative plant capacity

Utility solar PV 90 job-yrs/IGW M [16] 243  Annualised generation capacity additions
Utility solar PV 2100 job-yrs/GW C&l [16] 3109 Annualised generation capacity additions
Utility solar PV 110  jobs/GW o&M [4] 2619 Cumulative generation capacity

Utility solar PV 282  job-yrs/IGW D [15] 3212 Annualised generation capacity removed

Note: EFs marked with a * have been calculated based on historical data, derived from similar technologies, or have undergone
unit conversion, as detailed below in Table 9. EF sources are as follows:

[1] Own calculation from historical data. See below.

[2] National Renewable Energy Laboratory (NREL), 2016.

[3] International Energy Agency Greenhouse Gas R&D Programme (IEAGHG), 2017.

[4] Rutovitz et al., 2020.

[5] United States Department of Energy, 2017.

[6] Mayfield et al., 2021.

[7] Rutovitz et al., 2015.

[8] Larson et al., 2020.

[9] Briggs et al., 2021.

[10] Nel ASA, 2018.

[11] Leguijt et al., 2021.

[12] Navigant Netherlands B.V., 2019.

[13] International Renewable Energy Agency (IRENA), 2018.

[14] IRENA, 2017a.

[15] IRENA 2017b.

[16] Rutovitz et al., 2023.

# Note electricity distribution jobs are assumed to include both C&l and O&M, but have been allocated to O&M.

" The energy activity basis for electrolysis use plant capacity in terms of heating value of hydrogen produced per unit time,
rather than nameplate electrical capacity. Electrolysis EFs are adjusted according to the conversion efficiencies outlined iNZAu
(2022a), increasing linealy from 69-74% by 1% every five years from 2020.

Table 8 | ANZSIC codes,levels and industries used to determine occupation projection.

ANZSIC  Level Industry
01 Subdivision Agriculture
06 Subdivision Coal Mining
07 Subdivision Oil and Gas Extraction
213 Group Basic Non-Ferrous Metal Manufacturing
243 Group Electrical Equipment Manufacturing
249 Group Other Machinery and Equipment Manufacturing
1701 Class Petroleum Refining and Petroleum FuelManufacturing
1811 Class Industrial Gas Manufacturing
1831 Class Fertiliser Manufacturing
2110 Class Iron Smelting and Steel Manufacturing
2611 Class Fossil Fuel Electricity Generation
2612 Class Hydro-Electricity Generation
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ANZSIC  Level Industry

2619 Class Other Electricity Generation

2620 Class Electricity Transmission

2630 Class Electricity Distribution

3109 Class Other Heavy and Civil Engineering Construction

3212 Class Site Preparation Services

3224 Class Structural Steel Erection Services

5021 Class Pipeline Transport

9429 Class Other Machinery and Equipment Repair and Maintenance

3.1.3 EF derivations and calculations

As noted in Table 7, while most EFs have been sourced directly from key references, some have been
adjusted to align with the units of the Net Zero Australiaenergy activity data, while others have been derived
from similar technologies or calculated based on recent employment and energy activity data. All
calculations, unit conversions and derivations of EFs are detailed inTable 9.

Where EFs have been calculated using historical employment data, this has been sourced from theABS Jobs
in Australia, 2011-12 to 2018-19 (2021b) report for the ANZSIC classes outlined inTable 8. Energy activity
and fossil fuel extraction data has been sourced from the Department of Industry, Science, Energy and
R e s 0 u Reseuscds and Energy Quarterl§2019) and Australian Energy Update(2020) reports. Currency
conversions from USD to AUD have used the average exchange rate at yeaend published by the Australian
Taxation Office (ATO, 2021).

Table 9 | Summary of all EFs that have been derived from similar technolo gies, calculated from historical
data or undergone unit conversion.

