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Executive summary

Greenpeace International and the European Renewable Energy Council published a global
energy scenario, Energy [R]evolution, that sets out a vision for low-carbon global energy
supply and compares it to the energy projection put forward by the International Energy
Agency (IEA 2007).

This report presents an analysis of the potential job creation associated with the two
scenarios to 2030. Only direct employment associated with electricity production is
calculated, including jobs in fuel production, manufacturing, construction, and operations and
maintenance.

Results are presented for the regions used in both the IEA and Greenpeace projections,
namely OECD North America, OECD Europe, OECD Pacific, Africa, Latin America, Middle
East, Developing Asia, the Transition Economies, India, and China. Additional detail is given
for the G8 countries and the European Union.

There have been many reports in recent years attempting to analyse local, national, or
regional job effects of energy scenarios and energy policy. This is the first report that
attempts to systematically analyse global job impacts of a low-carbon energy future.

The Energy [R]evolution scenarios

The Energy [R]evolution sets a target reduction of 50% below the 1990 level of greenhouse
emissions by 2050, with average per capita emissions of less than 1.3 tonnes per annum.
Emissions reductions are achieved through existing technologies, such as energy efficiency,
renewable energy and combined heat and power generation. Coal and nuclear power are
gradually phased out.

Global electricity generation under the Reference and [R]evolution scenarios
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By 2050, the [R]evolution scenario shows a 38% reduction in energy demand, and 77% of
global energy supply comes from renewable sources.

Methodology

Employment is projected for the [R]evolution and Reference scenarios at 2010, 2020, and
2030 for each region by using a series of multipliers and the projected electrical
consumption. An indicative result for energy efficiency jobs is calculated, although the
associated uncertainty is even greater than for energy supply. The inputs to the employment
projections for energy are as follows:

- Installed electrical capacity by technology

- Employment factors, which give the number of jobs per MW for each technology. These
are the key inputs to the analysis. Region-specific factors are used for coal mining, but
otherwise factors are derived from OECD data and adjusted using regional multipliers.

- Decline factors, or learning adjustment rates, for each technology, which reduce the
employment factors by a given percentage per year.

- Regional job multipliers are used to adjust the employment factors in each region to take
account of different stages of economic development.

- Local manufacturing percentages for renewable energy technologies and percentages
for domestic coal and gas production, in order to assign jobs to the correct regions.

- Export percentages for renewable technologies, coal and gas: where equipment, coal or
gas is imported, the country of origin is required in order to assign jobs to that region.

- Energy efficiency employment is calculated from the reduction in electricity generation in
the [R]evolution compared to the Reference scenario, multiplied by a derived factor for
jobs per unit of energy.

Employment numbers are indicative only, as a large number of assumptions are required to
make calculations. Quantitative data on present employment based on actual surveys is
extremely difficult to obtain, even in established industries such as coal and gas generation,
so it is not possible to calibrate the methodology against time series data. However, within
the limits of data availability, the figures presented are indicative of employment levels under
the two scenarios.

Results

o By 2010 global energy sector jobs in the [R]evolution scenario are estimated at about 9.3
million, 200,000 more than the Reference scenario.

e By 2020, the [R]evolution scenario is estimated to have about 10.5 million jobs, 2 million
more than the Reference scenario. More than half a million jobs are lost in the Reference
scenario between 2010 and 2020, while 1 million are added in the [R]evolution scenario.

o By 2030 the [R]evolution scenario has about 11.3 million jobs, 2.7 million more than the
Reference scenario. Approximately 800,000 new jobs are created between 2020 and
2030 in the [R]evolution scenario, ten times the number created in the Reference
scenario.

The number of jobs under the [R]evolution and the Reference scenario are shown below, by
technology and by type: construction, manufacturing and installation (CMI), operations and
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maintenance (O&M), fuel supply, and energy efficiency. Combined heat and power
generation is included under the fuel type, for example gas or biomass.

There is a decrease in coal power jobs in both scenarios between 2010 and 2020, but strong
growth in renewable energy jobs in the [R]evolution scenario leads to a net gain in
employment. Growth in gas generation jobs in the Reference scenario is not sufficient to

compensate for the losses in coal jobs.

Overall, jobs in the [R]evolution scenario jobs increase significantly from 9.3 million in 2010
to 10.5 million by 2020, and reach 11.3 million in 2030. By comparison, there is a global
decrease in electricity sector jobs in the Reference scenario. Jobs fall from 9.1 million to 8.5

million by 2020, before climbing back to 8.6 million in 2030.

World jobs by technology and type in 2010, 2020, and 2030
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World employment and electricity generation at 2010, 2020, and 2030

[RIEVOLUTION SCENARIO

WORLD REFERENCE SCENARIO
2010 2020 2030

JOBS (millions)

Coal 4.65m 3.16 m 2.86 m
Gas 1.95m 2.36 m 255 m
Nuclear, oil and diesel 0.61m 0.58 m 0.50 m
Renewable 1.88 m 241 m 2.71m
Energy supply jobs 9.1m 8.5m 8.6 m
Energy efficiency jobs 0.0m 0.0m 0.0m
TOTAL JOBS 9.1 m 8.5m 8.6 m

2010

4.26 m
2.08 m
0.56 m
2.38m

9.3 m
0.1m
9.3 m

2020

228 m
212m
0.31m
5.03m

9.7m
0.7m
10.5m

2030

1.39m
1.80m
0.13m
6.90 m

10.2 m
1.1m

113 m

Note: Energy efficiency jobs included are only those over and above efficiency jobs in the reference

scenario.
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NREL National Renewable Energy Laboratories (US)
Oo&M Operations and maintenance

Energy sector jobs to 2030: a global analysis 1



Institute for Sustainable Futures, UTS September 2009

1 Introduction

1.1 Background

Greenpeace International and the European Renewable Energy Council have
published a global energy scenario, Energy [R]evolution that sets out a vision for low-
carbon global energy supply and compares it to the energy projection put forward by
the International Energy Agency (IEA 2007). The Greenpeace report advocates a
pathway for low carbon development up to 2050.

This report presents an analysis of the potential job creation associated with the two
scenarios to 2030. The analysis includes all the regions modelled in the Energy
[R]evolution, and further detail for nine case study areas: the EU 27, the G8 as a
whole, and each of the G8 countries.

Only direct employment is included. Direct jobs are those in the primary industry
sector and include jobs in fuel production, manufacturing, construction, and
operations and maintenance. Indirect jobs generally include jobs in secondary
industries which supply the primary industry sector, which may include, for example,
catering and accommodation, and are sometimes taken to include the effects from
spending wages earned in the primary industries. Indirect jobs are usually calculated
using a “multiplier” factor derived from input-output modelling. Indirect jobs have
been completely excluded from this analysis owing to the considerable uncertainties
involved.

There have been many reports in recent years attempting to analyse local, national,
or regional job effects of energy scenarios and energy policy. This is the first report
that attempts to systematically analyse global job impacts of a low-carbon energy
future.

1.2 Report structure

This section of the report provides high-level background on the global renewable
energy industry, including an overview of current employment. Section 2 summarises
the Energy [R]evolution scenario on which the jobs analysis is based.

Section 3 of the report explains the methodology used to estimate jobs impacts and
sections 4 to 7 present the results of the analysis. Section 4 presents global and
regional results, section 6 provides case study results and section 7 analyses job
impacts by technology. Section 8 presents sensitivity analysis.

1.3 Global installed renewable energy capacity and sector leaders

The information in Sections 1.3 and 1.4 is based on the 2009 Renewables Global
Status Report (REN21 2009). Worldwide, renewable energy experienced strong
growth during 2008. Highlights for the year include:

e Wind power grew by around 29% or 27 GW, constituting the largest addition
to renewable energy capacity.

e The US, China, India and Germany collectively installed 18.2 GW of wind
power.

e Approximately 2 GW of biomass power generation was added in 2008, mainly
in Europe. Brazil and the Philippines are the world leaders in biomass power
from bagasse (sugar cane trash).
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e Grid-connected solar PV was the fastest growing technology, increasing by

70% in 2008.

e Spain installed 2.6 GW of solar PV in 2008, half of the global increase in

capacity, making it the leading installer of PV.

e Around 800 utility-scale solar PV power plants were added worldwide
bringing total installed capacity to more than 3 GW.

e New concentrating solar thermal power plants came online in Spain and

California.

e Inthe US and Europe, renewable energy contributed more too new capacity

during 2008 than conventional, mainly fossil fuel, power sources.

Table 1 and Table 2 show the new capacity added during 2008, and the leading

countries in installed capacity in most sectors.

Table 1 Renewable Energy Added and Existing Capacities, 2008 (estimated)*

Electricity generation capacity (GW) Added during 2008 Existing end of 2008
Large hydropower 25-30 860
Wind power 27 121
Small hydropower 6-8 85
Biomass power 2 52
Solar PV, grid-connected 54 13
Geothermal power 0.4 10
Concentrating solar thermal power (CSP) 0.06 0.5
Ocean (tidal) power ~0 0.3

* reproduced from (REN21 2009, Table R1)

Table 2 Renewable Energy Sector Leaders - Installed Capacity 2008*
TOP FIVE COUNTRIES #1 #2 #3 #4

Existing generation capacity as of end-2008

Renewables capacity China United States Germany Spain
(electricity only) (76 GW) (40 GW) (34 GW) (22 GW)
Small hydro China Japan USA Italy
Wind power United States Germany Spain China
(~25 GW) (~24 GW) (~17 GW) (~12 GW)

Biomass power United States Brazil Philippines Germany

Sweden

Finland
Geothermal power United States Philippines Indonesia  Mexico
Solar PV (grid- Germany Spain Japan USA
connected)

* reproduced from (REN21 2009, page 9)

#5

India (13
GW)
Brazil

India
(~10 GW)

Italy

South
Korea
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1.4 Production capacity

2008 saw large increases in renewables manufacturing capacity, although production
and expansion plans were impacted at the end of the year by the global financial
crisis. Highlights include:

COUNTRIES & g2 i e e
Annual production in 2008
Wind power - top 5 companies Vestas GE Wind Gamesa Enercon Suzlon
(Denmark) (USA) (Spain) (Germany) (India)
Solar PV - top 5 countries China Germany Japan Taiwan United
(1.8 GW) (1.3GW) (1.2GW) (0.9GW) States (0.4
GW)
Table 3 shows the world leaders in wind and solar PV production during 2008.
Table 3 Wind & Solar PV Sector Leaders - Production 2008*
TOP FIVE COMPANIES/ #1 #2 #3 #4 #5
COUNTRIES
Annual production in 2008
Wind power - top 5 companies Vestas GE Wind Gamesa Enercon Suzlon
(Denmark) (USA) (Spain) (Germany) (India)
Solar PV - top 5 countries China Germany Japan Taiwan United
(1.8 GW) (1.3 GW) (1.2 GW) (0.9GW) States (0.4
GW)

In the solar PV sector, China overtook Japan as the world’s leading producer
of PV cells during 2008. Globally, manufacturing capacity in the PV industry
was more than 8 GW by the end of 2008. Production during 2008 was 6.9
GW, up from 2.5 GW in 20086.

The wind power industry in China grew most during 2008 and appeared to be
unaffected by the global financial crisis. It is anticipated that by 2010, the
Chinese wind industry will have an annual production capacity of 20 GW.

By the end of 2008 the US was manufacturing 50% of its wind power
components domestically, up from 30% in 2007.

The top 10 wind turbine manufacturers globally were responsible for 85% of
total production in 2008.

The concentrating solar (thermal) power (CSP) industry grew substantially
during 2008 with manufacturing facilities opening in the US and Spain.

TOP FIVE COMPANIES/

* from REN21, 2009

Unsurprisingly, countries which have the largest internal markets are generally also
leaders in production capacity. Germany, Spain and the US feature as world leaders
in production and installed capacity of wind and solar PV. Japan is a leader in PV
production and installed capacity, as is India in wind power production and installed
capacity. China, the world’s leading PV cell manufacturer, does not yet feature as a
leader in solar PV installation, but the market in China is growing rapidly.
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1.5 Employment in the renewable sector

Data on employment in the electricity sector globally is patchy and disaggregated,
even in established industries such as coal generation. Data is more readily available
for some sectors, such as wind power, and for some OECD countries. For emerging
technologies, such as ocean power, data on employment impacts are hard to find.
Similarly, for countries where an industry is nascent, employment data is often
absent.

Table 4 gives an indication of levels of renewable energy employment in selected
countries, although it is not always clear whether data is for direct jobs only. There is
no data available for China, which currently leads the world in installed capacity.

