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Li st of Abbreviati ons

BAU: Business As Usual

CCS: Carbon Capture and Storage

CGE: Computable General Equilibrium

CPI: Current Policy Initiatives

ETS: Emissions Tradin§ystem
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Executive Summary

This report provides an assessment of the employment and labour market impacts of
the scenarios in the Energy Roadmap 2@0rdpean Commission, 2011b, henceforth
referred to as the Energy Roadmap). It also provides estimates of the current level of
employment in energy supply sectors in the EU, breaking down the more aggregated
data published by Eurostat.

Estimates of The following table shows estimates of employment in the EU28 in the energy supply
employment in sectors in 2009 and 2010.

vi

nergy s . . .
energy supply Table 0.1: Estimates ofdirect employment in energy supply sects, EU28, 000s
sectors
2009 2010
BO5: Mining of coal and lignite 3295 3351
510: Mining of hard coal 2172 2322
520: Mining of lignite 1123 1029
No country distribution availabl 0.0 0.0
B06: Extraction of crude petroleum and natural gas 99.2 96.7
610: Extraction of crude petroleum 64.8 624
620: Extraction of natural gas 24.0 343
No country distribution availabl 104 0.0
BO7: Mining of metal ores 347 399
721: Mining of uranium and thorium ores 304 341
No country distribution availabl 0.0 0.0
Sectors out of the scope of the stt 43 5.8
B08: Other mining and quarrying 2561 2378
892: Extraction of peat 103 108
No country distribution availabl 7.1 0.0
Sectors out of the scope of the stt 2387 2270
B09: Mining support service activities 96.4 1051
910:.Support activities for petroleum and natural gas 891 978
extraction
No country distribution availabl 0.0 0.0
Sectors out of the scope of the stt 73 73
C19: Manufacture ofoke and refined petroleum produc 2079 2178
1910: Manufacture of coke oven products 133 123
1920: Manufacture of refined petroleum products 1946 2055
No country distribution availabl 0.0 0.0
D35: Electricity, gas, steam and agnditioning supply 1 6566 16715
3511: Production of electricity 5864 5919
3512: Transmission of electricity 75.2 675
3513: Distribution of electricity 4746 4259
3514: Trade of electricity 706 68.9
3521: Manufacture of gas 223 90.5
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3523: Trade of gas through mains
3530: Steam and air conditioning supply

Total No country distribution
Total Sectors out of the scope of the study
Total NACE of interest

3522: Distribution of gaseous fuels through mains

No country distribution availabl

2

1382
422
2456

17

19.2
250.3
410.9

1426
570
2184

8.9

8.9
240.1
2455.0

N o t Ha couiitry distribution availablé r e p r e s e nirt tlse NAGEREVQ® Rigiegsoupingthat couldnot

be apportioned into the relevantbsectors of interest due to the lack of data sources at NACE Rev.2 4

digit level.

AiSectors out of the scope

of

t he

gligiugobyping whe grernets e n't s

included in the NACE Rev.2-digits sectors shown im¢é table because they are employed in sectors

that are nobf interest to the energy system

Lessons from the A literature review was carried out to summarise the main findings from research that
literature is relevant to the assessment of employmeptits of energy policies.

Methods usedtoT he mo st

policy of employment given is usually gross.

common approach
estimate possible employment impacts of development and deployment of a single technology.
employment This typically makes use of engineering or filewel data to provide an estimate of
impacts of energythe number of jobs required to produce and operate specific equipment. The measure

used

n

t he

In a few cases macroeconomic models that providepaesentation of the whole

economy have been used. These calculate indirect effects and estimate net
employment impacts for the whole economy, but do not have the same level of detail

about the specific technologies involved.

Sectors that standThe scenarios in the energy roadmap all require European firms and households to

to gain a lose spend more on investment goods and less on energy; the sectors that produce the

investment goods will be the ones that stand to gain the most (when new equipment is
being deployed). The sectors that will lose out are those that supply fossil fuels
(unless CCS is a large part of the portfolio) and possibly some intensive users of
energy. Some energgitensive industries also feature in the supply chains of sectors

that will benefit.

However, the main impacts will be felt within, rather than between, sectors. This
means that it is not enough to determine which sectors win and which lose out as the

impacts are more subtle. Previous findings suggest that the most important

developments will be changes to existing jobs rather than a large number of jobs being
created or lost, although there may be quite substantial movements between

companies.

Types of worker The reviewed studiesonfirm that the shift in demand for the products of different
that face the sectors will be reflected in the availability of jobs. Those in construction and

largest impacts of engineering seem likely to benefit. Higksldilled workers will be more able to adapt

energy policy to changes in policy. Bce the changes would be implemented over the decades to

2050, a key to successful adaptation will be the equipping of new entrants by the

education and training system.

Vii

€

1
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Mobility between Low rates of labour mobhily in Europe, both between sectors and geographical areas,
sectors, and could lead to dislocation (unemployment and unfilled vacancies), particularly in the
competition for short term. This could have a negative impact on both the economy and achieving the
skilled labour decarbonisation targetd\n improvement in basic skills (and hence mobility between
jobs) could be an important part of smoothing the transition to @éwton economy.

Potential labour There is no clearansensus about whether the overall net impact on employment
market impacts of (defined as number of jobs) will be positive or negative, but in almost all cases the
the structural impacts are small at macroeconomic level.

change antICIICmedThere are some general trends that are quite clear, however. iitlage the findings

in the Energy for sectoral employment (as discussed above) and the impacts across various skills
Roadmap groups. The overall impact on the quality of jobs is not clear; some of the skills
expected to be in greater demand are quite high level (engineevgarsdftwhile
others are mediusskill (construction). It is difficult to assess the impacts of
decarbonisation on the other factors that are often used to assess job quality.

Modelling the The main analysis presents the quatitie results of representing the scenarios in two
Energy Roadmap macresectoral models: E3ME and GEEB. Both models have an extensive track

2050 scenariosrecord of being applied for policy analysis and impact assessment at the European
level, particularly with regards to energy atlinate policy. Although the scope and
coverage of the two models are broadly similar, they embody rather different views
about how the economy functions. We therefore obtain results from the two
perspectives so as to identify cases where the conclubimmsthe models agree
regardless of their different theoretical underpinnings and cases where the conclusions
are very sensitive to those underpinnings.

The baseline for this exercise is the Current Policy Initiatives (CPI) case from the
Energy Roadmap.®h models have been calibrated to be consistent with this.

The carbon reduction targets are met in 2050 in all the scenarios except the baseline.
This is achieved through a variety of measures, including substantial changes in the
fuel mix used for elediity generation, CCS, carbon pricing, investment in energy
efficiency and efficiency standards for vehicles. The scenarios show different ways of
meeting the targets. All the scenarios (but not the baseline) assume that the rest of the
world also takes dion to decarbonise. This results in a lower global oil price.

The scenarios raise revenues from carbon taxes, which may be spent on public sector
invest ment. Any changes in net revenues
security payments, whicaffect directly the cost of labour. Alternative approaches to
revenue recycling were also tested (see below).

The scenarios The following table provides a summary description of the Energy Roadmap 2050
scenarios that were modelled

Name EU policy Global policy Fossil fuel Description
prices
BA Current policies Current policies Baseline  Baseline.

S1 Higher energy Decarbonisation Reduced Energy efficiency standards apply to
efficiency household appliances, new buildings and
electricity generation.

S2 Diversified Decarbonisation Reduced No specific support measures for energy

viii
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supply efficiency and RES. Nuclear and CCS are
technologies not constrained.
S3 High RES Decarbonisation Reduced Achievement of high overall RES share a

high RES penetration ipower generation.

S4 Delayed CCS  Decarbonisation Reduced This scenario follows a similar approach t
the Diversified supply technologies scena
but assumes a constraint on CCS while
having the same assumptions for nuclear|
scenarios 1 and 2.

S5 Low nuclear Decarbonisation Reduced This scenario follows a similar approach {
the Diversified supply technologies scena
but imposes constraints on power genera
from nuclear. It has the same assumption
for CCS as scenarios 1 and 2.

Results: GDP The models predict that the scenarios will have a modest impact on EU GDP. The

Results:
employmen

E3ME model predicts a slight increase in GDP3¢2) by 2050 compared to the
baseline (boosted by the lower oil prices), while the GE3model suggests a GDP
reduction of 12%. Thi is compared to an 85% increase in GDP in the baseline over
201350. In most cases there is not much difference in the GDP outcome between the
different scenarios. In summary, the effects of all the scenarios on GDP are minor in
nature.

Both models predict an increase in employment levels in the scenarios, compared to
the baseline. The range of outputs is 0 to 1.5% depending on the scenario, with the
results from the E3ME model roughly 1 percentage point higher than those from the
GEM-E3 model.

The increases in employment will be largest in the construction sector and the sectors
that produce energgfficient equipment. There may also be an increase in agricultural
employment due to higher demand for biofuels, depending on the extehictothis
displaces other agricultural production. In the power generation sector the analysis
suggests that total employment could either increase or decrease slightly, depending
on the choice of scenario and the future maintenance requirements forbiksewa

In other sectors the employment effects are more ambiguous as they are affected both
by the revenue recycling methods used in the scenarios and any response in wage
demands. It is important to note that these scenarios assume that there is available
labour to fill vacant positions, i.e. there is not full employment in the baseline

Results: skills The nature of jobs in the power sector is likely to change as there is a shift from

conventional power sources to renewables. In the wider economy, hotteverodel
results suggest that there will not be major shifts in the balance of high aséilied
labour.

This does not mean that there may not be important changes in skills requirements
within existing jobs. Previous analysis has shown that the mmgacts are likely to
be shifts within sectors rather than movements between sectors. The analysis shows
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that many existing jobs will change in focus without necdgsheing replaced with
new jobs

Sensitivity analysisThe sensitivity analysis carrieduowith the models suggests that these results are
fairly robust. Assumptions about the labour intensity of new technologies (measured
as jobs per GW capacity) in the electricity sector and baseline rates of GDP growth do
not have much impact on the resulfhe impact of the changing oil price on the
results was also separated in the sensitivity testing.

One issue that may be important is the way in which national governments use the
revenues that are collected from carbon taxes. The results from the Ef@ldé&
suggest that this could have quite a large impact on overall employment results.
Efficient use of the revenues is therefore worth exploring further, although this is not
necessarily related directly to EU energy policy.
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11 ntroducti on

1.1  Overview of this report

This report provides an assessment of the employment and ladaoket impacts of

the scenarios in the Energy Roadmap 2050 (European Commission, 2011b, henceforth
referred to as the Energy Roadmdphlso provides estimates of the current level of
employment in energy supply sectors in tB&28 breaking down the mer
aggregated data published by Eurostat.

The 2050 target of an 816% reduction in greenhouse gas emissions from 1990 levels

is much more ambitious than the 20% reduction incorporated in the curr@6t220

target for 2020. If the 2050 target is to be achieved, iacgée changes in the energy
system will be required in the short to medium term so that investment in new
infrastructure dioreé& no tHaged tectnologies kis aténo ¢ k
stressed that early action is required to avoid higher future costs and to redigresfrict

as energy production shifts towards renewable sources (e.g. OECD, 2008).

While the Energy Roadmap 2050 provides plausible routes by which the target can be
achieved, the assessments that have been made so far of the advantages or
disadvantages of elacoute have not yet given detailed consideration to the impact on
the labour markefThis report aims to fill that gap.

The Energy Roadmap highlights ten key transformations of the energy system, which
are likely to have impoant impacts (both positive and negative) on employment in
many different economic sectors. Some examples considered in this report are:

9 construction and engineering, which could benefit from a {acgde investment
programme, such as in RES equipment

9 trarsport and energintensive manufacturing, which could lose out due to higher
energy costs

9 sectors producing fossil fuels (e.g. coal mining)h® equipment for fossil fuel
based technologies, which could ued in size due to lower demand

The resulting canges in wage rates and net incomes will affect indirectly all sectors
of the economy, including service sectors.

It is therefore necessary to consider not just the raes impacts (whether the net
effect is to boost or reduce employment) but alsoaicte at the level of particular
sectors and skills to gain a complete understanding of labour market developments in
each of the Energy Roadmap scenarios. It is also important to note that the
decarbonising scenarios propose that global action is takeaanfl ai | ur e of
labour market to anticipate labour, skill and qualification shortages could make
Europe less competitive.

This study examines the labour market implications of a selection of the scenarios in
the Energy Roadmap h€ analysis considers the composition, quantity and quality of
employment, including both the shoerm transitional impacts that arise from
investment in new technologies and increases in the price of energy, and the longer
term labour market trends.

Themain analysis presents the quantitative results of representing the scenarios in two
macrasectoral modelsBoth models have an extensive track record of being applied

t
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for policy analysis and impact assessment at the European level, particularly with
regads to energy and climate policy. Although the scope and coverage of the two
models are broadly similar, they embody rather different views about how the
economy functions.The intention, therefore, is to obtain results from the two
perspectives so as tdentify cases where the conclusions from the models agree
regardless of their different theoretical underpinningsid cases where the
conclusions are very sensitive to those underpinnings.

1 E3ME, which is developed and operated by Cambridge Economeédréss,
econometric model with macroeconomic properties in the Keynesian tradition.
There is no assumption that the labour market clears, even in the long run, or that
prices adjust to achieve market cleariBME is currently a model of the
European econoies; activity and prices in the rest of the world are given by
assumption.

1 GEM-ES3, which is developed and maintained by the National Technical University
of Athens, is a Computable General Equilibrium model with macroeconomic
properties in the neoclassit¢edition. The user can select from alternative options
for closure and price adjustment/market cleariige world version of GEME3
represents the entire global economy.

A fuller description of the models and the key differences between them is given i
the appendices.

Some of the issues of interest in this study go beyond the detail and scope of the two
models, and so this report presents the results of an exercise to construct detailed
employment estimates for the energy sectors together with sonigoralddata
analysis and qualitative assessment.

1.2  Structure of this report

The databases for the two masectoral models are maintained by their modelling
teams, but an additional data collection exercise was carried out specifically for this
study. This task paid particular attention to the detailed sectors involved in the
production of energy, since these are expected to be particularly affected in the Energy
Roadmap scenarios. The approach that is followed combines sectoral antew@tro

data sets to build up a picture of current employment levels in these sdétters.
results are presented in Chaer

Chapter3 summarises the findings of previous analysis in the arelading work on
6 g r e e nlt byildsbos firevious literature reviews and highlights features that are
specific to the Energy Roadmap.

Chapter4 describes the scenarios that were assessed, and Clasgidi® present the
results of the exercises to represent the scenarios in the two models.

Chapter7 addresses some of the important issues that cannot be addregsed by
macroeconomic modelling. This includes a more detailed analysis of occupational and
skills requirements that builds on the previous model results and also examines some
of the more subtle labour market aspects of the transition to-eddvon economy

Chapter8 presents the conclusions of the study.

The appendices to this report are provided segwgraibey provide further details on
the data anditerature that were used, and also discuss sensitivities in the modelling
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results and provide key ratios that can be used in further analysis. The appendices
include descriptions of the E3ME and GEM8 macroeconomic models.
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2 Data Coll ecti on

2.1 Introduction

The estimate of employment effects of decarbonisation of the energy system requires
granular, detailed statistical figures at sector and country level. Official employment
statistics produced at European level and published by Burast presented at an
aggregate level which does not allow such a detailed analysis.

The available Eurostat data allow us to classify employment activity by sector
according to the Statistical Classification of Economic Activities in the European
Communty (NACE.Rev2), which can reach maximum four diditsf disaggregation.
Eurostat Labour Force Survey (LFS) employment data are published at two digits of
aggregation. For the sector Qpglassifttatiant i on
does not allow the kind of further breakdown into the main components that is
available in the North American Industry Classification System-(MICS 2012).

The main objective of this task is to construct a dataset for employmenténeigy
sector with particular reference to a group of specifiesmdiors of interest relating to

the energy system. The aim is to obtain a four digit breakdown for all the sectors in
the energy system, while maintaining consistency with Eurostat publfghees. In

the case of production of electricity we attempt to reach the same level of granularity
of the NGNAICS 2012.

Specific data The complete list of sectors of interest is:

requirements

B. Extractive Sector (NACE Section B: Mining and Quarrying)
05.10 Mining of hard coal
05.20 Mining of lignite
08.92 Extraction of peat
07.21 Mining of uranium and thorium ores
06.10 Extraction of crude petroleum
06.20 Extraction ohatural gas
09.10 Support activities for petroleum and natural gas extraction

C. Manufacturing Sector (NACE Section C: Manufacturing)
19.10 Manufacture of coke oven products
19.20 Manufacture of refined petroleum products

D. Utilities Sector (NACE Section D: Electricity, Gas Steam and Air Conditioning
Supply)
35.11 Production oélectricity
NC 221112 Power generation, fossil fuel (e.g., coal, gas, oil), electric
NC 221111 Power generation, hydroelectric
NC 221113 Power generation, nuclear electric
NC 221114 Electric power generation, solar
NC 221115 Electric power generation, wind
NC 221116 Electric power generation, geothermal
NC 221117 Biomass electric power generation

! The European industry standard classification systamsisis of a six digit code, but only the first four digits are the

same in all European countries and hence exploitable for the purpose of this analysis.
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NC 221118 Electric power generation, tidal

35.12 Transmission of electricity

35.13 Distribution of electricity

35.14 Trade of electricity

35.21 Manufacture of gas

35.22 Distribution of gaseous fuels through mains
35.23 Trade of gas through mains

35.30 Steam and air conditioning supply

Basic approach To produce the statistics at this level of detail we collect information from various data

sources to compute shardwmt are then used to break down the more aggregated
Eurostat LFS published statistics. We use Eurostat Structural Business Statistics (SBS)
on employment where available to apportion LFS data. To cover the remaining gaps
we use firmlevel data sourced frothe dataset Amadeus by the Bureau Van Dijk. For
the production of electricity we Dbase
combined with other information sourced from published literature. We present
figures for theEU28 for 2009 and 2010. The figureme consistent with official
statistics published in the Eurostat LFS database.

Remaining sections In the next section we provide an overview of the data sources, followed by a

in this chapter

Overview

discussion of the methodology usedSaction2.3. We present results, aggregated for
theEU28 for all the subsectors of interestSection2.4and2.5.

2.2 Data sources

In this section we provide an overview of all the data sources that are used to obtain
the employment figures at tliesired level of disaggregation, highlighting the aspects
of interest for this study and the pitfalls in the data. The sources used are:

Eurostat LFS data as the main source for headline figures of employment
Eurostat SBS at Nace.Rev.2 four digit levehpportion Eurostat LFS figures
Eurostat data for electricity production capacity in the 28 countries of interest
Amadeus micradata for constructing shares at four digit NACE.Rev.2
disaggregation level, when SBS data are not available

T Eur Ob s er v énafon dn@mploymerit im renewable energies

9 other sources used to compensatbacigaps in the data

)l
1
1
T

It should benotedthat figures from the different sources reported in this section are
not directly comparable with thggures contained in Sectidh4. Figures reported in

this section are not harmonised with Eurostat figures and are directly based on the
sources presented, whereas figures in Secidnare consistent with aggregates
published by Eurostat. Tmakethe difference clearer, we have adopted a grey colour
background for all the tables with data tained in this section.

The Eurostat LFS interactive database provides statistics for all the 28 countries of
interest and for the period 2009. We used years 2009 and 2010 that should be
subject to less revisions in the years to come. Consistentlythvistive have also used

data for the years 2009 and 2010 for Eurostat SBS and Amadeus. As regards
information on renewables we had to rely on all available information provided by
Eur Obser voETr f1 @008, 2009, 20€0r 2011 tand YH A Retevarthis

report is the availability of the following information:

1 employment by country
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1 atwo digit NACE.Rev.2 identifier
Data can be extracted with quarterly or annual frequency.

We have used employment data at the lowest level of desgaggon allowed by the
Eurostat LFS database, i.e. NACE.Rev.2 at two digit level.

Table 2.1 provides further details of the data that are publiclgilable through the
LFS for all the countries and sectors in the scope of this project.

The coverage of the energy sectors is oftery poor. For example, in DK, T, LU

and MT data arenot published for any sectompart from D35. Even for larger
countries, such as DE and FR, the data exhibit some gaps. Data look more complete
for countries such as the CZ, PL, RO, ES and the UK.

Table 2.1: Availability of data for the energy economic sector2009 and 2010

Economic sectors of interést
BO5 B06 BO7 B08 B09 C17 D35

3
T X £ £ £ £ X £ X X X X X X X £ £ £ X X X X £ X £ X X
I X £ X X £ X £ £ X X X X £ X X X £ X X £ X £ X X X 0
X £ £ X X X X £ X X X X X X £ X X X X 0 X X £ X £ X X
I £ £ X £ £ 0 I £ X X X X £ xXx £ £ £ L XTI X I I T

UK
HR X "H X H

£ £ £ £ £ £ £ £ £ £ X X x £ £ £ £ £ £ £ £ £ X £ o £ £ I
£ £ X o X X £ X £ £ X X X X o X X X 0 X X X X .o X X X X

Notes AX0: no data publHish®at@s malli | admel eyerfithe whol e
available in a discontinuous fashion over the period considered.
Sources: Eurostatdatabasés_egan228

2 The classification used is NACE Rev.2.

3 For more information, seetp:/epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database
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Restricted microe
data

Eurostat SBS data
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The Eurostat LFS micrdata are restricted to public access but constitute the basis of
an available dataset on labour statistics covering the EU27 and, for more recent years,
also HR. The LFS guide reports athriables available in the micaata and, with
regards to the industry coding, it is stated that, depending on the country, the greatest
level of disaggregation following the NACEev.2 classification is either at two or at
three digits. Given that the dastry breakdown for energglated sectors required

here is at four digits, the Eurostat miatata would still not provide the desired level

of granularity. We therefore decided to explore alternative ndeata sources, starting

with Amadeus.

It is also worth noting that the data gaps identified @ble 2.1 for the sectors and
countries of interest may reflect a general lack of underlgiiggo-data. If this is the
case then even having access to the Eurostat Htiéteomight not solve the problem
as it stands.

Structural business statistics (SBS) provide data on industry, construction, trade and
services. The data aregsented according to the NACE activity classification and are
in principle available for the EU28.

The statistics can be broken down to the NACE.Ré&wr digit level. The number of
people employed was the indicator used for this study.

Breakdown of the Figure 2.1 reports the share of employees among the sectors of interest. The sector
sectors of interestwith the highest share is 35.11Production of electricity witl23% of employment of

the overall energy sector. The sector 35i1Bistribution of electricity is also an
important sector with a share %",

Figure 2.1: Distribution of sectors of interest, NACE Rev.2 4digits, SBS, 2010

05.10
05.20
W06.10
mO620
mo721
08.92
1% m09.10
19.10
mi9.20
3511
35.12
m35.13
m35.14
m35.21
m35.22
m35.23

m35.30

4 led

summing up LFS NACE Rev.Z data at two digits level. This implies that the percentages repagateia T cannot

be directlyobtainedoy summing up numbers contained in other tables of this report (e.g. Table 0.1), which result from

the sum of LFS data that have been used as a humeraire.



Eurostat data on

Energy statistics are an integral part of the European system of statistics. Eurostat data
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electricity cover the production, transformation, consumption, exports and imports of electricity
production by secto and fuel type. Relevant for this study are data on electricity generation
capacity capacity which are used to infer the number of direct employees in the sectors
connected to the production of electriciys an exampleTable 2.2 presents figures
on capacityin the sector D35.11 across the 28 countries for both producers and
autoproducers of electricity.
Table 2.2: Eurostat data on average annual power generationapacity in MW, 2010
Country NC NC NC NC NC NC NC NC
221111 221112 221113 221114 221115 221116 221117* 221118
AT 12929 3593 0 154 981 1 3485 0
BE 1425 7987 5927 904 912 0 1130 0
BG 3048 4570 1892 25 488 0 4 0
HR 2141 1892 0 0 79 0 9 0
cY 0 1463 0 7 82 5 8 0
cz 2196 11360 3900 1727 213 0 432 0
DK 9 8 369 0 7 3802 0 1248 0
EE 6 2570 0 0 108 0 67 0
FI 3155 8724 2 700 7 197 0 1910 0
FR 25332 27407 63130 1030 5994 0 1417 240
DE 11028 70418 20467 17320 27 209 8 6 664 0
EL 3018 10513 0 202 1298 0 41 0
HU 53 6 108 2 000 2 293 0 535 0
IE 530 6371 0 0 1389 0 36 0
IT 21520 72459 0 3470 5794 728 2183 0
LV 1576 935 0 0 30 0 16 0
LT 876 2 507 0 0 133 0 29 0
LU 1134 488 0 29 44 0 28 0
MT 0 571 0 0 0 0 0 0
NL 37 22254 510 88 2237 0 1489 0
PL 2342 29773 0 0 1108 0 134 0
PR 5093 9275 0 134 3796 25 584 0
RO 6474 11618 1411 0 388 0 20 0
SK 2516 3311 1820 20 3 0 183 0
Sl 1254 1212 666 12 0 0 47 0
ES 18535 49497 7450 4653 20693 0 960 0
SE 16732 4797 8977 11 2019 0 3818 0
UK 4385 70826 10865 77 5378 0 2193 1

Amadeus micro-
data

Sources: Eurostat, database nrg_113a; *: Net maximum capacity.

Subsector NC 221117 includes biomass and munigigsies (RES and non RES). The biomass element covers

organic, norfossil material of biological origin, which may be used for heat production or electricity generation,

including wood and wood waste, biogas, and biofuels. The municipal waste elementesoabiodegradable (RES)

and non RES wastes. Industridg® and non RES is not included.
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Amadeus contains comprehensive information on around 19m companies across
European countri@&s The i nformation col | efinanciad i s
accounts. Relevant for this study are the following variables included in Amadeus:

9 the number of employees per firm
9 country
9 sector specified according to NAGEevisionat four digit level

Data coverage We have extracted data for the 28 countaemterest imposing as the only criterion
that information on the number of employees and NACE Rev.2 sector was not
missing.

Table 2.3: Number of firms per relevant sector contained in Amadeu$ 2009, 2010

Economic sectors of interest
2009 2010

BO5 B06 BO7 B08 B09 C19 D35| B0O5 B06 BO7 B08 B09 C19 D35
AT 5 3 116 1 6 172 7 3 127 2 6 197
BE 84 8 18 78 83 8 18 82
BG 15 2 14 83 2 8 142 | 15 2 13 78 2 7 147
HR 2 64 4 7 65 2 64 4 7 66
cY 3 1 3 1
cz 8 1 1 82 13 9 295 8 3 1 101 11 1 348
DK 5 1 25 9 2 99 1 23 10 3 99
EE 2 32 1 54 2 30 1 3 52
A 4 59 5 201 5 71 3 5 211
R 16 7 411 6 32 140 3 19 7 481 6 38 182
DE 2 1 137 4 55 1088 3 2 148 5 66 1130
EL 2 1 2 62 26 82 2 1 2 63 28 115
AU 4 6 3 60 19 9 171 5 6 3 57 15 10 164
IE 3 2 4 22 5 4 36 3 5 15 5 3 37
T 2 13 4 588 10 160 745 2 18 4 608 13 176 825
Lv 53 121 53 124
LT 3 34 4 102 3 34 4 105
LU 2 6 2 6
MT 1 3 1 3
NL 51 59 65 27 106 45 57 72 29 97
PL 19 18 3 281 39 58 627 9 5 1 99 16 21 312
P 3 227 5 1 133 4 211 5 2 149
RO 13 10 12 166 43 26 226 | 14 11 13 174 50 27 267
K 2 23 1 2 30 2 29 2 2 49
S 2 1 2 37 2 5 155 3 1 2 39 5 154
ES 31 32 37 778 15 26 797 | 28 32 32 754 15 25 822
SE 7 94 16 14 288 7 97 16 14 299
UK 28 208 49 191 180 33 238 | 26 228 53 200 208 36 319
E?Jtazls 129 381 157 3773 453 539 6197 | 120 396 158 3701 472 547 6358

Notes: The classification used is NACE Rev.2.
Sources: Amadeus

5 For more information please refer to:

http://www.bvdinfo.com/Products/Compaifiyformation/Internationa/ AMADEUS.aspx

% The classification used is NACE Rev.2.


file:///C:/Users/rgallouet/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.MSO/DD45C24F.xlsx%23RANGE!_ftn1
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Table 2.3 provides details on the number of firms that we were able to look a. Dat
are aggregated at two digits and hence also include firms whose employment is not
directly related to the four digit sectors of interest. For instance, for the mining of hard
coal and lignite (BO5) we have identified only 129 and 120 firms for 2009 @@, 2
respectively. For the overall two digit sector B@wining of metal ores)Amadeus
contains information for 157 firms in 2009 and 158 in 2010. The largest number of
firms concentrates in the sector aléctricity, gas, steam and air conditioning syppl
D35: 6,197 firms in 2009 and 6,358 in 2010.

