®

Check for
updates

Chapter 10

Just Transition: Employment Projections
for the 2.0 °C and 1.5 °C Scenarios

Elsa Dominish, Chris Briggs, Sven Teske, and Franziska Mey

Abstract This section provides the input data for two different employment devel-
opment calculation methods: The quantitative analysis, which looks into the overall
number of jobs in renewable and fossil fuel industries and the occupational analysis
which looks into specific job categories required for the solar and wind sector as
well as the oil, gas, and coal industry. Results are given with various figures and
tables.

10.1 Introduction: Employment Modelling for a Just
Transition

The transition to a 100% renewable energy system is not just a technical task. It is
also a socially and economically challenging process, and it is imperative that the
transition is managed in a fair and equitable way. One of the key concerns is the
employment of workers in the affected industries (UNFCCC 2016; ILO 2015).
However, it should be noted that the ‘just transition’ concept is concerned not only
with workers’ rights, but also with the well-being of the broader community (Smith
2017; Jenkins et al. 2016; Sovacool and Dworkin 2014). This includes, for example,
community participation in decision-making processes, public dialogue, and policy
mechanisms to create an enabling environment for new industries, to ensure local
economic development.

Although it is acknowledged that a just transition is important, there are limited
data on the impacts that the transition will have on employment. There is even less
information on the types of occupations that will be affected by the transition, either
by project growth or a decline in employment. This study provides projections for
jobs in construction, manufacturing, operations and maintenance (O&M), and fuel
and heat supply across 12 technologies and 10 world regions, based on the energy
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scenario from the Leonardo Di Caprio project (see Chap. 3 ff. This study is funded
by the German Greenpeace Foundation and builds on the methodology developed
by UTS/ISF (Rutovitz et al. 2015), with an updated framework that disaggregates
jobs by specific occupations. Projected employment is calculated regionally, but in
this chapter, we present an overview of the global data, which are an aggregate of the
results for the 10 world regions. Further details, including a further regional break-
down of employment data, are provided in the full report (Dominish et al. 2018).

10.2 Quantitative Employment Modelling

This section discusses the calculation factors used for the quantitative employment
modelling (an overview of the methodology is given in Sect. 3.6 of Chap. 3). The
factors were analysed on a regional basis where possible, to take into account the
significant economic differences between world regions. The results are then pre-
sented in the following section.

10.2.1 Employment Factors

Employment factors were used to calculate the number of jobs required per unit of
electrical or heating capacity, or per unit of fuel. The employment factors differ
depending on whether they involve manufacturing, construction, operation and
maintenance, or fuel supply. Information about these factors usually comes from
OECD countries because that is where most data are collected, although local data
were used wherever possible. For job calculations in non-OECD regions, regional
adjustments were made when a local factor was not available (see Sect. 10.2.2). The
employment factors used in the calculations are shown in Table 10.1.

The employment factors were based on coal supplies, because employment per
tonne varies significantly across the world regions and because coal plays a signifi-
cant role in energy production in many countries. In Australia and the USA, coal is
extracted at an average rate of more than 9000 tonnes per person per year, whereas
in Europe, the average coal miner is responsible for less than 1000 tonnes per year.
China has relatively low per capita productivity at present, with 650 tonnes per
worker per year, but the annual increases in productivity are very high. India and
Eurasia have significantly increased their productivity since a similar analysis was
performed in 2015. Local data were also used for gas extraction in every region
except India, the Middle East, and Non-OECD-Asia. The calculation of coal and
gas employment per petajoule (PJ) drew on data from national statistics and com-
pany reports, combined with production figures from the BP Statistical Review of
World Energy 2018 (BP-SR 2018) or other sources. Data were collected for as
many major coal-producing countries as possible, and coverage was obtained for
90% of the world coal production (Table 10.2).
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Table 10.1 Summary of employment factors used in a global analysis in 2012
Fuel —
Operations & | PRIMARY
Construction/installation | Manufacturing | maintenance | energy demand
Job years/ MW Job years/ Jobs/MW
MW
Coal 11.4 5.1 0.14 Regional
Gas 1.8 2.9 0.14 Regional
Nuclear 11.8 1.3 0.6 0.001 jobs per
GWh final
energy demand
Biomass 14.0 2.9 1.5 29.9 jobs/PJ
Hydro-large 7.5 39 0.2
Hydro-small 15.8 11.1 4.9
Wind onshore 3.0 34 0.3
Wind offshore 6.5 13.6 0.15
PV 13.0 6.7 0.7
Geothermal 6.8 39 0.4
Solar thermal 8.9 4.0 0.7
Ocean 10.3 10.3 0.6