Current estimates for world employment in renewable energy sector other than solar
water heating are 1.3 million (REN21 2008, p 7) to 1.7 million (UNEP 2008, p. 295).

Table 4 Renewable electricity employment — selected countries and world

RENEWABLE ENERGY Selected countries Employment
SOURCE estimates
Wind United States 16,000°
Spain 32,906 °
Denmark 21,612°
India 10,000 ¢
World estimate 300,000 *
Solar PV United States 6,800°
Spain 26,449°
World estimate 170,000 f
Solar Thermal electricity United States 800°
Spain 968°
Biomass power United States 66,000°
Spain 4,948°
Hydropower Europe 20,000
United States 8,000°
Spain (small hydro) 6,661°
Geothermal United States 9,000°
All sectors World estimate 1.3 °-1.7" million

a 2006 data: Bedzek 2007

b 2007 data: Nieto Sainz J 2007, in UNEP 2008 Table 11.1-4.

¢ 2006 data: Danish Wind Industry Association

d 2007 data: Suzlon 2007

e 2006 data: REN21 2008 p7

f UNEP 2008 p295; total for renewable sector minus estimated jobs in solar thermal as these
are nearly all in solar water heating.
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2 Energy [R]evolution scenarios

Greenpeace International and the European Renewable Energy Council set out a
vision for a low carbon global energy supply. They present a low carbon scenario,
the Energy [R]evolution and a Reference Scenario. The Reference scenario is the
International Energy Association’s ‘World Energy Outlook 2007’ projection,
extrapolated from 2030 to 2050.

Energy [R]evolution highlights

e The Energy [R]evolution sets a target reduction of 50% below 1990 level of
greenhouse emissions by 2050, with average per capita emissions of less than
1.3 tonnes per annum.

e Under the Energy [R]evolution Scenario, emissions peak at 2015 and decline
thereafter.

e Emissions reductions in the Energy [R]evolution Scenario are achieved through
existing technology such as energy efficiency, renewable energy and combined
heat and power generation. Coal and nuclear power are gradually phased out.

e By 2050, the report projects that a 38% reduction in energy demand can be
achieved compared to the Reference Scenario.

e In 2020, the [R]evolution Scenario projects renewable electricity capacity of 2,719
GW, supplying 36% of total electricity production, compared to 22% in the
Reference Scenario. Over the entire modelling period, installed renewable energy
technologies will grow from 1,000 GW in 2005 to 9,100 GW in 2050, accounting
for 77% of electricity generation.

In line with the International Energy Agency, Energy [R]evolution uses a multi-region
model to reflect structural differences in energy supply in different regions. The
regions modelled are OECD North America, OECD Europe, OECD Pacific, Africa,
Latin America, Middle East, Developing Asia, and the Transition Economies (see
Appendix 1 for a listing of the countries in each region). India and China are
modelled separately. The regional framework is used in this report to model
employment effects.

Two key underlying drivers of energy demand are population development and
economic growth. The [R]evolution scenario uses the same GDP and population
assumptions as the International Energy Agency 2007 projection up to 2030 (the limit
of this study).

The third key driver of future global energy demand is energy intensity i.e. how much
energy is required to produce a unit of GDP. This is a key point of difference between
the [R]evolution and the Reference Scenario. The [R]evolution scenario decouples
energy consumption from economic growth through efficiency measures, so energy
intensity under the [R]evolution scenario is significantly lower than the Reference
scenario. Thus energy efficiency displaces a significant share of electricity
consumption.

The [R]evolution Scenario also proposes significant shifts in electricity supply. By
2050, ‘new’ renewables such as wind, solar thermal energy and solar PV will supply
60% of world electricity, with 77% in total coming from renewable energy sources.

Figure 1 shows electricity supply, including the portion of consumption displaced by
energy efficiency, for the two scenarios up until 2050. Full details of the scenarios
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can be found in the Greepeace/ European Renewable Energy council report

(GPI/EREC 2008)

This analysis of employment effects only looks at the period to 2030.

Figure 1 Global development of electricity generation under the Reference and

[R]evolution scenarios
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3 Methodology

3.1 Methodology overview

Employment is projected for the [R]evolution and Reference scenarios at 2010, 2020,
and 2030 for each region by using a series of multipliers and the projected electrical
consumption. Only direct employment is included in this analysis, namely jobs in
construction, manufacturing, operations and maintenance, and fuel supply
associated with electricity generation.

An indicative result for energy efficiency jobs is calculated, although the associated
uncertainty is even greater than for energy supply.

The inputs to the employment projections for energy are as follows:

- Installed electrical capacity by technology, for each region, at 5 or 10 yearly
intervals. The energy projections are for two scenarios, the Reference and the
[R]evolution. Both come from the Greenpeace / European Renewable Energy
Council report (GPI/ EREC 2008) Their Reference case is the International
Energy Agency 2007 projection (IEA 2007), and the [R]evolution case is the GPI/
EREC low carbon projection.

- Employment factors which give the number of jobs per MW for each technology
in construction and manufacturing, operations and maintenance, and fuel supply.
These are the key inputs to the analysis. Employment factors other than for coal
mining are derived from OECD data, and are adjusted using regional multipliers
to allow for the fact that economic activities in poorer regions are generally more
labour intensive. Region-specific factors have been used for coal mining because
of the size of the industry and the large variation between regions.

- Decline factors, or learning adjustment rates, for each technology. These reduce
the employment factors by a given percentage per year, to take account of the
reduction in employment per MW as technologies mature.

- Regional job multipliers are used to adjust the employment factors in each
region to take account of different stages of economic development. The job
multiplier used is the ratio of labour productivity (excluding agriculture) in the
OECD compared to the regional labour productivity. Job multipliers change over
the study period according to projected changes in GDP per capita.

- Local manufacturing percentages and domestic coal and gas production
percentages are used to determine the proportion of manufacturing jobs, and the
proportion of coal and gas production, occurring within each region.

- Export percentages for renewable technologies, coal and gas: where
equipment, coal or gas is imported, the country of origin is required in order to
assign jobs to that region. A percentage of globally traded components / coal are
assigned to each exporting region.

- Energy efficiency employment: is calculated from the reduction in electricity
generation in the [R]evolution compared to the Reference scenario, multiplied by
a derived factor for jobs per unit of energy, with adjusted for regions by the
regional job multiplier, reduced by a decline factor in 2020 and 2030. See section
3.9 for details.
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The calculation of energy supply jobs in each region is summarised in the four equations

below:

E1 Jobs in region = manufacturing + construction + operations and maintenance (O&M) + fuel,

where:
Manufacturing MW Manufacturing regional % local
(for domestic = installed per employment job 0 .
g manufacturing
use) year factor multiplier
Manufacturin MW Manufacturing regional
g = exported employment job
(for export) -
per year factor multiplier
MW Construction regional
Construction = installed per employment job
year factor multiplier
. Oo&M regional
O&M = Cumula_tlve employment job
capacity
factor multiplier
Electricity .
Fuel supply _ generation Z?I?on?:];ﬁl % of local
(coal) + net coal ?ac¥or production
exports
Electricity Fuel regional
Fuel supply _ generation 9 % of local
(gas) - + net gas employment job X production
exports factor multiplier
Fuel supply .
(nuclear, oll, _ Electricity em II:clnjerlnent regcl)cl))nal
diesel, generation ? Y JI ioli
biomass) actor multiplier

E2 Jobs in region at 2010 = jobs (as above)
E3 Jobs in region at 2020 = jobs (as above) x technology decline factor®

E4 Jobs in region at 2030 = jobs (as above) x technology decline factor®

3.2 Limitations

Employment numbers are indicative only, as a large number of assumptions are
required to make calculations. Quantitative data on present employment based on
actual surveys is extremely difficult to obtain, even in established industries such as
coal and gas generation, so it is not possible to calibrate the methodology against
time series data, or even against the current situation. As projections go further into
the future, they rest on exogenous assumptions, for example, economic growth and
learning rates, which may introduce considerable systematic error into the analysis.
In addition, the adjustments from region to region may vary considerably from reality,
for example because practices within the energy industries may not follow the whole
of economy patterns. However, within the limits of data availability, the figures
presented are indicative of employment levels under the two scenarios.
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Some variations in methodology are used for the case studies, as results need to be
at a more detailed level. These are described in Section 3.9.

3.3 Employment factors overview

Table 5 Employment factors for use in global analysis

CMI JOBS O&M AND FUEL MAIN REFERENCE
4 )
o = - =) T
-~ o c c c
2 © Le E e
= E = Bo =2 =
> LT = 8= © o3
T & o 5= & O y
&8 5§ Z £8 ¢ Es 3 m
o S R O£ = o2 o T
person years/ Jobs/MW jobs/GWh
MW
Coal 66%| 2009 | 14.4 14.4 0.003|0.25-3.2 0.10 Regional | JEDI model
factors
Gas 39%|2009| 3.4 3.4 0.001| 0.47 0.05 0.12 JEDI model
Nuclear 87%| 2009 | 16 0.33 0.32 0.0009 | Derived from US and Au
industry data
Biomass 69%(2004| 4.3 39 04 4.40 3.1 0.22 EPRI 2001, DTI 2004
Hydro 39%| 2008 | 11.3 10.8 0.5 0.22 0.22 Pembina 2004
Wind 25%| 2007|154 2.5 125 | 0.40 0.40 EWEA 2009
(onshore)
Wind 2010(28.8 48 24 0.77 0.77 EWEA 2009
(offshore)
PV 15%| 2010 | 38.4 319 9.1 0.40 0.40 EPIA 2008A, BMU 2008a
Geothermal 77%|2005| 6.4 3.1 3.3 0.74 0.74 GEA 2005
Solar thermal 26%|2008|10.0 6.0 4.0 0.30 0.3 EREC 2008
Ocean 26%(2007| 10 9.0 1.0 0.32 0.32 SERG 2007/ SPOK ApS
2008
Energy . . .
. 0.29 jobs /GWh (adjusted to 0.23 jobs/ GWh for 2010) ACEEE 2008
efficiency

Note 1 Factors are all for OECD countries, and need to be adjusted for use in other regions

Note 2 The capacity factors listed used to convert fuel factors to the totals given in tables for
O&M and fuel, and are from GPI/ EREC 2008.

Note 3 Regional factors are used for coal fuel supply — see section 3.4.
Note 4 Additional factors are used for case studies — see section 3.9.

The factors used in the global analysis are presented in Table 5. The method used to
derive factors and the explanation for their choice is given in the next two sections,
along with factors from other studies for comparison. Where possible, factors from
industry sources are used.

Only direct employment in development, construction, manufacturing, operations
and maintenance, and fuel supply is included.
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Construction, installation, manufacturing and development (CMI) are all expressed in
terms of job years per MW new capacity. Operations and maintenance (O&M) and
fuel supply jobs are expressed in terms of jobs per MW and per GWh respectively.

The factors presented in Table 1 are all for OECD countries or regions. These are

adjusted to:

- Take account of differing stages of economic development by using regional job
multipliers (see Section 3.7).

- Take account of the proportion of manufacturing which occurs locally by using

local manufacturing percentages (see section 3.8).

- Take account of the reduction in technology costs and the corresponding fall in
employment per MW by using decline factors (see section 3.6).

3.4 Employment factors for coal and lignite

Table 6 Employment factors for coal power construction and O&M (also used

for lignite)

COAL

YEAR

CMI JOBS

[=2]
c
=
S
et
3]
&
S
c
«©
=

TOTAL CMI
Installation

Person years/ MW

Factors used in this study

Coal—new 2009

144 144 0.003

Factors for comparison

Coal—new 2001
Coal — 2007
existing

8.5

O&M

0.10

0.18

0.14

Region

California

NSW

Source and Notes

NRELJEDI model, downloaded 30/4/09
The model calculates employment
effects of a new coal power station.

REPP 2001, Appendix B
Economic analysis of capital and
operating costs of hypothetical coal
plant.

CoFFEE 2008, Table 15 page 47

Derived from industry data for
employment and capacity

Despite the fact that coal generation is the most established form of electricity
generation, it is difficult to find robust data on current employment.

The factors for construction, manufacturing, and operations and maintenance used in
this study are derived from the USA National Renewable Energy Laboratory publicly
available JEDI model, which was developed to allow calculation of local benefits from
different electricity supply options. Default values from the model were used for all

variables.

Energy sector jobs to 2030: a global analysis

11



Institute for Sustainable Futures, UTS September 2009

The factors for coal are also used for lignite.

The construction employment factor from the model is much higher than the values
most commonly used in the literature, as may be seen in Table 5. This will tend to
increase jobs in the Reference compared to the [R]evolution scenario, as the
Reference case is heavily dependent on coal generation. Factors other than
construction are very close to values in the literature.