Breakdown of the In Figure 2.2 we report the share of each economic activity at the NACE Rev.2 four
sectors of interestdigit level of disaggregation for all the employees in the EU28. We consider only the
empoyment in the relevant sectdr$or which we sum up the number of employees
reported by each individual company. Based on the total number of employees per
relevant sector we calculate the shares reported in dneefi The sector with the
highestshare is 35.11 Production of electrity with 25% of employment of the
overall energy sector.

Figure 2.2: Distribution of sectors of interest, NACE Rev.2 4 digit level

6% 1%_\ 0% 05.10
05.20
06.00

506.10

506.20

507.21
08.92

=09.10
19.10

519.20
35.11
35.12

¥ 35.13

u35.14

m 3521

" 35.22

" 35.23

®35.30

25%

Sources: Amadeus.

Eur Obsermhe Eur Obasometer indasures the progress made by renewable energies in
each sector and in each Member State of the European Union. We considered data
published in 2008, 2009, 2010, 2011 and 2012. EurObserv'ER produces a series of
indicators covering energy, techagical and economic dimensions.

” As opposed t@able2.3, where we reported the number of firms for the overall NACE Rev.2 gagekat 2 digits,

hence including also NACE Rev.2 at four digits not necessarily relating to energy production.
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Figures on direct and indirect employment in renewable energy sectors presented in
the following tables are directly sourc
directly comparable with figures reported in Sectidd, whose figures are all
produced apportioning Eurostat published data.

Mo st rel evant her e i s t hat Eur Obser voET
renewable energy strs contained in the production of electricity. Employment data

are available for five sectors connected to renewable energy: wind, solar,
hydroelectric, geothermal and biom#gsseTable2.4).

As regards tidal energy production, Eur
employees but it provides a list of installed units among the European ®Union
Meanwhile, Eurostat only provides data on instaflagacity for France and the UK.

I't should be stressed that the data pr oy
indirect employment. For the purpose of the data collection we are interested in
isolating direct employment, which will serve as an infouthe modelling scenarios
described in Chaptet. Indirect employment will be calculated as an output of the
macroeconomic models. Direct jobs include renewalanaufacturing, equipment and
component supply, onsite installation or operation and maintenance. Indirect jobs are
those that result from activity in sectors that supply the materials or components used,
but not exclusively so, by the renewable sectorsh(ag jobs in copper smelting
plants, whose production may be used for manufacturing solar thermal equipment, but
may also be destined for appliances in totally unconnected fields. Another example
could be employment temporarily generated in sectors relatedonstruction.
Employment in such sectors could experience relatively high peaks during the setting
up phase of new plants of renewable energy production).

The table below presents employment figures broken down between direct and
indirect employment. Ratios were applied
indirect jobs. More details on the sources used to calculate the ratios are presented in
Sectiors 2.2 and 2.3At this stage it is worth natg that these figures are not directly
comparable to those reported in the results at the end of this section. The main reason
for this to be the case is that tligures in Table 2.4 are directly based on

Eur ObservoER data wused as a containeck in the r e |
results section we apportion Eurostat LFS figures to have consistencgukitehed

official statistics on employment across different sectors.

Employment in the biomass production of electricity appears to be relatively high with
around 30% of total employment in renewables. The share of biomass employment
has been calculated d ect |l y based on Eur Obser voER
Eurostat indicates to be directly related to the biomass energy production: municipal
wastes, wood/wood wastes/other solid wastes, landfill gas, sewage sludge gas, other
biogas, liquid biofuefs

5Based on EurObservdER barometer 2012, France, Finland]elaRdbrt ugal ,
Netherbnds and Sweden are testing tidal projects.

Eurostat provides the foll owing dossfl material of botogical origib thai cam e sised fét Beto ma s s i

production or electricity generation. It includes: wood and woasl tvee ; bi ogas; municipal solid waste; bi
http://epp.eurostat.ec.europa.eu/cache/ITY_ OFFPURIRSL2-001/EN/KSCD-12-001-EN.PDF. Remak :direct jobs in biomass generation
may go beyond jobs on manufacturing plants and syst daefisiiooomay ni ng bi

also include agricultural, municipal wastes and biomass supply transport jobs.

11


http://epp.eurostat.ec.europa.eu/cache/ITY_OFFPUB/KS-CD-12-001/EN/KS-CD-12-001-EN.PDF

Employmenteffects of selected scenarios from the EnéRggdmap 2050

The Eur Obser voER

bar omet er

al so

sectors, weused the shares published in the edition 20@® & more complete

publ i shes
into manufacturing, distribution, installation and operation and maintenance. These
shares are not available for all countries. For the small hydropower and biomass

overview of Eur ObservOoER data and the ev
Appendix A). Based on these shares, we have apportioned the figures contained in
Table 2.4. The underlying assumption to obtain these figures is that the shares of
direct and indirect employment remain constant across the categories of
manufacturing, distribution, instalion, operation and maintenanc&able 2.5
contains data for direct employment wher@able 2.6 provides figures for indirect
employment. It should berotd t hat Eur Obser voER data do
breakdown into the categories by employment type. To avoid inconsistendigbevit
data displayed iTable24we have added the category @A
data that we are not able to apportion.
Table 2.4: Data on employment in renewable energy sectors as sourced from
Eur Observ~6ER for the year 2010
=il SOlEn Wind Geothermal Solid biomass
Country hydropower photovoltaic
directs indirects directs: indirects directs: indirects directs: indirects directs: indirects
AT 772 278| 1108 3292 1314 1986 973 127| 10693 6 707
BE 74 26| 3739 3921 1194 1806 470 180 1500 1 400
BG 221 79 586 614| 1194 1 806 217 83| 1397 1303
cY 0 0 78 82 159 241 0 0 26 24
cz 221 79| 3905 4 095 139 211 615 235 3259 3041
DK <50 <50 195 205/ 9952 15048 <100 <100| 2587 2413
EE <50 <50 <50 <50 139 211 723 277| 1449 1351
FI 294 106 <50 <50| 2548 3852 2098 802 11951 11149
FR 1838 662| 28700 40550 10120; 10480 2280 1520 6780 41620
DE 5589 2011| 52626] 55174 38256] 57844 9120 4180 38725 22175
EL 331 119 4113 4312 597 903| <100 <100 1164 1086
HU 294 106 2236 2344 199 301 832 318 2380 2220
IE 74 26 <50 <50 796 1204| <100 <100 310 290
IT 202 728| 21968 23032 11385 17215 4449 1701 5174 4 826
LV 257 93 <50 <50 <50 <50 <50 <50| 2690 2510
LT 110 40 <50 <50 100 150 <100 <100/ 1552 1448
LU <50 <50 <50 <50 20 30 <50 <50 26 24
MT 0 0 <50 <50 0 0 0 0 0 0
NL 147 53| 1745 555 430 2170, 1302 498 1681 1 569
PL 603 217 <50 <50 654 846 543 207| 11253 10497
PT 1287 463| 1709 1791 1791 2709 145 55| 3984 3716
RO 294 106 <50 <50 597 903| <100 <100| 6053 5 647
SK 221 79 732 768 0 0| <100 <100/ 1138 1 062
Sl 331 119 244 256 0 0| <100 <100 854 796
ES 1177 423| 13840 14510 12241 18509 434 166| 6398 7 202
SE 1103 397 361 379| 1990 3010, 8826 3374 15521 14479
UK 735 265| 2441 2559 50971 9029 1085 415/ 2070 1930
Notes:  * Figures for small and large hydropower.
Sources: Eur Ob s e Mhe&tEtRof remewable energiesin Eurepe 2008, 2009 and 2012fdBa

énergies renouvelables électriques en Frénce

12
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Table 2.5: Data on direct employment in renewable energy sectors split into
manufacturing (MFG), distribution, installation, and operation and maintenance (O&M)

MFG
309

194
184
4191

1213

543

165
662

Employment in manufacturing installationand O&M T Eur obser v ER

Small hydropower Solar - photovoltaic Wwind Solid - Biomass
Instal. MFG
And Distrib.
Instal. O&M Others | MFG Distrib.  O&M Others | MFG Instal. O&M Others | Instal. 0&M Others
77 386 499 609 1182 131 10 693
74 112: 3627 1194 1 500
221 117 469 1194 1397
0 78 159 26
221 976: 2929 139 3259
<50 156 20 20| 8459 1493 2 587
<50 <50 139 1449
100 <50| 2293 255 11 951
1 655 3731 24 969 5060; 4048 1012 5424: 1356
559 838 26 313: 21 050: 5 263 32518 5738 17 426. 5 809: 15490
331 4113 597 1164
294 2 236 199 2 380
74 <50 796 310
506 303 6 590: 12 082: 3295 2277 5693. 3416 5174
257 <50 <50 2690
110 <50 100 1552
<50 <50 20 26
0 <50 0 0
147 873 873 430 1681
30 30 <50 490 65 98 11 253
1287 1709 1791 3984
294 <50 597 6 053
221 732 0 1138
331 98 146 0 854
1177 2768: 11072 3672: 4896 3672 6 398
717 165 55 343 18 1990 15 521
37 37 2441 1672 1612: 2687 2 070

Notes: AOtdbei nclude employees that we were not abl
breakdown into the desired categories.

Sources: Eur Obser véER, ¢ The State of renewable ener
AiBarom tre 2012 des ®nergi.es renouvel abl es
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Table 2.6: Data on indirect employment in renewable energy sectors split into
manufacturing (MFG), distribution, installation, and operation and maintenance (O&M)

111

70
66
1509

437

195

60
238

Instal.

28

201

182

11

258
13

Employment in manufacturing installation and O&M i Eur obser v 6 ER
Small hydropower Solar - photovoltaic Wind Solid - Biomass
Instal. MFG
And Distrib.
O&M Others | MFG Distrib.  O&M Others | MFG Instal. 0o&M Others | Instal. 0&M Others
139 1481 : 1811 1788 199 6 707
26 118 : 3803 1 806 1400
79 123 491 1 806 1303
0 82 241 24
79 1024 : 3071 211 3041
<50 164 20 20 12 791 2 257 2413
<50 <50 211 1351
36 <50 | 3467 : 385 11 149
596 5272 35279 5240 4192 1048 33296: 8324
302 27 587: 22 070: 5517 49 167 8 677 9979 : 3326: 8870
119 4312 903 1 086
106 2344 301 2 220
26 <50 1204 290
109 6910 : 12 668: 3 455 3443 : 8607 : 5164 4 826
93 <50 <50 2510
40 <50 150 1448
<50 <50 30 24
0 <50 0 0
53 277 277 2170 1569
11 <50 635 85 127 10 497
463 1791 2709 3716
106 <50 903 5 647
79 768 0 1062
119 102 154 0 796
423 | 2902 : 11 608 5553 : 7404 : 5553 7 202
60 20 360 19 3010 14 479
13 2 559 2528 2438 : 4063 1930

Notes: AOt¥ei nclude employees t hat thedackoéimfematonanthabl e t o aj
breakdown into the desired categories.

Sources: Eur Obser v ER, ¢ T h eiesSrt Europe » @408, 200 201l arwl 242 e n e
AiBarom tre 2 0ehdiveldbdes éle@trgaes gniFR s

Other sources In order to brealdown the sector 35.11 Production of electricity, we used some

compl ementary sour ces .ergiéslranouBbles éleciriqi¥®se 2 0 1
and fAthe state of renewabl e energies in
been used to apportion employment between its direct and indirect components in the
case of renewable energy. To estimate employment inubkear sector we refer to

“This report has been published by EurObservdER in coll

enerrgy (L'Agence de I'environnement et de la maitrise de I'érieAdd=ME).
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one sector study for ER where it is estimated that there are around 125,000 direct
employees in the electronuclear sector.

Table 2.7: Sources used to estimate employment in thsector of the production of
electricity.

Fossil Fuel

Nuclear power

Eurobser vi

Eurostat
Electrical capacity

Electrical capacity

Additional sources
IEG T workers ( operations ) in FR

Sector study for FR: direct employment

Hydropower i The Srenawaldle o f Electrical capacity UFE, employment direct+indirect in tota
energies in E AHydr o(mamaetivity inFRin 2010
2012 producers and EurobservdER gi ves
Direct + indirect employment autoproducers hy d r o ) employment for small hydropower)
for Small hydropower =
central < 10 megawatts
Solar AThe State of Electrical Capacity iBarom tre 2012 de
photovoltaic energies in E renouvelablesléctriques en FR

Solar thermal

2008, 2009 and 2012
Direct + indirect employment
AThe State of
energies in E
2008, 2009 and 2012
Direct + indirect employment

Electrical Energy

Direct employment (Equipment,
installation and operations)

The ratio of direct employment for solar
photovoltaic was used

Wind power AfThe State of Electrical Capacity ABarom tre 2012 de
energies in E renouvelables électriques en FR"
2008, 2009 and 2012 Direct employment (Equipment,
Direct + indirect employment installation and operations)
Biomass Direct + indirect employment Electrical Energy The ratio of direct employment was take
biofuels as the average of the other biomass rat|
Biomassi fThe State of Electrical Capacity AiBarom tre 2012 de
biogas, solid energies n Eur opec renouvelables électriques en FR
biomass, 2008, 2009 and 2012 Direct employment (Equipment,
municipal Direct + indirect employment installation and operations)
wastes
Tidal Electrical Capacity WebsiteaonoteBL&OR H

Gr ¢
considering Operations and Maintenanc

AWor king for a

jobs in theUK

we
2011.

refer to a

study
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2.3  Methodology

In this section we illustrate the methodological aspects of combining information from
different data sources to reach the requidayree of detail, while maintaining
comparability with Eurostat LFS data. Eurostat SBS data and Amadeus have been
used to construct the NACE.R8vdata at the four digit level of disaggregation;

Eur ObservoER and Eurost at ciydhavabeenruseédtbect r
break down the production of electricity in the categories of thé NBICS 2012 at

the six digit level. In some cases we refer to other sources to refine or validate our
estimates.

Using Eurostat The Eurostat SBS are presed according to NACE.Re¥ activity classification at
SBS data four digits of disaggregation. SBS cover all the countries required but not all the
sectors of interest by country. When Eurostat SBS data are available we use it to
apportion Eurostat LFS data.

Aggregating Amadeus contains firrevel data for the EU28. Our method in this case consists of
Amadeus firm levelsumming up the number of employees by country and by relevant NACE.Rewv
micro-data at digit sectorto then apportion the Eurostat LFS figures that are at two digit level.
NACE.Rev.2 four Amadeus data are used only when Eurostat SBS data are not available.
digits

Apportioning the As regards the production of elgcity we follow a similar procedure but this time in
productionoft wo st eps. In the first step we isol at
electricity with e | ect r i ci t y-035.11N\bAsedEan Berostat SBS and Amadeus data. In the
Eur Ob s e r vsecond step we apportion the dataaceogdi t o shares based on E
Eurostatdatapar ti cul ar the Eur ObservOoER reports empl
into which the North American System breaks down the production of electricity.
These are:

NC 221111 Power generation, hydroélec

NC 221114 Electric power generation, solar

NC 221115 Electric power generation, wind

NC 221116 Electric power generation, geothermal
1 NC 221117 Biomass electric power generation

1
1
T
1

Using ratios As regards theremaining three sectors included in production of electricity, we
between the identified the level of generation in some European countries, such as FR and the UK,
employment andand then calculated a ratio between the number of employees in the sector and the
installed capacity electricity capacity ih MW) as provided by Eurostat. Ratios are applied to other
countries based on the assumption that technologies are homogeneous across
countries.

For hydroelectric power generati escaleEur Ob
production. Also in this & we rely on the ratio between the number of employees
and the megawatt electricity capacity in FR to infer employment in other countries.

Based on the Eurostat data on electrical capacity we identified only two countries
where tidal energy is producédFR and the UK. For these two countries we have
used ad hoc studies to provide estimates of employment in the sector.

Table 2.8 summarizes all the meaidds and assumptions made for estimating
employment in sectors related to the production of electricity.
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Table 2.8: Methods and assumptions for estimating employment in sectors related to the production of efigcity

Sector
NC 221111 Power
generation,
hydroelectric

NC 221112 Power
generation, fossil fuel
(e.g., coal, gas, oil),
electric

NC 221113 Power
generation, nuclear
electric

NC 221114 Electric

power generation, solar

NC 221115 Electric

power generation, wind

NC 221116 Electric
power generation,
geothermal

NC 221117 Biomass
electric power
generation

NC 221118 Electric
power generation, tidal

Method used
EurObserv'ER reports figures including both direct and indirect
employment. Direct employment is separated using figures
tfoBs. not EontairCdata ferHR, GoE
which estimates can be obtained by the average ratio of numbe

reported for

employees per unit of production capacity in the EU27 based o
Eur Obser véoER
hydropower plants. To complete tligormation we used French

Eurostat dat a.
data, which provides employment on small and large hydropow
This data can be used in combination with Eurostat data on
production capacity of electricity to compute ratios for FR and
apportion then to all remaining countries.

Based on the ratio of employee per unit of electricity production
capacity i FR (Se
des indistries electriques et gazieres), we can compute the nun

nstalled in
of employees in other European countries.
Data on employment in the nuclesactor are available in a study
by PWC for FR. These data can be used in combination with
information on the capacity of production per country in megaw
provided by Eurostat to estimate nuclear power generation in tt
remaining countries.

Eurobseerv'ER reports figures including bditect and indirect
employment in the last editions. Direct employment is separate
using figures reported for FR in the study (Le baromeétre des
energies renouvelables en FR, 2012) and for other countries in
edi ti 2008 fTgeeSt aneE
Ratios were calculated based on data for the following countrie
Solar photovoltaic: FR, AT, PL and the NL

Solar thermal: DE, ES, FR and the NL

Wind: FR, PL and the NL

Geothermal: FR and AT

Biogas: FR and PL

Biomass: DE, ES, FR and AT

When no ratio for a specific country could be calculated, the
average ratio was used.

Eur Obser voER does
can be obtained using the average ratio of number of employee
unit of production capacity in the EU27deal on Eurostat data.

ons of

not cont ai

Eurostat datan capacity allow us to identify only two countries
where tidal energy is producéd-R and the UK. For these two
countries we referred to dtc sources reporting employees in
operation and maintenance.

Sector
NC 221111 Power generation,
hydroelectric

NC 221112 Power generation, fossil
fuel (e.g., coal, gas, oil), electric

NC 221113 Pwer generation, nuclear
electric

NC 221114 Electric power generation
solar

NC 221115 Electric power generation
wind

NC 221116 Electric power generation
geothermal

NC 221117 Biomass electric power
generation

NC 221118 Electric power generation
tidal

17
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2.4  Aggregated results forthe EU28

In this section we present headline figures for the EU28 in all the sectors of interest in
the years 2009 and 2010 (Sesble2.9).

Table 2.9: Estimates for direct employment in the NACERev.2 codes of interest

Employment (1,000) 2009 2010
BO5: Mining of coal and lignite 3295 3351
510: Mining of hard coal 2172 2322
520: Mining of lignite 1123 1029
No country distribution available 0.0 0.0
BO6: Extraction of crude petroleum and natural gas 99.2 96.7
610: Extraction of crude petroleum 64.8 624
620: Extraction of natural gas 24.0 343
No country distribution available 104 0.0
BO7: Mining of metal ores 347 399
721: Mining of uranium and thorium ores 304 341
No country distribution available 0.0 0.0
Sectorsout of the scope of the study 4.3 5.8
B08: Other mining and quarrying 2561 2378
892: Extraction of peat 103 108
No country distribution available 7.1 0.0
Sectors out of the scope of the study 2387 2270
B09: Mining support servicactivities 964 1051
910: Support activities for petroleum and natural gas extraction 89.1 97.8
No country distribution available 0.0 0.0
Sectors out of the scope of the study 7.3 7.3
C19: Manufacture of coke and refined petrolganoducts 2079 2178
1910: Manufacture of coke oven products 133 123
1920: Manufacture of refined petroleum products 1946 2055
No country distribution available 0.0 0.0
D35: Electricity, gas, steam and air conditioning supply 16566 16715
3511: Production of electricity 5864 5919
3512: Transmission of electricity 75.2 675
3513: Distribution of electricity 4746 4259
3514: Trade of electricity 70.6 689
3521: Manufacture of gas 223 90.5
3522: Distribution of gaseous fuels through mains 1382 1426
3523: Trade of gas through mains 422 57.0
3530: Steam and air conditioning supply 2456 2184
No country distribution available 1.7 8.9
Total No country distribution 19.2 8.9
Total Sectors out of the scope of the study 250.3 240.1
Total NACE of interest 24109 2455.0
Notes: fiNo country distribution available r epr esent s rottie bpportienedintdtheat coul d
relevant subsectors of interest due to the tfakata sources at NACE Rev.2 4 digits level.
ifSectors out of the scope of the studyo include N

group of specific suigectors of interest relating to the energy system
Sources: Aut haalcutations based on LFS (Ifs_egan22d), SBS (sbs_na_ind_r2), Amadeus.
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The totals for each sector ifable 2.9 at two-digit level correspond to LFS figures.
The disagregated figures dbur digit level are apportioned using SBS or Amadeus
figures. Table 2.10 displays a further breakdown of the electricity sector into the

NAICS of interest.

Table 2.10: Direct employment for the breakdown of the production of electricity, NACE

D35.11
NC221111 NC221112 NC221113 NC221114 NC221115 NC221116 NC221117 NC221118
2010 328 1604 1417 88.2 54.2 8.0 1065 0.1
2009 325 1589 1404 87.4 537 7.9 1055 0.1

Sources: Aut horsdé cal cul ations

based on LFS (Il fs_egan22d),

In the Eurostat database, the figures aggregated at EU28 level ardifbéiemt from
the sum of the disaggregated figures reported at country level. This might happen
because at country level the sample might be too small to comply with confidentiality
standards. This could also occur for aggregations where Eurostat sosnegjpoets
missing values for more disaggregated figures. For internal consistency in this

document we have forced the country figures to sum up to the aggregated sector

figures at EU28 level. Our figures remain comparable to the Eurostat LFS figures by
cowuntry andsector NACE Rev.2 at two didevel.

121t should be nad that figures in this table are not directly comparable to the ones
containedlable2.4 becaein Table2.4w e
whereasn The totals for each sector Table2.9 at two-digit level correspond to LFS
figures. The disagregated figures dbur digit level are apportioned using SBS or
Amadeus figuresTable2.10 displays a further breakdown of the electricity sector into
the NAICS ofinterest.

Table2.10 we considered LFS as a numeraire.

19

apportioned

di

rect |

y



Employmenteffects of selected scenarios from the EnéRggdmap 2050

2.5 Results for theEU28 at country level

B0510- Mining of Mining of hard coal is still an important sector in some Central and Eastern European
hard coal countries. In 2010 the cotrg exhibiting the highest number of employees was PL
B0520- Mining of with 165289, followed by RO with 20170, and the CZ with 16718. In the UK
lignite employment in the sector nearly halved (from 9600 to 4600) over the perioe 2009

2010. This result fully reflects trends in EulstFS data. Mining of lignite also
appears to be more important in Central and Eastern Europe with RO (18830 in 2010),
the CZ (16682 in 2010) and BG (16450 in 2010) displaying the highest number of
employeegqTable2.11).

Table 2.11: Estimates for direct employment in the sectors BO518nd B0520

2009 2010
No country No country
Country B0510 B0520 distribution B0510 B0520 distribution
available available

AT 0 0 0 0 0 0
BE 0 0 0 : : :
BG 277 15 823 0 250 16 450 0
HR : : : : :
CcYy 0 0 0 0 0 0
Ccz 18 187 18 413 0 16 718 16 682 0
DK 0 0 0 0 0 0
EE 0 0 0 0 0 0
Fl 0 0 0 0 0 0
FR : : : : : :
DE* 25 659 21241 0 21 259 19941 0
EL 0 6 900 0 0 6 600 0
HU 149 2751 0 300 3000 0
IE 0 0 0 : : :
IT : : : :

LV : 0 0 0
LT 0 0 0 0 0 0
LU 0 0 0 0 0 0
MT : : : : : :
NL : : : 0 0 0
PL 139 379 18 521 0 165 289 7611 0
PT 0 0 0 0 0 0
RO 20286 17 114 0 20170 18 830 0
SK 0 6 500 0 0 8 300 0
Sl 0 2 800 0 0 2900 0
ES 3632 2 268 0 3656 2544 0
SE : : : : : :
UK 9 600 0 0 4 600 0 0

Notes:  Data reported in italic have been apportioned based on SBS, while data reported in bold have been
apportioned based on Amadeus.
*For Germany additional data on hard coal and brown coal extraction from national public sources
enabled to estimate the breakdown of the number of employees from the NACE Rev.2 B05 two digits
sector into B0O510 and B0520.

Sources: Aut horsdé calcul ations based on LFS (Il fs_egan22d),
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Extraction of petroleum is most important in terms of jobs in RO (24008 employees)
and in the UK (19380 employees) in 20Har extraction of natural gas, the country
with the highest number of employees is IT with a positive trend from 6500 in 2009 to
8291 in 2010. DE has also a significant number of employees in the gas sector (8000
in 2010, data are missing fol0@9). It is interesting to netthat the number of
employees does not seem to be directly proportional to the quantity of gas or
petroleum extreted per country. For example the Netherlandgsdot have one of

the highest number of employees in these sectors. It is worth mentioning that the
distribution of employees across European states and the time trend exhibited over the
two years considededepend almost entirely on Eurostat LFS data and not on our
apportionment methodology. For example the gst#ll in employment in these two
sectors observed in Poland is directly observable in the trend of Eurostat LFS figures
NACE Rev.2 aggregated @to digits leveld 13600 in 2009 and 9300 in 2010.

Table 2.12: Estimates for direct employment in the sectors BO61&nd B0620

2009 2010
Country No country No country
B0610 B0620 distribution B0610 B0620 distribution
available available

AT : : 3300 : : :

BE : : 0 : : 0

BG : : : 0 0 0

HR 0 3400 0 0 5700 0

CcYy : : : : 0
Ccz 0 800 0 46 954 0

DK : : : : : :

EE 4 200 0 0 4900 0 0

Fl : : 0 : : 0

FR : : : : : :

DE : : 7 100 0 8 000 0

EL . . . . . .

HU

IE : : : : : :

IT 0 6 500 0 9 8291 0

LV . . 0 . . .