Aluminium production Derived from similar . .
cél From onshored iron DRI production EF.
(onshored) technology
" ) . EF is the sum of alumina refining and aluminium
Aluminium production Calculated from historical .
B smelting EFs:
(onshored) data

ERjobsikiotonne) = S (EF_alumina + EF_aluminium)
. Alumina refining EF calculated as the average 6 EFs
: . Calculated from historical
Alumina refining B - over 2016-2020:
ERjobs/kilotonne) = S (jobs / production (kiiotonnes) ) / NO. years

Aluminium smelting EF calculated as the average of EF:
Calculated from historical 9 9

Aluminium smelting P T, over 2016-2020:
ERjobsikilotonne) = S (jobs / production iiotonnes) ) / N0O. years
Autothermal M. C&l Derived from similar Using inputs for a simple refinery with an output of
reforming ' technology 30,000 barrels per day
. Derived from similar .
Biofuels All From autothermal reforming EFs.
technology
Calculated from historical o .
Coal P data EFRjobsipa) = extraction jobs / total production (py)
. . From CQ: injection EFsin Mayfield et al. (2021):
CQ; storage C&l  Unit conversion
ERjobs/smitionaup) = ERjobsismilionusp) X exchange rate
. . . From CQ; transmission EFsn Mayfield et al. (2021):
CQ; transmission C&l  Unit conversion
EFRjobs/smilionaup) = ERjobs/smilionusp) X €xchange rate
. . . From CQ; transmission EFn Mayfield et al. (2021):
CQ; transmission O&M  Unit conversion y ( )

EFRjobs/smilionaup) = ERjobs/smilionusp) X €xchange rate
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Calculated from historical

Electricity distribution O&M i EFRjobsicwn) = distribution jobs / electricity generated (cwn)
" Derived from similar From electricity transmission EFin Mayfield et al. (2021):
Electricity export ceal
technology ERjobs/smitionaup) = ERjobsismilionusp) X €xchange rate
. Derived from similar . L .
Electricity export o&M From electricity transmission EFn Mayfield et al. (2021).
technology
Calculated from historical EFR; = transmission jobs / electrici
Electricity transmission O&M Fiobsicwh) ! ty
data generatedGwh)
Derived from similar Using inputs for a simple refinery with an output of
FischerTropsch All ginp P E P
technology 30,000 barrels per day
Derived from similar Using inputs for a simple refinery with an output of
Haber-Bosch Al Sl P y P
technology 30,000 barrels per day
Derived from similar From CQ: injection EFsin Mayfield et al. (2021). See
Hydrogen storage C&l . .
technology above for unit conversions.
Hydrogen Al Derived from similar From CQC; transmission EFsn Mayfield et al. (2021). See
transmission technology above for unit conversions.
Based on 2020 construction of Toledo Direct Reduction
Calculated from historical ~ Plant (Cleveland Cliffs, 2022):
Iron DRI (onshored) cél L
data EFgobs/kilotonnes) = construction jobs / nameplate
CapaCitY(kilotonnes)
Derived from similar . .
Iron DRI (onshored) B Based on alumina refining EF.
technology
LNG Al Derived from similar Using inputs for a simple refinery with an output of
technology 30,000 barrels per day.
Calculated from historical L .
Natural gas P - EFjobsipa) = extraction jobs / total production (py)
Natural gas Al Derived from similar From CQ; transmission EFsn Mayfield et al. (2021). See
transmission technology above for unit conversions.
) Derived from similar From onshore wind manufacturing in Rutovitz et al.
Offshore wind M
technology (2020).
Derived from similar Using inputs for a simple refinery with an output of
Oil refinery All ginp P y P
technology 30,000 barrels per day.
Derived from similar .
SMR All From autothermal reforming EFs.
technology

3.1.4 Model validation

These employment factors used can be validated by comparing actual with modelled employment for a

given year, as is shown inFigure 7. For this purpose, Financial Yea2018-19 was selected as this is the most
recent year of publication for key employment data sources, namely Jobs in Australia (ABS, 2021b) and
Employment in Renewable Energy Activities, AustraliABS, 2020). Installed capacity and capacity changes is
sourced from the Australian Energy Market Commission (Reliability Panel, 2021), and extraction data is
sourced from the Australian Energy Update(Department of Industry, Science, Energy and Resources2020).
Only resources which utilise EFs that have not solely been calculated based on historical employment have
been included for comparison here. For hydro, capacity additions from Snowy 2.0 have been annualised
over total construction time.
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Figure 7 | Comparison of 2018 actual and modelled employment by resource sector. The relative total
difference across all sectors is 7.2%, the mean absolute error is 17%, and the median absolute error is
13%.
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3.1.5 Labour learning factors