Coal for fuel is treated in more detail than other employment factors because it
accounts for such a significant proportion of current energy sector jobs, and because
employment per ton (and therefore per GWh) in coal mining varies so extremely
around the world.

Employment and production data has been collected for as many of the major coal
producing countries as possible. This is shown in Table 7, with employment data
available for 68% of world coal production. As can be seen, employment per GWh
varies by almost a factor of twenty between the USA and China. Data for individual
countries has been used to arrive at regional factors. The individual country data
used is given in Appendix 2.

The reference case shows very strong growth in generation from coal. Employment
from generation in each modelled year (2010, 2020, and 2030) up to the 2005
generation level is calculated using the factor headed “Employment factor (existing)”
in Table 7. The factor headed “Employment factor (new)” is used for generation
above the 2005 level.

The employment factor for existing generation is calculated from current employment
and production data. This is modified for new generation, assuming that new
generation will come from hard coal rather than lignite, and will use generation
equipment which is more efficient than existing.

Employment per GWh is calculated from the employment per ton, and the tons per
GWh, as shown in the equation below.

Employment per GWh = Employment per ton coal x tons per GWh

At present 20% of electricity generation comes from lignite, which requires more tons
per GWh than generation from hard coal because of the higher water content of
lignite. However, the growth in electricity generation in the Reference scenario is
almost entirely from hard coal. At 2030, while generation from hard coal increases by
8000 TWh from 2010 levels, generation from lignite increases by only 400 TWh.

Therefore we estimate the tons of hard coal per GWh which will be used in new
generation capacity. For this estimate we use the weighted average of the five OECD
countries which use less than 5% lignite, which is 322 tons per GWh, as shown in
Table 8. This is used to calculate the employment per GWh for new generation in
each region except China, using the regional employment per ton from present
(2006) data multiplied by 322.

Employment data for three regions was not available, Developing Asia (which
includes Indonesia, a major coal producer), the Middle East, and Latin America. The
analysis uses the average world factor these three regions, namely 0.39 jobs per
GWh for existing generation and 0.24 for new generation.

Energy sector jobs to 2030: a global analysis 12



Institute for Sustainable Futures, UTS

September 2009

Table 7 Regional and country factors for coal production and employment

2
: At et -E At
o c 2 c ==
§ o§ 2 £2§| & 3 | g% g%
8 $8% 5% 53%3| 3 3 52 B
3 EE T8 88| = 3 28 B8
et o @ o = [2) O
o 85 33 =35 uEJ o uEJ 8 uEJ 8
Tons /
million Tons/ person
tons % GWh ‘000s lyear Jobs per GWh
YEAR 2006 2006 2006 2006 | 2006 2006 2010 2010
World 6,669 m 99% 520 19% n/a
OECD North America 1,238 m  104% 403 9% 88 14,116 0.03 0.02
gggﬁ;;"f)pe 550m  84% 678 66% | 298 1843 | .0 o4
OECD Pacific (data for 0 o
Australia only) 3711Mm 257% 659 51% 27 13,800 0.04 0.02
India 466 m 92% 745 6% 464 1,004 0.59 0.25
China 2,525 m 97% 516 - 3,600 701 0.55 0.02
Africa (data for South o
Africa only) 247m  138% 492 - 60 4,110 0.11 0.08
Transition economies o
(see Note 2) S G e 043  0.20
Developing Asia (data  goq 1y 1080, 648 9% n/a
for Asia exc China)
Latin America 90 m 198% 425 20% n/a
Middle east 3m 20% 365 3% n/a

Note 1 OECD Europe results are the weighted average of data from the Czech Republic,

France, Finland, Germany, Greece, Poland, the Slovak Republic and the UK.

Note 2 Transition economies results are the weighted average of data from Russia, Bulgaria,

and Slovenia.

Note 3 All data for coal production and electricity from International Energy Agency statistics,

downloaded 18th June 2009. www.iea.org

Note 4 Employment data sources:

USA: Energy Information Administration (2008) Report No. DOE/EIA 0584 (2007) Table 18.

Average Number of Employees by State and Mine Type, 2007, 2006
Canada: Natural Resources Canada. 2007. Table 22. Canada, employment in the mineral
industry, stage 1 — mineral extraction and concentrating (total activity), (1) 1961-2006

Australia: Australian Bureau of Statistics. Cat. No. 2068.0 - 2006 Census Tables 2006

India: Data for coal mining employment from Government of India Ministry of Coal. 2008.
Annual report 2007 - 08. Table 8.2.3. Employment has been scaled up from the
reported figure of 429,500 employees because the reported production is 431 million
tons rather than the IEA figure of 466 million tons.

China: China Yearbook 2008, cited in personal communication, Sven Teske, 21/6/09.

South Africa personal communication, Sven Teske, 21% June 2009

Europe Gluckauf (German Coal statistics), cited in personal communication, Sven Teske,
21/6/09.

Russia personal communication, Sven Teske, 21% June 2009

Note 5 The calculated employment factors shown have been modified using the annual

percentage growth in labour productivity for each region to arrive at the 2010 factor. 2006

factors are shown in the Appendix 2.
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Table 8 OECD countries with less than 5% lignite in electricity production
Tons coal per GWh

Finland 264
France 328
Italy 316
Japan 299
UK 377
Weighted average 322

The employment factor for new generation in China has been taken as the current
level for the US. China has the lowest average productivity in the world at present,
with only 700 tons produced per employee. However, this is because of the large
numbers of people working in very small village or township mines where coal
extraction is entirely manual, which have productivity as low as 100 tons per person
per year (IEA 2007, page 337).

Productivity in large Chinese coal mines is a very different story. Five mines with
annual output of 10 million tonnes each have productivity of 30,000 tons per person
per year, double the highest average productivity for any OECD country.

The Reference case sees coal production in China doubling by 2030. This is not
going to be from small mines; Chinese government policy is to close at least half of
the 20,000 small village mines by 2010. There are 16 mines planned with average
annual output of more than 70 million tonnes each, and new approvals will only be
considered for mines with an output of 30,000 tons per year or more (IEA 2007).

The factor for coal employment for new generation in China in 2010 is therefore
taken as identical to the US figure. Even this may overestimate the employment for
coal supply in China in the future, if the projected doubling of output is primarily from
‘super mines’ such as are being developed at the present.

Coal trade

Jobs in coal supply have been allocated after taking international trade into account.
The projected volumes of international trade and world coal production in the
Reference scenario are taken from the IEA 2008, and shown in Table 9 and Table
10.

The proportion of coal imports in the Reference and [R]evolution scenarios are
shown in Table 11. These are calculated for the Reference scenario from the tons
imported divided by the total consumed.
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Table 9 Net Inter-regional hard coal trade, 2006 — 2030, IEA reference scenario
Negative values = imports, positive values = exports. Million tons of coal equivalent.

2006 2010 2015 2020 2030

OECD N America 15 38 67 75 90
OECD Europe -202 -221 -245 -233 -209
OECD Pacific -16 -2 16 44 101
Asia -232 -243 -256 -253 -246

Oceania 216 240 271 296 347

E. Europe/Eurasia 52 68 88 91 96
Russia 53 71 94 103 120
Asia 73 20 -47 -98 -199
China 34 -10 -65 -73 -88
India -42 -67 -98 -139 -220

Middle East -12 -15 -18 -23 -34
Africa 56 68 83 87 95
Latin America 42 48 56 57 60
World 613 698 804 862 979
European Union -191 -208 -229 -216 -191

From IEA 2008, Table 5.3, with values for 2010 and 2020 calculated assuming linear change.

Table 10 Regional production of coal, 2006 — 2030, IEA reference scenario
(million tons of coal equivalent)

2006 2010 2015 2020 2030
OECD N America 878 915 962 991 1048
OECD Europe 273 261 246 233 208
OECD Pacific 294 322 358 381 427
Non OECD 2950 3497 4180 4562 5327
E. Europe/Eurasia 357 395 443 456 481
Russia 205 245 295 315 354
Asia 2316 2783 3367 3723 4435
China 1763 2155.889 2647 2898 3399
India 283 314 352 437 607
Middle East 203 227 257 261.6667 271
Africa 73 89 110 119 137
Latin America 4396 4996 5746 6168 7011
World 613 698 804 862 979
European Union 273 255 232 215 180

From IEA 2008, Table 5.2, with values for 2010 and 2020 calculated assuming linear change.
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Table 11 Proportion of coal imports in the Reference and [R]evolution scenario

IMPORT REFERENCE [RIEVOLUTION

2010 2020 2030 2010 2020 2030
OECD North America - - - - - -
OECD Europe 46% 50% 50% 38% 14% 0%
OECD Pacific 1% - - - - -
Transition economies - - = 5 - -
Developing Asia - - - - - -

China 0% 2% 3% 0% 0% 0%
India 18% 24% 27% 6% 0% 0%
Middle East 91% 91% 92% 90% 84% 64%
Africa - - - - - -

Latin America = > - - - -

The proportion of coal imports in the [R]evolution scenario is calculated by first
adjusting the amount of coal consumed according to the ratio of coal use in the
Reference scenario to coal use in the [R]evolution scenario. The regional coal
production for the relevant year is subtracted to see if there is net import. Potential
coal production is assumed to be constant between the two scenarios, so coal is only
imported if the adjusted consumption is more than production. The revised figure for
imports is divided by the coal production to determine the percentage import.

The proportion of domestic coal production is used to calculate a value for GWh of
coal imports for each region. This is assigned to export regions according to the
proportion of total international trade belonging to each region in the IEA Reference
scenario shown in Table 9.

The proportion of coal imports in the [R]evolution scenario is calculated by first
adjusting the amount of coal consumed according to the ratio of coal use in the
Reference scenario to coal use in the [R]evolution scenario. The regional coal
production for the relevant year is subtracted to see if there is net import. Potential
coal production is assumed to be constant between the two scenarios, so coal is only
imported if the adjusted consumption is more than production. The revised figure for
imports is divided by the coal production to determine the percentage import.

The proportion of domestic coal production is used to calculate a value for GWh of
coal imports for each region. This is assigned to export regions according to the
proportion of total international trade belonging to each region in the IEA Reference
scenario shown in Table 9.

3.5 Employment factors by technology

Gas, oil, and diesel

The proposed factors are derived from the USA National Renewable Energy
Laboratory’s publicly available JEDI model, which was developed to allow calculation
of local benefits from different electricity supply options. This has been used in
preference to the factors given in CALPRG 2002 (shown in Table 12) as it is more
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recent and may include a more complete assessment of manufacturing employment.
Default values from the JEDI model are used for all variables except fuel. In order to
obtain a factor for fuel supply, the default value for ‘local percentage’ was changed
from zero to 100%.

The JEDI figures are uniformly higher than the CALPRG figures, so the use of the
JEDI factors will tend to increase jobs in the Reference scenario compared to the
[R]evolution scenario.

As no factors are available for diesel or oil generation, the factor for gas has been
used for both of these technologies. The small penetration of the technology means
this has little effect on the overall employment calculation.

Table 12 Employment factors for gas (also used for oil and diesel)

CMI JOBS O&M AND FUEL

2
= = ==
= 5 3 .
GAS o = 6 O_ Region Source and notes
| K] LS I
14 < T =3 < &=
S 5 % 5§ 5T 3 3
> = £ = & O o
Jobs/

Person years/ MW  Jobs/ MW GWh
Factors used in this study
Natural gas, new 2009 3.4 3.4 0.001/ 0.46 0.05 0.12 | California | NREL JEDI model, downloaded
30/4/09.
The model calculates employment
effects of natural gas power station.
Factors for comparison

Natural gas, new 2002 0.49 0.35 0.04 0.09| California | CALPRG, 2002

Direct construction jobs include work
on the gas pipelines. Installation and
O&M from Table 9, page 15. Factors
derived from review of applications for
19 gas power plants built or approved
from 2001, total 12 GW.

Natural gas, existing| 2002 0.38 0.07 0.09 | California | CALPRG, 2002

Table 8, page 14. Employees at 16
GW of existing gas generation.

Note: Fuel supply jobs per GWh are converted to jobs per MW using a capacity factor of 39%

Gas trade

Jobs in gas supply have been allocated after taking international trade into account.
The projected volumes of international trade and world gas production in the
Reference scenario are taken from the IEA 2008, and shown in Table 13 and Table
14.

The proportion of gas imports in the Reference and [R]evolution scenarios are shown
in Table 11. These are calculated for the Reference scenario from the billion cubic
metres imported divided by the total consumed.