LT : : : : : :

LU : : 0 : : 0
MT : : : : : :

NL 999 5401 0 766 3934 0

PL 11 901 1699 0 8 506 794 0

PT : : 0 : : 0
RO 26 811 5589 0 24 008 5792 0

SK : : : 0 0 0

Sl : : : : : :

ES 3800 100 0 4 830 170 0

SE : : : : : :

UK 17 078 522 0 19 380 620 0

Notes: Data reported in italic have been apportioned based on SBS, while data reported in bold have been

apportioned based on Amadeus.
Sources: Aut hor s 6 Ilmased anlASqlfs_iegam22d), SBS (sbs_na_ind_r2), Amadeus.
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B0721- Mining of Mining of uranium and thorium ores is present in six European countries. In 2010 PL
uranium and had the highest number of employees (16400) followed by BG (940@® %u(8637).
thorium ores The remaining two countries where this sector has employees are Fl (2300) and SE

(2335).
Table 2.13: Estimates for direct employment in the sector BO721
2009 2010
Sectors out No country Sectors out  No country
Country B0721 of the scope distribution B0721 of the scope distribution
of the study  available of the study  available
AT : : : :
BE : : : : : :
BG 10 100 0 0 9400 0 0
HR : : : : : :
CY : 0 : : 0
cz 0 2200 0 0 3600 0
DK 0 0 0 0 0 0
EE : : 0 : : 0
FI : : : 2 300 0 0
FR : : : : : :
DE 0 0 0 0 0 0
EL . . . i . .
HU
IE
IT
LV 0 0
LT 0 0
LU 0 0
MT
NL : : : : : 0
PL 16 600 0 0 16 400 0 0
PT : : : : : :
RO : :
SK : :
Sl : : 0 : : 0
ES 1179 121 0 3637 263 0
SE 2 496 2 004 0 2335 1965 0
UK 0 0 0 : : :
Notes: Data reported in italic have been apportioned based on SBS, while data reported in bold have been

apportioned basesh Amadeus.
Sources: Aut horsdé calculations based on LFS (lfs_egan22d),
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B0892- Extraction In 2010 extraction of peat was present in 15 European countries but it only exceeded
of peat 1,000 employees in four countries: EE with 1089, FI with 1919, DE with 2463 and LV
with 3195(SeeTable2.14).

Table 2.14: Estimates for direct employment in the sector B0892

2009 2010
Sectors out  No country Sectors out  No country
Country of the scope distribution of the scope distribution
B0892 of the study available B0892 of the study available
AT 13 6 287 0 0 6 400 0
BE 0 4 300 0 0 3700 0
BG : : 7 100 60 5740 0
HR 0 3000 0 0 3100 0
Cy 0 600 0 0 0 0
Ccz 176 9524 0 173 8 827 0
DK : : ; : : :
EE 1274 926 0 1089 911 0
Fl 1908 2392 0 1919 2381 0
FR 183 20 417 0 199 19 801 0
DE 2 857 39 743 0 2463 36 337 0
EL 0 5 800 0 0 5 000 0
HU 94 4 806 0 139 3661 0
IE 0 5900 0 0 5400 0
IT 0 20 000 0 0 21 700 0
Lv 2 343 957 0 3195 1105 0
LT : : : : : :
LU : :
MT : : : : : 0
NL 164 2436 0 26 2174 0
PL 703 22 897 0 602 20 398 0
PT 0 14 900 0 0 18 400 0
RO 26 8374 0 19 8 081 0
SK 214 2 686 0 283 3217 0
Sl 0 900 0 0 900 0
ES 63 32337 0 57 27 643 0
SE 276 3324 0 215 2 885 0
UK 10 26 190 0 396 19 204 0
Notes: Data reported in italic have been apportioned based on SBS, while data reported in bold have been

apportioned based on Amadeus.
Sources: Aut horsd calcul ati ons b(sbs eadindord), Am&déus (| f s _egan22d),
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The support for activities connected to the sector of petroleum and natural gas in 2010
was very high in the UK with 57743 employees folemvby RO with 16644
employeesThe countries with the next highest number of employees in this sector are
DE and PL with 5500 and 5440 employees respectively. IT follows with 4700

employeegTable2.15).
Table 2.15: Estimates for direct employment in the sector BO910
2009 2010
Sectors out  No country Sectors out  No country
Country B0910 of the scope distribution B0910 of the scope distribution
of the study  available of the study  available
AT : : 0 0 0
BE : : :
BG : : : : : :
HR 2500 0 0 3400 0 0
CcYy : : 0 : : 0
Ccz 1359 1541 0 32 868 0
DK : : : : : :
EE : :
Fl : :
FR : : :
DE 5500 0 0
EL : : :
HU : :
IE : : : :
IT 5 500 0 0 4700 0 0
LV : : : : :
LT 0 : 0
LU 0 : : 0
MT : : : 700 0 0
NL 2 000 0 0 2199 1 0
PL 5142 4158 0 5440 4960 0
PT : : : 0 0 0
RO 17 837 463 0 16 644 556 0
SK : : : : : :
Sl : : : : : :
ES 1760 740 0 1451 549 0
SE : : : : : :
UK 53028 372 0 57 743 357 0
Notes: Data reported in italic have been apportioned based on SBS, while data reported in bold have been
apportioned based on Amadeus.
Sources: Aut horsdé calculations based on LFS (lfs_egan22d),
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The manufacture of coke oven products is quite narrow in most of Europeanesuntr

In 2010 only threeountries reported more thadf employees: the CZ with 1914,

PL with 6315 and the UK with 1903. Employment in the manufacture of refined
petroleum products is much more widespread in Europe. The countries with the higher
number of employees are DE, IT and the UK with 25377, 30401 397
employees respectively for the year 2Q$%@eTable2.16).

Table 2.16: Estimates for direct employment in the sectors C1910 and C1920

2009 2010
Country No country No country
C1910 C1920  distribution C1910 C1920  distribution
available available

AT 0 3900 0 0 4 300 0

BE 0 7 500 0 0 9 900 0

BG 0 9 600 0 0 6 600 0

HR 0 2 800 0 0 3100 0

CcY : : : : : :

Ccz 744 1256 0 1914 2 486 0

DK : : : : : :

EE 0 1500 0 0 1500 0

Fl 0 2700 0 0 2700 0

FR 0 14 800 0 0 10 000 0

DE 303 25697 0 223 25377 0

EL 38 7 262 0 17 6 783 0

HU 830 6170 0 807 5993 0

IE : : : : : :

IT 569 27 631 0 899 30401 0

LV . . . . . .

LT

LU 0 0

MT : : : : : :

NL 0 9 000 0 0 10 100 0

PL 9218 12 682 0 6 315 13 485 0

PT : : : 0 4700 0

RO 132 13 968 0 148 12 552 0

SK 0 3700 0 0 3200 0

SI : : : : : :

ES 135 18 365 0 103 17 897 0

SE 0 2 600 0 0 2 800 0

UK 1333 23 467 0 1903 31597 0

Notes: Data reported in italic have been apportioned based on SBS, while data reported in bold have been

apportioned based on Amadeus.
Sources: Aut horsd calcul ati ons b(sbs eadindord), Am&déus (| f s _egan22d),
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35.13- Distribution
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35.14- Trade of
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Data for the production, transmission, distribution and trade of electricity are the most
complete. With the exception of MT, data are available for all the countries considered
in this study. The sectors with the larger skareemployees are the production and
distribution of electricity. DE is the country with the highest number of empdoiyee
these two sectors; 127194 and 98660 in 2010. The only country with a comparable
number of employees in production of electricity is FR with 909Hble2.17).

Table 2.17: Estimates for direct employment in sectors 35.11 to 35.14

2009 2010

Country D35.11 D35.12 D35.13 D35.14 D35.11 D35.12 D35.13 D35.14
AT 7942 2570 7 880 1567 8 755 2640 8 351 2049
BE 11829 1619 9241 5147 12 392 1696 9681 5392
BG 16 366 4 684 8511 3770 17 960 5050 9240 3885
HR 2224 1162 9 367 1 2627 1 365 10 888 2
CcY 3 200 0 0 0 1500 0 0 0
Ccz 20 116 790 4782 531 19 960 777 3350 690
DK 5575 890 5597 906 5647 1011 5281 992
EE 3064 0 1256 529 3469 0 1487 637
Fl 8 091 2907 1719 2611 7 633 2754 1552 2434
FR 83570 15926 44760 4620 90 916 17326 51295 3052
DE 143276 3234 122919 7936 127194 3520 98 660 6 280
EL 26 282 0 0 297 24 017 0 0 331
HU 12 979 1056 6 626 2261 11770 : : 2 240
IE 10932 0 0 1337 10514 0 0 1160
IT 32622 5028 35013 8 851 31271 4 835 33319 9 050
LV 2 207 672 3 506 54 2481 658 3549 89
LT 3913 1124 4590 133 2720 738 3964 137
LU 682 0 198 0 102 0 306 0
MT : : : : : : : :
NL* 9 347 6 819 3 396 6728 8673 6 769 1935 6 100
PL 36 220 3412 65 539 3634 46 315 581 58 328 5 106
PT 9020 939 9010 242 6 925 625 6 458 253
RO 46 072 2902 25 236 4 569 47 000 2988 24 585 4 656
SK 9233 687 381 4 545 8 255 657 366 4133
Sl 2 660 601 3671 215 2511 533 3 266 210
ES 30 759 3389 28 658 7 546 32 655 3433 27 046 6 986
SE 9 352 321 5238 1998 9 070 316 5078 2 005
UK 38853 14420 67470 524 49 601 9198 57 878 1030

Note: Datareported in italic have been apportioned based on SBS, while data reported in bold have been

Sources: Aut hor s o

apportioned based on Amadeus.
*For the Netherlands, we performed an additional desk review on balancesheets of major firms to
complement primary data.collectedrin Amadeus on NACE Rev 2 D35 sector.

cal cul ations
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35.21- Manufacture In 2010 DE was the country with the highest number of employees in the sector
of gas Manufacture of gas with 73550, followed by the UK with 8269 emplogreeshe NL
35.22- Distribution With 6775 The UK reports the highest number of employees in tteilaition of
of gaseous fuels gaseous fuel (in 2010, 48432) followed by IT (in 2010, 21947). In 2010 FR had the
through mains highest number of employees for the trade of gas through mains with 18730
35.23- Trade of gas employees, followed by PL with 15401.

through mains  pg regards steam and air conditioning suppgy BE and PL have the highest number

35.30- Steamand  of employees; 31215, 31887 and 43642 respectively for the year Table2.18).
air conditioning

supply
Table 2.18: Estimates for direct employment in the sectors 35.21 to 35.23, and 35.30
2009 2010
No country No country
Country D35.21 D35.22 D35.23 D35.30 distribution D35.21 D35.22 D35.23 D35.30 distribution
available available

AT 5 2278 430 2128 5 7 2500 468 2430 0
BE 8 1474 12 71 8 8 1545 12 75 0
BG 0 2121 414 5335 0 0 927 449 5189 0
HR 0 1289 441 916 0 0 1947 538 1233 0
CcY 0 0 0 0 0 0 0 0 0 0
Cz 0 7719 2412 21350 0 0 7226 1633 23164 0
DK 110 669 92 1961 110 119 631 102 2017 0
EE 0 207 111 2533 0 0 243 0 2 864 0
Fl 1 5 0 566 1 10 5 0 511 0
FR 576 3185 17345 29918 576 0 3566 18730 31215 0
DE 8100 8005 4243 37687 8 100 73550 5043 3965 31887 0
EL 0 541 1465 15 0 0 492 1330 30 0
HU 13 3834 2442 8590 13 18 3502 2454 8661 7 356
IE 0 0 31 0 0 0 0 26 0 0
IT 514 22557 7488 5128 514 384 21947 7542 5252 0
LV 0 1565 45 5250 0 0 1620 49 5654 0
LT 0 1939 35 6 766 0 0 1688 37 5916 0
LU 0 220 0 0 0 0 492 0 0 0
MT : : : : : : : : : 1 500
NL* 7 045 3 966 0 0 7 045 6775 4 049 0 0 0
PL 88 14 071 13 67 124 88 17 12710 15401 43642 0
PT 63 1778 258 190 63 50 1159 93 139 0
RO 326 16048 2786 30861 326 429 13571 2431 30141 0
SK 0 5370 185 10 299 0 0 4 509 155 8 925 0
Sl : 147 : 874 : 0 130 0 750 0
ES 579 4991 1234 1344 579 822 4 503 1142 1713 0
SE 51 138 0 6401 51 80 135 0 6 617 0
UK 4773 34091 696 274 4773 8269 48432 426 366 0

Notes:  Data reported in italic have been apportioned based on SBSdataleeported in bold have been
apportioned based on Amadeus.
*For the Netherlands, we performed an additional desk review on balancesheets of major firms to
complement primary data.collected from Amadeus on Nace rev 2 D35 sector.
Sources: A u t h alcutations based on LFS (Ifs_egan22d), SBS (sbs_na_ind_r2), Amadeus
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Power generation Employment in the sector of power generatiorough fossil fuel is developed across
NC 221112- fossil all countries (data are missing for MT). DE, PL, RO and the UK each have more than
fuel (e.g., coal, gas, 15000 employees in this sector. FR has the highest number of employees in nuclear
oil), ~Power generation with Y27 employees. DE has theghest number of employees in
NC 221111- Solar power generation with 884 employees, followed by FR with 188 employees

hydroelectric (SeeTable2.19).

NC 221113
nuclear electric

NC 221114 solar Table 2.19: Estimates for direct employment in the sectors NC 221111, NC 221112, NC

221113 and NC 221114

2009 2010
Country NC221111 NC221112 NC221113 NC221114 NC221111 NC221112 NC221113 NC221114
AT 1714 715 0 1108 1889 789 0 1222
BE 288 2474 5553 1897 302 2592 5818 1987
BG 1899 4328 5420 926 2084 4750 5948 1016
HR 784 1167 0 106 926 1378 0 126
CY 0 2054 0 746 0 963 0 350
Cz 854 6 128 6 364 3485 847 6 081 6 315 3458
DK 6 1595 0 128 6 1616 0 129
EE 12 1566 0 0 13 1774 0 0
Fl 477 1833 1716 14 450 1729 1619 13
FR 4 358 7 088 49 386 12 591 4741 7711 53727 13 698
DE 3081 25413 22 344 31 387 2735 22 560 19 836 27 864
EL 2 364 11178 0 9 529 2161 10 214 0 8707
HU 67 4 681 4 637 144 61 4 245 4 205 130
IE 489 7 681 0 298 470 7 388 0 287
IT 2922 14 576 0 7 564 2801 13973 0 7 251
LV 450 317 0 0 505 356 0 0
LT 454 1675 0 0 316 1164 0 0
LU 343 233 0 34 51 35 0 5
MT : : : : : : : :
NL* 6 6 152 426 1050 6 5708 396 975
PL 638 20 635 0 191 816 26 386 0 245
PT 1545 2980 0 1342 1186 2287 0 1030
RO 6 227 17 396 6 391 0 6 352 17 746 6 520 0
SK 1185 2168 3606 814 1059 1939 3224 727
Sl 515 506 841 190 486 478 794 180
ES 2474 10 397 4734 6 159 2 627 11 038 5026 6 539
SE 249 709 4015 128 242 688 3894 124
UK 1110 21151 9816 1347 1418 27 003 12 531 1720

Sources: Aut horsdé calcul ations based on:
Eur Ob s efifhe Std&d0f renewable energies in Eutp2€08, 2009 and 2012
Barom tre 2012 de®|l ®péergigeesrenolfFRel' altue O©Obser voEF

fi
iLe poi-®icsonnsociigpue de | 6®l ectronucl ®aire en FRo, P

31t should be noted that figures in this table are not directly compgeaiwmlthe ones containddble2.4, Table2.5 and
Table2.6. This is due to the fact that Table2.4, Table2.5 andTable2.6 we apportioned diregtt Eur Obser v ER

data, whereas iable2.19 we consi@red LFS as a numeraire.
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Power generation DE reports the highest number of employees in thesestetors with the exception
NC 221115 wind of tidal. The fact that tidal energy production is present only in two countries is a
NC 221116- direct consequence of the fact that Eurostat reports tidal electric power generation only
geothermal present in two countries: FR and the (JKable2.20).
NC 221117-

Biomass
NC 221118-tidal Table 2.20: Estimates for direct employment in the sectors NC 221115, NC 221116, NC

221117 and NC 22118*

2009 2010

Country NC221115 NC221116 NC221117 NC221118 NC221115 NC221116 NC221117 NC221118
AT 400 296 3709 0 441 326 4089 0
BE 565 0 1051 0 592 0 1101 0
BG 1728 0 2 066 0 1 896 0 2 267 0
HR 123 0 44 0 145 0 52 0
CYy 342 0 58 0 160 0 27 0
Ccz 115 0 3169 0 114 0 3145 0
DK 2 898 0 949 0 2 935 0 961 0
EE 130 0 1356 0 147 0 1535 0
Fl 103 0 3947 0 97 0 3724 0
FR 3998 0 6 125 24 4 350 0 6 664 26
DE 21 092 5028 34 931 0 18 725 4 464 31010 0
EL 970 0 2241 0 886 0 2 048 0
HU 233 0 3217 0 211 0 2918 0
IE 1467 0 998 0 1410 0 959 0
IT 3499 1367 2 693 0 3354 1311 2582 0
LV 10 0 1431 0 11 0 1608 0
LT 102 0 1683 0 71 0 1170 0
LU 15 0 57 0 2 0 9 0
MT : : : : : : : :

NL* 182 0 1530 0 169 0 1420 0
PL 692 0 14 062 0 885 0 17982 0
PT 879 71 2204 0 675 55 1692 0
RO 1 366 0 14 692 0 1393 0 14 988 0
SK 0 0 1460 0 0 0 1306 0
Si 0 0 607 0 0 0 574 0
ES 3928 0 3 066 0 4170 0 3255 0
SE 450 0 3802 0 436 0 3687 0
UK 2724 0 2671 33 3478 0 3409 42

Sources: Aut horsdé calculations based on:
Eur Ob s efifhe Std&dof renewable energies in Eutp2€08, 2009 and 2012

AiBarom tre 2012 des ®nergies renouvelables ®lectri

fiLe poi-®csonmsoonciicppue de | 6®l ectronucl ®aire en FRO,

1t should be natd that figures in this table are not directly compagablthe ones containddble2.4, Table2.5 and
Table2.6. This is due to the fact that Trable2.4, Table2.5andTable26we apporti oned directly

data, whereas imable2.20 we considered LFS as a numeraire.
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3 Review of Previous LiItei

3.1 Introduction

This chapter presents our review of previous analysis looking at the employment
effects of developments in the energy system. The literature review is designed to be
complementary to the modellintj.has helpedo inform the scenarios, and it provides
insight into aspects of the scenarios that the modelling cannot cover, for example
because an issue is beyond the scope of the models or because there are limitations in
the level of detail at which data are avalitato support modelling.

The review covers both assessmmethodsised and theutputsof previous analysis.

It focuses on the same issues that the present study is addressing; i.e. the impacts of
energy policy on the quantity and quality of jobs in EeroWhile our focus is on

labour market impacts, we also consider wider economic developments since these
provide the essential context for understanding the impacts on the labour market.
Although the aim of the review is to inform understanding of impic&urope, we

include studies conducted for other countries where these provide helpful insights.

Key questions to The key questions we address are:

cover 1 what are the methods used in the literature to estimate the employment impacts of

energy policies?

what types of workers are most/least sensitive to different energy policies?

which sectors benefit most/least from different types of energy policies (e.g.

energyefficiency policies, introduction of lowarbon technologies)?

9 what is the potential for workeifrom declining sectors to move into new growing
sectors? to what extent will new sectors be competing for skilled labour?

1 what are the potential labour market impacts of the structural change anticipated in
the Energy Roadmap?

1
)l

Structure of this We begin with a brief review of different methodological approaches that have been
review followed (Section3.2). We then (Sectior8.3) summarise a recent study that was
carried out for the European Commission (DG Employment and Social Affairs)
l ooking at 6green jobsd. This study f oci
and socovers the period up to 2020. Consequently, it does not cover the emergence of
new technologies po020 and it does not give much weight to new entrants to the
labour market.

Section3.4 gives an overview of the Energy Roadmap 2050 as well as a summary of
some analyses related to it. Sectibconsiders the period up to 2Q54ith a focus on
some of the key technologies that are identified in the Roadmap. Se@iassesses
interaction between the sectors and competition for skills.

Section3.7 approaches the issue from a different angle, by comparing the scenarios in
the Energy Roadmap to the experience of previous periods of rapid techablogi
development. This picks up on one of the key messages from the DG Employment
study, that decarbonisation is only one of many examples of technological
development taking place within the wider economy.

The final section concludes with the key messdigen the review. A complete list of
studies that were included is provided in Appendix B.

30



Employmenteffects of selected scenarios from the EnéRggdmap 2050

3.2  Methodological approaches that have been followed

Scopeand The research has ge nAdeorwenlol ya pfporlolaocobgeds euistih

approach modelsofhe economyupd d&bhptoadenhes which are |
accounting methods (for a review of the advantages and limitations of these
approaches see Kammen et al, 2004). The approaches found in the literature can be
broadly categosed into categories depending on the focus:

1 incremental employment created by a specific project in the energy sector (for

instance see Pfeifenberger et al, 2010 and ECF, 2010b)

evaluation of total employment in an energy-sebtor

macraeconomy wide aessment of employment effects of different forms of a

stimulus program in which the energy sector is one possible recipient of

government spending (see Pollin et al, 2009)

1 comparison of employment creation of alternative energy technologies (see for
instance Grover, 2007)

T
T

Defining and Employment effects are quantified in terms of number of jobs or in terms-g&pis.
categorising the One jobyear (alternatively referred to as a pergear or a fultime equivalent job) is

jobs created defined astte full time employment of one person for a duration of one year. Often
the terms 06éyjeoabrsstddd aanrde Ooudsjeodb i nt er change
growing stance in the |iterature sugges
created witbut duration may be misleadifig In the case of energy efficiency,
employment effects are measured as the number of jobs generated per unit of
investment in energy efficiency programmes (for a comprehensive review see Janssen
and Staniazszek, 2012). A fher categorisation of the employment effects estimated
in the existing studies regards the distinction between people employed in
construction, installation and manufacturing (CIM) and those employed in operation
and maintenance (O&M) of the energglatedproject.

Employment effects are also categorised in terms of direct, indirect and induced jobs.

Direct employmentDirect employment effects quantify the number of people employed by the project,
energy sector or sufector. Estimations of the direct eloyment effects use
information on the expenditure involved in a project, the technology and scale of the
project and the typical employment per unit of money spent. These data are usually
taken from industry, project design specifications, informatiotypital installations,
etc. and are collected by business or research institutions

In the process of estimating the direct employment effects of a specific policy or
project it remains important to specify the degree to which manufacturing will be
carriedout domestically and the duration of the CIM and the O&M jobs.

Indirect Indirect employment effects estimate the number of people employed in sectors
employment supplying the inputs to the project, the energy sector essator. Often inpubutput
methals are used for this purpose.

Induced Induced employment effects estimate the number of people employed to provide
employment goods and services to meet the consumption demands of the additional directly and
indirectly employed workers including employmefitects of changes in other sectors
and activities indirectly due to the financing of the enemjgted projects.

®See Wei et al (2010) for a detailed discussion. Recent research addresses this criticism and report job effects in terms

of job/years.
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Macroeconomic studies sometimes refer to induced employment as the impacts of the
macroeconomic equilibrium and closure.

The literature comtins fewer examples in which indirect and induced employment
effects are calculated. This usually requires the availability at least of aroumpuit

table which can link the output of the project sector to all the supply sectors, both
immediate and indect; the estimation of induced employment effects goes beyond
this and require full scale wholeeconomy modelling. In cases where inputput
tables are available, Leontief multipliers of direct, indirect, and induced effects are
typically calculated ash used. Evidence on the indirect and induced employment
effects in the literature to date comes in large from the bulk of developed countries
(particularly the US and the EU).

Potential The different methodologies haveethadvantages and disadvantages (for a detailed
weaknessesofcr i t i cal revi ew see Bacon and +Hojwinma,
different approaches and static inpuitput tables may suffer from lack of sectoral detail, in
approaches which case the estimated effects might notfidly representative. Moreover such
approaches may not represent effects of scale or substitution caused by changes in
prices and wages brought about by large sector investments. An additional point to
consider regards the timing of employment impacts kidepends in large on the
nature of the projects. For a given amount of CIM expenditure, those projects having
long lead times will likely result in a smaller number of jobs at any point in time than
alternatives that have shorter gestation periods. Hawaderessing these drawbacks
at a macroeconomic level can be difficult because of lack of information.

Analysis of the employment effects should also take into consideration the impacts of
crowding out effects on demand that may arise from the finand¢ittgerojects and

the second order effects that can affect interest rates and wage rates. For instance
studies that have considered the implications of equivalent taxes on employment have
found that the net employment created by a subsidy or fiscalionjezn be modest if
account is taken of the jobs lost as a result of an equivalent increase in taxes to
maintain longrun budget neutrality, and this can be the case for programmes that
promote renewable energy.

Studies have also paid little attentiorthe impact on household budget of consumers
increasing spending on energy programmes. This is particularly important for the
estimation of the effects of energy efficiency projects. Even after households have
paid for the costs of the improvement, energfficiency programs may save
households money, which could result in additional expenditure and employment or
conversely they may induce lower demand by households if energy efficiency costs
have a multiyear payback time (ECF, 2010).

In general, projectthat increase the cost of energy to the user (such as obligations for
generation from renewables) will result in reduced expenditure on other goods and
services, possibly inducing reduction in employment at national level (Hillebrand et
al, 2006; Frodel teal, 2009). Another point to consider is the financial context in
which the energy project is evaluated. When investors are confident (for example prior
to 2008), the risk premium that they demand is likely to be lower than in periods of
uncertainty, whib has an important impact on the cost of cajpiti@nsive projects.
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33 The DG Employment 0Green Jobsd6 stu

Introduction This Green Jobs study was completed by a consortium comprising Cambridge
Econometrics, the Institute for Employment Research at WarWitikersity and
GHK Consulting (now ICFGHK) in 2011. It is available on the DG Employment web
site"® and is referred to as Cambridge Econometrics et al (2011) in this report.

The underlying aim of the study was to provide an assessment of the employment
impact s o0-202t0be e r onment al targets in th

9 to reduce GHG emissions by 20% by 2020 compared to 1990 levels
i to have a 20% share of energy being generated by renewables in 2020

The study also considered the objective of a 20% reduction in enengymption,
due to efficiency measures.

A subsequent study by Eurofound (2012) built on the results of this project to consider
aspects of job quality. We also discuss the findings of that study towards the end of
this section.

Macroeconomic The E3ME macresectoral model was used to assess a set of scenarios that considered
and detailed each element of the targets individually. It found that the policies required to meet the
sectoral analysis 2020 targets could lead to a small net increase in employmaintlyrdue to the large
levels of investment required in renewables and ereffigient equipment. The
results showed that the jobs that were created were mainly in the construction and
engineering sectors (and their supply chains), while there could duetiens in
employment in fossil fuel sectors.

The modelling was only able to consider changes in employment at approximately the
NACE 2-digit sectoral levél, as this was the greatest level of detail supported by the
available data. It is clear that thezeuld also be movements in employmeuithin

these sectors, which the modelling was not revealing. The analysis therefore also
included a set of case studies of salstors where there could be either large
reductions or increases in employment, or chatigé¢he nature of the jobs involved.

In general the study found that in most cases it would be possible for displaced
workers to find jobs in newer and growing ssdctors, although additional training
may be required in some cases (which may or may e@rdwvided by the companies
involved). There could also be some quite negative localised impacts when a town is
dependent on a single factory or mine that faces closure.