Geothermal — heat

6.9 jobs/ MW (construction and manufacturing)

Solar — heat 8.4 jobs/ MW (construction and manufacturing)

Nuclear 0.95 jobs per MW decommissioned

decommissioning

Combined heat CHP technologies use the factor for the technology, i.e. coal, gas, biomass,
and power geothermal, etc., increased by a factor of 1.5 for O&M only.

Note: For details of sources and derivation of factors see Dominish et al. (2018)

Table 10.2 Employment factors used for coal fuel supply (mining and associated jobs)

Employment factor
Jobs per PJ Tonnes per person per year (coal equivalent)
World average 36.2 943
OECD North America 35 9613
OECD Europe 36.2 942
OECD Asia-Oceania 3.6 9455
India 33.6 1016
China 52.9 645
Africa 13.7 2482
Eastern Europe/Eurasia | 36.0 948
Developing Asia 6.5 5273
Latin America 12.5 2725
Middle East Used world average because no employment data were available
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10.2.2 Regional Adjustments

The employment factors used in this model for energy technologies other than coal
mining were usually for OECD regions, which are typically wealthier than other
regions. A regional multiplier was applied to make the jobs per MW more realistic
for other parts of the world. In developing countries, there are generally more jobs
per unit of electricity because those countries have more labour-intensive practices.
The multipliers change over the study period, consistent with the projections for
GDP per worker. This reflects the fact that as prosperity increases, labour intensity
tends to fall. The multipliers are shown in Table 10.3.

10.2.2.1 Local Employment Factors

Local employment factors were used where possible. These region-specific factors
were:

e OECD Americas—gas and coal fuel, photovoltaics (PV) and offshore wind (all
factors), and solar thermal power (construction and operation and maintenance
(O&M)

e OECD Europe—gas and coal fuel, offshore wind (all factors), solar thermal
power (construction and O&M), and solar heating

e OECD Pacific—gas and coal fuel

e Africa—gas, coal, and biomass fuel

e China—gas and coal fuel, and solar heating

» Eastern Europe/Eurasia—gas and coal fuel

e Developing Asia—coal fuel

e [India — coal fuel and solar heating

e Latin America—coal and biomass fuels, onshore wind (all factors), nuclear (con-
struction and O&M), large hydro (O&M), and small hydro (construction and
O&M).

Table 10.3 Regional multipliers used for the quantitative calculation of employment

2015 2020 2030 2040 2050
OECD (North America, Europe, Pacific) 1.0 1.0 1.0 1.0 1.0
Latin America 34 34 34 3.1 2.9
Africa 5.7 5.7 5.6 5.2 4.9
Middle East 1.4 1.5 1.5 1.4 1.3
Eastern Europe/Eurasia 24 2.4 2.2 2.0 1.8
India 7.0 5.6 3.7 2.7 2.0
Developing Asia 6.1 53 4.2 3.5 2.9
China 2.6 2.2 1.6 1.3 1.1

Source: Derived from ILO (2012) Key Indicators of the Labour Market, eighth edition software,
with growth in GDP per capita derived from IEA World Energy Outlook 2018 and World Bank
data
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10.2.2.2 Local Manufacturing and Fuel Production

Some regions do not manufacture the equipment (e.g., wind turbines or solar PV
panels) required for the introduction of renewable technologies. This model includes
estimates of the percentages of renewable technology that are made locally and
assumes that the percentage of local manufacturing will increase over time as the
industry matures. Based on this, the jobs involving the manufacture of components
for export were calculated for the region in which the manufacturing occurs. The
same applies to coal and gas, because they are traded internationally, so the jobs in
fuel supply were calculated regionally, based on historical data.

10.2.2.3 Learning Adjustments or ‘Decline Factors’

Learning adjustments are used to account for the projected reductions in the costs of
renewables over time, as technologies and companies become more efficient and
production processes are scaled up. Generally, jobs per MW are projected to fall in
parallel with this trend. The cost projections for each of the calculated energy sce-
nario regions (see Sect. 5.3 of Chap. 5) were used to derive these factors.