The proportion of gas imports in the [R]evolution scenario is calculated by first
adjusting the amount of gas consumed according to the ratio of gas use in the
Reference scenario to gas use in the [R]evolution scenario. The revised figure for
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consumption is divided by the gas production to determine the proportion of imports
in the [R]evolution scenario. Potential gas production is assumed to be constant
between the two scenarios in gas importing regions, so the proportion imported
increases in the [R]evolution scenario in some cases.

The proportion of domestic gas production is used to calculate a value for GWh of
coal imports for each region. This is assigned to export regions according to the
proportion of total international trade belonging to each region in the IEA Reference
scenario shown in Table 9, with the assumption that export regions will increase
production in response to demand.

Table 13 Net Inter-regional gas trade, 2006 — 2030, IEA reference scenario
Negative values = imports, positive values = exports. Billion cubic metres.

2006 2010 2015 2020 2030
OECD N America -15 -32 -53 -83 -143
OECD Europe -241 -282 -333 -381 -477
OECD Pacific -97 -103 -111 -114 -121
Asia -115 -127 -143 -155 -179
Oceania 18 24 32 41 58
E. Europe/Eurasia 137 158 185 198 224
Russia 198 201 205 227 270
Asia 46 42 36 -18 -126
China -1 -8 -17 -47 -106
India -8 -12 -16 -34 -71
Middle East 55 77 105 178 323
Africa 50 53 57 59 63
Latin America 16 12 8 17 35
World 441 504 582 729 1022
European Union -305 -363 -435 -484 -582

From IEA 2008, Table 4.3, with values for 2010 and 2020 calculated assuming linear change.
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Table 14 Regional production of gas, 2006 — 2030, IEA reference scenario
(billion cubic metres)

2006 2010 2015 2020 2030
OECD N America 1117 1131 1149 1128 1086
OECD Europe 761 776 795 785 765
OECD Pacific 524 529 535 528 515
Non OECD 1842 2074 2363 2691 3348
E. Europe/Eurasia 846 898 963 998 1069
Russia 651 678 712 739 794
Asia 335 386 449 479 540
China 59 79 104 108 115
India 28 34 41 42 45
Middle East 324 395 483 655 999
Africa 197 236 286 341 452
Latin America 139 158 182 217 287
Brazil 11 14 17 24 38
World 2959 3205 3512 3819 4434
European Union 228 202 170 146 99

From IEA 2008, Table 4.2, with values for 2010 and 2020 calculated assuming linear change.

Table 15 Proportion of gas imports in the Reference and [R]evolution scenario

IMPORT REFERENCE [RIEVOLUTION

2010 2020 2030 2010 2020 2030
OECD North America 4% 10% 16% 13% 20% 9%
OECD Europe 49% 59% 69% 46% 53% 53%
OECD Pacific 63% 58% 54% 65% 62% 55%

Transition economies - - > - - -
Developing Asia - - - - - -

China 9% 30% 48% 8% 36% 47%
India 25% 45% 61% 26% 58% 77%
Middle East - - - - - -
Africa - - - - - -

Latin America - - R R
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Nuclear

Although the nuclear industry is well established, global employment data is
surprisingly difficult to find. The factors for operations and maintenance and fuel
supply have been derived from industry and national sources for employment and
production as described below.

The construction, manufacturing and installation factor is derived from a Nuclear
Energy Institute (NEI) 2009 fact sheet, which states that building a new [1000 MW]
nuclear plant would result in the creation of 1,400 to 1,800 jobs, assuming a 10 year
construction period.

The O&M factor is derived for this study from 2002 US Census data on the number
of paid employees in census category 221113 “nuclear electric power generation”
(2007 census data was not available at the time of writing). In 2002 this was 31,698.
The jobs/MW factor is calculated using Energy Information Administration (EIA) data
on US nuclear capacity for 2002, which was 99,209 MW. This is used in preference
to the NEI figure, as it derives from a large existing industry.

The fuel factor has been derived for this study from data on Australian uranium
mining and uranium requirements for the US industry.

Uranium (as U) required per GWh of power generation has been derived. World
Nuclear Association (WNA) data states 18,867 tonnes of U was required for nuclear
generation in the US in 2009 (which was the same as 2007). 2007 US nuclear
generation was 806,425 GWh, giving a requirement of 0.023396 tonnes per GWh.
This has been converted to U3Og requirement USiNg @ standard conversion of 1.179.

Employment per tonne of U303 has been derived for this study using industry data for
Australia (Deloitte 2008).

Table 16 Employment factors for nuclear power

NUCLEAR Year To}zL(s:Ml O&M Fuel Region Source and Notes
Person Jobs/

years/ MW Jobs/ MW GWh
Factors used in this study

Nuclear 2009 16 NEI 2009

(CMI) Factor derived from fact sheet assuming
a 10 year construction time

Nuclear 2002 0.32 us US Census 2002 Table 1 and EIA

(0O&M) 2009a

Factors derived for this study from
industry employment and capacity data
Nuclear 2007 0.009 | Australi | Deloitte 2008 and WNA 2009

(fuel) a/US | Uranium requirement from WNA 2009
Australian production and employees
from Deloitte 2008, page 25, Table 3.1
Factors for comparison

Nuclear | 2009 0.4-0.7 us NEI 2009
(O&M)
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Biomass

Table 17 Employment factors for biomass

Factors used in this study

From energy crops

Fuel source not
stated

2004

2001

Factors for comparison

Fuel source not
stated

From energy crops

From waste

Fuel source not
stated

Fuel source not
stated

Fuel source not
stated

2001

2004

2004

2007

2004

2004

2003

4.29

21

21

8.5

14-17

4.29 0.001

44 (34)

1.53

6.8
14.2 54
0.08- 0.04-

0.66 0.44
0.95

0.22)

1.46

0.04-
0.22

UK

us

us

UK

UK

Germany

us

Canada

Europe

Detailed economic
analysis

Table C-3, page C-6. No
details given of
derivation.
Manufacturing factor
taken from gas (NREL
JEDI)

No details given

Detailed economic
analysis

Detailed economic
analysis

Derived for this study
from industry data

Derived from REPP
2001

Derived from REPP
2001

Includes O&M

Note 1: Fuel supply jobs/GWh are converted to jobs/MW using a capacity factor of 69%

Note 2: The value from DTI 2004 is for O&M and fuel combined. This has been split using the
higher end of the Kammen factor for biomass fuel jobs, and a capacity factor of 15%.

Only biomass for power generation is considered in this analysis. There is very little
available data for biomass power generation, although biofuels for transport is a
large and well established industry. A detailed UK DTI analysis provides O&M fuel
factor by fuel source, and the factor for energy crops is used in this study. The DTI
O&M factors are higher than factors from other studies, but lower than factors
derived from German industry data.

The DTI only gives a factor for O&M and fuel combined. This has been split using the
higher end of the Kammen range of factors for biomass fuel jobs, and a capacity

factor of 69%.

The construction factor used in this study is taken from the EPRI report.
Unfortunately it does not include manufacturing jobs. These are assumed to be
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similar to gas, namely in the region of 0.001 jobs per MW, as biomass plant
equipment is likely to be similar to gas plant equipment.

The construction factors provided by the DTI report have not been used in this
analysis because they are much higher than other factors in the literature, and this
analysis has generally chosen a cautious approach. Factors derived by Kammen and
Pembina from REPP data are provided for comparison, although the factors derived
differ slightly from each other. MITRE factors are also shown for comparison.

Hydro

Operations and maintenance employment factors for hydro from Pembina (2004)
have been used in this study. These are lower than the UK study (DTl 2004), but
have the advantage of being split into manufacturing and installation. The factor for
operations and maintenance is in between the figures derived from the US and
German industry data.

The figure for operations and maintenance for Germany has been derived from data
on employment and capacity published by the Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety (BMU 2008a and 2008b). There were 4,400
people employed in operations and maintenance for hydro, and 4,720 MW installed
capacity. This is much higher than the industry figure for the US, which may reflect
the higher proportion of small hydro in the German electricity supply.

The factor derived from the MITRE 2003 data is higher than all the others.
Table 18 Employment factors for hydro

Factors used in this study

Small hydro (run of 2004 | 113 108 0.5 0.22 Canada | From industry Pembina 2004

river) interviews and
literature survey.

Factors for comparison

Hydro 2007 0.93 Germany | Industry data for | Derived from
employment and | BMU 2008a
capacity. and 2008b

Hydro 2007 0.10 us Industry data for | Derived from
employment and | Bedzek, 2007
capacity. and EIA

2009b.

Small hydro (less than | 2001 5.7 1.14 California EPRI 2001

30 MW)

Hydro 2004 25 UK New DTI 2004
developments;
detailed
economic
analysis for UK

Small hydro 2010 {41 -50 Europe |Includes O&M MITRE 2003
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Geothermal

Factors used in this study have been derived from US geothermal industry data
projections for jobs and installed capacity. Data in the GEA report has been collated
from an industry survey and other sources such as environmental impact
assessments. The derived construction factor is similar to EPRI and the derived
operations and maintenance factor is slightly lower than EPRI. The factor derived
from the MITRE 2003 data is considerably higher, as is the case for many of the
MITRE technology employment factors.

Table 19 Employment factors for geothermal power

I
|
Geothermal |2005 6|]41 3.11 3.30| 0.74 |US Factors derived for this| GEA 2005, page 20
power study from geothermal | Table 7

industry projection.

Geothermal |2001 4.00 1.67 | California | No details of EPRI 2001, page
power derivation. C-6, Table C-3
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Ocean

As with solar thermal, ocean power is an emerging sector and hence very little data
is available for jobs associated with ocean power technology. The construction factor
used in this study is a combined projection for wave and tidal power derived from
data for offshore wind power. A study of a particular wave power technology, Wave
Dragon, provided jobs creation potential for that technology. The O&M factor used
here is based on that report. However, the construction factor used in this study is
lower and therefore more conservative than the factor provided by the Wave Dragon
study.

Table 20 Employment factors for ocean power

Factors used in this study

Ocean/ocean- 2007/ 10 0.32 |UK|SPOK report SERG 2007, Section
wave 2008 references 6/ SPOK ApS 2008,
Wave Dragon |p17
study
Factors for comparison
Ocean — wave 2004 1.18 3.04| 041 US | Calculated using| Pembina 2004, Table
data from REPP |2
2001 & EPRI
2001
Ocean - wave 2008 [15.3 UK | References SPOK ApS 2008,
Wave Dragon |p17
study
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PV

The construction factors used in this study are the 2010 projections for jobs and
installed capacity in the advanced scenario put forward by the European PV Industry
Association (EPIA and Greenpeace 2008). As can be seen from the comparison
factors, the construction factor is in the mid range of available factors and more
conservative than those proposed by the UK Department of Trade and industry study
(DTI 2004). The O&M factor used in this study has been derived from 2007 German
industry data for employment and capacity, which is deemed to be the most robust of
the available data for O&M.

Table 21 Employment factors for PV

Factors used in this study

2010 422 319 10.2 Europe |Industry projections. EPIA 2008b

2007 0.48 | Germany |Derived for this study from EPIA 2008A and
industry data for capacity and BMU 2008a
employment.

Factors for comparison

2007 nfa 345 Germany | Derived for this study from Sawin 2008 and
industry data for capacity and BMU 2008
employment

2007 nfa 22.1 n/a us Derived for this study from EIA 2008 (PV),
industry data for capacity and | Tables 3.1 & 3.16.
employment

2004 84 045 |UK Detailed economic analysis for |DTI 2004
the UK

2001 71 0.12 | California | No details of derivation given. | EPRI 2001
From Table C-3, Page C-6

2004 259 “ 18.8 Canada |Data from industry interviews Pembina 2004,

and literature survey; however, |Table 2
installation and O&M figures
come from EPRI, so are not
reproduced here.

2001 32.3 0.25 |US Analytical study from industry | REPP 2001
survey. The study reports 5,000
person hours per MW for O&M,
and assumes 10 years
servicing, and a working year of
40 hours x 49 weeks. . Reported
here as 0.25 FTE jobs per MW.

2010 68-79 Europe |Includes O&M jobs MITRE 2003
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Solar thermal

The new generation of solar thermal power plants is an emerging sector, so the
factors used in this study are industry projections for job creation from the
technology. The European Renewable Energy Council (EREC) estimate that every
100 MW of solar thermal-electric power plant installed will provide 400 full-time
equivalent manufacturing jobs, 600 contracting and installation jobs, and 30 annual
jobs in O&M (EREC 2008). Note that a more recent report from the European Solar
Thermal Electricity Association quotes the same figures for construction, installation,
and manufacturing, but a figure three times higher for operations and maintenance.
We have taken a conservative approach and used the lower figure (GPE/ESTELA
2009).