Churn and The study also considered the possibiesg employment effects and the impacts of
technological the policies on jobs created and lost. It concluded that although the policies would lead
change more to increased churn in the labour market, this would not represent a substantial increase

generally on the rates of job creation anestiuction that typically occur in the economy.

This led into a discussion of technological development and the changing nature of
jobs in a dynamic economy, including the current trend towards increased services
employment. The scenarios of the-2B20 targets presented a view of accelerated

technological change, which was induced by policy, but resembled other periods of
rapid technological development, such as the ICT revolution. In that case, new

16 Seewww.ec.europa.eu/social/BlobServlet?docld=7436&Iangld=en

" That is, the 42 sectors in the version of the E3ME model used for the study.
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products changed the nature of many different industnes the jobs within these
industries. This theme is picked up in Sectohbelow.

While the Green Jobs study included much that isvesit to the present study (and
indeed it included its own literature review), its scope was in some respects more
limited.

Time coverage The Green Jobs study largely focused on the period up to 2020, as this was the target

Energy
techndogies

The Eurofound
study

Conclusions

year for the policies that wemrssessed. In this review we consider the period up to
2050. This has two important implications.

T The DG Empl oyment study <covered a per
expected to be operating largely below capacity, due to the financial crisis and
recessia. The sectors that produce investment goods (and which were the
principal beneficiaries in the scenarios) were particularly affected by the recession,
and so it was envisaged that there would be a large available stock of labour that
could be drawn on tproduce new equipment.

1 The period up to 2020 is largely concerned with changes to the existing labour
force. Looking in the |l onger term up t
retired and new workers will have entered the labour market.

The Green Jobs study did ragnsiderall of the technologies that are explicitly noted

in the Energy Roadmap scenarios. For example, there was a relatively limited
discussion of nuclear power in the study, whereas it is the basis of one of t#goscen

in the Roadmap.

We therefore pay particular attention to these technologies, and how they might
develop in future, ithe sections below

The Eurofound studyG a u ¢etaa. (2013), was carried out by the Public Policy
Managementristitute in Lithuania. It reinforced and built on the results of the Green
Jobsreport The study reiterated the previous conclusions that there are movements in
jobs between sectors but that the most important development will be a general
greening of exdting jobs.

The study looked in detail at ten specific sectors, with the aim of identifying possible
future changes in job quality, but was unable to determine clear trends. Nevertheless
the results suggested that the impacts were likely to be quite. shinal policy
recommendations included improving the dialogue between policy makers and
industry to allow businesses to anticipate changes in future skills requirements.

The Green Jobs study concluded that at macroeconomic level the impacts of
environmental policy were typically small; while green policies were not going to lead

to large net job losses, there were not going to be substantial numbers of net new
6greend jobs either. I nstead it was sug
betweers ect or s and a general OG6greening6 of

However, it seemed likely that in a few specific cases there could be adverse impacts
from energy/climatepolicy as a result of low labour mobility (both between sectors
and geographically) and workerscdoening displaced and unable to find new jobs. It
was suggested that older workers might be particularly affected. In addition, there
could be skills shortages in some specific positions, notably related to research and
engineering.
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It was therefore recommeed that there could be an active role for policy in helping
to manage the shetérm transition from older to newer technology types, but that this
should be seen in the context of the wider labour market, which is in a constant
transition due to technogjical progress and other economic factors.

These conclusions are all relevant to the present study but the focus here is more on
long-term outcomes up to 2050, rather than skemrn transition periods.

3.4  Energy Roadmap 2050

This section provides aoverview of literature examining the Energy Roadmap 2050
and the potential costs and economic implications of implementing policies designed
to meet the Roadmap objectives.

The Energy Roadmap 2050 explores the challenges set in deliveringicion of

GHG emissions by at least 80% compared to 1990 levels by 2050, while maintaining
or improving on the current reliability of electricity supply, energy security and
economic growth in the EU.

The importance and ambitious nature of the Roadmpgeidle is made evident by the

large amount of literature focusing on the potential impact of the different scenarios
outlined in the Roadmap and other possible alternatBesause the target set in the
Energy Roadmap 2050 cannot be achieved withoutstlcmmplete decarbonisation

of the power sector, most studies concentrate on possible technology mixes that can be
used to achieve such an objective and their implications for emissions reduction,
future investment and energy prices. Some, but relatiwsly Studies focus on the
economic and labour market impact of these scenarios.

The Impact Assessment accompanying the Energy Roadmap 2050 (European
Commission 2011) included a stakeholder consultation in which a selection of
decarbonisation studies pulhied up to 2010 were reviewed in order to compare
different views on how the EU can decarbonise its econdimge main studies (and

six main scenarid® were analysed by the European Commission for the development
of the Energy Roadmap, which we have alseiewed. The scenarios are listed in
Table 3.1, from which it can be seen that renewables and nuclear are among the key
technologies required to achieve the 2050 ahbje. CCS is considered in the ECF

and Eurelectric scenarios but, because the technology is not yet ready for widespread
deployment, it is not considered in the others.

The five decarbonisation policy scenarios included in the Energy Roadmap 2050,
which draw on the stakeholder scenarios and findings, are:

energy efficiency

diversified supply technologies
high renewables use

delayed CCS

low nuclear

=A =4 =4 -8 =4

18 strictly speaking, seven policy scenarios are included. Scenario 1 is a BAU Reference scenario which takes account
of policies implemented by 2010. Scenario 1b is is an updated Reference scenario which takes account of initiatives
that had been adopted or proposed by the EC since March 2010. The remaining five scenarios represent alternative

decarbonisation pathways.
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Table 3.1: Roadmap 2050 stakeholder scenarios

Scenario CO, Fossil fuel price Sources of electricity
reduction  assumptions, 2050 production in 2050
compared

to 1990
Baseline -20%
Greenpeace Advanced -97% Based 91% on RES (including
Energy Revolution imports).Nuclear phaseut. No
Scenario CCS. Rest isupplied by gas.
Greenpeace Energy -90% Oili124 G200 Based98% on RES (including
Revolution Scenario Natural gas 22 imports).Nuclear phaseut. No
62005/ GJ CCS. Rest is supplied by gas.
Coalil43 020!
ECF Roadmap 2050: -96% Oili73 02005 Forthe 40% case nuclear
40% RES, 60% RES Natural gas 9 accounts for 27% and CCS for
and 80% RES Scenaria 62005/ GJ 30%.
Coali69 01200'!
Eurelectric Power -90% Nuclear accounts for 30%.
Choices Scenario Significant contribution of CCS
coaland gas power plants (arou
30%).

The results of the various impact assessment studies are summarised in the following
paragraphs.

Whatever mix of technology is used to achieve the emission targets, all the studies
agreed thathe switch to lowcarbon technologies will require significant investment.

At present, all lowcarbon technologies carry a relatively high capital cost. The
European Climate Foundation (ECF) study (2010) estimated that the proposed
decarbonised scenariosquire an increase in capital expenditure for the power sector

of 50% to 110% compared to baselth@nother study (SEFEP, 2012), which looks at

the Energy Roadmap scenarios, estimated the required additional annual investment at
around 0270 btAO yearseThis is dgevaleneta additional investment of
1.5% of EU GDP per annum (the present annual level of investment across the whole
economy is 19% of GDP).

The cost of the required investment is also affected by the increased transmission
capaciy and generation backup requirements needed bycéwton technologies.
Generally, generation backup requirements tend to increase as the share of renewables
in the electricity generation mix increases (see e.g. ECF, 2010).

The revewed papers accept that the switch to -lawbon technologies leads to
increases in energy prices. In the short term the cost of electricity in the decarbonised
pathways is higher than the baseline, and more so in the pathways with higher
renewable sharg&CF, 2010 and Eurelectric, 2009). This result is widely supported.

¥ The baseline is defined as the following electricity generation $l nuclear, 49% coal/gas, 34¢hewable

sources.
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For example a study on the impact of féedariffs in Germany (Traber, and Kemfert,
2007) found that the support for renewables in Germany had led to an increase in both
consumer and dlustry electricity prices, but more so for industry. However, more
recent evidence (particularly in Germany) suggests that a large share of renewables
could lead to a breakdown of marginal cost pricing in electricity, so there is
considerable uncertaintypaut future changes in electricity prices.

Steinbuks et al (2009) argue that if the increase in prices persists in the medium term it
can lead to changes in industry structure: as the price of energy services raises the
price of intermediate and final go®dhroughout the economy, a series of price and
guantity adjustments ensue, with eneedfjcient goods and sectors likely to gain at

the expense of energgtensive ones. In the long term, energy prices in the
decarbonised scenarios could be lower contpaoebaseline, if widespread energy
efficiency measures are implemented (ECF, 2012).

But it should be noted that it is difficult to gauge the full impact on energy prices, as
the switch to a decarbonised energy sector could lead to a decrease in fbssil fue
prices.

GDP and employment impacts vary across the scenarios, with ECF (2010) estimating
a relatively small impact on GDP and employment. The net impact on overall
employment is generally expected to be smallvith larger differences in particular
sectors. Sectors linked to investment in4cavbon technologies and energy efficiency
(e.g. construction, mechanical engineering, electrical engineering) are likely to see an
increase in employment, while enefigyensive industries may suffer (e.g. iron and
steel, metal products, coal, petroleum and gas) (see Cambridge Econometrics et al,
2011).

These impacts are highly dependent on global policy, as a study by Hibler and
Loschel (2012) points outsing a CGE modetig approach, they show how various
global and national climate action policies can have significant welfare impacts (see
Table 3.2). In their results, the estimatedelfare cost to the EU induced by the
decarbonisation envisaged in the Roadmap could stay below 0.3% until 2020 and
below 2% until 2035 in terms of consumption losses, with no action from the rest of
the world. The cost might increase to 3% afterwards asdiply much more in the
absence of technological breakthroughs (this is the case of the fragmented action
scenarios listed ifable3.2).

Some studiesdve already attempted to estimate the economic costs and benefits of
the Roadmap. There are many more which look at the economic and social impacts of
higher energy costs more generally, with only a small selection covered here.
However, the focus of thergsent study is less to look at the overall mdevel
picture, but more to concentrate on temploymenteffects, in aggregate and in
specific sectorsThis depends critically on the choices of technologies adopted and the
speed of transitionin the nex section we consider in more detail some of the key
sectors and technologies that are likely to be involved.

37



Table 3.2: Scenarios on global climate change action

Employmenteffects of selected scenarios from the EnéRggdmap 2050

1 Reference

2 Fragmented
action

3 Fragmented
Action Free

4 Fragmented
Action CDM

5 Global
Action

6 Global
Action
National

7 Global

Action
International

Notes:

Emissions
target

(-21)-40

(-25)-80

(-25)-80

(-25)-80

(-25)-80

(-25)-80

(-25)-80

Policy characteristicsin

the EU27

Currently implemented and

agreed policies

EU Decarbonisation

Roadmap

EU Decarbonisation
Roadmap with extended

allocation of free
allowances

EU Decarbonisation
Roadmap with extended &
optimistic CDM use

EU Decarbonisation

Roadmap

EU Decarbonisation
Roadmap & equalisation of
ETS and no+ETS prices

EU Decarbonisation

Roadmap & full

international emissions

trading

Policy
characteristics
abroad

Copenhagen
pledges for 2020
& kept constant
afterwards

As above

As above

As above

Copenhagen
pledges
intensified for all
regions & up to
80% by 2050 in
Annex 1

Copenhagen
pledges
intensified as
above
Copenhagen
pledges
intensified as
above

1) Emissions targets are for (2020) and 2050, compareao levels.

EU27
welfare
impact?

2050

-6.0%

-6.5%

-0.2%

-5.8%

-3.4%

-2.7%

2) Welfare change is measured as the Hicks Equivalent Variation referring to the change in
expenditures (in value form) of the representative EU constiiigenes are % difference from
baseline.

Sources: Hubler and Loschel, 2012.
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3.5  Focuson specific technologies to 2050

This section provides information on the potential impact on sectoral employment and
the skills mix of the key lovcarbon technologies. We discuss a selection of the most
important technologies in turrAt the end of the extion we present tables that
summarise employment estimates associated with specific technologies.

An increasing number of studies have focused on estimating the employment
associated with alternative energy technologies (like EWEA, 2009b), as well as the
employment effects of energglated policies and projects. Research ranges from
studies at project level (indicative is the CH2MHILL, 2009 study on photovoltaic
reserve and the ECF, 2010b study on building energy retrofit) and subsector level (see
for instance PWC, 2011 study on the oil and gas sector) to macroeconomic studies
focusing on the impact on macro employment effects of energy sector projects (see
Pollin et al, 2009) and on total employment effects of scenarios, for example on
penetration of dierent types of renewable energy (see for instance UNEP, 2008 and
REN21, 2010).

Studies estimating the employment associated with alternative energy technologies
come mainly from organisations associated with the specific technologies (see for
instance veous reports on employment effects of wind energy produced by the
European Wind Energy Associati®WEA , or the reports on US solar employment
needs produced by the Solar Electric Power Association ).

Although there is quite a wide range of literaturgareling these technologies, many
studies come from an engineering perspective and therefore do not contain as much
information about employment or skills requirements (or economic impacts more
generally). We are therefore sometimes required to infer tsilpe employment
impacts, whether these arise directly (i.e. in technology development, or installation or
operation) or indirectly (e.g. through changes in electricity or carbon prices).

Key Technology: The EU i s one of moes ofweanewahleteserghp POQ7gEJs t pr
Renewables| eaders agreed that 20% of the regionds
from renewabl e energy sources and in 201

Renewable Energy Directive (Directive 2009/28/EC 28 April 2009 on the
promotion of the use of energy from renewable sources), making the 2020 renewable
target legally binding.

In 2010, close to 20% of electricity generated in the EU27 came from renewable
sources, with Austria, Sweden and Portugal aNidw over 50% of generated
electricity from renewable sources. Germany, France and the UK were all below the
EU average, with only 17%, 14.5% and 6.7% respectively of generated electricity
coming from renewable souréés

Renewables are expected to playey kole in achieving the objectives of the Energy
Roadmap 2050 and they feature predominantly in the stakeholder scenarios which
contributed to it. Although some renewable technologies are not yet fully
commercially viable, there is significant policy soppfor their implementation.
Expansion of renewable technologies is likely to lead to new types of jobs and skill
requirements.

2 Eurostat data for 2010. Last updated2drn06/2012
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Employment andRenewable energy technologies have been found to be more-iatemgive than
skills conventional energy techlogies in delivering the same amount of energy output (see
Table 3.3). As such, increased implementation of renewable technologies is likely to
lead to increasecdmployment, at least in the sectors directly connected to the
manufacture and operation of such technologies.

In Europe, current job gain@t least in gross termsye expected to be greatest in
biomass technologies, both in the biomass energy industry and in fuel supply, but all
renewable technologies show letggm net job creation (ECOTEC, 2008, OECD,
2012, Fankhauser et al, 200&. study by ECOTEC (2008) on thexpansion of
renewables in the EU expects job gains to be the greatest in the agriculture and
manufacturing sectors, while the conventional energy supply industry is predicted to
lose less than 2% of its workforce by 2020. The jobs displaced as a resulisafies

to support renewable energy deployment are estimated to be considerably fewer than
corresponding job gains (both direct and indirect impacts) elsewhere in the economy.
UNEP (2008) also points out that bioenergy has the highest potential ® jolesin

many OECD countries. However, the expansion of this sector will likely lead to
increased competition with the agricultural food sector and put pressure on land and
other resources; it is not clear whether this involves displacement of workars fro
agriculture.

While agriculture employs only around 5% of the total workers in the EU, this figure
varies from country to country. In Romania the agricultural sector employs almost
30% of the total number of workers, while in Greece and Portugal the figaround
119%*. As such, a future expansion in bioenergy will lead to disproportionate impacts
across EU Member States, whether positive or negative.

Table 3.3: Average employment over the life of a facity (jobs/MW)

Construction, Operation & Total employment
manufacturing, maintenanceand
installation fuel processing
Solar PV 5.766.21 1.2014.80 7.41110.56
Wind 0.43 251 0.27 0.7112.79
Biomass 0.40 0.382.44 0.782.84
Coal 0.27 1.01 0.74
Gas 0.25 0.70 0.95
Sources: Kammen et al. (2006) cited in Fankhauser, 2008.
Notes:  Ranges refer to the results of different studies. Employment is shown relative to the average inst
capacity, correcting for differences in capacity factor, becersmvable installations operate only
20% of the time, compared with 80% for fossil fuel plants

Fraunhofer ISI et al (2009) used the NEMESIS and ASTRA models to look at the
impact of renewable energy policy in the EU up to 2030. The study explored the
following scenarios:

1 No policy - reference case for the subsequent assessment, the case of no further
RES support until 2030.

2 Eurostat data from 2010, national accounts, last updat8d/6t/2013
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1 BAU with moderate export sharall existing RES policies will be continued until
2030 in the EU and worldwide. Exportsabsolute numbers increase, but the EU's
export share declines over time.

9 BAU with optimistic export shareall existing RES policies will be continued
until 2030 in the EU and worldwide, leading to innovations within the EU and a
slightly decreasing expbshare of the EU.

9 Accelerated deployment policies (ADP) with moderate export stereeleration
of RES deployment policies. A moderately declining export share is assumed for

the EU.

91 ADP with optimistic export shareacceleration of RES deployment jgigs. A
slightly decreasing export share is assumed for the EU.

The scenario results are givenTable 3.4. The results from the NEMESIS model
show that the ADP soarios have the greatest gain in employment. Under these
scenarios, the most important technologies contributing to the additional employment
are wind energy, solar energy and liquid biofuels for transport. More optimistic
assumptions on future world matkehares for renewable technologies have an

important impact on the employment in the renewables sector and could increase the
net number of employees by more than 120,000 compared to the moderate export

assumptions baseline. The study finds that, in gersas, EU future employment in

the renewable energy sources sector could grow to 2.8m employees in 2020 and 3.4m

employees by 2030.

Table3.4: Mo d e | resul ts

2030, %

from 6No,2009l i cy o

Scenario NEMESIS (EU27 + Norway | Astra (EU27 + Norway
excluding Cyprus and and Switzerland)
Bulgaria)
GDP Employment GDP Employment
BAU with moderate export share 0.14 0.08 0.30 0.14
BAU with optimistic export share 0.20 0.12 0.30 0.15
ADP with moderate export share 0.36 0.24 0.40 0.03

Sources: Fraunhofer ISI et al., 2009.

The employment results from the ASTRA modelling exercise are considerably smaller
than the NEMESIS results, particularly for the ADP scenaribe feasons for the
difference in results between the models reflect the different treatment of investment

between the two. The renewables investment is added as a whole into the output

equation of NEMESIS, while in ASTRA it is split into the investment ponent and

the export component, which both also enter the final demand and output equations,

but differ in how they affect transport demand and productivity growth in the national
economies. Furthermore, the treatment of the renewable investment tbatresded

also differs across models. NEMESIS treats it as final demand (generating trade
indirectly after), while ASTRA uses its trade model directly to assign the supply of the
intermediate goods to EU countries. In addition, energy costs have sligfehgrat

treatments between models, with a cost increase affecting the trade model and

competitiveness in NEMESIS, while in ASTRA it has more effect on consumption
patterns and the inpautput relations from the energy sector to the other sectors.
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Thus inthe ADP scenario, the stronger impact of the energy cost increase after 2026
modelled by ASTRA significantly dampens the growth in employment.

Another study looking at the sectoral implication of the expansion of renewables in
Germany (Blazejczak et aRp11) found that changes in the structure of final demand
have an impact on sectoral employment, even without considering future changes in
the interlinkages between sectors. The manufacturing industry benefits the most, but
there are also large positieenployment effects in businesslated service sectors. In
contrast, employment in public and private services decreases. Over time, the
differences decrease due to se&muahd effects.

A study conducted by Sastresa et al. (2010) in Aragon, Spain lottke quality? of

jobs created by the renewable sector. The author found that the wind energy sector had
a positive impact on the quality of jobs, while solar thermal and photovoltaic
technologies resulted in lower quality jobs. However, Del Rio and Bilog@008,

qguoted in Lambert and Silva, 2012) argue that, in the case of renewable energy placed
in a rural location, jobs with low skill requirement are likely to provide more
employment benefits to the local community, due to the likely low skill levalral
workers.

Employment in Among renewable technologies, photovoltaics have one of the highest growth rates
solar and have now begun to achieve grid parity (the point at which alternative means of

generating electricity is equal in cost, or cheapen tipad power) in some regions.
Although unlikely in our opinion, a study estimates that by 2050 electricity from
photovoltaics could cover up to 90% of total global energy demand, given a global
capital investment in photovoltaic manufacturing capacit$ifobn (2010 prices) by
around 2030 and $1,500bn by 205@lobal employment in photovoltaic
manufacturing is predicted to rise to 6m by 2050 (Grossmann et al., 2012).

Employment in The European Wind Energy Association (EWEA, 2009) estimates that wind energy
wind employment in the EU will more than double by 2020, from 154,000 in 2007 to

almost 330,000. According to the report,-siore wind energy will continue to
provide more jobs to 2@2 By 2025, offshore wind energy employment will exceed
onshore employment and by 2030, more than 375,000 people will be employed in the
European wind energy sector (160,006sbore and 215,000 efhore). Currently
75% of direct employment in the wirehergy sectors is in Germany, Denmark and
Spain.In the UK, a report (Esteban et al., 2011) on the British North Sea energy sector
claims that, if adequate policies are put in place to support the sector, -Btef
renewable industry could absorb egelar the job losses arising from the depletion of
North Sea oil. According to the report, by 2020 the oil and gas industry would employ
between around 14,000 and 18,000 people (depending on the scenario) and the
renewables sector would have between 1,400 4,800 employees maintaining
structures and 14,000 and 18,000 involved in the installation of new devices. By 2050
the oil and gas industry would only have between 1,600 and 4,000 employees left, but
the oftshore renewable sector would be employing Q0,60 12,000 people in
maintenance and 19,000 to 20,000 people in the installation of new devices.

2 To determine quality the authors constructed a Quality Factor (QF) for each technology ranging betweén 1 and
with 1 indicating a very specialised, stable and local job. The QF was calculated using adjustment factors for
territoriality, temporal nature gbb and specialisation of job but the exact adjustment factors are not described in detail
by the authors.
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Another study on the expansion of wind and marine energy in the UK found that a
near tenfold increase in wind would result in an increase in directirhdl
employment from 10,600 in 2010 to 55,600 in 2021. A further 32,700 indirect roles
will also be supported through broader supply of goods and services to the industry.
The majority of these positions are likely to be skilled jobs requiring eithetirnegl
vocational and higher education courses or specialisith@job training
(RenewableUK, 2011).

The wind energy sector is already suffering from skill shortages. Blanco and
Rodrigues (2009) conducted a survey of companies working in the wind energy sector
across the EU and found that the number of engineers that graduate every year is
insufficient for the needs of the economy. Interviewed companies claim that the most
difficult positions to fill are related to operation and maintenance, project management
and aerodynamics, computational and fluid dynamics engineering. Furthermore, most
reviewed sources pointed out that graduates often need additional specialisation to
work in the sector, placing an additional cost on to the firms involved.

The EU Ecodesign Directive (Directive 2009/125/EC) was implemented in 2005 and
sets mandatory ecological requirements for enegigg and energyelated products

sold in allthe Member States. Its scope currently covers more than 4@igrgbups
(such as boilers, light bulbs, TVs and fridges) and in 2009 a revision of the Directive
extended its scope to enenglated products such as windows, insulation materials
and certain watensing products.

In 2012 the EU adopted the Directivdd12/27/EU on energy efficiency which
promotes energy efficiency within the EU in order to ensure the achievement of the
Uniondés 2020 20% headline objective on
further energy efficiency improvements beyond that.delés Directive establishes a
common framework of measures for the promotion of energy efficiency within the
Union in order to ensure the achievement of the 2020 tafigetsintelligent Energy

Europe Il Programme (IEE Il, see European Commission 2G0jched in 2010 and

building on the experience of its predecessor IEE | which ran from 2003, provides
financial support for projects that promote energy efficiency (as well as greater uptake

of new and renewable resources in energy use).

Anotherimportan piece of legislation on energy efficiency is the Energy Performance

of Buildings Directive (EPBD) (Directive 2002/91/EC,EPBD), first published in 2002,
which required all EU countries to strengthen their building regulations and to
introduce energy cefitation schemes for buildings. All countries were also required

to have inspections of boilers and-e@anditionersin 2010 a recast of the EPBD was
adopted by the European Parliament in order to strengthen the energy performance
requirements and to clfyr and streamline some of the provisions.

Economic impact Ecofys (2012) estimated that a full implementation of the Ecodesign Directive could

result in net savings for European consu
in 2020. Thismeansnetsavgs of 01280 per household pei
savings in other sectors of the economy could result in the creation of 1m jobs.

The Impact Assessment of the Energy Efficiency Directive looks at various policy
options to assess the potential emmit, social and environmental impact of
implementing the directive. The impact analysis is split by various levels of policy
options. The first level relates to whether there should be legally binding energy
efficiency targets on Member Statéssecond ével of analysis relates to the nature

43



Employmenteffects of selected scenarios from the EnéRggdmap 2050

and impact of legal measures; most of the options are based on the current instruments
of the Directive as well as new policy measures (the energy savings obligation and
tools to enhance generation efficiency and gifitciency). Potential alternatives are

also reviewed. The overall GDP impact of the proposed package of measure is
estimated to be positive in 2020, with most sectors benefitting but the notable
exception of the sectors that are related to fuel. Theased efficiency is expected to

lead to lower input fuel needs for the other sectors resulting in increased employment
and wages. Results from the E3BME model suggest that total EU employment is
estimated to increase by 0.18% compared to baseline in 2088p@an Commission,
2011).

Employment and All the studies reviewed here agree that the construction sector will be the main direct
skills beneficiary of increasing energy efficiency standards, mainly because retrofitting and

improvement of buildings is Ebourintensive process. A modelling exercise carried
out by BPIE (2011), which looks at the impact of implementing energy efficiency in
buildings by 2050 across Europe, highlights the potential employment gdias.
study considered five scenarios, faogson various speeds (slow, medium and fast)
and depths of renovation (minor, moderate, deep and nearly zero energy). Individual
scenarios combine different speeds and depths, and are compared to a-bssiness
usual scenario, which assesses what woulgdrajif there were no changes from the
approach taken today.

The number of net jobs created appears to be highest in the scenarios with the highest
level of energy efficiency implementation (deep and-stage, se@able3.5).

Table 3.5: Main scenario results over 2050, EU

Scenario Baseline 1A 1B 2 3 4
Building renovation Slow & Fast& Medium Deep  Two-
type Shallow Shallow stage

Saving as % of today % 9 34 32 48 68 71
Investment costs (preseit b n 164 343 451 551 937 584
value)
Savings (present value) G b n 187 530 611 851 1318 1058
Average annual net jobs m 0.2 0.5 0.5 0.7 11 0.8
generated

Sources: BPIE, 2011.

These findings are further supported by an analysis (3CSEP, 2012) which looks at the
employment impacts of deep building energy retrofits in Poland. The report estimates
that a programme costing bet weedngoniti. 2bn
speed of the retrofit S3 woul d be the most expensi ve
and 0u1. 3bn wouldhavwe & drecplaboucimpact in the construction sector

of between 15,000 and 87,000 ftithe equivalent jobs in 2020 compared &séline.