10.2.3 Results of Quantitative Employment Modelling

The 2.0 °C and 1.5 °C Scenarios will result in an increase in energy-sector jobs in
the world as a whole at every stage of the projection. The 1.5 °C Scenario will
increase the renewable energy capacities faster, so employment will increase faster
than in the 2.0 °C Scenario. By 2050, employment in te energy sector will be within
the same range in both scenarios, at around 48—50 million jobs.

e In 2025, there will be 29.6 million energy-sector jobs in the 5.0 °C Scenario,
42.3 million in the 2.0 °C Scenario, and 48.1 million in the 1.5 °C Scenario.

e In 2030, there will be 30.3 million energy-sector jobs in the 5.0 °C Scenario,
49.2 million in the 2.0 °C Scenario, and 53.8 million in the 1.5 °C Scenario.

e In 2050, there will be 29.6 million energy-sector jobs in the 5.0 °C Scenario,
50.4 million in the 2.0 °C Scenario, and 47.8 million in the 1.5 °C Scenario.

Figure 10.1 shows the changes in job numbers under the 5.0 °C, 2.0 °C, and
1.5 °C Scenarios for each technology between 2015 and 2030. the 5.0 °C Scenario,
jobs will drop to 4% below the 2015 levels by 2020 and then remain quite stable
until 2030. Strong growth in renewable energy will lead to an increase of 44% in the
total energy-sector jobs in the 2.0 °C Scenario and 66% in the 1.5 °C Scenario by
2025. In the 2.0 °C (1.5 °C) Scenario the renewable energy sector will account for
81% (86%) in 2025 and 87% (89%) in 2030, with PV having the greatest share of
24% (26%), followed by biomass, wind, and solar heating.
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10.3 Occupational Employment Modelling

To plan for a just transition, it is important to understand the occupations and loca-
tions at which jobs are likely to be lost or created. The modelling of employment by
type of occupation is based on a new framework developed by UTS/ISF and financed
by the German Greenpeace Foundation. The framework is applied to the results of
the employment modelling discussed in Sect. 10.2. This information can be used to
attempt to understand where labour is likely to be required in the renewable energy
transition, and where job losses are likely to occur.

10.3.1 Background: Development of Occupational
Employment Modelling

The occupational employment modelling framework used in this study was devel-
oped for renewable energy (solar PV, onshore wind, offshore wind) and fossil fuels
(coal and gas). The three primary studies that classified and measured the occupa-
tional composition of renewable energy industries were conducted by the
International Renewable Energy Agency (IRENA). Through surveys of around 45
industry participants across a range of developed and developing nations, IRENA
estimated the percentages of person—days for the various occupations across the
solar PV and onshore and offshore wind farm supply chains (IRENA 2017a, b,
2018). Figure 10.2 is an example (in this case, for solar PV manufacturing).

IRENA’s studies are the most detailed estimates of the occupational composi-
tions of the solar PV and onshore wind industries to date. ISF has extended the
application of IRENA’s work in two key ways:

1. Mapping IRENA’s job categories against the International Standard
Classification of Occupations (ISCO): IRENA uses its own occupational clas-
sification system, which does not match the ISCO, which is the basis for national
statistical agency data. For example, ‘regulation and standardization experts’ is
not a category in the ISCO. Consequently, the IRENA job categories have been
mapped and translated across to the ISCO to facilitate comparisons between
renewable energy technologies and fossil fuel sectors. The best fit for each of the
occupations in the IRENA studies has been identified at one-digit, two-digit,
three-digit, and four-digit levels of the ISCO.

2. Unpacking mid- and low-skill job categories in IRENA’s study: Some of the
categories in the IRENA studies containe jobs that are of interest from a just
transition perspective. Specifically, IRENA combines:

e ‘Factory workers’ for solar PV and onshore and offshore wind
manufacturing

* “‘Ship crews’ for offshore wind construction and operation and maintenance

e ‘Construction workers’ for solar PV, onshore wind farm construction, and
operation and maintenance.
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Health and Safety

Logistics %%
4% ’ Quiality control
0
Marketing and sales 4%
5% Regulation and
standardisation experts
Admin & Management 4%
5%

Engineers
12%

Factory workers and
technicians
62%

Fig. 10.2 Distribution of human resources required to manufacture the main components of a
50 MW solar photovoltaic power plant. (IRENA 2017a)

These categories combine a range of technicians, trades, machinery operators,
drivers, and assemblers, and labourers.