These projected figures are higher than the US National Renewable Energy
Laboratories (NREL) projections. Black & Veatch used the Regional Input-Output
Modelling System (RIMS 1) developed and maintained by the US Bureau of
Economic Analysis. In their analysis, it has been assumed that all construction and
operations labour jobs created are in southern California, but that there is a high
proportion of importing, so not all manufacturing jobs are included in their estimates.

The installation factor is similar to EPRI and operations and maintenance slightly
higher. However the total installation and manufacturing jobs is lower than the Shwer
and Riddel factor, which was derived from data generated using the REMI model.

Table 22 Employment factors for solar thermal

Factors used in this study

2008 10 6 4 0.3 Industry projection | GPI/ ESTELA
2009 page 62,
EREC 2008 Page

16
Factors for comparison
2009 10 1 World Industry projection |GPI & ESTELA
2009, page 62
2006 455 0.38 California | Black & Veatch used | NREL 2006, Table

the Regional Input- |5-7
Output Modelling
System (RIMS 1)

2001 5.7 0.22 California | No details given of |EPRI 2001, page
derivation. C-6, Table C-3
2004 15.65 0.46 Nevada |Factors derived from | Schwer & Riddel

data generated using| 2004. Table 4,
the REMI model. page12
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Wind energy

The factors for wind energy used in this analysis all come from the most recent
industry data, contained in the European Wind Energy Association (EWEA 2009)
report on wind energy employment. This is the most robust data source for wind
energy employment.

Table 23 Employment factors for wind energy

Factors used in this study
Onshore 2007 | 15 25125 0.4 Europe |Table 07 Page 21 EWEA 2009
Onshore 2030 |11 1.9 9.1 0.29 Europe |Footnote 5 page 22 for | EWEA 2009
total annual jobs
decline, with the same
ratios of installation to
O&M maintained.
Offshore 2010 |28.8 4.8 24.0 0.8 Europe |The ratio of Derived from
employment in offshore: EWEA 2009
onshore wind is
assumed to be the
same as the cost ratios,
which are given in
footnote 5 page 22

Factors for comparison

Industry data for Derived from

Onshore 2007 0.8 Germany employment and BMU 2008a
production. and 2008b

Onshore 2004 | 16 0.12 UK Detailed economic DTI 2004
analysis for the UK.

Onshore 2001 | 2.6 2.57 0.29 California | No details of derivation | EPRI 2001
given

Onshore 2004 [ 3.9 0.9 3.04 0.1 Canada |Data from industry Pembina
interviews and literature| 2004
survey.

offshore 2004 | 21 0.17 UK Detailed economic DTI 2004
analysis for the UK.

offshore 2004 | 4.2 1.18 3.04 0.1 Canada |Data from industry Pembina
interviews and literature| 2004
survey.

Onshore 2010 | 32 Europe |Includes O&M jobs MITRE 2003

Energy sector jobs to 2030: a global analysis 27



Institute for Sustainable Futures, UTS

September 2009

3.6 Adjustment for learning rates — decline factors

Employment factors are adjusted to take account of the reduction in employment per
unit of electrical capacity as technologies and production techniques mature. The
learning rates assumed have a significant effect on the outcome of the analysis.

Industry projections for employment decline values are only available in a small
number of technologies, namely wind, solar, and ocean.

For other technologies, the annual decline in cost for each technology is taken as a
proxy value for the decline in employment. Cost declines will correspond to a
reduction in employment, whether they result from greater efficiency in production
processes, scaling up of technology, or as a direct result of more efficient working

practices.

The decline factors derived from the GPI/EREC data are presented in Table 24,
along with decline factors from industry sources. The decline factors from cost data
for wind, PV, solar thermal, and ocean energy are shown for comparison but are not
used in the analysis.

Table 24 Decline rates

Coal
Gas

oil
Diesel
Nuclear

Biomass power
plant

Hydro

Wind - on shore

Wind - off shore

Wind turbine *
PV

PV *
Geothermal

Solar thermal
(electricity)

Solar thermal
(electricity) *

Ocean

Ocean energy *

factors Reference

scenario
2010-20 2020-30
0.9% 0.3%
0.4% 0.5%
0.4% 0.4%
0.0% 0.0%
0.0% 0.0%
1.0% 0.5%
-0.6% -0.5%
1.40% 1.40%
3.90% 1.50%
1.1% 0.8%
6.88% 1.41%
6.5% 5.7%
2.3% 2.0%
0% 2.2%
2.0% 1.7%
7.80% 7.80%
8.4% 3.8%

Annual decline in job Annual decline in job
factors [R]evolution

scenario
2010-20 2020-30
1.0% 0.3%
0.4% 0.6%
0.4% 0.4%
0.0% 0.0%
0.0% n/a
1.0% 0.5%
-0.6% -0.5%
1.40% 1.40%
3.90% 1.50%
1.2% 0.7%
7.72% 2.42%
6.9% 5.2%
2.5% 1.7%
1.6% 0.5%
2.0% 1.7%
7.80% 7.80%
8.4% 3.8%

Source

GPI & EREC 2008 (cost data
GPI & EREC 2008 (cost data

( )
( )
GPI & EREC 2008 (cost data)
GPI & EREC 2008 (cost data)
GPI & EREC 2008 (cost data)

GPI & EREC 2008 (cost data)

GPI & EREC 2008 (cost data)

Derived from EWEA 200,
footnotes 5 & 6 page 22.
Derived from EWEA 200,
footnotes 5 & 6 page 22.

GPI & EREC 2008 (cost data)
EPIA 2008b

GPI & EREC 2008 (cost data)
GPI & EREC 2008 (cost data)

GPI/ ESTELA 2009, page 62

GPI & EREC 2008 (cost data)

SERG 2007
GPI & EREC 2008 (cost data)

* Factors not used in analysis, provided for comparison only.

Energy sector jobs to 2030: a global analysis

28



Institute for Sustainable Futures, UTS September 2009

3.7 Regional adjustments

The available employment factors are for OECD countries or regions, and need
adjustment for differing stages of economic development. Broadly, the lower the cost
of labour in a country, the greater the number of workers that will be employed to
produce a unit of any particular output, be it manufacturing, construction or
agriculture. This is because when labour costs are low, labour is relatively affordable
compared to mechanised means of production. Low average labour costs are closely
associated with low GDP per capita, a key indicator of economic development.

This means that changes to levels of production in any given sector of the economy
are likely to have a greater impact on jobs in developing countries than in developed
countries. Ideally, we would derive employment factors for both developed and
developing countries. In practice, data for developing countries is extremely limited.
Instead we multiply the derived OECD employment factors using a proxy regional
adjustment factor. It is important to derive these job multipliers from a relatively
complete data set with global coverage. The best available proxy factor is average
labour productivity, measured as GDP (or value added) per worker.

Job multipliers are expected to change over the study period (2010 to 2030), as the
differences in labour productivity alter with regional economic growth. Fortunately
regional economic growth is a key input to the energy scenarios, as it is the major
determinant of projected changes in energy consumption. We have therefore used
the projected change in GDP per capita to adjust the regional job multipliers over
time.

Derivation of regional adjustment factors

We calculate a regional labour productivity value for each of the ten Energy
[R]evolution scenario regions using data from International Labour Organisation Key
Indicators of the Labour Market database (ILO 2007 KILM).

The KILM database holds data for economy wide average labour productivity, and for
productivity in agriculture, forestry, and fishing, and manufacturing. Productivity is
calculated as average GDP per worker.

Countries were grouped according to the Energy [R]evolution regional categorisation,
and labour productivity data for each country used to calculate weighted average
productivity for the region, with weighting according to total workforce numbers.

Table 25 Numbers of countries included in energy scenarios and numbers with
labour productivity data

Region Number of countries in Number of countries with data
GPI/ EREC available on labour productivity
OECD North America 3 3
OECD Europe 23 23
OECD Pacific 4 3
Africa 55 25
China 2 2
Developing Asia 29 12
India 1 1
Latin America 38 18
Middle East 13 12
Transition economies 25 25
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Where available, GDP per worker for the year 2006 was used. Of a total of 178
countries included in the energy projections, reasonably complete data was available
in the KLIM database for 125. However, the regional distribution was uneven. The
numbers of countries per region with productivity data are shown Table 25. While
some regions have relatively few countries represented, those with data tend to be
the larger ones.

Two sets of indicators from the KILM database were used in order to obtain total
workforce numbers for every country included. The indicators were employment by
industry, and educational levels by industry. Where workforce numbers were
available from both data sets the average value was used.

Annual average growth in productivity over the period 1980 to 2005 can be derived
from the KILM data. However, this cannot be used to forecast growth up to 2030.
Instead, we used a proxy, namely growth in GDP per capita. We applied this to the
2006 regional labour productivity data to calculate labour productivity in 2020 and
2030.

We derived GDP per capita growth for each of the 10 regions using projected GDP
and population growth from IEA 2007 (these economic assumptions are key inputs to
the IEA scenario and the [R]evolution scenario). The derived average growth in GDP
per capita over the period 1980 to 2005 was compared to the derived average
growth in productivity from the KILM data. As the two rates of growth are broadly
similar, we conclude that GDP per capita growth is a reasonable proxy for labour
productivity growth. The comparison is shown in Table 26.

Table 26 Growth in GDP per capita compared to growth in labour productivity,
historic values

Reference WEO 2007 ILO 2007

Indicator Average annual growth in ~ Average annual growth in labour
GDP per capita productivity, whole economy

Region 1980 - 2005 1980 - 2005

World 1.7% 3.1%

OECD 1.5% 1.6%

OECD North America 1.5% 1.7%

OECD Europe 1.4% 1.6%

OECD Pacific 1.5% 1.8%

Africa 0.9% 0.2%

China 5.8% 6.1%

Developing Asia 3.9% 2.8%

India 3.0% 3.7%

Latin America 1.3% -0.04%

Middle East 1.6% -1.5%

Transition economies 0.4% 0.2%

We calculated three sets of productivity data — one set for whole of economy, a
second for agricultural, forestry and fisheries workers only, and a third set which is
whole of economy excluding agricultural, forestry and fisheries.

In developing regions, the value for average GDP production per agricultural worker
is considerably lower than the value for the rest of the economy. When agricultural
value added is included, it lowers the economy wide labour productivity figure in
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developing regions, and therefore increases the job multiplier between developed
and developing countries, as shown in Table 27. However, agricultural productivity is
not relevant to the majority of energy technologies.

Table 27 Regional labour productivity compared to OECD labour productivity

Ratio to OECD Ratio to OECD Ratio to OECD
2010 2020 2030
> > > > > >
S £ 23f : £ F3f 2 t f:i
2 < 23« 2 < 258 2« =287
World 0.38 0.10 0.54 | 0.43 0.11 0.60| 0.44 0.2 0.63
OECD 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
OECD North
America 1.2 3.1 1.2 1.2 3.0 1.2 1.2 3.0 1.2
OECD Europe 0.85 0.70 0.87 | 0.86 0.71 0.88 | 0.85 0.70 0.87
OECD Pacific 0.92 0.66 0.92| 093 0.66 093 | 094 0.67 0.94
Africa 0.11 0.07 0.16 | 0.11 0.07 0.16 | 0.11 0.07 0.16
China 0.30 0.07 049 | 0.49 0.12 0.80| 0.59 0.14 0.97
Developing Asia 0.25 0.08 0.40 | 0.36 0.12 0.57 | 0.42 0.14 0.67
India 0.16 0.05 0.36 | 0.23 0.08 0.52| 0.30 0.10 0.68
Latin America 0.36 0.31 0.40 | 0.38 0.33 042 | 0.38 0.34 0.42
Middle East 0.37 0.34 0.41| 0.40 0.37 044 | 039 0.36 0.44
Transition economies | 0.34 0.22 0.38 | 0.45 0.29 0.50 | 0.49 0.31 0.54

Note 1 Labour productivity (defined as average GDP per worker) from ILO KILM 2007 edition 5.

Note 2 Growth rates in labour productivity taken as growth rate in GDP per capita, derived from World

Energy Outlook 2007

Note 3 The multiplier listed as ‘agriculture’ is in fact for forestry, fisheries and agriculture.

The multiplier for agriculture is used for bioenergy fuel production, while the
multipliers for the economy excluding agriculture is used for all other fuels and for
construction, manufacturing, and operations and maintenance. It was not possible to

calculate separate productivity ratios for manufacturing, construction or O&M due to

insufficient data sets, so the same multiplier is used for all three.

Productivity data for each region and time period is compared to the OECD region,
where OECD is presented as 1.0 and all other regions as a ratio to OECD. The ratios
are presented in Table 27 below.