Most of the new jobs will require skilled labour (Sesble3.6).
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Table 3.6: Direct labour impacts on the construction sector, divided by skill level, Poland

Employment, Baseline  S1- slow S2 S3- fast S4-
thousands FTE retrofit medium retrofit suboptimal
retrofit medium
retrofit

Professional 1 7 11 16 3
Skilled 12 34 57 90 26
Unskilled 6 5 8 11 5
Direct labour 19 46 76 106 34
involved: total

Sources: 3CSEP, 2012

The 3CSEP (2012) report further looks at the net employment effect, distinguishing
between three types of induced effects: those generated by the additional jobs created
by the investment in construction, those destroyed by job losses in the energy sector,
and the induced impacts fuelled by the energy cost savings at a sectoral level. The
results are presentedTiable3.7.

Much of the employment gain is an indirect anduced result of renovation activities

(i.e. in the sectors supplying materials and other inputs to the construction sector, plus
in all other sectors of the Polish economy positively impacted by the programmes). In
2020, 75% to 80% (depending on the rem®) of the gross employment created
corresponds to these categories, whereas only 20% to 25% of those jobs are created in
the construction sectof.he largest indirect and induced employment gains can be
seen in the following industries: community anaocial services (a very labafir
intensive sector), manufacturing (a sector making an important contribution to the
programme through the supply of materials for the renovations) and the construction
sector.

Table 3.7: Indirect and induced impacts for the renovation scenarios in 2020, Poland

Employment, thousands Baseline S1 S2 S3 S4
FTE

Agriculture, hunting, forestry 1.3 4.0 6.6 9.3 2.7
and fishing
Mining and quarrying -1.2 -0.7 -1.0 -15 -15
Manufacturing 6.6 30.1 335 46.9 12.6
Electricity, gas and water -3.7 -4.0 -6.5 9.1 -5.2
supply
Construction 11.6 32.2 53.7 75.2 22.9
Wholesale, retail, trade, 1.5 4.5 7.6 10.6 3.0
restaurants and hotels
Transport, storage and 0.8 2.8 4.7 6.5 1.8
communications
Finance, insurance, real estate 1.3 4.3 7.2 10.1 12.7
and business services
Community, social and person; 7.3 235 39.3 55.0 155
services

Sources: 3CSEP, 2012.
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Looking outside the EU, Bezddg2007) estimates that increased energy efficiency
initiatives in the US could result in between 17,800 and 32,000 thousand jobs (direct

and indirect) (se&able3.8).
Table 3.8: Jobs created by 2030 compared to baseline, 2006, USA, thousands

Scenario Renewable Energy
Energy Efficiency
Baseline 1305 14953
Moderate renewables and energy efficiency initiatives 3138 17825
Advanced renewables and energy efficiency initiatives 7198 32185
Sources: Bezdek, 2007.

A literature review (Pearce and Stilwell, 2008) on the employment effects of climate
change policies in Australia finds that, in the medium term,irtfiementation of
efficiency measures would result in more jobs than would otherwise be the case,
because of the laboimtensive nature of making improvements.

While a small number of pilot projects are being implemented, dscgle ©S

deployment remains unproven and it could take time before such technology becomes
commercially viable. There
employment effectsHowever, CCS shows potential and an IEA (2012) analysis
suggests that witho CCS, overall costs to reduce global emissions to 2005 levels by
2050 could increase by 70%.

One of the main issues with CCS technology is the high energy penalty. The
technology is expected to use between 10% and 40% of the energy produced by a
power stdon (Rochon, 2008), which means that waitmle CCS adoption could
result in the loss of all efficiency gains in coal power plants of the last 50 years, and
increase resource consumption by a thdndother issue regarding CCS deployment is

the safe andgrmanent storage of G@nd potential storage leakage rates that could

under mi ne

any

is also considerable uncertainty about possible

climate change mi tigati o

technology, CCS would increase the cost of generating electricity by 50% to 100%
(IIASA, 2012). Even with thehigh fuel penalty, overall levels of GGbatement

would remain high (around 80% to 90%) compared to a plant without CCS (IPCC,
2005) and it is possible for CCS, when combined with biomass, to result in net

negative emissions.

At present, there are fourGS projects running in the EU. These are listedable

3.9.
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Table 3.9: Current CCS projects in the EU

Project title Location Type Facility Storage area
Demonstration Germany Integrated CCS Power Saline aquifer
Project project generation Birkholz/Beeskow,
Janschwalde saline aquifer

Neutrebbin, depleted
natural gas field Altmark

Begchat - w Poland Integrated CCS Power Three potential storage

Project project generation sites have been
identified. The detailed
appraisal of sites is

ongoing.
ROAD-Project The Integrated CCS Other, Power P18A - offshore
(Rotterdam) Netherlands  project generation depleted gaseservoir
Compostilla Oxy Spain Integrated CCS Power Duero basin

CFB 300 project generation

Sources: http://www.zeroemissionsplatform.eu/projectsfgojects.html

Costof CCS Because CCS is such a new technology, there are a limited number of studies that
implementation focus on its potential impact on emissions and electricity generation, and even fewer
and potential that focus on the potential economic and emplent effects.

Impact From the technology point of view, some believe industrial CCS applications (or zero

emissions plants) can be commercialised by 2020, withdiratkind plants coming
into operation in the EU by 2015. However, the investment requiredrtg 6CS to

market is substantial. Early demonstration of CCS in indusicialle power plants will
require a considerable increase in spending, gésonp investment for CC&quipped

plants is approximately 30% to 70% higher than for standard plantsatibgecosts

are currently 25% to 75% more than in ADES coaffired plants, mostly due to
efficiency losses and costs of capture and transportation gf.G@Qrthermore, more
R&D expenditure would be required to improve the process.

As noted byEurelectric (2009) and others, there is an important interaction between
CCS and the carbon price. IEA (2012) provides estimates of the carbon prices at
which CCS (in both the power sector and for industry) becomes competitive. At these
points, there coulde quite large and ndimear impacts on the EUA price, which
would affect all sectors covered by the ETS.

Employment and It is difficult to estimate the employment effects of widescale implementation of CCS
skills since there are so few applications.témms of skill mix, it is safe to assume that

implementation of this technology would require the updating of existing skills (e.g.

plant workers, construction of plants) and introduction of new skills (e.g. specialised

2 European Commission, DG Research and Innovation,

http://ec.europa.eu/research/energy/eu/index_en.cfm?pg=resear¢Accessed 07/02/2013]
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to CCS implementation and R&D). Olowisly, sectors related to CCS technologies
would benefit directly.

AEA (2008) looks at the possible value to UK business of-igated carbon
abatement technologies to 2030 under different scenarios and estimates an increase in
CCSrelated employment gtist over 25,000 jobs by 2030 (gross measure), based on
5GW of new coal plant capacity with CCS.

In a study on the impact of leearbon energy alternatives on employment in the US
(Wei et al., 2009) the authors find that aggressive energy efficiency resasu
combined with a 30% renewables target in 2030 can generate over 4timéull
equivalent jobyears through 20090, while increasing nuclear power to 25% and
CCS to 10% of overall generation in 2030 can yield an additional 500,08 #ob.

For CCS, thee technology optiofisare considered in the paper and the resultant job
numbers for these options are estimated at 0.17, 0.22 and 0-$6ajcbper GWh
respectively.

However, another study focusing on potential job creation ofclasson technologies

in the US (Engel and Kammen, 2009) found that CCS does not yet appear to have
strong influence in generating net employment. The study results suggest that CCS has
a lower job multiplier compared to the average multiplier for renewable technologies.

Key Technology: According to the International Atomic Energy Agency (IAEA), there were 67 civil

Nuclear nuclear power reactors under construction in 15 coufitries2012. In the US the
|l icences of wel | over a third ofo6@ he ¢
year$®. However, Japan's 2011 Fukushima Daiichi nuclear disaster prompted a rethink
of nuclear energy policy across the woi€hina, India and Japan have announced a
thorough review of their plans on nuclear enei@grmany decided to close all its
reactors by 2022 and Italy has effectively banned nuclear power; Spain and
Switzerland have banned the construction of new nuclear rea@&elgium is
considering shutting down three $ seven reactors by 2018n the other hand,
France has continued &xpress confidence in its own nuclear plans (as has the US),
while Poland and Lithuania have announced plans to start a nuclear power industry.

At presentl4 of the EUMember Statesse nuclear energy for power generatioith

just overl30 nuclear redors in operation. Over 40% of thesmactors are located in
France,while four more are under construction in Finland, France and Slovakia and
another eight are planréd

Economic and Analysis of the Roadmap decarbonisation pathways shiearole that nuclear energy
emissions impactscan play in reducing emissions. SEFEP (2012) explores the scale of the higher
emissions that would follow if nuclear is excluded from the future energy generation
mix. For example, the removal of nuclear from the Greenpedwarsed Revolution
Scenari@® would result in an increase in G@missions of 45%The analysis by
Eurelectric (2009) shows that the inclusion of nuclear in the decarbonisation scenarios

24 post combustion carbon storage for pulverised coal, post combustion retrofit for natural gascantbpistion
capture design for IGCC.
% hitp://www.iaea.org/pris/

2% hitp://www.world-nuclear.org/info/inf41.html#licence
27 hitp://www.reuters.com/article/2013/06/13/esnuclearsafetyid USBRE95C0GQ20130613

% Greenpeace, 2010. The scenario consise8#electricity generation fromenewables (including importsjuclear
phaseout and w0 CCS.The festis supplied by gas

48


http://www.iaea.org/pris/
http://www.world-nuclear.org/info/inf41.html#licence
http://www.reuters.com/article/2013/06/13/us-eu-nuclear-safety-idUSBRE95C0GQ20130613

Employmenteffects of selected scenarios from the EnéRggdmap 2050

leads to lower average electricity prices. Bauer et al (2011) essintad¢ early
retirement of nuclear power plants could lead to a discounted cumulative global GDP
loss of 0.07% by 2020 and double that if, in addition, new nuclear investments are
excluded.In terms of achieving emissions reduction targets, the authatstHiat
nuclear power is only of moderate importance. In the presence of a carbon budget,
nuclear power plants can contribute to reducing the galbfrom decommissioning

old plants (mainly coal), but they can be substituted by a mix of natural ga€@&h
hydropower and wind.

A separate modelling exercise (Bretschger et al., 2012) looking at a potential phase
out of nuclear energy in Switzerland by 2035 finds that this can be achieved at
relatively low costs, even when the expansion capacities of telthnologies are
limited. Consumer welfare is expected to decrease by at most 0.4% compared to
business as usual.

Employment A report for DG Energy (2012) analyses the employment effects of nuclear if it
contributes 20% of electricity in 2050 The detded breakdown of potential (gross)
jobs created in the EU is givenTiable3.10.

Up to 2020 the DG Energy report expects most activities in the nuclear energy sector

to be in safety upgrades (pdatkushima outcomes) and the launch of the studies and

first implementations of the loAgrm operation (LTO) programmes. The estimated
impact on jobsand value creation is limited:0, 000 j obs andablelbn p
3.10). It is expected that most LTO programmes would be implemented between 2015
and 2035 leadg to an additional employment of 50,000, while Agwild projects are
expected to generate an additional 250,000 jobs between 2025 and 2045. In addition to
these numbers, there is the employment generated by decommissioning plants and
waste managementtadties (se€Table3.10).

Looking outside the EU, Engel and Kammen (2009) examined the job creation
potential of lowcarbon technologies in the US and found thatearchas quite a low

job multiplier compared to renewable technologies, but slightly higher than
conventional energy technologies (Jeble3.11).

2 The the share nuclear in the 2050 electricity mix was set to match the Energy Roadmap 2050 Delayed CCS Scenario
share of 20%.
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Table 3.10: Breakdown of potential jobs from nuclear energy

Time frame Activity Jobs created over Value created
the period, absolute
values
20122050 Regular operation 900000 G70bn/ye
20122020 Stress test 10000 Ulbn/yea
20122030 LTO? (including stress test) 50000 G4.5bnly
Decommissioning 7000 Ulbn/yea
Waste management 10000 G3bn/yea
20302050 New build 250000 G25bn/ye
Decommissioning 20000 U2.5bn/y
Waste management 10000 U2.5bn/y
Notes: 1) LTO = longterm operation.
Sources: DG Energy, 2012.

Table 3.11: Average employment for different energy technologies

Technology Total job-years per GWh
Nuclear 0.15
Biomass 0.22
Solar PV 0.91
Wind 0.17
Coal 0.11
Natural gas 0.11
Sources: Engel and Kammen, 2009.

Skills requirementsJobs in the nuclear sector typically have hiyiil requirements, covering a range of
specific disciplines (e.g. nuclear physics), neededonit on the sites of the nuclear
plants but also in the supply industAs pointed out by Cambridge Econometrics et al
(2011), many European countries have an aging workforce with respect to these skills.
Opposition in several EU Member States calls mestion the extent to which the
required skills will be available in the future should it be decided to invest again in
nuclear.

For example, in 2010 the number of nuclear experts employed across the EU was
estimated around 77,000 (the highest shardamag in France followed by the UK),

with the biggest share of experts falling in the58bage group (see EHRI, 2012).

In 2009 the total number of nuclear engineering students and students following
nuclear energy related subjects that graduated (on ®BSc, or PhD) was just over
2,800. Given current trends, by 2020, the total need for nuclear experts by the nuclear
organisations active in the EU27 in 2010 is estimated at around 38,900.

Key Technology: In 2009 the European Parliamemgfr@ed to a move to mandatory targets for the CO
Electric Vehicles emission performance of ligluty vehicles registered in the EU, following
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insufficient progress under the voluntary agreement. This Regulation (EC No
443/2009) sets an average £@rget for new cars soltb 130 gCQkm by 2015
(gradually phased in from 2012). For 2020, Regulation 443/2009 sets a target of 95
gCOy/km. The regulation was reviewed by the European Commission and approved
with amendments to Annex Il (monitoring and reporting of emissions) in January
2013.

As a consequence, the car industry is likely to focus on producing vehicles with a far
smaller carbonfootprint (i.e. greater fuel efficiency and new propulsion systems
including electrification of transport as a key policy), while the transport sector will be
looking at a bettebalanced mix of transport modes;meaoritizing rail and public
transport (VWWF, 2009). Furthermore, a decarbonised electricity supply, as highlighted
in the Energy Roadmap 2050 scenarios, offers substantial opportunities to reduce
emissions in endse sectors through electrification, like switching from internal
combustion engineehicles to electric vehicles (EVs) and plaghybrids (PHEVS)

(IEA, 2010).

Employment andThe motor vehicles industry and the transport sector will be the most affected by the
skills increased support for electric vehicles and hybrids. The meskilrad workforce in
motor vehicles manufacture, such as technicians, welders or maggregors, is
likely to be the least affected by the change in production techniques brought about the
by the introduction of EVs and PHEVs. However, change in business sramiedled
with the increased sophistication of cars, are likely to lead to increased demand in
medium and high skill level jobs, such as software engineers, electrical engineers and
managersThe improvement of current electric and hybrid technologiesiellsas the
development of new technologies, will influence the demand for researchers in the
manufacturing sector. Development of new battery technologies stands out as a key
area in this respect.

In the transport sector, the introduction of EVs and PH&\dsald generate demand

for specialised technician and maintenance specialists familiar with such technologies.
However, the required skill level of these jobs is low to mediinather part of the
transport sector that is likely to change significantijogistics. The reorganisation

and reengineering of the transport system could lead to substantial retraining
processes for some occupations, as well as new professional development
opportunities. The required skill level for this sector is medium to tegi logistic
analysts, managers, engineers). Workers in the rail transport sector would only need to
top-up existing skills.

Cambridge Econometrics and Ricat@lBA (2013) look at the macroeconomic impact

of the transition to lowcarbon light duty vehies in road transport, and estimates the
potential net employment gain across the EU of supportingciowon (including
electric and hydrogen fuekll) vehicles at over 2 million jobs by 2050. The report
estimates that around a quarter of the new jobsrathe car manufacture value chain

(e.g. engineering, metal products). The rest are distributed across a wide variety of
sectors benefitting from increased consumer expenditure released by reduced fuel use.
The report includes a specific analysis oflslduirements.

CET (2009) estimates the rate of market adoption of electric vehicles in the US to
2030 and analyses the potential economic and employment impduts.net
employment gain is estimated between 130,000 and 350,000 jobs by 2030. New jobs
are created in the battery manufacturing industry and in the construction, operation,
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and maintenance of a domestic charging infrastructure network. The job gains
outweigh modelled job losses among gas station attendants, mechanics, and parts
industry manufactrers.

Summary We draw together here a range of employment estimates by key technology.
employment effects

Table 3.12 presents estimates that asmorted in terms of jobs per MW of installed
by key technology P P ] P

capacity.The estimates vary widely, and some studies provide limited evidence to
support the estimates. For instance the findings about PV effects on job creation vary
from 7.4/MW to as many as 51/MW. Job creatby wind projects vary from 0.7/MW

to 16.7/MW. Job impacts of natural gas using power generation vary between 1.0/MW
and 10.4/MW. Estimates of jobs generated by dmadéed power generation range
between 1.0/MW and 18.2/MW. The estimation of jobs astmtiaith biomass range
between 0.8/MW and 4/MW.

Table 3.12: Employment effects of alternative energy technologies, total jobs per M#

Energy technology  Country /region  Total jobs Source

per MW

Biomass Spain 4 Moreno and Lopez (2008)
us 0.8 REPP (2001)
us 0.78 Kammen et al (2006)
us 0.782.84 Fankhauser et al (2008)

Clean coal with CCS  US 2.5 UNEP EF Alliance (2009)

Coal us 2.2 UNEP SEF Alliancg2009)
us 18.2 UNEP SEF Allianc€2009)
us 6 UNEP SEF Alliance€2009)
us 1 REPP (2001)
us 1.01 Fankhauser et al (2008)
us 1.01 Kammen et al (2006)

Gas usS 0.6 UNEP SEF Alliancg2009)
us 10.4 UNEP SEF Allianc€2009)
usS 1 UNEP SEF Alliancg2009)
us 3.5 UNEP SEF Allianc€2009)
us 0.95 Fankhauser et al (2008)
us 0.95 Kammen et al (2006)

Hydro us 3 UNEP SEF Alliance€2009)

Nuclear us 5 UNEP SEF Alliancg2009)
usS 14 UNEP SEF Alliancg2009)

Qil us 4 UNEP SEF Alliancg2009)

SolarPV Spain 34.6 Moreno and Lopez (2008)
us 6.5 UNEP SEF Alliancé2009)
usS 45 UNEP SEF Allianc€2009)
us 1.1 UNEP SEF Allianc€2009)

S0 UNEP SEF Alliance (2009) summarises the results of a number of earlier studies. Estirffatientidilsare
associated with source antethodology differentiald=or a detailed review of the sources and methodologies see
UNEP SEF Alliance (2009), Table 1112, page 81.
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Energy technology  Country / region  Total jobs  Source
per MW
us 7.4 REPP (2001)
World 51 EPIA and Greenpeace (2008)
World 10.6 UNEP SEF Allianc€2009)
us 7.41-10.56 Fankhauser et al (2008)

SolarThermal us 40 UNEP SEF Alliancg€2009)
usS 35.5 REPP (2001)

Spain 2.22 Caldks et al (2009)
us 7.41 Kammen et al (2006)

Wind EU 15.4 UNEP SEF Alliancg2009)
usS 3.6 UNEP SEF Alliancg2009)
us 0.9 UNEP SEF Alliancg2009)
usS 5.1 UNEP SEF Alliancg2009)
us 16.7 UNEP SEF Alliancé2009)
us 6.6 UNEP SEF Alliancg€2009)
us 4 UNEP SEF Alliance2009)
us 0.7 REPP (2001)

World 2.8 EPIA and Greenpeace (2008)
Spain 0.86 Blanco and Rodrigues (2009)
Belgium 6.97 Blanco and Rodrigues (2009)
Denmark 5.44 Blanco and Rodrigues (2009)
Austria 0.76 Blanco and Rodrigues (2009)
Czech Republic 0.86 Blanco and Rodrigues (2009)
Spain 1.35 Blanco and Rodrigues (2009)
Germany 1.71 Blanco and Rodrigues (2009)
France 2.44 Blanco and Rodrigues (2009)
UK 0.48 Esteban et al (2011)

us 0.71 Kammen et al (2006)

us 0.71-2.79 Fankhauser et al (2008)

Table3.13 presents results in which the employment effects are distinguished by CIM
and O&M stagesAgain, a wide range is reported. Estimates show that the effects
differ considerably between the twtages. For instance hydro is found to have a high
impact during CIM stage but a relatively low impact during O&M. Only in the case of
biomass is the scale of job impact similar between the CIM and O&M stagble

3.14 presents estimates of employment effects that are related to the energy produced.
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Table 3.13: Employment effects of alternative energy technologie#) total jobs per MW

in CIM and O&M
Energy Country / region  Total jobs per MW Source
technology CIM O&M
Biomass us 0.4 0.382.44 Fankhauser et al (2008)
Coal us 0.27 0.74 Fankhauser et al (2008)
Gas us 0.25 0.7 Fankhauser et al (2008)
Geothermal us 4 1.7 Moreno and Lopez (2008)
us 175 1.7 Moreno and Lopez (2008)
Hydro Spain 18.6 1.4 Moreno and Lopez (2008)
SolarPV us 7.14 0.12 ECRP (2003)
us 5.766.21 1.2-4.8 Fankhauser et al (2008)
us 7.1 0.1 Moreno and Lopez (2008)
SolarThermal World 33 10 EPIA and Greenpeace (2008
us 5.7 0.2 Moreno and Lopez (2008)
Wind UK 28.8 0.42 Esteban et al (2011)
us 0.432.51 0.27 Fankhauser et al (2008)
us 2.6 0.2 REPP (2001)
Germany 14 - Greenpeace (1997)
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Table 3.14: Employment effects of alternative energy technologies, in total jobs in CIM
and O&M per MWp (installed) and MWa (average effective) and in total jobyears per
Gwh*

Energy Total Total Total job- Source
tech. jobs/MWp jobs/MWa yearslGWh
CIM o&M CIM O&M CIM  O&M
Biomass 0.11 1.53 0.13 1.8 0.01 0.21 EPRI (2001)
0.21 1.21 025 142  0.03 0.16 REPP (2001)
Coal 0.21 0.59 0.27 0.74 0.03 0.08 REPP (2001)
Geotherm. 0.16 1.79 0.18 1.98 0.02 0.23 WGA (2006)
0.44 1.7 0.49 1.89 0.06 0.22 Heavner and Churchill (2002
0.1 1.67 0.11 1.86 0.01 0.21 EPRI (2001)
Natural 0.03 0.77  0.03 0.91 0 0.1 Heavner and Churchill (2002
Gas
Nuclear 0.38 0.7 042 0.78 0.05 0.09 INEEL (2004)
Small 0.14 1.14 0.26 2.07 0.03 0.24 EPRI (2001)
Hydro
Solar PV 1.48 1 7.4 5 0.84 0.57 EPIA and Greenpeace (2008
1.29 0.37 6.47 1.85 0.74 0.21 REPP (2006)
0.29 0.12 1.43 0.6 0.16 0.07 EPRI (2001)
Solar 0.41 1 1.03 25 012 0.29 Skyfuels/NREL (2009)
Thermal 0.18 0.38 0.45 095 0.05 0.11 NREL (2006)
0.23 0.22 0.57 0.55 0.07 0.06 EPRI (2001)
Wind 0.4 0.4 1.15 1.14 0.13 0.13 EWEA (2009)
0.15 0.14 0.43 0.41 0.05 0.05 REPP (2006)
0.44 0.18 1.25 0.5 0.14 0.06 McKinsey (2006)

As with estimates of the employment effects of alterndagebnologies, studies of the
employment effects of energy efficiency also yield varied results and provide only
rather limited evidencelT@ble3.15).

%1 MWp= Peak MW, MWa=average MW. All estimates based to USA case study. For a detilessidin see Wei et
al (2010) For details on sources and methodologies see Wei et al (2010).
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Table 3.15: Employment effects from energy efficiency actions (jobs per million eudo

Jobs per
am

21.2

7.5

9.4

10

10.5

13.7

20

27.3

26.6

37

23.2

9.7

15.3

17.4
16.6

Region

EU

EU

EU

EU

EU

EU

EU

EU

EU

Hungary

UK

USA

USA

USA
USA

Source

CECODHAS (2009)
Janssen and Staniazszek
(2012)

Janssen and Staniazszek
(2012)

Janssen and Staniazszek
(2012)

Janssen and Staniazszek
(2012)

Janssen and Staniazszek
(2012)

Janssen and Staniazszek
(2012)

Janssen and Staniazszek
(2012)

Wade et al (2000)

ECF (2010b)

SAVE: UK Case Studies
(1996)
Sundquist (2009)

National Association of
Home Builders (2009)
Hendricks et al (2009)
Pollin et al (2009)

Action

Building retrofits

EnergyPerformance of Buildings Directive
(EPBD) option B1: Quality and complianc
requirements for certificates

Energy Performance of Buildings Directiv
(EPBD) option A3: Abolishing the 1000 m
threshold (all buildings)

Energy Performance of Buildings Directiv
(EPBD) option Al: Lowering the
renovation threshold to 500 m? (all mediu
sized buildings)

Energy Performance of Buildings Directiv
(EPBD) option A2: Lowering the thresholc
to 200 m? (all buildings apart from small
ones (mainly single family houses)
Energy Performance of Buildings Directiv
(EPBD) option D1: Specifying EWwide
energy performanceequirements

Energy Performance of Buildings Directiv
(EPBD) option B2: Requiring that the
recommended cosfffective measures of
the certificate are reatd

Energy Performancef Buildings Directive
(EPBD) option D2: Introducing a
benchmarking mechanism

Assessment of employment effects of the|
EU SAVE programme implemented in the
mid-1990s in various EU Member States
Employmentimpacts of a Larg&cale
Deep Building Energy Retrofit Programm
in Hungary

Energy saving

Energyefficient retrofits (Estimation of the
direct jobs involved in, by examining a
small amount o€ase studies)

Building retrofits

Energyefficient retrofits

Adoption of the clearenergy components
of the American Recovery and
Reinvestment Act (ARRA) programs and
the entire American Clean Energy and
Security Act (ACESA)
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3.6 Interaction between the sectors

This section considers the interaction of the key technologies discussed in Bgction
and discusses the possible implications that the widescale introduction of such
technologies could have on the structure of employment and skill requirements in the
EU. The majority of technologies areespfic to the power generation sector, because
all the Roadmap scenarios lead to the complete decarbonisatibrs sector. As
outlined in Sectior®, the other tw areas of interest are energy efficiency and electric
vehicles.

There are few examples of this kind of overall assessment in the reviewed literature.
The reason for this is noted in Cambridge Econometrics et al (2011): a
macroeconomic approach is requirtml understand the interactions and possible
supply constraints, but the level of detail required to address the issues usually goes
far beyond that which is available in the data at macroeconomic level.

The reviewed literat@r comes to the general conclusion that-tasbon electricity
tends to offer more jobs per unit of investment and megawatt of capacity than fossil
fuel equivalents. The power sector will see quite profound changes in skills and
gualification requirementsyut this sector only accounts for a small share of total
employment.

More important, in terms of absolute levels of employment, is the labour required
within the engineering and construction sectors to meet the investment demand for
new equipment. Smallén absolute terms, but a potentially important bottleneck, is
the requirement for skilled labour to carry out research and development activities for
new products and industrial processes.

These services will be required for all the technologies discluiss8éction0 (and
others) and, if the following two conditions are not met, there is the possibility that
these technologies (and other sectors) will end up congpédi the relevant skilled
labour:

1 there are enough available workers
1 the available workers have the necessary skills

At the same time declining industries will cut employment in response to lower
product demand. This includes the extraction and fuellggsetors, but also some
energyintensive sectors. The declining sectors may therefore release labour that could
meet the needs of the new and growing sectors, but there is no guarantee that the skills
of these workers will match what is required in tiegvrjobs.