All jobs are assumed to experience improvements in labour productivity over time, producing efficiencies
that reduce employment intensity. Rates of productivity improvement vary between technologies based on
factors that include technological maturity, scale of deployment, workforce experience and skill, potential
for automation, etc. Improvements may occur non-linearly and are often pronounced during the emergence
of a technology. While the rate of learning improvement is uncertain, projections of cost reduction s of
emerging technologies can also be used as an analogue for learning improvements (Rutovitz et al. 2020).
Commonwealth Scientific Industrial Research Organisation (CSIRO) capital cost reductions from th&enCost
2020-21 High Variable Renewable Energy senario have therefore been used to calculate learning factors
for available technologies. This source uses variable learning rates based on projected market share and
technological maturity, which are initially high and reduce over time (Graham et al., 2021). For these
technologies, learning factors have been calculated to 2050 and then remain constant to 2060. Cost
reductions for batteries are based on CSIRO projections for eighthour battery storage. For electrolysis,
capital cost reductions have been taken from NZAu (2022a), with the lowest capital cost technology chosen
for each year.

For technologies not covered by the GenCost projections, learning rates have been based on calculations
for a comparable developed, industrialised economy, using a lower-bound estimate of 1.2% per annum, or

a learning rate of 2.5% per annum for electrical grid technologies (United Nations Industrial Development

Organization and Global Green Growth Institute, 2015). For ease of modelling, a single learning rate has
been used for each technology/resource across all Scenarios and lifecycle stages, though in principle
variations in scale of deployment should produce different learning rates (Ouassou et al., 2021).

All learning factors by technology/resource are summarised in Table 10.
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Table 10| Learning factors by technology/resource and year , as a proportion of the initial (2020) EF .

Annual
Technology/resource 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050 | 2055 | 2060

Aluminium
production 1.2% Assumed 100% 94% 89% 84% 79% T74% T70% 66% 62%
(onshored)
Autothermal

. 1.2%  Assumed 100% 94% 89% 84% T79% T74% T70% 66% 62%
reforming
Batteries Variable CSIRO (2021) 100% 56% 39% 35% 32% 29% 26% 26% 26%
Biofuels 1.2%  Assumed 100% 94% 89% 84% T79% T74% 70% 66% 62%
Biomass Variable CSIRO (2021) 100% 99% 98% 97% 97% 96% 95% 95% 95%
CQO, storage 1.2%  Assumed 100% 94% 89% 84% T79% T74% 70% 66% 62%
CQz transmission 1.2% Assumed 100% 94% 89% 84% 79% T74% T70% 66% 62%
Coal Variable CSIRO (2021) 100% 99% 98% 97% 96% 95% 94% 94% 94%
Direct air capture 1.2% Assumed 100% 94% 89% 84% T79% 74% T70% 66% 62%
Electricity
o 25%  Assumed 100% 88% 78% 69% 61% 54% 48% 42% 37%
distribution
Electricity export 25%  Assumed 100% 88% 78% 69% 61% 54% 48% 42% 37%
Electricity

L. 2.5% Assumed 100% 88% 78% 69% 61% 54% 48% 42% 37%
transmission
Electrolysis Variable NZAu (2022a) 100% 69% 47% 35% 30% 28% 28% 28% 28%
FischerTropsch 1.2% Assumed 100% 94% 89% 84% T79% 74% T70% 66% 62%
Haber-Bosch 1.2%  Assumed 100% 94% 89% 84% T79% T74% 70% 66% 62%
Hydro Variable CSIRO (2021) 100% 99% 98% 97% 97% 96% 95% 95% 95%
Hydrogen storage 1.2%  Assumed 100% 94% 89% 84% T79% T74% 70% 66% 62%
Hydrogen