Regional job multipliers are obtained from the ratios in Table 27, such that if
productivity or value added per worker is 0.5 times the OECD value, we assume 2x
jobs in that region. The resulting multipliers are presented in Table 27.
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Table 28 Multipliers to be applied to employment factors

JOB MULTIPLIERS

N
o
-
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Construction,
manufacturing

=

3
OECD 1.0
Africa 6.3
China 2.0
Developing Asia 2.5
India 2.7
Latin America 2.5
Middle East 2.4
Transition economies 2.6

-~ Biomass fuel
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N
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N
(=}

Construction,

manufacturing
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2.0
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8.3
8.4
12.7
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2.7
3.4
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fs =
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h 5= £5
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o SO —_— 3
O E m o
1.0 1.0
6.3 13.7
1.0 6.9
15 7.2
15 9.7
2.4 3.0
2.3 2.8
1.9 3.2

The calculated values may in fact underestimate the additional employment in non-
OECD countries. Regional data was collected for PV employment, and jobs per MW
production in China is approximately 3 times greater than employment in the US and

Germany. The regional multiplier used for China is 1.9 in 2010.

Table 29 Employment per MW in wafer production

PV company Country
Suntech China
Q-Cells Germany
First Solar US'\//ggg?a”y/

Production
capacity
2008 MW

1,000

760

1,145

Employees
per MW 2008 Source

9.1

3.4

3.1

Suntech Power Holdings
Co Ltd Annual Report for
2008, Pages 12 & 84

Q.Cells 2008 Annual
Report, page 2

First Solar 2008 Annual
Report, pages 4 & 9
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3.8 Adjustment for manufacturing in the renewable sector

The proportion of manufacturing that occurs within each region varies around the
world. In order to calculate employment, percentages have been assigned in each
region for 2010, 2020, and 2030. These are shown in Table 30.

Table 30 Proportion of local manufacturing and import / export, all regions

Region where equipment is
imported from

Proportion of o S
manufacturing 8 g' SES = g
within the region e BB g 2 5
2010 2020 2030

OECD Europe 100% 100% 100% - - - -
OECD North America 100% 100% 100% 50% - 25%, 25%,
OECD Pacific 30% 50% 50% 50% - 25%, 25%,
Developing Asia 30% 50% 70% 50% - 25% 25%
India 70%  100% 100% 50% - - 50%
China 70% 100% 100% 50% 25%, 25% -
Africa 30% 30% 50% 50% 10% 20% 20%
Latin America 30% 50% 70% 50% 50% - -
Middle East 30% 30% 30% 50% - 25%, 25%,
Transition economies 30% 50% 70% 50% - 25% 25%

Note: Local manufacturing is applied across all technologies, with the exception of solar
thermal in OECD N America. Only 50% and 70% of manufacturing for solar thermal is
allocated to the OECD N America in 2010 and 2020, but by 2030 all manufacturing is
assumed to occur locally.

Local manufacturing percentages vary from 100% manufacturing within Europe for
each period, to only 30% of manufacturing occurring within Africa in 2010, rising to
only 70% by 2030. Local percentages are applied to all technologies, and to the
Reference and [R]evolution scenarios, at the same proportion. The only exception is
that a specific value for solar thermal technologies is applied in the OECD North
America, as mirrors are currently imported from Germany.

Where equipment is imported, it is allocated among exporting regions as shown in
Table 30. Import and export percentages, and current export regions, are set
according to current practice. Local manufacturing is generally increased over time.

3.9 Energy efficiency

It is difficult to assess employment creation in energy efficiency, as the sector is
diverse and activities are frequently bundled into other actions. For example, energy
efficiency improvements may occur as part of normal replacement cycles, so the
associated employment must be differentiated into that which results from the
‘energy efficiency premium’' rather than the total investment (or work) associated
with the retrofit.

' The energy efficiency premium is the additional expenditure incurred, over and above the
expenditure for the normal replacement or retrofit, in order to reduce energy consumption.
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The most common way to derive or describe employment creation from energy
efficiency is via annual investment (for example, Dupressoir et al, 2007, Wade et al,
ACEEE 2005, CEC 2009). Energy efficiency investment data is not available for the
Energy [R]evolution scenarios.

In order to make an assessment of the efficiency employment, an employment factor
of job creation per GWh saved is derived for this study.

The most comprehensive assessment of the energy efficiency industry is given in a
2008 study of the USA, The Size of the U.S. Energy Efficiency Market: Generating a
More Complete Picture, by Ehrhardt-Martinez and Laitner (ACEEE 2008). This
identifies the energy efficiency premium spending by sector in the US in 2004, and
gives both the energy savings and the job creation. This information has been used
to derive sectoral figures for energy efficiency jobs per GWh, shown in Table 31.

The multiplier is adjusted with regional multipliers in the same way as all other
technology multipliers.

While there are jobs in energy efficiency in the Reference Scenario, this calculation
takes the Reference as a base line, and only considers additional energy efficiency
employment over and above what would occur in the Reference scenario.

A weighted average of 0.29 jobs per GWh for energy efficiency jobs in the
residential, commercial, industrial and utilities sectors is calculated using the
approximate distribution of electricity savings in the Energy [R]evolution Scenario
(based on the Ecofys study). This is reduced for 2010 by the average decline factor
for renewable technologies (wind, PV, and geothermal), to a value of 0.23 jobs per
GWh.

This figure is used to estimate jobs in energy efficiency which result from the
[R]evolution Scenario. The employment factor is adjusted in 2020 and 2030 using the
renewable decline for wind and PV, giving 0.15 in 2020 and 0.13 in 2030.
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Table 31 Employment from energy efficiency investment in the US, 2004

T s - 2 8

= o 2 8 g g 8 o E
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0 T E = 11}

g 3§ = &3 = 7 ®
Efficiency
premium 47,400 45200 52,700 44,700 22,700 20,800 233,500
employment
Jobs per million
SR TTERE 8.1 5.9 46 4.2 4.7 8.8 5.4
Investment billion ;5 7700 11bn 106bn nla
Us$
(E;‘;\‘,*r':gy savings 96,713 73,268 193,427 43,961 407,369 718,024 1,532,762
g‘m‘wmnt Per 049 062 027 102 006 003 0.35

From ACEEE 2008, Table 8 (employment and jobs per million), Figures 5 — 8 and page 24 (investment
and energy savings).

Table 32 Energy efficiency comparative employment factors derived from
various studies

Total energy Jobs per

Sector Country savings Source
GWh GWh

2004 sectoral factors from
Factor used in ACEEE 2008, weighted
this analysis us 0.23 according to the mix of energy
for 2010 savings in the [R]evolution

scenario, declined to 2010.
Residential 13,922 0.16
Commercial 4,781 0.36
Industrial Australia 3.708 0.07 Access Economics 2009
G 22,410 0.19
average
All sectors Germany 75,000 0.60 Dupressoir et al, 2007
Residential 96,713 0.49
Commercial 73,268 0.62
Industrial us 193,427 0.27 ACEEE 2008
Utilities 718,024 0.03
bLGlge 363,408 0.19
average

Other studies were examined to obtain employment factors per GWh, but many did
not have appropriate data to enable the calculation. Table 32 shows factors from
different studies for comparison.
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The factors for Germany derive from projections for the Energy Saving Fund Project,
which includes 12 programmes between 2006 and 2030, covering manufacturing,
tertiary, public administration, and housing (Dupressoir et al, 2007, page 152). The
German factor covers only electricity. The Australian data comes from a 2009 CEC
Economics report, and derives from programs and actions that are planned in
Australia between 2009 and 2020.

For this study, the US data is used as it is both the most comprehensive study, and
has the largest coverage. The sectoral results for jobs per GWh for residential,
commercial, industrial and utilities from the ACEEE 2008 report are used to derive a
factor for the sectoral mix in the Energy [R]evolution, which projects sectoral
electricity savings as shown in Table 33. The [R]evolution mix includes relatively
more of residential and commercial sector savings, and relatively less of the utilities
sector (here described as ‘services’) than the US data shown in Table 32. This is why
the factor used here is higher than the weighted average from the US study (0.23
and 0.19 respectively), as the relatively high proportion of utilities energy efficiency in
the US data led to an overall low figure.

Table 33 Proportion of electricity savings by sector, Energy [R]evolution

Sector Proportion of electricity savings
Industry 32%
Residential & commercial 26%
Other 7%
Services 24%
Agriculture 1%

3.10 Methodology variations for case studies

The analysis includes case studies for the G8 countries and for the European Union.
Some methodological changes are made in the case studies, in order that the results
are more meaningful on the country level. These are:

- Importing and exporting is treated in more detail. Manufacturing of globally traded
components in renewable energy is allocated by technology and country, rather
than an overall figure being used for all renewable technologies, as there are
significant differences between countries within the G8.

- Country specific employment multipliers are used for Germany, as detailed data
is available on their renewable energy sector.

- Job multipliers are used for countries in the same way as they were used for
regions in the global analysis, to adjust for different productivity levels in the
OECD. The job multiplier is derived using exactly the same methodology as used
in the regional analysis. This means, for example, that the US, which has higher
labour productivity, is assigned lower job creation per unit of generation.

International trade - coal

To derive the percentage of imported coal used in each scenario at 2010, 2020, and
2030 we use country data for the proportion of coal domestic production in 2006 from
the International Energy Agency statistics, combined with the growth in coal use in
the Reference and revolution scenarios, and the projected consumption in IEA 2008.
The import percentages are shown in Table 34.
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Table 34 Percentage of coal imported, G8 countries and EU-27

Reference scenario [R]evolution scenario
2010 2020 2030 2010 2020 2030
Canada - - - - - -
France 87% 92% 96% 85% 86% 85%
Germany 23% 16% -12% 23% - -
Italy 83% 75% 88% 82% 74% 67%
Japan 82% 82% 82% 2% 69% 66%
Russia - - - - - -
UK 69% 67% 65% 65% - -
USA - - - - - -
EU27 45% 50% 51% 32% 0% 0%

The need to import coal is reduced in the [R]evolution scenario compared to the
Reference scenario because coal consumption is reduced.

Only Russia, the USA, and Canada are net coal exporting countries in the G8 and
EU-27. Coal exports are calculated in the regional analysis, as exports are not just
for countries included in the case studies. Coal exports assigned to ‘Developing Asia’
from the regional analysis are assigned to Russia. 90% of the OECD North America
coal exports are allocated to the USA, and 10% of OECD North America coal exports
are allocated to Canada.

International trade - gas

To derive the percentage of imported gas used in each scenario at 2010, 2020, and
2030 we use country data for the proportion of domestic gas production in 2006 from
the International Energy Agency statistics, combined with the growth in gas use in
the Reference and [R]evolution scenarios, and the projected production. The import
percentages are shown in Table 35.

The need to import gas increases in some cases in the [R]evolution scenario
compared to the Reference scenario because gas consumption goes up, and it is
assumed that production levels in importing countries remain the same.

Table 35 Percentage of gas imported, G8 countries and EU-27

Reference scenario [R]evolution scenario
2010 2020 2030 2010 2020 2030
Canada - - - - - -
France 99% 100% 100% 100% 100% 100%
Germany 98% 98% 99% 98% 99% 99%
Italy 91% 95% 97% 90% 93% 92%
Japan 96% 96% 97% 97% 97% 97%
Russia - - - - - -
UK 13% 65% 76% 22% 35% 11%
USA 15% 17% 17% 36% 48% 51%
EU27 64% 7% 85% 67% 77% 83%
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Only Russia and Canada are net gas exporting countries in the G8 and EU-27. Gas
exports are assigned to Russia from the total gas exports calculated in the regional
analysis, as exports are not just for countries included in the case studies. Exports
are assigned to Russia according to the proportion of net inter-regionally traded gas
in the relevant year. Canada is assumed to export a constant amount in the
reference scenario, with this going up in the [R]evolution scenario as domestic
consumption goes down.

International trade — renewables

Global inter-regional trade in renewables is allocated within the G8 and EU27
countries according to the percentages in Table 36. Trade within regions is not
accounted for. This is likely to result in an underestimate of jobs in countries which
are high exporters, and an overestimate of jobs in countries which do not
manufacture renewable components. For example, jobs in Germany will be
underestimated, as Germany has a very high share of renewable manufacturing,
while jobs in ltaly may be overestimated.

The country proportions of globally traded wind and solar components have been
taken from the European Commission EmployRes study (Solar PV from Table 9, and
Table 10, wind from Figure 72, EmployRes 2009), as has the figure for the EU27
overall share of renewable components. The EU27 figure is from the moderate
scenario for European exports (EmployRes 2009, page 124). Proportions are
assumed to stay constant over the study period.