Finally, it is also necessary to consider movements of wokkithén sectors and the
changing skills requirements. Again, if there is a shortage of workers with the required
skills this would likely mean competition between companies for a limited pool of
talent.

This section therefore focuses on areas where there cosldllseshortages and what
the impacts of these shortages might be.

In general, green jobs, both new specialties and existing occupations that have been
modified to be greener, have diverse skill requiremdriteir requirementsverlap to

a large extent with those used in similar fgpaen occupations. This implies that
special training associated with green jobs can often take the form-af tingining to
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adapt workers who are already qualified in an occupation to using egreen
technologies or ways of working (e.g. energy efficient buildings).

Some emerging green occupations have new educational requirements, although this
should not be challenging as most are-spicialties within longtanding disciplines,

such as engineimg positions in the renewable energies sector or systems analysts
who develop ICT support for smart power grids (OECD, 2012).

Green jobs are very heterogeneous in terms of job skill requirement, pay levels and
working conditions. It is therefore not obu® that the transition towards lesarbon
growth will have a marked impact either for better or worse on job quality or
inequality, and these will still need to be addressed by other policy instruments
(Gau g as 2088t OE@DO, 2012)Table 3.16 contains an overview of green jobs,
their skills requirements and potential policy issues in Europe.

Table 3.16: Skills profile of potential green jobs

Occupation ‘ Growth profile ‘ Skill profile ‘ Policy issues
Renewable energy sector
Professional/associate Growing demand expected in | Medium and high Shortage of engineers reported |
professional engineers and the medium term. Competition companies working in the sector
technicians and skilled trades with other sectors. New entrants require additional
training.

Professional and technician leve| Increased demand for biofuels| Low to high Skill needs of the biomass secto
skills in mechanical, electrical, are not yet clear. Pressure on fo
and chemical engineering, waste production.

collection and management

Nuclear energy sector

Professional/associate Nuclear policy in the EU Low to high Need for high level specific
professional engineers, skilled specialisation. Current policy ma
plant worker, sectespecific affect future supply of this type o
high-level specialisations (e.g. skills.
nuclear physicists)
Construction

Skilled trades, senskilled trades | Increasing renewable capacity| Low and medium Initial vocational education and

Energyefficient buildings training (IVET) sets standards fo

energyefficient buildings.

Manufacture of motor vehicles

Engineering technicians, welderd Greening production techniqug Low to medium Close integration ofhdustry and
transportation equipent painters,| for vehicles components general skills with education. I n t
metal fabricators, computer medium jobspecific | Low Carbon Economic Area
controlled machine operators, skills (LCEA): creation of the National
engine assemblers, and Training Centre for Sustainable
production helpers Manufacturing
Computer software engineers, | Changes in production method Medium and high Low Carbon Future Leaders
electrical engineers and and business models Graduate Placement Scheme
operations managers placing recent university
graduates in the UK
Applied researchers, fundamenti{ Development of future High National Low Carbon Vehicle
researchers technologies Researcland Development
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Occupation

Growth profile

Skill profile

Policy issues

Centre in the UK

Transport

Specialzed technicians of fuel
cell batteries, automotive
maintenance technicians

Introduction of renewable and
cleaner fuels for transportation

Low to medium level
for installation and
maintenance

Uncertaintyabout which fuels for
transportation will eventuallpe
used

Railroad conductors, locomotive
engineers, truck and bus drivers

Greening existing occupations

Top-up existing skills

Automotive engineers, freight
forwarders, fuel cell engineers,
logisticsanalysts, logistics
engineers, logistics managers,
supply chain managers,
transportation engineers and
transportation planners

Reorganisation and the-re
engineering of the
transportation systems

Medium and high
level skills, combined
with sectorspecific,
pre-existing medium
and highlevel
competencies

Best candidates could be
incumbent employees with
retraining to get needed skill mix
but with a substantial retraining
process for some occupations af
a role for new professional
development tracks in teaty
education

ICT

6Smartd grids s
buildings specialists, database
administrators

Rapid growth projected for
CT anp
raise energy efficiency (e.g.

6smarto |

6smart 6
buildings)

grids,

Medium and high

Crosssectoral demand, with
using sectors subcontracting to
ICT service providers

Precision agriculture and biomas
farming technicians

Increasing application of
geographic information system
to agriculture and forestry
production, and the
management and consttion
of buildings

Medium and high,
mixed with skills for
gathering and
interpreting physical
topography data

Mining sector

Operators of heat coproduction, | Upgrading core technologies | Medium Eesti Energialeveloped training
geospatial information programmes for current and new
technologists employees

Geospatial information scientists| Supply chain reorganization, High level for Estonia revised and coordinated

and technologists, managers for
heat coproduction, energy
auditing, and technology
developers and managers

and upgrading managenien
practices

development of new
technologies and
production re
organization

highereducation programmes in
mining

Recycling & Waste

management

Waste sorting and reception

Long-established occupation

Low qualfication,
minimal onthe-job
training

Low job quality and health risks
are main concerns. No skill
deficits

Recycling and waste technician;
wasterecycling operator

Long-established subsector

Vocational
qualification.In
France general
certificate of
vocational
qualification; in
Germany dual
apprenticeship

The number of takeps falls
short of satisfying demand
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Occupation

Growth profile

Skill profile

Policy issues

training

Hazardous waste management
specialist

Growing demand expected in
medium and long run due to
tighter regulations

Medium and high
level

Potential shortage of qualified
workers in the medium term

Sustainable design manager,
recycling and reclamation

Rising longeitermdemand
from other sectors (e.g.

High-level skills to
address organizationg

Role for new professional
development tracks in téaty

engineer, coordinator of recyclin education
activities, regulatory programme

compliance officer

manufacturing) and tighter sustainability issues,
to embed recycling,

reuse and

regulations

remanufacturing in
product sbd

Sources: Based on OECD (2012), expanded for other sectors by authors.

Where the While it is not possible to come up with a comprehensive list of occupations that will
interactions might be in high demandTlable 3.16 suggests that there are two important areas of skills
be where demand is likely grow:

91 Design of new products this includes highlskilled researchers, engineers and
technicians.Examples include chemical engineers in the development of new
battery technologies and physicists in several power sector technologies. Software
engineering stands out as a patrticular skill that is required by many of the sectors,
including smart grids angchnologies.

1 Implementation of new technologiéshis includes a more mediuskilled set of
jobs, including a large part of the construction sector. Many of these jobs may be
similar to existing positions and the current workforce could be adaptedéo co
with the demand through additional training schemes.

The first of these groups appears the most likely to be the sources of shortages or
6bottlenecksd6 in skills capacity (see b
should also be noted that tkeskills are typically in demand any time of
technological advancement when the rapid development and deployment of new
products becomes a high priority; this is discussed in the next section.

Table 3.16 also suggests some other groups (e.g. managers) that are in high demand
but these are more likely to be transferrable skills from other sectors, including ones
where employment is projected to decline in the scesari

It is important to bear in mind that, as well as potentially competing with each other
for skills, these sectors must also compete with all the other sectors in the economy,
for example biofuels competing with other types of agriculture. In some taess

are rapidlygrowing sectors (e.g. ICT) that have demands for-kigled workers and

are able to offer high wage rates.

Potential Skills shortages or bottlenecks occur when there is not enough of one type of worker
bottlenecks to fill particular po&ions. Theoretically they should only occur in the short term as
labour markets should be able to adjust in time to fill gaps (e.g. as new graduates see
opportunities in the market). In practice, this may not always be the case.

Bottlenecks could occur feeveral reasons, including:
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1 the workforce does not have the correct skill types
1 there is a geographic mismatch between skills supply and demand
9 other (e.g. demographic factors, such as ageing populations)

Given the scale of the changes in total employnmadicted by all the reviewed
studies, the key issue liabour mobility either between occupations or geographical
areas. This is the main theme in the policy recommendations (see.below)

Possible impactsBefore considering remediglolicy, however, we must ask the question of whether
of skills shortagesthis is an important issue, and what the result might be if there is a shortage of workers
within a particular sectdt. Theoretically, the following outcomes (or a combination
of them) are possible:

1 It is not possible to meet production levels and environmental targets are missed
(worse environmental outcome).

9 Competition for workers drives up wage rates for highly skilled labour. This leads
to an increase in product prices and demand falls, meaningtdaage missed
(worse environmental outcome).

9 Competition for workers drives up wage rates for highly skilled labour. This leads
to an increase in product prices but demand is either maintained, or is met by
imports (worse economic outcome).

This is not arissue that has been widely considered at the macroeconomic level, but
Cambridge Econometrics et al (2011) looked at a scenario in which wage rates are
forced upwards by (an arbitrary) 0.5% due to mismatches between skills supply and
demand. The scenarioas assessed using the ESME model and the conclusion was
that the mismatch could lead to a 0.1% fall in GDP compared to baseline, with a range
of 0 t0-0.4% across most Member States. Although this difference is not large, its
scale is comparable to the dmzhanges in GDP in the main scenarios; suggesting
that the issue is worth considering further.

Policy responsesilt is not always clear that a policy response is required (or helpful) to address this
issue. In some cases the market may correct itsdib(aih possibly with a long lead
time) as displaced workers take the initiative to train in new skills. In other cases, the
companies involved will be beptaced to offer the relevant training. This seems to be
most likely in cases where new positions @uée similar to existing jobs.

Chapter 6 of Cambridge Econometrics et al (2011) provides an assessment of the
policy options available. The main theme is that policies that improve flexibility in the
labour market more generally will provide assistancenamaging the transition of
structural change that is required in the Energy Roadmap scenarios.

When considering the skills aspect, it is generally found that priority should be given
to improving science, technology, engineering and maths (STEM) skl latvels

(see also OECD, 2011), as well as the broad range of technical, managerial and
leadership skills. Currently there is a perceived shortage of graduates with STEM
skills across the EU, with demand expected to increase in the short and medium term
However, the supply of STEM skills remains insufficient because of level of
achievement in school (OECD PISA survdpund that nearly 1 in 5 pupils surveyed

%2n this case we assume that any domestic shortfall in workforce skills is not met by higher immigration levels
although this is a possibility.
% OECD, 2009.
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had low level science skills across the EU25), negative perception about-STEM
related jobs (suchs lower pay) and a declining number of graduates in the area (EU
Skills Panorama, 2012)-urthermore, a high outflow from the labour market is
expected due to larggeale retirements (European Commission, 2009). For example,
in the UK, up to 70% of curre high-skilled employees in the nuclear industry will
retire by 2025 (Business Europe, 2012). To avoid exacerbating the skill shortages in
this area, greater advances are need in improving attainment of STEM skills in
schools, as well as enhancing the pvaaound skills needed for the effective
application of STEM skills in a multlisciplinary environment.

Conclusions The number of studies that explore the whetenomy skills implications of energy
policy is quite limited. However, drawing on the lessdrsn sectoral studies, it
appears that some of the technologies in the Roadmap scenarios require labour inputs
from the same groups of workers, in particular highly skilled engineers. Particularly in
the short term, this may lead to skills shortages ¢batd have adverse impacts on
either environmental or economic outcomes (or bathjhe longer term the impact is
likely to put further demands on the supply of workers with STEM skills which are
already an area of concern in Europe.

Due to the very spétc nature of these shortages it is difficult to design policy that
could avert these outcomes. The reviewed studies therefore suggest that the focus of
policy is on improving labour mobility, particularly between sectors, by improving
teaching of basickdls that can later be adapted for specialised use.

37 6Churndé and previous cases of rapi

In the period up to 2050 there are 1|ike
economies. These could be due to demographic changes, incgbaisaitsation or

many other factors, but in particular due to technological advancement. The changes
affect all parts of society, including the labour market, and, for the most part, cannot

be predicted in advance.

In the modelling exercise, most of thassues are factored into the baseline (that is,
they are not affected by the scenarios) and so are not considered explicitly in the
analysis. However, they can be quite important when considering the gross impacts
from the scenarios.

Labour market For this analysis it is necessary to co
churn which is the number of people starting or leaving jobs, as distinct from the number of

workers in jobs. Churn can reflect economic factors (jobs lost or created) or
demograpic developments in the form of retirements and new labour market entrants.
Rates of churn in the labour market are affected by many different factors. The
financi al crisis provided a | arge shoc
increased churn. Hower, it has been reported that the recession following the crisis
led to lower rates of churn as workers were less willing to switch jobs.

Technological progress can also be a key driver of labour market churn. New
technologies are often associated wigwrcompanies, so that when new technologies
displace older technologies this leads to movements of workers between companies
(and possibly sectors). The Energy Roadmap scenarios present the prospect of the
adoption of an array of new technologies (reneesbinuclear, CCS, efficiency
measures, electric vehicles, etc.) in place of existing technologies.
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For this reason, Cambridge Econometrics et al (2011) provided an assessment of the
EUG6s 2020 environment al targetsumhhet he ¢
study found that rates of churn vary substantially between different sectors, but the
impacts of the scenarios that were modelled would be quite small, compared to
developments that were already factored into the baseline.

Previous cases ofIf we view the Energy Roadmap scenarios as a specific case of technological change
rapid technological then we can gain further insight from other cases where new technologies have led to
change substantial economic restructuring. The most notable case in réce# is the
Information and Communication Technology (ICT) revolution that began in the 1970s
(again, see Cambridge Econometrics et al, 2011).

Although the ICT revolution has led to the creation of many new types of job, they are
often quite niche. Far ane important in macroeconomic terms has been the impact
that ICT has had on existing jobs, and the skills requecarry them out effectively.

This has more recently extended into households, as internet connections and personal
devices have proliferadl.

We suggest that the impacts from structural change in the energy system could be
somewhat similar, with a fairly wide dispersal of changes as many jobs adapt in some
way or another to a lowarbon future. In some cases this may require further training
which may be given internally or through external courses, as we see currently for e.g.
use of computer software. Educational courses will also adapt to offer relevant
material for the new regime.

In terms of skills impacts there may also be similaitieis widely held that ICT has
benefited more highly skilled workers, who have been able to use it to improve their
productivity, while automation has replaced some low and medkilled jobs. At
present this is also evident in the technologies disclgs SectiorD, as it is more
highly skilled researchers and product designers who are most in demand.

Possible The most obvious difference betwedse iCT revolution and predictions in advances
differences in low-carbon technologies is the economic context in which it will be carried out.
While the ICT revolution was a strong driver of economic growth, the reviewed
literature suggests that environmental policyll it best only have a very small
positive impact on aggregate GDP levels and may cause a reduction overall. This may
make the transition more difficult, as there will be less opportunity to provide support
to groups in society who lose out from the change

3.8 Conclusions

The aim of this review was to provide an overview of the potential employment
effects of longterm developments in the energy system. It is intended to be
complementary to the modelling exercise and to provide insight to aspects of the
scenarios that the modelling cannot cover, for example due to limitations in scope or
the level of detail at which data are available.

At the start of this chapter we asked the following key questions:

I What are the methods used in literature to estimatenfployment impacts of
energy policies?

1 What type of workers are most/least sensitive to different energy policies?

9 Which sectors benefit most/least from different types of energy policies (e.g.
energyefficiency policies, introduction of lovgarbon techologies)?
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1 What is the potential for workers from declining sectors to move into new growing
sectors? To what extent will these new sectors be competing for skilled labour?

1 What are the potential labour market impacts of the structural change anticipated in
the Energy Roadmap?

The findings from the review are summarised below.

What are the methods used in literature to estimate the employment impact of
energy policies?

The mo s t common approach used i s a oOpa
employment irpacts of development and deployment of a single technology. This
typically makes use of engineering or fievel data to provide an estimate of the
number of jobs required to produce and operate specific equipment. The measure of
employment given is usugl gross. However, there isa considerabldevel of
uncertainty regarding these estimatedth values of jobs per MW varying betame

sources, more so for newechnologies (se€able3.12). In addition, it is not clear

how the coefficients will change over tim&his makes it somewhat difficult to
estimate the employment impact of implementing specific technologies.

In a few @ses macroeconomic models that provide a representation of the whole
economy have been used. Although there are certain benefits from this kind of
approach, notably the possibility of estimating net employment impacts for the whole
economy, these modelspigally do not have the same level of detail about the
specific technologies involved.

What type of workers are most/least sensitive to different energy policies?
The reviewed studies suggest that the most important factors are:

9 sector of employment
T skill level

The sector of employment will determine whether the worker is likely to be impacted
by changes in policy. For example, workers in the energy supply sector will see
reduced job security, as will some in certain enenggnsive sectors. Those in
congruction and engineering seem likely to benefit (see below).

The skill level determines how wetlquipped the worker is to deal with this type of
change. Although the low/medium/high classification is a considerable simplification
of the many and varied iktypes that are relevant here, the evidence reviewed
suggests that highigkilled workers will be more able to adapt to changes in policy.

It should also be noted that this question refers mainly to existing workers; in the
period up to 2050 a large grortion of the existing labour force will retir@he
guestion then arises as to whether the education and skills system will adapt so that
new entrants to the workforce are equipped to meet future requirements.

Which sectors benefit most/least from diffeent types of energy policies (e.g.
energy-efficiency policies, introduction of lowcarbon technologies)?
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The reviewed literature is fairly consistent in addressing this question. In general, the
Energy Roadmap scenarios involve a large shift from energgpital and the sectors

that produce this capital will be the ones that stand to gain the most. This will be most
pronounced in the period where new equipment is being deployed.

The sectors that will lose out are those that supply fossil fuels (UDESsis a large

part of the portfolio) and possibly some intensive users of energy. It should be stressed
though that some energgtensive industries also feature in the supply chains of
sectors that will benefit.

However, the main impacts will be felt Wwih, rather than between, sectors. This
means that it is not enough to determine which sectors win and which lose out as the
impacts are more subtle. Previous findings suggest that the most important
developments will be changes to existing jobs rather shiarge number of jobs being
created or lost, although there may be quite substantial movements between
companies

What is the potential for workers from declining sectors to move into new
growing sectors? To what extent will these new sectors be comipet for skilled
labour?

Low rates of labour mobility in Europe, both between sectors and geographical areas,
could lead to dislocation (unemployment and unfilled vacancies). This is an important
issue in the short term, as it is only covered in the maormmenic modelling to a
limited extent.

The result could be that displaced workers are unable to find jobs in growing sectors,
leading to both higher rates of unemployment and a shortage of available skilled
labour. This could have a negative impact on kb#h economy and achieving the
environmental targets.

Labour mobility is therefore an important area where public policy could play a role.
The reviewed literature suggests that an improvement in basic skills could be an
important part of smoothing the tigtion to a lowcarbon economy.

What are the potential labour market impacts of the structural change
anticipated in the Energy Roadmap?

We can infer some likely outcomes from the reviewed literature.

There is no clear consensus about whether the owegtlimpact on employment
(defined as number of jobs) will be positive or negative, but in almost all cases the
impacts are small at macroeconomic level.

There are some general trends that are quite clear, however. These include the findings
for sectoral employment (as discussed above) and the impacts across various skills
groups are quite consistent as well.

The overall impact on the quality of jobs is not clear; some of the skills expected to be
in greater demand are quite high level (engineers, softwalnd® others are medium

skill (construction). It is difficult to assess the impacts of decarbonisation on the other
factors that are often used to assess job quality.
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4 The Scenari os

4.1  The Energy Roadmap scenarios

The scenarios that are considered in thi@reare consistent with those in the Energy
Roadmap. They are summarisedTiable 4.4 and described in more detail in the
Roadmap itself (see European Commission, 2011b and 2011c). The scenarios were
represented in both the macroeconomic models that were used for the analysis (see
Chapter$ and6), making the model inputs as consistent as possible.

4.2  The baseline

The Current Policy Initiatives (CPI) baselineesario for the EU includes policies and
measures adopted until March 2010. The 2020 target for RES and GHG emissions are
expected to be achieved in the baseline and energy savings are realised through the
imposition of energy efficiency standards and fatjon measures for households,
transport (car regulation) and the service sector. Households decrease their energy
intensity by using more energy efficient equipment and by undertaking investment
improving thermal integrity of buildings. In transport maficient cars (including

hybrid cars) are increasingly used to comply with the @€formance standards set

by the CQ from cars regulation.

Beyond 2020 it is assumed that there are no GHG emission reduction targets for EU
countries and any improvemenis GHG intensity are due to policies adopted,
including the Emission Trading System (with ETS allowances decreasing by 1.74%
per year until 2050), the deployment of RES, the implementation of energy efficiency
measures and the penetration of more efficierhicles in the transport sector and
generally more efficient technologies in all sectors.

Non-European countries are assumed to meet the targets they have set themselves for
GHG emission reduction up to 2020, using a pbased mechanism. After 20#0s
assumed that adopted measures and market forces will bring an average annual
improvement of GHG intensity by 1% until the end of the projection period (2050),
without imposing any emission reduction target post 2020.

Rates of economic The rateof EU GDP growth in the baseline slows over the projection period due to
growth demographic factors, to around 1.5% per annum after R@SfiTable 4.1). This is
consistentwith the figures published in the DG ECFIN Ageing report (European
Commission DG ECFIN 2009).

Rates of GDP growth outside Europe are set to fall gradually over time, to around
2.5% pa by 2050.
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Table 4.1: PRIMES BaselineM acroeconomicl nputs, EU27*

2010 2030 2050
Population, m 499 520 515
GDP, G62005bn 11386 16825 22560
Consumer expenditure,
6496 9423 12743
G2005bn
GVA, 062005bn 10136 15051 20168

Baseline energy price assumptions are showiahle 4.2. Fossil fuel prices are
projected to increase significantly in the short term relative to 2010 levels. In the
longer term, coal prices increase moderately above 2020 levels and by considerably
less than oil and gas prices

Table 4.2: BaselineEnergy Prices (euro/boe, 2008 prices)

2010 2020 2030 2050
Oil 59.1 72.9 90.8 117.6
Natural gas 37.4 51.2 65.7 91.3
Coal 15.8 23.7 28.0 311

The EU transport sector is assumed to use increasing amounts of biofuels, according
to the biofuel obligations set by the Energy and Climate pglémkage for 2020. For

the longer term, the CPI scenario assumes some degree of electrification of road
transportation which is much below the indicative projections included in the White
Paper on Transport (European Commission, 2011d). The RES sharatandic
transport increases from 10% in 2020 to 20% by 2050 because of the biofuels and the
increased use of electricity, part of which is produced using RES.

Throughout the period the EU transport system remains dependent on the use of fossil
fuels. Fossifuels account for 95% and 83% of final transport sector energy demand in
2010 and 2050 respectively. Electrification in the transport sector emerges in the
period after 2020. This is driven by market forces facilitated by national policies
including subglies to electric and pluop hybrid cars in the early stages and
development of recharging infrastructure in dense urban areas. Conventional vehicles
account for almost 100% of the fleet in 2020. The shares of rechargeable vehicles
increase to 2.2% in 203nd 15.4% in 2050

4.3

The policy scenarios are summarised @ble4.4. In each scenario there is a reduction

in CO, emissions of 85% from 1990 levels. This is consistent with the 80% reduction
of total GHG emissions and is driven by a combination of carbon pricing, investment
in efficiency and developments in the electricity sector.

The policy scenarios

% In the Energy Roadmap the modelling covered the 27 EU Member States. Projections for Croatia started to be
covered in 2012013
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The additional revengefrom carbonpricing compared to the baselingoth in
auctioned ETS allowances and from taxes applied teEId sectors) are used to
reduce employersd | abour taxes.

For the noihEU countries it is assumed that they will adapbé@ious GHG mitigation
policies, beyond pledges included in the CPI, so that globally emissions in 2050 are
50% below 1990 levels and global emissions decrease continually after 2020. This
emission reduction trajectory at global level is roughly condistéth CO, emission
concentration levels at 450 ppm, the level proposed to limit the likelihood of
exceeding the two degrees temperature rise.

Crucially for these scenarios this results in a lower global oil price. When comparing
the scenario results to $&ine, they therefore include the effects of both the policies

in the Roadmap scenariasd the reduction in oil priceshe results should therefore

be used for comparison between scenarios, rather than comparison against the
baselineThe prices used ithe scenario are given irable4.3.

The sensitivity analysis includes a case where oil prices are the same in the baseline
and scenarios. This is discussed furiheghe appendices.

Table 4.3: ScenarioEnergy Prices (% difference from baseline)

2020 2030 2050
Oil -5 -25 -45
Natural gas 0 -20 -50
Coal -15 -19 -37

The aim was to ensure that the scenarios are implemented consistently between the
two macroeconomic models. However, due to differences in specification, there are
inevitably some differences. The approaches followed are discussed further in
Chaptes 5 andO.

Table 4.4: Outline of Scenarios

Name EU policy Global policy  Fossil fuel Description
prices
BA Current policies Current policies Baseline Baseline.
S1 Higher energy Decarbonisation Reduced Energy efficiency standards appl
efficiency to househla appliancesphew
buildings ancelectricity
generation.
S2 Diversified supply Decarbonisation Reduced No specific support measures for|
technologies energy efficiency and RES.

Nuclear and CCS are not
constrained.

S3 High RES Decarbonisation Reduced Achievement of higloverall RES
share and high RES penetration
power generation.
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S4 Delayed CCS Decarbonisation Reduced This scenario follows a similar
approach to the Diversified suppl
technologies scenario but assum
aconstraint on CCS while having
the same assumptie for nuclear
asScenarios 1 and 2.

S5 Low nuclear Decarbonisation Reduced This scenario follows a similar
approach to the Diversified suppl
technologies scenario but impose
constraints on power generation
from nuclearThere are theasne
assumptions for CCS &
Scenarios 1 and 2.

4.4 Sensitivities

In addition to the main policy scenarios, a set of sensitivities was tested. These
scenarios were designed to test the robustness of the modelling results. The results of
the sensitivities @ discussed briefly i€hapterss and0, with full results provided in
Appendix C.Because the macroeconomic models have different specifications, not all
the sensitivities were tested in both of them. The main options that were tested were:

1 Policy in the rest of the worlél The aim of this scenario is to separate the effects
of EU policy from policy measures that are taken in the rest of the world. This
explores possible competitiveness effects.

1 Baseline energy pricés This sensitivity allows the model results to separate the
impacts of policy action in the EBom the changs in the oil price resulting from
policy measures in neBU countries.

91 Baseline GDP growth If there is faster economic growth then the emission
targets are likely to be more difficult to meet. This sensitivity compares the
scenarios if the level @fction required changes.

1 Employment ratios As new technologies develop, it is not clear how labour
intensive they will become. This sensitivity tests the macroeconomic effects of
varying the number of jobs that are created in the new sectors.

1 Responsiveess of labour markdt This sensitivity tests assumptions about how
the wider labour market might respond in the scenarios.

1 Net investment levels ESME in general assumes that there is available finance
for the large amounts of investment required ingbenarios. This scenario shows
the impacts if the finance is not available and instead displaces other investment.

1 Revenue recycling method The main scenarios assume that-teféer revenues
from the carbon tax and auctioned ETS allowances are usedst@wred e mp| oy e
social contributions. These sensitivities test alternative options.

Table4.5 summarises the sensitivity testing.
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Table 4.5: Sensitivity Testing

Sensitivity

Sensitivities tested in E3BME
Revised oil price

Baseline GDP growth

Net investment levels
Employment ratios
Revenue recycling method

Sensitivities tested in GEME3
Revenue recycling method
Revised oil price

Policy in the rest of the world
Responsiveness of labour market
Fixed/flexible EU current account

Reason for Testing

To isolate the effect of European policy
To test robustness of results
Theassumption that finance is available
To test different labour intensities

To test key assumption

To test key assumption

To isolatethe effect of European policy
To isolate the effect of European policy
To test robustness of results

To test key assumption
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5 Results fr dWwodteHe E3ME

51 Introduction

The main purpose of this chapter is to present the results of the modelling exercise
using ESME.