. 1.2%  Assumed 100% 94% 89% 84% T79% T74% 70% 66% 62%
transmission
Iron DRI (onshored) 1.2% Assumed 100% 94% 89% 84% 79% 74% 70% 66% 62%
LNG 1.2% Assumed 100% 94% 89% 84% T79% 74% T70% 66% 62%
Methanation 1.2% Assumed 100% 94% 89% 84% T79% 74% T70% 66% 62%
Natural gas Variable CSIRO (2021) 100% 99% 98% 97% 96% 95% 94% 94% 94%
Natural gas

. 1.2%  Assumed 100% 94% 89% 84% T79% T74% 70% 66% 62%
transmission
Offshore wind Variable CSIRO (2021) 100% 94% 91% 88% 86% 83% 80% 80% 80%
Oil refinery 1.2%  Assumed 100% 94% 89% 84% T79% T74% 70% 66% 62%
Onshore wind Variable CSIRO (2021) 100% 98% 95% 94% 93% 91% 91% 91% 91%
PHES Variable CSIRO (2021) 100% 99% 98% 97% 97% 96% 95% 95% 95%
Rooftop solar PV Variable CSIRO (2021) 100% 60% 52% 46% 39% 38% 36% 36% 36%
SMR 1.2%  Assumed 100% 94% 89% 84% T79% T74% T70% 66% 62%
Utility solar PV Variable CSIRO (2021) 100% 58% 51% 45% 38% 37% 35% 35% 35%

3.2  Workforce projection

Workforce projections combine working -age (15 and over) population projections with a workforce
participation rate projection to estimate the future size of the workforce by Australian state/territory.
Working -age population data by state is sourced from the Medium Scenario of the ABSAustralia Population
Projections (2018). The projected workforce participation rate is provided by The Australian Government
Treasury (2021). The workforce participation rate describes the percentage of the working-age population
that is either working or actively looking for work (Gustafson, 2021). Treasury forecasts a decline in
participation of 3.3% between 2020 and 2060. This has been calculated linearly over 38 years from the 2022
peak participation rate of 66.5% to 62%. The projected population for each year is then multiplied by the
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participation rate to calculate the projected workforce at national and state levels, as shown in Figure 8. This
indicates that the states with the largest projected workforce growth are Victoria, New South Wales (NSW),
and Queensland.

Figure 8 | Australian population and workforce projections (above) ; and workforce projections
disaggregated by state /territory per decade to 2060 (below) .
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3.3  Occupation projection

As seen inTable 7, each technology/resource and stage has been assigned a relevant ANZSIC code. Using
2021 Census data, a breakdown of employment by occupation for each ANZSIC code was generated.
Occupations follow the Australian and New Zealand Standard Classification of Occupations (ANZSCO).
ANZSCO uses numeric codes to differentiate between hierarchic levels.

Level Example

Major group (n = 8) 2 Professionals

Sub-major group (n = 43) 23 Design, Engineering, Science and Transport Professionals
Minor group (n = 99) 233 Engineering Professionals

Unit group (n = 364) 2333 Electrical Engineers
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Occupational data was extracted for 477 occupations at the unit group level. The unit group data extraction
included higher-level occupational groups that are not furth er defined (nfd) in the 2021 Census datg for
example 2330 Engineering Professionals nfdThe proportion of employment in each occupation within the
relevant ANZSIC industry code was calculated, which forms the basis of the projection of employment by
occupation.

The occupation projection multiplies the proportional occupation breakdown by gross employment of
energy activity associated with each ANZSIC code. The product is then summarised by occupation.

3.4  Skill level projection

Each occupation is assigned askill level, which reflects the level of complexity and range of tasks undertaken
in the occupation. The skill level of an occupation measures the level of formal education and training,
previous experience and the amount of on-the-job training needed to successfully complete the tasks
undertaken by that occupation. Table 11 provides a breakdown of ANZSCO skill levels.

Some aggregated occupations are assigned multiple skills. For example, workers in599 Miscellaneous
Clerical and Administrative Workersmay be of skill level 2, 3 or 4. For the purposes of generating a projection
of future employment by skill, employment in these occupations is evenly divided between each skill level.

Table 11| Breakdown of requirements for each ANZSCO skill level (ABS, 2021c).

Skill level  Description

Occupations that have a level of skill commensurate with a bachelor degree or higher qualification.

At least five years of relevant experience may substitute for formal qualifications.