For factory workers, industry data from the Benchmarks of Global Clean Energy
Manufacturing study by the Clean Energy Manufacturing Analysis Centre was
combined with the occupational framework from the Australian census. The inter-
national standard classification of industries used for the Benchmarks of Global
Clean Energy Manufacturing study were translated across to the Australian New
Zealand Standard Classification of Industry framework (which is based on the inter-
national classification standard) (Australian Bureau of Statistics & Statistics New
Zealand 2013).

Data from the Australian census on the occupational composition of these manu-
facturing sectors were then used to derive the breakdown of employment (Australian
Bureau of Statistics 2017). The census includes a comprehensive stocktake of
employment, with data at one-, two-, three- and four-digit levels for each industry.
The Australian-New Zealand Standard Classification of Occupations is based on
the ISCO. Clean Energy Manufacturing Analysis data on the relative share of the
value added by component was used to weight the shares of employment. The
Australian manufacturing sectors used are not wind or solar PV manufacturing
activities, but as the Clean Energy Manufacturing Analysis Centre notes, ‘Large
portions of the wind energy supply chain connect well to core manufacturing indus-
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Table 10.4 Wind and solar PV manufacturing—study methodology
1-O Industry

Technology | Component | Category Equivalent ANZSIC Classification
Wind Nascelles | Machinery & 22 fabricated metal product manufacturing
equipment 222 structural metal product manufacturing

manufacturing, not | 2221 structural steel fabricating
elsewhere classified

Blades Manufacturing not | 22 fabricated metal product manufacturing
elsewhere classified | 222 structural metal product manufacturing
2221 structural steel fabricating

Towers Fabricated metal 22 fabricated metal product manufacturing
product 222 structural metal product manufacturing
manufacturing 2221 structural steel fabricating

Steel Basic metal 21 primary metal and metal product
manufacturing manufacturing

211 basic ferrous metal manufacturing
2110 Iron Smelting & Steel Manufacturing

Generators | Electrical 24 Machinery & Equipment Manufacturing
machinery & 243 electrical equipment manufacturing
apparatus 2439 other electrical equipment manufacturing
manufacturing,

Solar PV | Modules Computers, 24 Machinery & Equipment Manufacturing

Cells electronic and 243 electrical equipment manufacturing

Wafers optical equipment | 2439 other electrical equipment manufacturing
manufacturing

tries” (CEMAC 2017). To clarify construction worker categories for onshore wind
and PV construction, and for the operation and maintenance of solar PV, interviews
were conducted with project managers who were currently overseeing or had
recently completed construction projects (Table 10.4).

The IRENA studies are the richest data source on employment in solar PV and
onshore wind projects, but further work is required to directly match renewable
energy job levels against existing fossil fuel sectors and to generate data on mid- and
low-skill jobs, which are of primary interest from a just transition perspective.

As an example, Table 10.5 shows the occupational hierarchy for solar PV con-
struction and how it is matched against ISCO. ISCO classifies occupations from a
one-digit level (left) to a four-digit level (right). Each level is more detailed than the
previous one in terms of the labour force required for the type of work. This meth-
odology has been transferred to an occupational hierarchy that has been constructed
for solar PV, onshore wind, and offshore wind using IRENA and other data sources
to map jobs against the ISCO. The result is a matrix with percentages allocated to
each occupation at the one-, two-, three-, and four-digit levels of aggregation.

The framework for fossil fuels was derived from labour statistics from the
Australian 2016 national census for coal mining, gas supply, and coal and gas gen-
eration (Australian Bureau of Statistics 2017). Although these data are specific to
Australia, these statistics provide the best source of data, and regional multipliers in
the quantitative modelling can adjust the results to account for economic differences
between regions.
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For each modelling run, the results for the installed capacity of the renewable
energy technologies (MW) and full-time-equivalent jobs (FTE/MW) were used to
generate an aggregate level of employment for construction, manufacturing, and
operation and maintenance. The matrix was then used to calculate the number of
jobs at different levels of disaggregation (Sect. 3.6.1.)