We begin with two sections that describe the preparatory work for the modéiling.
Section5.2 we give a brief description of how E3ME was adapted to incorporate the
detailed employment data for energy supply sectors that was developed under the task
reported in Chapte2. In Section5.3 we describe how the scenarios were represented

in the model inputs.

The subsequent @sentation of results begins with the reductions in emissions and
energy consumption that are achieved in the scenarios, and the carbon prices and
investment required to achieve these reductions. We then present the macroeconomic
results, which provide theontext for the labour market outcomes, and finally present
the results for employment and other labour market variables which are the outcomes
of ultimate interest in this study.

There is a short description of the E3ME model in Appendix E and the éniliah is
available on the model websitem/w.e3me.com Figure 5.1 summarises the main
linkages in the model that are relevant to the scenarios developed here.

Figure 5.1: Main Model Linkages in E3ME
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imports
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5.2  Model development: Incorporating the new data

One of the features of this study was to link the new detailed estimates of employment
(see ChapteR) with the macreconomic models. The E3BME model was therefore
expanded to include more detailed estimates of employment in the power sector, based
on installed capacity.

The approach was to use the estimates of coefficients (see Appendix D) for number of
jobs per GW of gaacity in 2010. These ratios were assumed to remain unchanged in
the main scenarios for existing technologiésr tidal and geothermal power it was
assumed that the ratios would stabilise at a level similar to those for other renewables.
This assumptiorsi however, tested in the sensitivity analysis.

These job estimates only relate to tygerationof plants (i.e. jobs classified within

the NACE sector 35.11), as the investment jobs are allocated mainly to the
construction and engineering sectors for whict he model 6s exi st
relationships are used. The number of other jobs in the electricity sector (e.g. related to
sales and distribution) is assumed to remain unchanged.

Results for employment by generation type are presented together withthdre
results in Sectiob.4.

5.3  Scenario specification

This section describes how the scenarios described in Cliawtme implemented in
the ESME model.

Baseline The baseline in E3ME has been calibrated to match the PRIMES model outputs in the
Energy Roadmap CPI as closely as possible. Many of the outpuaisttie PRIMES
simulations are incorporated into the E3ME solution. These include the sectoral
economic projections, energy and ETS prices, projections of energy demand by sector
and by fuel, and sectoral G@ mi ssi ons. E3MES&s -odeldgy Te
electricity capacity and generation also makes use of some of the more detailed
PRIMES outputs.

Further processingHo we v er , in order to meet E3MEGs data r
some additional expansion and processing:

9 Classificatiors were convertedrFor the most part, because EAME and GEM
E3/PRIMES use similar data sources, the classificafiaiso tend to be quite
similar. There are, however, some differences. For example, E3ME has a more
detailed disaggregation of service sectarg] so the PRIMES outputs have to be
mapped to E3MEOG6s classification.

9 Point estimates for occasional years were converted to the annual time series on
which E3ME operates; a simple interpolation method is used.

1 Additional social and economic variables wegstimatedOnly a small set of
economic variables (GDP and the ones that are direct drivers of energy demand)

®By 6classificationdé here we mean the categories adopte
For exampe, by the classification of industry sectors we mean the number and definition of the industry sectors

represented in the model (which are defined in terms of the NACE classification). Variables that are measured by

industry sector, such as employmend gnoss value added are calculated in the model for each element of the

classification.
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are presented in the PRIMES outputs. E3ME requires a complete specification of

the national accounts variables, and so estimates for the @thables must be
constructed (in a way that is consistent with the variables presented in the PRIMES
outputs). The procedure followed to achieve this is described below (under
O6proxies for other economic indicators?é

These additional steps were carried oging software algorithms based in the Ox
programming language (Doornik, 2007). The result of this exercise is a set of baseline
projections that is both consistent with the published figures and the integrated
economyenergyenvironment structure of E3® (including additional detail not
available in the published figures).

Energy demandT he PRI MES figures include a comprehensi
and prices systems and the resulting emissions. Prices for enelgied industries ire3ME
were set to be consistent with the PRIMES energy price assumptions. In addition, it is
assumed that there is convergence in electricity prices between Member States in the
period up to 2050, due to greater integration of national gty the effectie
operation of the internal energy market

Proxies for other The PRIMES figures provide projections for economic activity as a driver of energy
economic demand, but the figures tend to be provided only for a small humber of (sometimes
indicators quite aggegated) indicators (e.g. GDP, household spending or value added for some

energyintensive sectors). As the complete structure of the national accounts is
represented in the E3ME model, this means that associated projections for other
economic variables nsti be estimated (that is, the outturns for those variables that
could occur, consistent with the PRIMES figures).

This process was carried out using a methodology that is as consistent as possible
between the economic variables, for example ensuring tthatdmponents of GDP

sum to the correct total, and that similar indicators, such as gross and net output,
follow the same patterns of growth. A set of software algorithms was used to carry out

this exercise, written in the Ox programming language.

The PRIMES datasets provide economic projections for GDP, gross value added
(GVA) and household incomes i n gowimirst ant
GDP and GVA by sector are set to matie rates irthe publishedRIMESfigures®.

Economic output by sect@which is gross, defined as intermediate demand plus GVA
and the product taxes) was set to grow a

Table 5.1: EBME BaselineM acroeconomicValues U Bn) BUZ8

2010 2030 2050
GDP 11586 17149 22985
Consumer expenditure 6599 9606 12967
Investment 2701 4017 5357
Exports 1804 3056 4432
Imports 1822 2972 4258
Sources Cambridge Econometrics

%6 There are small differences in tlewelsbetween E3ME and PRIMES because the two model use different vintages

of historical data.
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Table 5.2: EBME BaselineOutputby Sect or, 02005bn, EU28

2010 2030 2050

Agriculture 411 488 491
Extraction Industries 121 145 171
Basic manufacturing 2850 4007 5113
Engineering and

transport equipment 2419 3606 4820
Utilities 691 861 979
Construction 1452 2147 2661
Distribution and retail 2235 3600 5135
Transport 714 1149 1608
Communications 2194 3537 4998
Business services 4917 7802 11108
Public services 3654 5079 6417
Total 21658 32421 43501

Sources: Cambridgéconometrics

E3MEOGs (total) consumer spending was set
income figures, following the standard economic assumption that, in the long run, all
income is spent. Detailed consumer spending by spending categaseset to grow

using historical trends and then constrained to the total.

Other components of output (at sectoral level), mainly investment and trade, were also
set to grow at rates based on historical rolling averages and then constrained to the
total ouput that was based on the GVA projections.

Prices for industries other than the energhated ones reported in the PRIMES
figures were projected using historical trends.

The E3ME baseline employment numbers are showible5.3.

Table 5.3: E3ME BaselineEmployment by Sector, m, EU28

2010 2030 2050

Agriculture 11.6 9.4 6.7
Extraction Industries 0.8 0.5 0.6
Basicmanufacturing 16.8 14.9 114
Engineering and

transport equipment 16.6 15.3 13.2
Utilities 2.6 2.3 2.6
Construction 16.1 16.5 12.9
Distribution and retail 325 35.2 27.9
Transport 7.0 6.9 6.1
Communications 213 22.9 23.9
Business services 35.3 41.0 49.9
Public services 65.8 66.8 63.3
Total 226.4 231.7 2185

Sources: Cambridge Econometrics.
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The policy In each policy scenario, the emission reduction targets for 2050 are met. However, the
scenarios means to achieve the targets vary betwssmmarios. The main modelling inputs are:

9 developments in the power generation sector, in terms of:
- capacity, generation, fuel consumption

- investment

- electricity prices

investment in energy efficiency

carbon pricing

fuel switching in the transport sector

increased vehicle efficiency

revenue recycling

=A =4 =4 =8 =4

In general the scale of the inputs matches that which is given in the Energy Roadmap.
In two cases, the model outturns did not achieve the emission reduction targets when
the Energy Roadmap inputs were used] ao a greater level of effort (a stronger
policy) was implemented in the mod&hese cases were: (1) the scale of investment

in energy efficiency, and (2) the carbon pritbese differences are discussed in the
relevant sections below.

Each of thanputs is described here.

Power generation Although E3ME includes its own botteop model of the electricity sector, it is not as
detailed as the PRIMES model and so we take the results from PRIMES as exogenous.
This means that the E3ME results match tHosen PRIMES forthe generation mix
up to 2050Ne also match the scale of generation using CCS to the PRIMES results.

We have imposed by assumption the amount of investment required to construct new
generation capacity; again this is consistent with therés published in the Energy
Roadmap.

The electricity price is a key input to the scenarios. The standard approach in E3ME is
to link electricity prices to O6levelisedc
costs are estimated based on capital @retating costs for each plant type (with the

capital costs spread over the lifetime of the plant). Electricity prices are based on the
unit generation costs plus a marg.

We estimated electricity prices for each scenario (based on our own data) mnd the
compared the results to the figures presented in the Energy Roadmap. As our results
were similar to those that were published, we fixed electricity prices to match those in
the Energy RoadmapThe comparison exercise provides some reassurance that
imposng the Energy Roadmap electricity prices does not introduce a major
inconsistency into E3ME.

Investment in A large part of the reduction in G@missions is achieved through increases in energy
energy efficiency efficiency. Some of these increases canrdoaidght about through behavioural change,
but it is also necessary to invest in new equipment and buildings.

The starting point for defining the investment was the figures (in monetary terms) that

are quoted in the Energy Roadmap. This is then converediits of energy savings
using a coefficient derived from Thihe | E/
investment wasthen shared between energy carriers, sectors and countries in
proportion to energy consumptioRinally, the energy saving per unit imvestment
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was calibrated so that the outcome for energy use in the scenarios broadly matched the
outcomes shown in the Energy Roadmap.

It is assumed that the investment is funded directly by government subsidy and this is
included in the policy scenascas exogenous. Investment that takes place therefore
affects the public balance and revenues available for recycling (see hélae)had
assumed the lower level of investment in energy efficiency published in the Roadmap,
additional revenues would habeen available for recycling: there would have been a
smaller boost to sectors dependent on investment spending (construction and
engineering) and a larger boost to sectors benefiting from the recycled revenues.

Carbon pricing Carbon pricing is another kecomponent of the scenarios. It is assumed that current
policy arrangements remain in place up to 2020, but ETS prices are allowed to
increase up to 2025 and then an econavde carbon price is implemented over the
rest of the forecast period. It is assd that there is full auctioning of ETS allowances
from the power sector pe2020 and revenues are also generated by the carbon tax
imposed on the nGRTS sectors.

The carbon prices requirddaccor ding to E3MEG6s emnoer gy
meet theemission reduction targets are similar to those in the Energy Roadmap but
slightly higher.They are discussed in Chapter

Fuel switching in The transporsector is an important contributor to overall emissions levels up to 2050
vehicles and so some additional factors were included in the scenarios.

E3ME does not currently model fuel switching in vehicles as there are no historical
data on which to estimate modgwmrameters. The shares of electricity and biofuels in
final energy consumption by road transport are therefore set by assumption to match
the estimates in the Energy Roadmap.

Increased vehicle An additional efficiency factor was added to theddeansport sector to take into
efficiency account regulation on fuel efficiency and emissions standards. This had a modest
impact on total emissions levels by 2050.

Revenue recyclingAll of the scenarios are revenue neutral in design, meaning that any direct cimanges
tax revenues or spending rates are balanced. In the scenarios presented in this report,
the policies that affect directly the public balance are the carbon pricing (both
auctioned ETS allowances and carbon tax revenues) and the funding for investment i
energy efficiency.

The net effect on government revenues arising from these two measures is balanced

by changes in employers6 | abour taxes (¢
recycling therefore directly affects the cost of labour, with a@aductions irtax rates
|l i kely to |l ead to increases in empl oymen

contributions are already close to zero, it is possible that the revenues will be used to
subsidise labouiVe test the effect of alternative wayrecycling the revenues in the
sensitivity analysis.

It should be noted that the final results can be quite dependent on the revenue
recycling. The different methods of accumulating and spending revenues (e.g. carbon
taxation, investment, labour taxdsjve different employment effects. The final net
employment results include all these effects but weighted differently in the scenarios.
This is discussed furthéelow (se€lable5.8).

76



Overview

The inputs
required

Employmenteffects of selected scenarios from the EnéRggdmap 2050

54 Model results

This section presents the model results. We start with the inputs that were derived to
obtain the targets, therconsider the energy and emissions impacts, the
macroeconomic outcomes and the impacts on employment. The final part of this
section considers some of the other labour market indicators from the modelling.

Due to differences in model sign, pecification and parametersyroinputs are not

able tomatch exactlyhose from the Energy Roadmap while still meeting the emission
reduction targets. As described in the previous sectienthereforescalel up the
carbon prices and efficiency iestments so that the targets were rimeaddition, the
revenues available for recycling were calculated and used to adjust tax rates on labour.

Table 5.4 summariseghe revisedscenarioinputs that were used. THH50 carbon
prices in the scenari osinSl#&amostt#00hn CAQst
S5 the patterrof the differencedetween scenarios is similar tisatin the Energy
Roadmap The amount of additional (publfanded) investment in energy efficiency
amounts t o trifionroeer thetperiod up t® 2050 in most of the scenarios;

in the energy efficiency scenario (S1) our analysis shows that the amount of
investment requim almost doubles (this is consistent with the finding in the Energy
Roadmap) It is assumed that this investment is additional to investment in the
baseline and doesuthd®dtefcfaactes .Osighiticanshndn s u m
is discussed furthan Section5.5.

Table 5.4: Inputs to the Scenarios

Electricity prices

Carbon Price (2050), Investment*, cumulated Average Em
U/ t,Q2008 prices) to 2050, 0l Social Security Rate
(2050)
Baseline 51.7 0 18.1
S1 304.6 10053 17.6
S2 341.9 5452 15.5
S3 366.1 5589 153
S4 352.8 5486 15.5
S5 396.4 5486 15.1
Notes:  * Investment shown is additional to that whishin the baseline.
Sources: ESME, Cambridge Econometrics.
Empl oyersd soci al security tax rates ar e

that the scenarios are directly revenue neutral compared with the baSkknetes
are set at national level; the table shows a European average for 2050.

Table5.5 shows the differentetail electricity prices that we used in the scenarios. It
is immediately obvious that electricity prices are much higher in the HigB R
scenario (S3)reflecting the higher cost of generation from renewableshe high
energy efficiency scenario, there is not much differénom the baselineslectricity
prices.
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Table 5.5: EU AverageElectricity Pr i ces (U0/toe, 2008 prices)

2010 2020 2030 2040 2050
Baseline 1400.7 1411 1420 1426 1436
S1 1412 1442 1437 1389
S2 1405 1430 1430 1385
S3 1495 1665 1785 1853
S4 1416 1455 1467 1439
S5 1411 1420 1426 1436
Notes:1 toe = 11630kWh.
Sources: Cambridge Econometrics, Energy Roadmap.

Figure 5.2: EU27 CO, Emissions from Energy e, thtCO,

4000000
3500000 |
3000000 |
2500000 | —_—1
s2
2000000 |
—s3
1500000 | —s4
sb
1000000 |
500000 |
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
2010 2020 2030 2040 2050

Energy and Figure 5.2 shows the overalprofile of thereductionin emissions. The end point in
environment 2050is given by tle reduction targeWithin this aggregate reduction, emissions from
power generation fall to almost zeliadluding the contribution from CCS) and most
other sectors see a reduction in emissions of around 60% compared to the baseline.
The transition pathsibroadlylinear.

The reduction in final energy consumption is much smaller. This reflects the large
share of the emissions reduction that is due to:

1 switching between fossil fuels

9 switching torenewable electricity
9 switching tonuclear electricity

9 takeup of CCS

The reduction in final energy consumptimaries across the scenarios, but not
necessarily in the way wmight haveexpeced (seeFigure5.3) before taking account
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of price changesWhile the reduction in energy consumption is slightly larger in the
high energy efficiency scenario (Shs expecteda similar reduction isoundin the
high RES scenario. The reason for this is that electricity prices arehigherin this
scenario (seeTable 5.5) and, as electricity makes up a large sharetatfl
consumption, thipushes down overadinergy demand

Figure 5.3: EU Final Energy Demand Reduction, % from baseline

14

-18 -

Macroeconomic For most sectors, employment levels in E3ME are modelled as a function of economic

impacts output and relativéabour costsTo understand and interpréte employment impacts
it is therefore necessaffirst to consider thecontext given by thenacroeconomic
impads of the scenariogzigure 5.4 presents the overall impact on GDRer time
compared to the baselin€here is a positive net effect in all the scenarios, bid i
important to remember that somethis is due to theassumption that globail prices
will be lower (see Sectio®.5). The largest increase in economic output is in the high
energy efficiency scenario (SXgflecting the strong boost to investment (which does
not crowd out investment by other sectors in E3ME, see Seé&@M while the high
renewables scenario (S3) has a slightly lower outcome than the others.

The profile of the GDP impacts to some extent reflects the scenario assumptions. We
have assumed that the additiomaléstment is spread evenly over the period 28,3
meaning that there is a large increase in the first year that is then maintained
throughout the projection period. Further increases in GDP (compared to the baseline)
are due largely to the oil price uséd the scenarios, which falls (relative to the
baseline) gradually over time.

% The investment is paid for bydh er r at es of employersdé soci al security |
prices and some loss of competitiveness, it is not enough to offset the positive contribution to GDP from higher

investment.
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Figure 5.4: EU28 GDP, % difference from baseline
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Results by Table 5.6shows the results by main economic indicator for 20%0s confirms that

economic the reason S1 comes out higher isrthech largeiscaleof investment required to meet

indicator the emission reduction targets. Despite having higher GDP, household expenditure in
this scenao is actually lower than imost ofthe other scenarios, in part due to lower
employment rates (discussed below).

In the diversified, delayed CCS and low nuclear cases (S2, S4 and S5) there is little
noticeable difference between theacreconomic resultsThe impact on GDP is
slightly lower compared to that of S1 due to the smalaleof investment required

to meet the target. The positive impact on household consumption is higher under
most ofthese scenarios than S1 due to the correspondingly Erg#oyment impacts

(see discussimof employment impacts below).

GDP impacts are lowegbut still positive)under the High RES Scenario (S3). This is

due to the effect of an increased share of renewables in power generation on electricity
prices, and thepassthrough of these costs to households. As a result, there is an
increase in the consumer price level whidfsets some ofhe positive impact of the
employment effects on household income and consumption.

Table 5.6: EU28 Summary of Results, % difference from baseling2050

S1 S2 S3 S4 S5
GDP 29 2.3 2.0 2.2 2.2
Consumption 1.3 15 1.1 1.4 1.3
Investment 7.4 4.0 34 4.0 3.8
Exports (extraEU) 0.4 0.4 0.2 0.3 0.2
Imports (extragU) 0.5 0.0 -0.6 -0.1 -0.2
Prices -0.3 -0.5 0.2 -0.3 -0.1

Sources: ESME, Cambridge Econometrics.
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Table 5.7: EU28 Output by sector, % difference from baseling 2050

S1 S2 S3 S4 S5

Agriculture 3.1 2.8 25 2.8 2.7
Extractionlndustries 0.5 0.0 -0.1 0.1 -0.3
Basic manufacturing 5.2 3.7 3.4 3.7 3.6
Engineering and transport

equipment 5.1 29 2.3 29 2.8
Utilities 10.2 -3.3 -7.1 -3.3 -3.1
Construction 10.0 5.7 5.2 5.7 5.6
Distribution and retail 2.3 1.8 1.6 1.8 1.7
Transport 1.8 1.8 1.2 1.7 1.5
Communications 4.0 3.2 2.9 3.1 3.1
Business services 3.1 2.3 2.0 2.3 2.2
Public services 1.2 11 11 11 1.1

Sources: E3ME, Cambridge Econometrics.

Secbral results

Wage rates and
labour costs

In terms of competitiveness effects, there is a very smakase in exports to the rest
of the world under all five scenarioslthough this is a result mainly of the reduced oll
prices in the policy scenarioknports of fossil fuels are reduced in the scenarios, but
imports of some other goods increase.

Table 5.7 shows the main impacts at broad sectoral level. As might be expected, the
sectors that benefit the most in all the scenarios are the ongsdtate investment
goods, suchsaconstruction and engineerjngis isparticularlythe case in S1.

The effects on other sectasesomewhat more complicated to interpi@me of the
energyintensive sectors (basic metals and mineral products) arepamtamt part of

the supply chains that produce the investment goods, but the impact of the carbon
prices makes their products more expendtag.scenarios S2, S4 and S5, in which the
carbon price does much more of the work in achieving the target comipatbd
energy efficiency investments undertaken in S1, there is a relatively large reduction in
output in the electricity and gas supply sectors. This has a {aro@ifect up the
supply chain on the extraction industries. The largest reduction in tpatmftthe

utility supply sectors occurs under S3, due to the increased cost of power generation
when renewables penetration is highiost services sectors see small increases in
overall output, but the increase is less than the average increase in GDP.

Figure 5.5 presents the change in average labour costs in each scenario, split into
wages and tax (social security) payments. Wage rates are determined endogenously in
E3ME at the sectoral level and are influenced by productivity, inflation rates,
unemployment ratesand wages in other sectors/countries. The full equation
specification is provided in the model manual.

In these scenarioshée taxelementis determined by thscale ofrevenue recycling. In
the baseline it i s assumed butioh eates remmaip | oy e
fixed over time.In the policy scenariothe rates change response tahe level of
carbon tax and ETS revenumsd the amount gdublicly fundednvestment required.
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Figure 5.5: EU28 Average Annual LabourCo st s (adj usted axis, 0000
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The figure shows that there is little changaueragevage rates across the scengrio
but the tax elementis higher in the energy efficiency scenario (SIhe higher
investment costs ithis scenarianeanthat the netevenues available for recycling
reducelabour taxesire lower Higher labour costs results in lower employment levels.

It is important to nat that, while total wages arégher in the scenarios compared to
baseline(by around 2%,) the reduction in labour taxes and increase in economic
activity from the additional investment in energy efficiency result in a higher level of
employment, suchthat average wages rataemain relatively constant across
scenarios.

Figure5.6 present£U28 unit labour cost¢defined adotal wages plus taxes paid per

unit of output) in each scenaridhe slight decrease in unit labour costs across the
scenaios (boh in nominal and real terms) the resultof lower labour taxe (because

of revenue recyclingps well as an inasase in output, caused by thdditional
investment in energy efficiencyn the case of the engy efficiency scenario (S1),
because of the higher tax element, the reduction in unit labour cost is mostly a result
of increased output.
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Figure 5.6: EU28 Unit Labour C osts, 2050, wages and taxes per unit of output
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Employment Figure5.7 presents the employment impacts of the scenarios compatesbaseline.
Again it should be remembered that the results showdh#inedimpact of boththe
policies and the reductions in international energy prices.

Up until 2025 there is little change in overall European employment levels in the
scenarioxompared with the baselinelowever, once the carbon tax is applied to the
nonETS sectors, there & increase in employment that is maintained throughout the
rest of the projection period.

This illustrates the tradeffs that are involved in these scenarios. The primary driver

of higher employment rates is the revenue recyclingdhacttly reducedabour costs

(see below)This is balanced against the large amounts of investment required, which
also create more jobs but not as many as the equivalent redindédyour taxes. For

this reason S1, which has the highest amafninvestment, results ithe least
positiveoutcome for employment, despite having the best outcome for BPE050

in S1 there is an additional 2.9m jobs compared to baseline, while the other scenarios
have increases of 332m jobs.
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Figure 5.7: EU28 Employment, % difference from baseline
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Table 5.8 summarises this relationship by showing the changes in employment that
E3ME predicts would arisé r om 0100bn of annual , spenc
compared with the reduction in jobs assazidt wi t h 0100 baocabanai sed
taxes The net impact is positive: more jobs are gained from the ways in which the
revenues are recycled than are lost by raising the revenue.

The key relationship is the oneionsendween
i nvestment. As 0U100bn spending on empl oy
than 0100bn of i nvest ment , the scenari os
therefore the | owest reductions iss empl

positive results for employment. This explains why employment results for S1 are
lower than for the other scenarios.

However, it should be stressed that the ranking of the scenarios is dependent on the
assumption about how revenues are used. If ingteadevenues from carbon taxes
were used to reduce VAT or income tax rates, the scenarios with more investment
could create more jobghe method of revenue recycling is therefore important in
determining the ranking of the scenarios in terms of employmén This is
considered further in the next section.

The methodology used to derive the figures in the table is provided in Appendix D.
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Table 5.8: Employment changes associated with revenue raising amecycling

Expenditure Additional Jobs fo
Carbon tax* -182406
Empl oyersd social ¢ 815443
Public investment 708441
Income taxes 221484
VAT 291730
Notes: Table shows additional jobs created i2@0 f or 0 1 Priges)rsteppe? Qp0gBadually over tim
* The carbon tax is applied to the npower sector and raises, rather than spends, revBaee.
AppendixD for details.
Sources: E3ME, Cambridge Econometrics.

Sectoral The outcomes for sectoramployment broadly follow those for sectoral output
employment described aboyewith construction, engineering and their supply chains benefiting the
most Table5.9 shows thatas notedabove, employment effects in S1 are lower than
in the other scenarios, as the revenues available for recycling are much lower for all
sectors (and by 2050 employers6 rates in

In general, there are quite large increaseemployment in all sectors, with the
exception of the extraction sectors (which are small and treated as exogenous in the
modelling) and utilities.

Table 5.9: EU28 Employment by sector205Q % difference from baseline

S1 S2 S3 S4 S5

Agriculture 1.4 1.7 1.7 1.7 1.9
Extractionlndustries 0.0 0.0 0.0 0.0 0.0
Basic manufacturing 2.6 2.2 2.2 2.2 2.3
Engineering and transport

equipment 1.8 1.8 1.7 1.7 1.8
Utilities 0.0 0.0 0.0 0.0 0.0
Construction 2.7 2.6 2.4 2.7 2.7
Distribution and retail 15 1.4 1.2 1.4 1.4
Transport 1.2 1.5 15 1.6 1.7
Communications 2.8 2.5 2.4 25 2.6
Business services 1.0 11 11 11 1.1
Public services 0.4 0.9 0.9 0.9 0.9

Sources: E3ME, Cambridge Econometrics.

Powersector Using coefficients estimated from the data presented in Chapterore detailed
employment resultsare availabldor the power sector. These are preseiriéichble5.10.

It should be noted that the projections are based on assumptions about fixed number of
jobs per GW of installed capacity, and tha¢sthassumptions dmot change over

time; this could affect the results for solar in particular which are likely to be over
estimatesThis is tested in the next sectidine coefficients are given in Appendix D.
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Table 5.10: Power sector employmentthousand personsEU28, 2050

BASE S1 S2 S3 S4 S5
Conventional 250.5 74.7 110.4 455 72.1 146.4
Hydro 31.6 31.9 31.9 321 31.9 32.0
Nuclear 136.2 84.2 110.7 25.1 130.9 16.6
Solar 1185.0 1671.7 17747 2866.0 1764.4 1900.6
Wind 355.4 4459 484.6 749.5 497.3 532.0
Geothermal 29 4.3 53 8.9 6.3 6.4
Biomass 35.1 415 40.7 46.6 43.2 42.8
Tidal 323 40.1 40.6 71.9 40.2 49.2
Sources: E3ME, Cambridge Econometrics.