Table 36 Proportions of globally traded renewable energy components
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Canada - - - - - - -
France - - 4% 1% - - -
Germany - - 12% 13% 100%
Italy - - - - - - -
Japan - - 0% 16% - - -
Russia - - - - - - =
UK - - 3% 1% - - -
USA - - - - - - -
EU27 43% 43% 34% 23% 43% 100% 43%

Note: percentages derived from EmployRes 2009, Tables 9 and 10, Figure 72, and page 124.

Country specific factors

Job multipliers have been used in the same way as for the regional analysis (see
Section 3.7), as the inverse ratio of labour productivity in the relevant country to the
OECD average. The whole of economy values have been used. The projections are
obtained from the IEA projections for growth in GDP per capita (IEA 2007). The job
multipliers are shown in Table 37.
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Factors for employment in coal fuel supply are also calculated for each country, and
are shown in Table 38. The methodology to derive these factors is described in
Section 3.4.

The employment factors for operations and maintenance in biomass, wind, and
hydro were modified for Germany, as specific data is available for current jobs in
those fields in Germany (BMU 2008). While this would not make a significant
difference on a regional analysis, at the country level it is enough to make a
noticeable difference. Unfortunately the same level of data is not available in any
other study country. The modified factors are presented in Table 39, with the ones
that they replace.

Table 37 Multipliers to be applied to employment factors in case study
countries (whole of economy)

JOB MULTIPLIERS 2010 2020 2030
OECD 1 1 1

Canada 1.1 1.1 1.0
France 0.9 0.9 0.9
Germany 1.2 1.2 1.2
Italy 1.1 1.1 1.1

Japan 1.2 1.2 1.1

Russia 29 2.3 3.3
UK 1.0 1.0 1.0
USA 0.8 0.8 0.8
EU27 1.2 1.2 1.3

Table 38 Employment factors for coal supply, G8 and EU27

Coal fuel factor (existing Coal fuel employment (new

Employment per GWh consumption) consumption)
Canada 0.0 0.0
France 0.2 0.2
Germany 0.1 0.1

Italy 0.37 0.17
Japan 0.37 0.17
Russia 0.37 0.17

UK 0.52 0.45

USA 0.02 0.02
EU27 0.37 0.17

Table 39 Employment factors for Germany in country analysis

Employment per GWh Unit Factor for Fa.ctor used in.
Germany regional analysis

jearsi 52

Biomass fuel supply yegresrlsgr\]Nh 1.4 0.2

Hydro operations and maintenance yeg?“scl)\;:w 0.9 0.2

Wind operations and maintenance yeF;?scl)\?W 0.7 0.4

Note German factors from 2007 data (BMU 2008a and 2008b), reduced by three years of
decline factors for the relevant technology.
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4 Employment in the energy sector — world results

Highlights

e By 2010 global energy sector jobs in the [R]evolution scenario are estimated at

about 9.3 million, 200,000 more than the Reference scenario.

e By 2020, the [R]evolution scenario is estimated to have about 10.5 million jobs, 2
million more than the Reference scenario. More than half a million jobs are lost in
the Reference scenario between 2010 and 2020, while 1 million are added in the

[R]evolution scenario.

e By 2030 the [R]evolution scenario has about 11.3 million, 2.7 million more than
the Reference scenario. Approximately 800,000 new jobs are created between
2020 and 2030 in the [R]evolution, ten times the number created in the

Reference scenario.

Detailed results

Figure 2 shows the number of jobs under both the [R]evolution scenario and the
Reference scenario by technology and by type: construction, manufacturing and
installation (CMI), operations and maintenance (O&M), fuel supply, and energy
efficiency in 2010, 2020 and 2030. Combined heat and power generation is included
under the fuel type, for example gas or biomass.

Figure 2 World jobs by technology and type in 2010, 2020, and 2030
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Jobs in the [R]evolution scenario jobs increase significantly from 9.3 million in 2010
to 10.5 million by 2020, and then reach 11.3 million in 2030. In the Reference
scenario energy sector jobs fall between 2010 and 2020, from 9.1 million to 8.5
million, before climbing back to 8.6 million in 2030.

Figure 3 shows the change in job numbers under both scenarios for each technology

between 2010 and 2020, and 2010 and 2030.

There is a decrease in coal power jobs in both scenarios between 2010 and 2020,
but strong growth in renewable energy jobs in the [R]evolution scenario leads to a
net gain in employment. Growth in gas generation jobs in the Reference scenario is
not sufficient to compensate for the losses in coal jobs.
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Employment numbers are indicative only, as a large number of assumptions are
required to make calculations, particularly for energy efficiency. However, within the
limits of data availability, the figures presented are indicative of employment levels
under the two scenarios.

Table 40 presents worldwide electricity generation, jobs in energy supply by energy
source and energy efficiency under the Reference and [R]evolution Scenarios from
2010 to 2030.

Figure 3 World employment change in 2020 and 2030, compared to 2010
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Table 40 World employment and electricity generation at 2010, 2020, and 2030

WORLD REFERENCE SCENARIO [RIEVOLUTION SCENARIO
2010 2020 2030 2010 2020 2030

Electricity generation (TWh)

Coal 9,283 12,546 16,030 8,751 8,953 7,784
Gas 4,447 6,256 7,974 4,704 6,126 6,335
Nuclear, oil & diesel 4,004 4,133 4,079 3,814 2,309 1,003
Renewable 4,047 5,871 7,286 4,254 8,355 14,002
TOTAL electricity 21,780 28,807 35,369 21,523 25,743 29,124
generation TWh TWh TWh TWh TWh TWh

JOBS (millions)

Energy supply 9.1 m 8.5m 8.6 m 9.3m 9.7m 10.2 m
Energy efficiency - - - 0.06 m 0.72m 1.13m
TOTAL JOBS 9.1m 8.5m 8.6m | 93m 105m 11.3m

Note: Energy efficiency jobs are only those over and above efficiency jobs in the reference
scenario.
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Discussion

As shown in Figure 2 above, total energy sector jobs in the Reference scenario fall
by 600,000 between 2010 and 2020. This fall is dominated by a reduction in coal
generation jobs. The decrease in coal jobs occurs despite an increase of 37% in
electricity generation from coal in the Reference scenario, as shown in Table 40.

The biggest influence on coal generation jobs in the Reference scenario is the
reduction in jobs per MW as prosperity and labour productivity increases, which is
reflected in the regional job multipliers. Regional job multipliers are applied to OECD
employment factors in non-OECD regions. These regional multipliers are higher in
earlier years, and fall over the study period as the difference between labour
productivity in the OECD and other regions falls (see section 3.7 for more details). If
regional multipliers are not used, coal employment by 2020 falls by only 5% relative
to 2010, rather than by 32%.

As shown in Decline factors are used to reflect the reduced labour intensity of
generation as costs fall over time. Decline factors are applied to every technology
and are taken as the average annual cost reduction between 2010 and 2020, or
2020 and 2030.

Decline factors affect every type of generation, although coal is less affected than
most, as it is already a mature technology. The decline factor accounts for only 17%
of the reduction in coal sector employment, or 250,000 jobs.

However, decline factors significantly reduce the total number of jobs. If decline
factors were not used, it would increase employment projections in both scenarios,
but would affect the [R]evolution scenario considerably more. Without decline factors,
at 2020 [R]evolution energy supply jobs (not including energy efficiency) would be
1.7 million higher than presented above, while the Reference scenario energy supply
jobs would be 0.7 million higher. In 2030, [R]evolution jobs would be 4 million higher,
while the Reference scenario jobs would be 1.2 million higher. The [R]evolution
scenario is more affected because it has much stronger growth in new technologies,
which have steeper cost declines.

As there is uncertainty about what decline factors are appropriate for energy
efficiency, this analysis has taken a cautious approach in using the average decline
of renewable technologies. However, it may be, for example, that job creation per
GWh increases in later years as the easier options to save energy disappear.
Certainly, the actual projected numbers are low in this analysis compared to other
studies. For example, applying the multipliers to energy savings in the US, additional
energy efficiency jobs are calculated as 70,000 in 2020 and 11,000 in 2030 (see
section 6.8). A recent analysis of grid management jobs associated with ‘Intelligent
Grid’ operation estimated 280,000 new jobs created in the US during the
implementation phase, with 140,000 permanent jobs, more than double the total jobs
projected here (KEMA 2008). If no decline factor is applied, energy efficiency jobs
would be projected at 1.4 million in 2020 and 2.6 million in 2030.

More explanation of decline factors can be found in Section 3.6.

Figure 4 , China accounts for one third of worldwide energy sector jobs in 2010 under
the Reference scenario, with more than three quarters of those in coal power. The
change in the regional factor for China accounts for a significant proportion of the
coal job losses projected in the Reference scenario, a reduction of 700,000 jobs.?

2 Compared to the situation of maintaining the multiplier at 1.9 in 2020. If no multiplier was
used at all, 2010 and 2020 totals would both be reduced significantly.
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More explanation of the decline in Reference scenario jobs may be found in the
discussion of coal employment (Section 7.1), and of China (Section 5.4).

The decline factors applied to each technology also reduce the employment per MW,
although his does not affect coal sector employment substantially, as it is a mature
technology.

Lastly, annual world wide growth in coal generation falls from 71 GW per year in
2010 to 58 GW per year in 2020. This means construction and manufacturing jobs
fall, reflecting the slower annual growth in 2020.

Although there is job growth in gas generation and renewable energy in the
Reference scenario, it is insufficient to counteract the job losses. By 2030 there has
been some recovery in total job numbers, with strong growth in the gas generation
employment resulting from the 50% expansion in gas capacity. However, jobs in the
Reference scenario do not regain the 2010 levels.

In the [R]evolution scenario, the reduction in coal sector jobs occurs mainly because
growth in coal capacity is almost zero, and by 2030 there is a slight reduction in coal
capacity. This means that construction, installation and manufacturing jobs in the
coal sector fall to almost zero. The reduction in coal jobs is compounded by the
same influences that operate in the Reference scenario, as the change in regional
employment multipliers and decline factors exaggerate the effect of zero growth.

Job growth in renewable energy and energy efficiency in the [R]evolution scenario is
so strong that there is a net gain of 2 million jobs by 2030, relative to the 2010
Reference case.

Decline factors are used to reflect the reduced labour intensity of generation as
costs fall over time. Decline factors are applied to every technology and are taken as
the average annual cost reduction between 2010 and 2020, or 2020 and 2030.

Decline factors affect every type of generation, although coal is less affected than
most, as it is already a mature technology. The decline factor accounts for only 17%
of the reduction in coal sector employment, or 250,000 jobs.

However, decline factors significantly reduce the total number of jobs. If decline
factors were not used, it would increase employment projections in both scenarios,
but would affect the [R]evolution scenario considerably more. Without decline factors,
at 2020 [R]evolution energy supply jobs (not including energy efficiency) would be
1.7 million higher than presented above, while the Reference scenario energy supply
jobs would be 0.7 million higher. In 2030, [R]evolution jobs would be 4 million higher,
while the Reference scenario jobs would be 1.2 million higher. The [R]evolution
scenario is more affected because it has much stronger growth in new technologies,
which have steeper cost declines.

As there is uncertainty about what decline factors are appropriate for energy
efficiency, this analysis has taken a cautious approach in using the average decline
of renewable technologies. However, it may be, for example, that job creation per
GWh increases in later years as the easier options to save energy disappear.
Certainly, the actual projected numbers are low in this analysis compared to other
studies. For example, applying the multipliers to energy savings in the US, additional
energy efficiency jobs are calculated as 70,000 in 2020 and 11,000 in 2030 (see
section 6.8). A recent analysis of grid management jobs associated with ‘Intelligent
Grid’ operation estimated 280,000 new jobs created in the US during the
implementation phase, with 140,000 permanent jobs, more than double the total jobs
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projected here (KEMA 2008). If no decline factor is applied, energy efficiency jobs
would be projected at 1.4 million in 2020 and 2.6 million in 2030.

More explanation of decline factors can be found in Section 3.6.

Figure 4 World energy sector employment by region, Reference scenario
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5 Employment in the energy sector — regional results

5.1 OECD North America

Highlights
e There are 694,000 energy sector jobs in the [R]evolution scenario in OECD North
America in 2010, compared to 665,000 in the Reference scenario.

¢ In 2020, job numbers reach over 1.3 million in the [R]evolution scenario, 600,000
more than in the Reference scenario.

e Job numbers climb slightly in the [R]evolution scenario by 2030, to nearly 1.4
million, and reach nearly 0.8 million in the Reference scenario.

Discussion

Figure 22 shows the number of jobs under both the [R]evolution scenario and the
Reference scenario by technology and by type. There are more energy sector jobs in
OECD North America in the [R]evolution scenario at every stage.