Occupations that have a level of skill commensurate with an Australian Qualifications Framework (AQF)
2 Associate degree, Advanced Diploma or Diploma.

At least three years of relevant experience may substitute for formal qualifications.

Occupations that have a level of skill commensurate with an AQF Certificate IV or Certificate Il
3 including at least two years of on-the-job training.

At least three years of relevant experience may substitute for formal qualifications.

Occupations that have a level of skill commensurate with an AQF Certificate Il or Certificate III.

At least one year of relevant experience may substitute for formal qualifications.

Occupations that have a level of skill commensurate with an AQF Certifcate | or compulsory secondary
education.

For some occupations a short period of on-the-job training may be required in addition to or instead
of formal qualification.
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4 Results

4.1 National levels of employment in the energy system

4.1.1 Grossjobs

Figure 9 presents modelled gross Australian jobs employed within the energy sector for all
technologies/resources in Table 2 and for Net ZeroAustraliad s Co r e Grose jobarepresest the total
number of jobs in each year employed in the energy sector and are calculated using the equations shown
in Figure 1. As the modelled energy activity includes existing generation infrastructure and extraction
processes, gross employment includes currently existing jobs.

Grossdomestic sector employment has relatively small variation between most net zero Scenarios, requiring

between 216-262 thousand jobs in 2050f or t he E+ rapid electrification, E +
electrification and E+ONS onshoring Scenarios. Gross domestic sector jobs in ke E+ RET constrain
renewables Scenario is significantly higher, at 415 thousand jobs in 2050. All of these results represent

significantly greater employment than the roughly 74 thousand domestic sector jobs modelled for the

Reference Scenario in 2050. Grss export jobs are also subject to relatively limited variation, with between

348-511 thousand jobs modelled for all net zero Scenarios in 2060. These are greater by an order of

magnitude on the Reference Scenario, which has 57 thousand workers in 2060.

Further detail is presented in Figure 10, which provides a breakdown of gross jobs by technology/resource
and for the domestic and export energy sectors. Variation in employment between Scenarios is due to
energy-system modelling optimising for different technologies to meet different Scenario constraints, which

have varying |l evels of | abour intensity. For exampl e,
extraction of natural gas for export through conversion to H , via autothermal reforming. Also, constrained
build rates for wutility solar PV in E+REI require the s

and export sectors. Due to the expanded use of fossil fuels, greater deployment of direct air capture and
CO;, storage and transmission is required to meet the net zero emissions constraint.

Figure 9 | Gross jobs by domestic (left) and export (right) sectors and Scenario. Vdues have units of full -
time equivalent jobs.
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Figure 10| Gross jobs by Scenario and domestic (above) and export (below) sectors, for each modelled
technology /resource. Results are in full-time equivalent jobs. Technologies with low individual
employment have been aggregated as 6 Ot her 6.

500K

400K

300K

200K

100K

Domestic energy sector employment
(jobs)

REF E+ E+RE+ E+RE- E- E+ONS
0K

_Balk

400K
300K
200K
100K Z

/4

y

Export energy sector employment
(jobs)

|

0K m—
O O O O O OO O OO OO0 O OO0 OO0 O OO OO0 O OO oo O OOo
NN - DO NN I DO ANNMO T DO ANO J§I LOANMO &~ LOVOVANO S LY
O O O O O O O O OO OO0 O OO0 00 O OO0 00 O OO oo O OO
AN AN &N AN AN AN AN AN A AN AN AN AN Al A NN AN A A AN AN A

Technology / resource
M Utility solar PV M Hydrogen storage & trans. CO2 storage & trans.
Electricity trans. & dist. Onshore wind Haber-bosch
[T Batteries [ Direct air capture M Direct reduced iron
Natural gas & transmission Biomass Autothermal reforming
M Electrolysis M Rooftop solar PV Aluminium production
Coal Offshore wind Other

Figure 11 presents employment by lifecycle stage for each Scenario and sector over time. In the domestic
sector, manufacturing peaks at ~10% of total jobs, but generally fluctuates at or below 5% across the
modelled period. C&I peaks at~35% of employment between 2025-2035 before decreasing to between 10-
14% for the remainder of the modelled period. O&M experiences growing prevalence, increasing from ~50%
of energy sector employment to ~75% by 2050-60. As production jobs in coal mining and natural gas
extraction decrease, jobs in biomass increase, resulting in a proportionate decrease in productionfrom 15%
of total employment in 2020 to between 5-10% by 2060. The early and end-of-life retirement of coal and
oil refining assets between 2030-2035, and the end-of-life retirement of utility and rooftop solar, onshore
wind and battery storage infrastructure in 2055-2060 produces small spikes of decommissioning jobs for
those years though these remain a negligible share of total jobs.