The final framework is shown in Table 10.4. This is based on a composite profile
for each technology using a mix of one-, two-, three-, and four-digit levels of occu-
pation, depending on which best illustrates the breakdown of jobs and allows com-
parison to be made across technologies. Choices have been made based on the
proportion of jobs and the labels that are most readily understandable to readers
(noting that the categories used in the ISCO do not always correspond to popularly
used titles). Note, for example, that ‘Managers’ is a one-digit category, but trades
are broken down into construction trades, metal trades, and electricians because this
provides more meaningful descriptions.

In the example shown in Table 10.6, it is notable that wind and solar farms
employ higher proportions of professionals and technicians for their operations and
maintenance than coal mining, and similar or higher proportions of elementary
occupations, but much lower proportions of machinery operators and drivers.

10.3.1.1 Methodology and Limitations

e Atthe aggregate level, it is assumed that rising labour productivity over time will
reduce the labour intensity (i.e., less FTE/MW) that is applied in the construc-
tion, manufacture, and operation and maintenance of each renewable energy
technology. No assumptions have been made about changes to the relative labour
intensity between occupations. Over time, we would expect that the proportion
of less-skilled jobs would fall as a result of mechanization. Therefore, the share
of less-skilled jobs is likely to be overestimated.

* IRENA estimates a single global figure for each occupation, averaged from sur-
veys of industry participants across different global markets. In practice, there
are variations in labour intensity and the compositions of jobs across supply
chains between different regions (broadly speaking, supply chains in lower-wage
nations are more labour intensive). ISF takes account of regional conditions in
the job factors applied at the level of major sub-sectors (construction, manufac-
turing, operation and maintenance), but not at the disaggregated level. Therefore,
it is likely that the proportion of less-skilled jobs is overestimated for rich econo-
mies and underestimated for less-developed economies.

* The breakdown of the category of ‘construction workers’ is based on interviews
with some Australian solar and wind project managers. The project managers
had overseen recent projects and provided detailed estimates of the contributions
of different jobs. Nonetheless, the breakdowns are based on a limited sample,
and further research is required to generate more-accurate estimates.
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10.3.2 Results of Occupational Employment Modelling

There will be an increase in jobs in the 1.5 °C Scenario across all occupations
between 2015 and 2025, except in metal trades, which will display a minor decline
of 2%, as shown in Fig. 10.3.

There will be an increase in jobs across all occupations between 2015 and 2025 in
the 2.0 °C Scenario, as shown in Fig. 10.4. The occupations with the highest number
of jobs will be plant and machine operators and assemblers, followed by technicians
(including electrical, mechanical, civil, and IT technicians) and electricians. The
occupations that will have the largest percentage increase in jobs from 2015 to 2025
will be labourers, engineers, electricians, and construction trades. The results are
similar in the 1.5 °C Scenario, except for managers and metal trades, which will
experience minor reductions in overall jobs (3% each) (Table 10.7).

However, the results are not uniform across regions. For example, China and
India will both experience a reduction in the number of jobs for managers and cleri-
cal and administrative workers between 2015 and 2025, as shown in Table 10.8.

Table 10.8 and Fig. 10.6 show the employment changes between 2015 and 2025
under the 1.5 °C Scenario. Across all eight employment groups, the net effect of the
energy transition will positive or stable (Fig. 10.5).

However, the results are not uniform across regions. For example, China and
India both foresee a reduction in the number of jobs for managers and clerical and
administrative workers between 2015 and 2025, as shown in Table 10.9.

Table 10.10 and Fig. 10.5 show the employment changes between 2015 and 2025
under the 2.0 °C Scenario. Across all eight employment groups, the net effect of the
energy transition is positive. Further research is required to identify the training
needs for all employment groups.

10.4 Conclusions

Under both the 1.5 °C and 2.0 °C Scenarios, the renewable energy transition is pro-
jected to increase employment. Importantly, this analysis has reviewed the locations
and types of occupations and found that the jobs created in wind and solar PV alone
are enough to replace the jobs lost in the fossil fuel industry across all occupation
types. Further research is required to identify the training needs and supportive poli-
cies needed to ensure a just transition for all employment groups.
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2 degree scenario
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Fig. 10.5 Employment changes between 2015 and 2025 by occupational breakdown under the

2.0 °C Scenario
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1.5 degree scenario
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Fig. 10.6 Employment changes between 2015 and 2025 by occupational breakdown under the

1.5 °C Scenario
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