Figure 5 OECD North America: jobs by technology and type in 2010, 2020, and
2030
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Figure 6 shows the change in job numbers under both scenarios for each technology
between 2010 and 2020, and 2010 and 2030. Both scenarios show losses in coal
generation, but these are outweighed by employment growth in renewable
technologies and gas.

Wind shows particularly strong growth in the [R]evolution scenario at 2020, but by
2030 there is significant employment in a portfolio of renewable technologies.
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Figure 6 OECD North America: employment change 2020 and 2030, compared

to 2010
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Table 35 presents OECD North America electricity generation, jobs in energy supply
by energy source and energy efficiency under the Reference and [R]evolution
Scenarios from 2010 to 2030.It is assumed that all manufacturing occurs within
OECD North America, and that the region exports just under 10% of globally traded
renewable energy components. In the [R]evolution scenario export jobs reach 5% of
the total energy sector jobs in 2020, and stay at that level. In the Reference scenario

export jobs do not even reach 1%.

Table 41 OECD North America: employment and electricity generation at 2010,

2020, and 2030
REFERENCE SCENARIO

2010 2020 2030
JOBS (thousands)
Coal 198 175 239
Gas 160 169 169
Nuclear, oil, Diesel 81 79 70
Renewable 226 323 316
Energy supply jobs 665 745 793
Energy efficiency jobs - - -
TOTAL JOBS 665 745 793

ELECTRICITY GENERATION TWh

Coal 2,534 2,918 3,446
Gas 1,000 1,211 1,358
Nuclear, oil, diesel 1,153 1,173 1,179
Renewable 879 1,179 1,367
Total electricity 5,565 6,481 7,350
generation (TWh) TWh TWh TWh

[RIEVOLUTION SCENARIO

2010 2020 2030
104 52 33
193 234 181
67 29 7
295 927 1,048
659 1,241 1,269
35 105 141
694 1,346 1,410
2,303 1,583 1,052
1,113 1,560 1,426
1,046 478 83

948 2,172 3,673

5,411 5,793 6,234

TWh TWh TWh

Note: Base case energy efficiency jobs are not calculated, so the energy efficiency
Jjobs shown are only those additional to the reference scenario.
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5.2 Latin America

Highlights
e There are 581,000 energy sector jobs in the [R]evolution scenario in Latin
America in 2010, compared to 541,000 in the Reference scenario.

e In 2020, job numbers grow in both scenarios. The [R]evolution scenario reaches
814,000 and the Reference scenario 651,000.

e Job numbers in the [R]evolution scenario continue to grow strongly, reaching just
over a million jobs by 2030, nearly 300,000 more than in the Reference scenario.

Discussion

There are more energy sector jobs in Latin America in the [R]evolution scenario at
every stage. In 2010, the [R]evolution has about 50,000 additional jobs compared to
the Reference scenario, with 160,000 more in 2020, and 300,000 more by 2030.

Figure 7 shows total projected jobs in the energy sector, broken down by
technology. While there is strong growth in both sectors, employment under the
[R]evolution scenario increases much more strongly.

It is assumed that only 30% of renewable energy manufacturing occurs within the
region at 2010, increasing to 70% by 2030. However, Latin America exports a high
percentage of the inter-regionally traded gas, which results in high employment
numbers in the Reference scenario, and significant numbers in the [R]evolution.

Figure 7 Latin America: jobs by technology and type in 2010, 2020, and 2030
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Figure 8 shows the change in job numbers under both scenarios for each technology
between 2010 and 2020, and 2010 and 2030. Employment associated with gas
generation grows most strongly in the Reference scenario, but this is dwarfed by the
exceptional growth in renewable energy employment, especially biomass, in the
[R]evolution scenario.
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Figure 8 Latin America: employment change 2020 and 2030, compared to 2010
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Table 42 Latin America: employment and electricity generation at 2010, 2020,
and 2030

REFERENCE SCENARIO [RIEVOLUTION SCENARIO

2010 2020 2030 2010 2020 2030
JOBS (thousands)
Coal 58 77 107 32 8 9
Gas 165 232 286 138 90 86
Nuclear, oil, Diesel 52 36 19 43 12 4
Renewable 266 306 349 367 609 821
Energy supply jobs 541 651 762 579 719 920
Energy efficiency jobs - - - 2 95 138
TOTAL JOBS 541 651 762 581 814 1,058

ELECTRICITY GENERATION TWh

Coal 35 58 92 24 5 12
Gas 241 464 696 209 194 168
Nuclear, oil, diesel 108 100 77 103 40 7
Renewable 754 974 1,186 796 1,095 1,392
Total electricity 1,137 1,596 2,051 1,130 1,333 1,579
generation (TWh) TWh TWh TWh TWh TWh TWh

Note: Base case energy efficiency jobs are not calculated, so the energy efficiency
Jjobs shown are only those additional to the reference scenario.
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5.3 OECD Europe

Highlights

e There are 888,000 energy sector jobs in the [R]evolution scenario in OECD
Europe in 2010, and 749,000 in the Reference scenario.

¢ In 2020, job numbers reach 1.2 million in the [R]evolution scenario and 854,000

in the Reference scenario.

e Job numbers reach nearly 1.3 million in 2030 in the [R]evolution scenario,
compared to 940,000 in the Reference scenario.

Detailed results

There are more energy sector jobs in OECD Europe in the [R]evolution scenario at
every stage. In 2010, the [R]evolution has about 140,000 additional jobs compared to
the Reference scenario. By 2020, the [R]evolution scenario has 350,000 additional
jobs. The gap between the two scenarios remains similar in 2030.

Figure 10 shows the change in job numbers under both scenarios for each
technology between 2010 and 2020, and 2010 and 2030. New jobs in the
[R]evolution scenario are dominated by wind, and there are significant losses in the

coal sector in both scenarios.

It is assumed that by 2020 all manufacturing occurs within Europe, and that OECD
Europe is a major exporter to other regions. In the [R]evolution scenario export jobs
reach 5% of the energy supply jobs in 2020, and 7% by 2030. In the Reference
scenario export jobs fall to 1% by 2020.

Figure 9 OECD Europe: jobs by technology and type in 2010, 2020, and 2030
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Figure 10 OECD Europe: employment change 2020 & 2030, compared to 2010

OECD Europe OECD Europe
04 0.4 m Coal
= Gas
0.3 0.3 m Oil & diesel
0.2 0.2 (] N.uclear
® " B Biomass
_5 0.1 50.1 @ Hydro
= 0.0 E 0.0 m Wind
) ) oPVv
01 Reference [R]evolution 01 Reference B Geothermal
[ Solar thermal
-0.2 0.2 4 ®m Ocean
03 03 1 Efficiency
Employment change at 2020 (from 2010) Employment change at 2030 (from 2010)

Table 43 OECD Europe: employment and electricity generation at 2010, 2020,
and 2030

OECD Europe REFERENCE SCENARIO [RIEVOLUTION SCENARIO
2010 2020 2030 2010 2020 2030
JOBS (thousands)
Coal 260 184 255 221 154 58
Gas 83 86 82 92 95 73
Nuclear, oil, Diesel 64 51 34 61 27 10
Renewable 342 533 571 498 821 958
Energy supply jobs 749 854 942 872 1,097 1,099
_Energy efficiency ) ) ) 16 105 179
jobs
TOTAL JOBS 749 854 942 888 1,202 1,278

ELECTRICITY GENERATION TWh

Coal 1,001 995 1,260 890 542 184
Gas 859 1,106 1,394 877 1,090 1,040
Nuclear, oil, diesel 1,071 893 631 1,044 471 175
Renewable 812 1,293 1,521 861 1,496 1,991
Total electricity 3,742 4,288 4,805 3,672 3,599 3,391
generation (TWh) TWh TWh TWh TWh TWh TWh

Note: Base case energy efficiency jobs are not calculated, so the energy efficiency
Jjobs shown are only those additional to the reference scenario.
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5.4 Africa
Highlights

e There are 783,000 energy sector jobs in the [R]evolution scenario in Africa in
2010, compared to 767,000 in the reference scenario.

e Job growth is strong to 2020, and there are close to 1 million jobs in both
scenarios by 2020. The [R]evolution has slightly higher growth, with 40,000 more
jobs by 2020.

e Strong job growth is maintained in both scenarios to 2030, with projected jobs in
the [R]evolution 1.5 million, compared to 1.4 million in the Reference scenario.

Detailed results

Figure 11 shows total jobs by technology in both scenarios at 2010, 2020, and 2030.
Gas jobs grow very strongly in the Reference scenario, and while they also grow in
the [R]evolution, it is less significant, particularly after 2020. Job numbers are almost
the same in both scenarios, although the Revolution scenario always has slightly
higher results.

Under the [R]evolution scenario electricity use is reduced by 9% in 2020 compared to
the reference case, and by 16% by 2030. The Reference case has slightly higher
employment in energy supply jobs in both 2020 and 2030, as may be expected with
the generation so much greater, but this is outweighed by the increase in energy
efficiency jobs.

Africa is an important gas exporter, with exports accounting for 40% of fuel supply
jobs in 2010. This falls to 22% in the Reference scenario by 2030, reflecting the
steep increase in domestic use of fuel. The proportion of exports remains higher in
the [R]evolution scenario (33% at 2030).

Africa is assumed to largely remain a technology importer in these projections,
importing 30% of renewable technology in 2020 and 50% in 2030. If 100% of
manufacturing occurred locally in 2030 there would be an additional 86,000 jobs in
the [R]evolution scenario by 2030, while the same change would only create an
additional 16,000 jobs in the Reference scenario.

Figure 11 Africa: jobs by technology and type in 2010, 2020, and 2030
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Figure 12 shows the change in job numbers under both scenarios for each

technology between 2010 and 2020, and 2010 and 2030. Jobs in solar PV are very
significant in the [R]evolution scenario by 2030.

Figure 12 Africa: employment change 2020 and 2030, compared to 2010
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Table 44 Africa: employment and electricity generation at 2010, 2020, and 2030

REFERENCE SCENARIO

2010 2020 2030
JOBS (thousands)
Coal 189 167 196
Gas 386 556 660
Nuclear, oil, Diesel 59 56 47
Renewable 133 277 453
Energy supply jobs 767 1,056 1,357
Energy efficiency _ )
jobs
TOTAL JOBS 767 1,056 1,357
ELECTRICITY GENERATION TWh
Coal 281 325 396
Gas 220 414 599
Nuclear, oil, diesel 61 56
Renewable 118 202 311
ooty wssTwn L 12

[RIEVOLUTION SCENARIO

2010

184
396
59

145

783

783

281
220
65
118

684 TWh 914 TWh

2020

167
451
44

363

1,025
79

1,104

331
303
49
231

2030

148
391
27

755

1,321
164

1,485

360
313
22
451

1,146
TWh

Note: Base case energy efficiency jobs are not calculated, so the energy efficiency
jobs shown are only those additional to the reference scenario.
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5.5 Middle East
Highlights

e There are 422,000 electricity sector jobs in the [R]evolution scenario in the Middle
East in 2010, and 427,000 in the Reference scenario.

e In 2020, jobs in the [R]evolution scenario are slightly higher, with 655,000
compared to 615,000 in the Reference case.

e Jobs in both scenarios grow strongly to 2030. The [R]evolution has 790,000
compared to 753,000 in the Reference scenario.

Figure 13 shows total jobs by technology in both scenarios at 2010, 2020, and 2030.
Gas jobs grow very strongly in the Reference scenario, and while they also grow in
the [R]evolution, it is less significant, particularly after 2020.

Growth in renewable jobs make up for the reduced growth in the gas sector in the
[R]evolution scenario. Energy efficiency jobs are also important, resulting from the
19% reduction in electricity use compared to the Reference case in 2020.

The Middle East is a very important gas exporting region, with exports accounting for
30% of fuel jobs in both sectors in 2010. This increases to 40% of fuel supply jobs in
the Reference scenario by 2030, and reaches 60% in the [R]evolution scenario.

Only 30% of renewable technology is assumed to be manufactured locally by 2030;
securing these manufacturing jobs within the region would add another 85,000 jobs.

Figure 13 Middle East: jobs by technology and type in 2010, 2020, and 2030
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Figure 14 shows the change in job numbers under both scenarios for each
technology between 2010 and 2020, and 2010 and 2030. The big difference between
the scenarios is the jobs associated with gas generation, which grow very strongly in
the Reference scenario, and fall in the [R]evolution. This is primarily because of the
reduction in domestic gas generation as a result of improved energy efficiency in the
[R]evolution scenario.
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Figure 14 Middle East: employment change 2020 and 2030, compared to 2010
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