As the export sector starts to decarbonise from 2030, there are more pronounced changes in the
proportional makeup of employment by lifecycle stage, with production jobs reducing sharply from ~90%
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to less than 10% of total jobs by 2060. Unsurprisingly, C&I increases substantially from 2030, peaking at
between 30-50% of total employment before diminishing to between 25 -35% by 2060. O&M occupies a
growing proportion of total employment, increasing from 5% in 2030 to peak at 50 -72% in 2060.
Manufacturing jobs consistently contribute between 1 -3% of total jobs throughout 2030 -2060. The potential
job impacts of expanding domestic manufacturing capacity is discussed in further detail below. This result
demonstrates that while there is a medium-term boom in construction demand between 2025 -2045, this
gives way to a large workforce of ongoing O&M jobs towards the end of the modelled period.

Figure 11| Gross jobs by lifecycle stage, Scenario and disaggregated by Do mestic and Export sectors
(top), and proportion of gross jobs by lifecycle stage and  Scenario (bottom). Values in units of full -time
equivalent jobs.
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4.1.2 Net jobs

Figure 12 presents net jobs of each modelled net-zero Scenario by technology/resource. Here, net jobs
describe the difference in gross employment between a given net-zero Scenario and the Reference Scenario,
and is therefore a measure of jobs that will be both created and lost because of the net-zero transition.

The net employment results demonstrate that job losses are largely restricted to coal and natural gas, and

are approximately 15 thousand jobs in the domestic energy sector and 50 thousand jobs in the export

energy sector by 2060. While there is net positive job creation for every modelled year, jobs losses will be
concentrated in coal and natural gas sectors infossil-fuel dependent regions, which may occur in different

regions to those with the new jobs. As discussed, spatial mapping of net job losses results provides key
insights into the impacts on local communities, and will be explored in greater detail below (Cass et al.,
2022).

Figure 12 | Net jobs by Scenario and domestic and export sectors, for each modelled technology/
resource. Values are in units of full-time equivalent jobs and are relative to the Reference Scenario in
each year. Total net jobs across all technologies /resources are indicated by the black line, with labels for
2020 and 2060.
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Finally, Figure 13 shows the proportion of the overall workforce projected to be occupied by energy sector
jobs. This indicates thatthe absolute proportion of the energy workforce increases from under 1% in 2020
to between 3-4% by 2060, depending on the Scenario.

Figure 13| Proportion of projected workforce occupied by the energy sector in each Scenario.
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4.2  Spatial distribution of energy system employment

4.2.1 Gross jobs

Jobs are spatially distributed across each modelled domestic region and designated zones for the export

system. Figure 14 depicts gross energy sector jobs by state and territory for each decade to 2060 according

to this domestic and export split, and Figure 15 graphs the evolution of gross jobs by state and territory.

While each state and territory undergoes an increase in employment to 2060, this growth is unevenly

distributed across geography and Scenario. The domestic sector is relatively stable, with most states

fluctuati ng a few percentage points over time. The exception
which sees growth in the relative prominence of the Northern Territory and Victoria, which offsets relative

reductions in NSW and Queensland.

The export sedor undergoes more significant change in the spatial distribution of employment. A clear

pattern emerges across the E+ rapid electrification, EI
which most growth is concentrated in the sunbelt of Weste rn Australia, the Northern Territory and

Queensland. At the same time the role of NSW in export sector employment rapidly diminishes to zero by

2045. In the E+REI constrained renewables and the E+ONS
in Queensland, and considerably more in Western Australia.
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Figure 14| Gross jobs by state/territory and sector for each decade to 2060.
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