Employmenby Table5.11 shows the employment impacts at Member State level. With ofdya
Member State exceptions, employment increases by between 0 and 2% compared tediireebds

outlined above, the increases in employment are due to a combination of oil price
ef fects, i nvest ment and reductions i n en
State level reflect theelative magnitudef the impacts of each of these,vasll as
linkages between the Member States. The countries where the impacts are largest are
often those that are smaller and relatively more dependent on more volatile trade
flows; these are usually located in Central and Eastern Eufd@se countriesra
also often more energy intensive and have lower existing energy prices, making them
more sensitive to the policies in the scenarios.

In almost all cases the results for S1 are less positive than the results for the other
scenarios and the only examplesf employment decreases are in this scenario
Sweden is the main exception to this, in part because of the nature of its domestic
industry that produces investment goolsr similar reasons, Denmark is one of the
few countries that has more positive festor the high RES scenario (S3).

Croatia is another exceptiohe model outputs suggest a very high level of
investment would be required in Croatia to meet the emission reduction targets; while
this could lead to a large expansion of the construstmtor it is also very likely that
there would be capacity constraints preventing this from happening.

Table 5.11: Employment in the scenarios by Member State% difference from baseline

S1 S2 S3 S4 S5
Belgium 0.3 0.6 0.7 1.0 0.7
Denmark 1.7 1.5 2.2 1.6 1.5
Germany 1.2 1.2 1.2 1.2 1.2
Greece 1.7 1.4 1.2 1.4 1.5
Spain 1.9 1.6 15 1.7 1.6
France 1.2 1.2 1.1 1.2 1.2
Ireland 0.8 1.0 1.0 1.0 1.1
Italy 1.3 1.6 1.3 1.6 1.6
Luxembourg 1.9 1.7 1.7 1.7 1.9
Netherlands 1.4 1.6 1.4 1.6 1.6
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Austria 1.1 1.3 1.2 1.3 1.4
Portugal 1.9 1.7 1.6 1.7 1.8
Finland 1.6 1.7 1.2 1.7 1.7
Sweden 1.4 0.8 0.8 0.8 0.9
UK 0.6 1.1 1.2 1.2 1.2
Czech Republic 1.7 1.8 2.0 1.9 1.8
Estonia 25 2.3 2.0 2.2 2.3
Cyprus 2.9 2.9 1.8 2.9 2.4
Latvia 2.2 2.9 3.2 2.9 3.0
Lithuania 2.3 2.7 2.7 2.7 35
Hungary 1.5 2.1 2.0 2.0 2.1
Malta 2.2 2.3 2.1 2.3 2.4
Poland 1.3 1.6 1.8 15 1.7
Slovenia 2.6 3.2 25 2.9 3.4
Slovakia 2.0 2.4 2.1 2.3 2.5
Bulgaria 3.7 3.7 3.9 3.6 3.3
Romania 2.1 1.9 1.9 1.9 1.9
Croatia 2.7 3.0 3.0 29 35
Sources: E3ME, Cambridge Econometrics.

Although population is treated as exogenous in E3ME, rates of labour market
participationare modelledLabour participation rates are higher when:

9 economic output is higher
1 realwages are higher

9 skills levels are higher

1 unemployment is lower

Each relationship is empirically estimated and the full equation specification is
provided in the model manudlabour market productivity affects participation rates
indirectly through the igher wageshatmore productive workers can demand.

Figure 5.8 shows how the scenarios impact on labour supply. Overall there is a
gradual increase impact onlabour supply over time (although again this is partly
due to oil price assumptions). It igtiteable that the increase in labour supply only
begins after 2025, when employment growth is high®ainly due to the carbon tax
and increased revenue recychng@he increase in labour force is mainly driven by
older workers postponing retirement démis. These impacts occur in the context of a
declininglabour force due to an aging population in the baseline.

The increase in labour supply is slightly higher in the diversified, delayed CCS and
low nuclear scenarios (S2, S4 and S5). This is because theee scenarios have
higher employment rates than the energy efficiency case (S1) and higher rates of real
incomes and output than the high RES case (S3).
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Figure 5.8: EU28 Labour Force, % difference from baseline
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Unemployment Unemployment in E3ME is determinedthe difference between labour supply and
labour demand. The charts presented in this section have shown that in the scenarios
there are increases in both indicatddewever, as E3ME does not assumarket
clearing wagesn the labour market (omarketclearing prices inother markets),
wagesdo not adjustto balance the increases in supply and demeweh in the long
run.

Table 5.12 presents the changes in unemployment in the scenarios. It should be
stressed that some of the reduction is due to the lower oil prices in the scéraios

net effect is to reducanemployment in Bwpe by around650,000to one million
persons The reduction is smaller in the energy efficiency case due to the lower
employment increases.

Table 5.12. Change inUnemployment, EU, 2050

Scenario Changein Unemployment, 000s
Energy Efficiency (S1) -655.6
Diversified Supply (S2) -808.9
High Renewables (S3) -945.8
Delayed CCS (S4) -859.5
Low Nuclear (S5) -893.3
Sources: E3ME, Cambridge Econometrics.

Average working The employmentesults presented in this section are measured on a headcount basis.
hours Another way that labour demand can increase is through increases in average working
hours. E3ME includes a set of equations that determines average working hours based

on economic demandnd available capacity. However, the results from the model
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show that there is very little impact on working hours in the long run, with a
maximum impact in some Member States of +0.1% by 2050.

5.5  Sensitivity analysis

This section only summarises the results from the sensitivity analysis, a more detailed
set of results is provided in Appendix

Sensitivity testing was carried out for

the oil price effect

baseline rates of GDP growth
investment crowding out effects
employment ratios

different types of revenue recycling

=A =4 =4 =8 =4

These are discussed in turn below.

Factoring out the Thepolicy scenarios include an ambitious programme of decarbonisation in the rest of

oil price effects the worldthat leads to an oil price thatliswer than in the baseline h& modelling
resultsthereforeinclude both the impaadf European policyand that of lower oil
prices(which benefit European consumers at the expense eEnmpean producers)
For this reasgnand in order to isolate thdfects of EU policy,Table5.13 presents
scenario results produceglative to a baselimn@here the oil price is the same as in the
main scenariasThe table includesesults for the EU28 as a whole, including all
sectors.

As expected when oil price effects are factored otihe employment impacts are
lower than thos@resented in the previous sectidine difference is aroun@00,000

jobs.
Table5.13Empl oyment | mpacts without the Oil Pri ce
Scenario Change in Employment, Change in Employment,
excluding oil price effect main scenarios
Energy Efficiency (S1) 2288 2870
Diversified Supply(S2) 2540 3123
High Renewables (S3) 2437 3019
Delayed CCS (S4) 2580 3162
Low Nuclear (S5) 2627 3209
Notes:  The first column shows results compared to a baseline where the oil price is the same as in the pq
scenariosTheright handcolumnshows the results compared to theinbaseline (which has the
higher oil price).
Sources: E3ME, Cambridge Econometrics.

Changes to Table5.14 shows the impacts in a casberetheunderlying GDP growth in Europe is
baseline economic higher An exogenous increase Exportswas added to the baseline and all the
growth rates scenarios, so that GDP in 2050 is ambub% higher than in the main baseline. As
would be expected, baseline employment levels in this sensitivity are also higher.

The table shows that the impacts of the scenarios are very similar, regardless of
baseline GDP growth rates. When baseline GDRigber, there isan increasen
additional employment. This is because thigher level of economic activity
generates a higher level of carbon tax revenues in the scenarios, which are used to
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|l ower the rate of empl oy e rreb$ ensooraging a S
somewhat larger increase in employment.

Table 5.14: Employment I mpacts with Higher Baseline GDPGrowth in 2050(EU28,
60pPO0

Scenario Change in Employment, Change inEmployment,
higher baseline GDP main scenarios
Energy Efficiency (S1) 3256 2870
Diversified Supply (S2) 3466 3123
High Renewables (S3) 3382 3019
Delayed CCS (S4) 3484 3162
Low Nuclear (S5) 3589 3209

Notes:  The first column shows net change in employnvemén the same policy scenarios are run but with
higher rates of GDP growth in the baseline and the scen@itiesight handcolumnshows the results
from the main scenarios compared to the main baseline

Sources: E3ME, Cambridge Econometrics.

It is an implicit assumption in these results that there is available finance for
einvestment. This finance could come from outside Europe or be diverted from
financial assets. This sensitivity considers the @dasehich the financing is instead
diverted from other real investments in the EU. Effectively it shows the main results
minus the positive effects of the additional investment.

Table5.15 shows the impacts of the scenarios under thexdsed assumptions. The
employment benefits are much smaller, around 1.3m less than in the baseline (2m in
S1 due to the higher investmertjowever, they are still positive in all scenaridse

to a combination of the oil price effects and the revenue recycling.

Table 5.15: Employmentimpact s wi t h 6fCfr eiro205D(BUS, B0}t E

Scenario Change in Employment, Change inEmployment,
6crowding o main scenarios
Energy Efficiency (S1) 926 2870
Diversified Supply (S2) 1839 3123
High Renewables (S3) 1708 3019
Delayed CCS (S4) 1872 3162
Low Nuclear (S5) 1952 3209
Notes:  The first column shows net change in employment wthersame policy scenarios are run but with no
additional investment due to crowding otiheright hand column shows the results with no crowdin
Sources: E?Sl\ljlté, Cambridge Econometrics.

The employment ratios are the number of jobs in each type of power generation per
unit of installed capacity. In the main scenarios, the employment ratios are derived
from the figures presented in Chapter 2. This meyducean overestimate of the
projeced number of jobs, as there may be economies of scale in the &stimstalled
capacity increase&or example, if more solar panels are installed, people employed in
maintaining them would spend less time travelling between sites.
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We tested two sensiities to assess the overall impact of this assumption. In the first
of these we assume that the employment ratiaseim renewabletechnologis (i.e.
excluding wind and hydrojall to a rate that issimilar to fossil fuel plantsin the
second we assumedttthe ratios fall to a rate that is similar to wind.

Table5.16 presents the results under the revised assumptions. It shovilsetledfiects
are very limitedat macoeconomic level (although there are some quite substantial
differences within the electricity supply sector).

Table 5.16: Employment impacts with different power sector assumptionf EU28 ) 6000

Scenario Coefficients similar to Coefficients Change in
Fossil Fuels similar to Wind Employment, main
scenarios
Energy Efficiency (S1) 2872 2872 2870
Diversified Supply (S2) 3122 3123 3123
High Renewables (S3) 3021 3021 3019
Delayed CCS (S4) 3163 3163 3162
Low Nuclear (S5) 3208 3207 3209
Notes:  The first two columns show net change in employment for the same policy scenarios but with diffe
assumptions about the future labour intensity of the power s@tiefinal column showthe results
from the main scenarios
Sources: E3ME, Cambridge Econometrics.

As shown inTable 5.8, the different revenue recycling methods can have quite a
considerable impact on employmenb some extent the shedrm differences shown

in that table are maintained throughout the per@#050, although it should be noted
that the employment effects of higher investment tend to decline overdtimdo
rising productivity

With this in mind, we tested two alternative optionsreeycling revenueseducing

income tax rates and reduciN@T rates.The reductions in these tax rates were of the
same magnhitude as the reductions i n em
scenarios were still revenue neutiidie results are shown irable5.17.

Table 5.17: Empl oyment i mpacts with alternative re
Scenario Change in Change in Change in
Employment, Income Employment, VAT Employment,
Tax Reductions Reductions main scenarios
Energy Efficiency (S1) 2735 2855 2874
Diversified Supply (S2) 2989 2669 3130
High Renewables (S3) 2855 2490 3026
Delayed CCS (S4) 3015 2717 3166
Low Nuclear (S5) 3085 2712 3220
Notes:  The first two columns show net change in employment when the same policy scenarios are run by
alternative forms of revenue recycling. Thstcolumn showthe result§rom the main scenarios
Sources: ESME, Cambridge Econometrics.
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As expected, both options lead to lower employment increases in the scenarios
because the tax reduction is no longer focused on employment These is not
much change in S1 (as the amount of revenues available for recycling are very low
anyway) but in theother scenarios there is a modest difference of around 100,000
jobs. This has the effect of reducing the difference between the scenarios.

5.6 Summary

The results from E3ME suggest that in the Energy Roadmap scenarios there could be
an increae in net EU employment op to 3mjobs(1.2%) This can be broken down
as follows:

9 0.6mare due to a lower international oil price as a resuhe global adoption of
policies that cut demand for fossil fuels

1 1.3m are due to the additional investmirat is required to meet the targets

1 theremainder iglue to the recycling of revenues from carboresaand auctioned
ETS allowances

There are also some negative factorthe scenarios:

9 a higher carbon price will lead to a loss of jobs in the energyl\sspctors adh
some energyntensive sectors
1 higher electricity prices will lead to s@mjob losses across the economy

By 2050, net employment in the power seatould increase by 0.tb 0.7m jobs. In
the case of high RES thiecreasecould be up to 1.8m jobslowever, it should be
notedthatthere is conslerable uncertainty about the power sec¢sults.

The scenarios are designed to be compared et other. The key results are as

scenarios and follows:

revenue recycling

Sectoral impacts

1 The high energy efficiency scenario will have higher investregpenditure The
cost of thisinvestment may be higher than the revenues available from carbon
taxation and auctioned ETS allowancas least in some year$his reduces the
scope for usig available revenues to boost employment (see below).

1 The scenario with a high renewables share has a higher electricity price, which will
reduce the net positive impact on jobs

The resultdor the other three scenarios are quite sinidagach otherOne important

issue to consier is the revenue recycling method applied. The main scenarios use
additional revenues to cut taxes on labour, reducing the overall cost to employers; this
has the direct effect of increasing jod$e alternative revenue recyw measures

that were tested algwoducedncreases in employmeriiyt these araotaslarge.

The choice of revenue recycling method is also important when comparing the
different scenarios; the scenarios that have large amounts of surplus revenue appear
better wherthe method of revenue recyclinbat is adopted is targeted at labour taxes.

The macroeconomic modelling can only assess impacts atdigt 2ectoral level. In

this chapter we have aggregated results to show the main ;vgquaoss a set of broad
sectors. Theualitative character of thesultsis as expectedhe sectors that produce
investment goods (notably constructioale the primary beneficiaries and other
engineering firms and their supply chains also in@easployment. In addition, the

model results suggest that there would be employment increases across almost all the
sectors defined in the model.
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However, it is important to note that this does nale out the possibility that
particular subsectors couldsee significant job lossesand nor do the net positive
effects mean that the structural changes will be smooth, particularly in face of low
labou mobility or weak adaptabilitySome workers may not be able to move from
declining to growing sectors and thereyntee some localised impacts as well. These
issues areiscussedn Chapter7.
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6 Results fr-&th Mbde GEM

6.1 Introduction

This chapter presents the modelling results from the @Mnodelfor the scenarios
described in Chaptet. Section6.2 discusses the modelling methodology and Section
6.3 presents the result$he remaining sections look at the sensitivity analysis and
draw conclusions from the analysis.

We compare theesultsof the two models in Chaptér

6.2  Modelling methodology

This section provides the methodology on how the different decarbonisation scenarios
were implemented in GEME3. In the paragraphs below we present the different
mechanisms of GEME3 and describe how these are calibrated to replicate the
structural changes projected by PRIMES for each decarbonisation scenario.

Like E3AME, GEMES includes a representation of the energy system but lacks the
details and engineering imvimation that are present in the PRIMES model. Thergefore
as with E3ME, the GEME3 power sector projections are calibrated to those obtained
from the PRIMES modelThis task involves matching the energy system results for
the decarbonisation scenarios with the corresponding modules of the economic
models. Further details about the power sector are provided below.

GHG emission At the EU level, an 8% reduction in energy related CO2 emissions by 2050 is
reduction targets assumed (which is consistent with the 80% reduction in total GHG emissions). The
PRIMES projections include an emissions reduction trajectoryyi@ab steps for the
period up to 2050. This trajectoryalso simulated using GEHE3 (se€Table6.1).

It is assumed that the ridBU countries adopt ambitious GHG mitigation policies,
beyond pledges included in the CPl tkat globally emissions in 2050 are 50% below
1990 levels and global emissions continuously decrease after 2020. This emissions
reduction trajectory at the global level is broadly consistent with CO2 emission
concentration levels stabilising at 450 ppntaadition which maintains the chances

not to exceed the two degrees temperature rise.

Emissions reductions are implemented in the GE3model by distinguishing two
different groups, namely the EU and the 1€ group. Each group is assumed to set

a different carbon price, the level of which is endogenously estimated by the model so
as to meet the targeted emissions reduction separately by group. The emissions
reduction path for the neBU group is unchanged in all the decarbonisation scenarios.
The emis®ns reduction in the EU may vary by scenario but the projections make sure
that all decarbonisation scenarios emit the same amount in terms of cumulative
emissions (carbon budget).

Carbon prices are the main driver of emissions reductions in-6&M boh regional

groups; they apply to both ETS and ABRS sectors (the model endogenously
calculates the level of the carbon price so as to meet the given emission reduction
constraint). Carbon price revenues by the state are endogenously recycled in the
econony (of each group separately) to redu
social security comibutions. In previous researclusing GEME3 we have
demonstrated that among the various recycling options, reduction of labour costs is the
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most effective interms of mitigating the GDP and employment impacts of
decarbonisation (a finding also confirmed by the E3ME model).

Table 6.1: GHG emissions reductions

% change from 2020 2030 2050
2005
EU27 20 36 79

Energy efficiency Energy consumption is endogenous in GEBl Energy consumed by production
sectors is derived from profit maximisation (or cost minimisation in case of perfect
competition market regimes) under technology possibilities represented by the KLEM
production fumtions which involve a substitution possibility frontier among all
production factors depending on relative factor prices. Energy consumed by
households is derived from utility maximisation under a revenue constraint. Utility is
derived from consumption bgurpose (food, clothing, mobility, entertainment, etc.)
which is further split into consumption by product. Substitutions are possible
depending on relative prices. Consumption by purpose is derived either from
consumable goods and services or from theraton of durable goods. For durable
goods, stock accumulation depends on new purchases and scrapping. Durable goods
include houses, heating and cooking appliances and private cars, which consume (non
durable) goods and services, including energy prodiitts latter are endogenously
determined depending on the stock of durable goods and on relative energy prices.

Energy efficiency in GEME3 is realised in three ways:

i) as a result of changes in the prices of energy relative to prices of other consnoditie
and production factors (substitution effect)

i) through improvement in technical progress embodied in the energy inputs of the
KLEM production functions and the functions which determine-tharable goods
consumption of durables (the technical progoesgficients being projected
exogenously in the version of GEEB used for the present study)

iii) by investing money to improve the energy intensity of production or consumption,
along cosipotential energy saving curves which are estimated by sectarand
connected with the production and consumption functions in the model.

The costpotential energy saving curves are calibrated to bettprimformation from
various sources and constitute a reddoeth representation of energy saving
possibilities, aggrgating a large variety of techniques and interventions aimed at
improving energy efficiency. The cegbtential curves exhibit decreasing returns to
scale (increasing slopes) assuming that the energy saving potential is intertemporally
limited by sector.

Spending for energy savings is treated as an investment which has no repercussions on
productive capacity but acts on the demand side as it requires goods and services for
implementation. The financing of investment for energy saving is modelled in a
comgdex way: a) it can act to the detriment of other factors or goods spending and
productive investment if investment is skifanced, for example when an efficiency
regulation or standard is Iimposed on a s
stae together with a mechanism of recovering subsidised costs through (optionally)
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taxation increase, c) it can be triggered by a virtual incentive which represents the
shadow value of a systewide energy efficiency target with varying incentive values
until the overall target is met. Modbhsed scenarios can combine the above three
mechanisms.

Energy efficiency progress through the above mentionedpatsntial energy curves
implies that firms and households invest to improve the efficiency of energyhise.
further implies that the economy substitutes energy for materials (equipment,
insulation, etc.) and services (e.g. provided by technicians for installation). It is
assumed that the investment expenditure produces results one period after it takes
place and continuously for a period of at least 20 years. The purpose of the investment
concerns only the reduction of the unit consumption of energy in the sector or energy
use of households, in which the investment takes place.

Economic agents use parttbgir income (unless they are subsidised) to acquire goods
and services that are used to improve their energy efficiency. These goods and
services accumulate to an energy saving capital stock that provides permanent energy
efficiency improvements.

To enface the energy saving scheme (implied by the decarbonisation scenarios) to
firms and households the following methodology is adopted. The government is
assumed to raise a virtual energy tax (proportional to the energy consumption of each
economic agent) ahimposes a certain rate of taxation to all consumers (firms and
households) of energy. The tax rate is endogenously determined so as to collect
exactly the amount required to subsidise the energy consumers for undertaking energy
saving investment as reged to meet the targeted energy efficiency improvement. As
tax revenues are used by the government to finance exactly the energy saving
expenditures, public budget neutrality is ensured. The &3Nhodel includes energy
efficiency cost curves that relatexpenditures with improvements in energy
efficiency. Using this relationship it is possible to calculate for each sector the exact
amount required to be spent in order to attain certain energy efficiency levels. In
modelling terms it is &aays ensured thdhe (virtual)tax revenues suffice to finance

the required energy saving expenditures. Essentially the government is used in the
mo d e | to reallocate firmsd and househol
the required energy saving expendituress ithiwhy we use the term virtual energy

tax. The energy efficiency targets by sector are calibrated to the PRIMES model
projections by scenario.

The energy saving technology has a specific structure in terms of commodities and
services that are necessany €onstruction and implementation. The model formulates
this additional demand using fixed technical coefficients that split the energy saving
expenditure into different commodities and services (i.e. construction, equipment
goods, electrical goods etcTius energy savings have indirect effects on employment
through implementation of the energy saving investments.

The decarbonisation scenarios imply different amounts of expenditure for energy
savings depending on the degree of reliance on energy etfjgieagress by scenario.

The additional expenditures relative to the CPI scenario are used as an inputto GEM
E3 in order to calibrate the required energy efficiency investments.

GEM-ES includes a bottorap representation of power generatiohere electricity
producing technologies are treated as separate production activities. The electricity
producing technologies are characterised by different cost structures and conversion
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efficiencies. The projections of capital, labour and fuel costpdwer generation
technology influence the determination of the technology mix in power generation.
Generation costs include annual paymsembr capital investment, operation
maintenance costs, and fuel costs which depend on fuel prices. The costingedata a
calibrated to the assumptions of the PRIMES model by scenario.

Investment in new capital for each power technology requires products and services,
for example construction, metals, machines, and insurance services. The capital
requirements differ by pe of power generation technology.

An important modelling choice is the formulation of a driver in the model that induces
higher RES deployment than under baseline conditibhs. usual formulation is to
assume that the state applies a special suppatrecka feedn-tariff) on RES use,
which alters the relative costs of production factors in supply sectors and -of end
products in final consumption, and hence induces substitution of conventional energy
in favor of RES. Alternatively the exact deploymerit RES per country can be
imposed on to GEME3 by adjusting the value shares of the power generation
production function.

Shift parameters in the power generation production functions are calibrated
dynamically to allow GEME3 to replicate the projectiorfsom PRIMES in each
scenario regarding the mix of technologies in power generation.

Renewable energy The renewable energy forms (excluding those used in power generation) are
forms in other represented in GENE3 as: i) solar for heat used in houslels, ii) biomass used for
sectors combustion in various sectors and iii) biofuels blended with oil products to produce

Transport

transportation fuels.

Solar for heat use is combined with use of -damable goods (energy inputs) in
durables, such as houses. Thus solaraesiother energy inputs to durables within the
househol dsd consumption function and i s
equipment (e.g. solar heaters).

The consumption matrix is extended to include biomass inputs for combustion
purposes in housein cases where such information was not included in the original
inputoutput data. Similarly, agricultural products used as production factors (inputs)
in production sectors are sdivided to represent separately biomass for combustion
purposes. Biomasis supplied by the agricultural sector. The biofuels are assumed to
be more expensive per unit of energy service than the conventional energy products.
The blending of biofuels and conventional fuels is assumed to take place in the oil
refining and oil déstribution sector. The blending function is controlled by exogenous
parameters to calibrate to PRIMES projections and includes upper bounds for
biofuels.

Waste used for energy purposes is assumed to bepaobyct of several sectors
(water and sewage, agulture, other industries, etc.) produced at zero cost. The use of
waste, however, involves costs (for example for-tpeatment, packaging and
transportation) which are borne by the sectors consuming waste for energy
combustion purposes. The potentiaivaste feedstock is assumed to be limited and is
calibrated to PRIMES projections.

GEM-E3 represents passenger and freight transportation split into three sectors which
refer to the transportation mode: land, air and water. Each transpesecsobsells
services to other production sectors and to households. Transportation using private
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cars and motorcycles is part of final consumption by households and more specifically
it is provided by the durable goods (cars and motorcycles) which areapattiy
households.

As mentioned above, households purchase goods and services for various purposes
from which they get utility. Some of these goods and services are consumed directly,
whereas others are consumed through the use of durable goods, swbses,
appliances and cars. GEEB follows a complex specification to represent this
structure of final consumption by distinguishing between durables andurables

and by linking the consumption of goods and services to the use of durable goods. The
stock of durable goods changes dynamically as a result of endogenous investment by
households in new durable goods. The unit operation cost of new durables influences
the purchasing decisisof households.

Households can choose the mix between public transportation and the use of private
cars and motorcycles depending on utility, income and relative unit costs. Using
private cars entails a cost to the consumer which includes annualised expenditure for
acquiing the vehicle and annual expenditures for operation, maintenance and fuelling.
Three types of vehicle are represented in the model: conventional, electrical and plug
in hybrid. Each vehicle type has different structures in terms of acquisition and
operaion costs. Cars are purchased from the transport equipment sector.

By calibrating the scale and share parameters of the production and consumption
functions deriving inputs to the various transport means, it is possible to replicate the
fuel and electridy mix in public and personal transport as projected by PRIMES by
scenario. Similarly, the durable choice functions in the households modatkng
calibrated to replicate the PRIMES projections of the future fleet structure.

The GEM-E3 projection of fossil fuel prices is calibrated to replicate the projection of
world fossil fuel prices, as assumed for the decarbonisation scenarios up &850
Table4.3).

GEM-ES is a global model and, as it follows general equilibrium theory, it applies the
Walras law at a global scale. Current accounts by region may vary by scenario.
Restrictions can be optionally imposed on current adsdoy region and in this case
relative interest rates by region are determined by the model as shadow values of these
restrictions.

GEM-E3 is an open economy model for the EU region, since its current account can
change by scenario. This weakens compatatif macroeconomic implications on

the EU of the various scenarios and so matters for the net results on employment
estimated using GEMNE3 in the context of the various decarbonisation scenarios. To
improve comparability of scenarios, we use an optioB BM-E3 which imposes that
eithertheEUG6s or each Member Statesd current
remain unchanged in decarbonisation scenarios relative to the CPI projections. This
restriction implies that the average EU interest rates omtheidual, relative to the
average global interest rates;adiust endogenously in the model results by scenario,

so as to keep the current account as a percentage of GDP unchanged.

For example, if the decarbonisation scenarios lead the EU economgguae
additional (relative to the CPI scenario) external financing to support increased
spending for decarbonisation purposes, relative EU interest rates -adpusted
upwards so as to increase the cost of capital and crowd out other investmeny, thereb
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keeping the current account balance at the targeted level. The decarbonisation scenario
results therefore have, by design, the same implied external financing as the CPI.

6.3 GEM-E3 Results on activity and employment

Calculating the employmentffects from RES deployment, the implementation of
energy efficiency programmes, biofuels production and transport electrification is a
complex task since it requires taking into account not only the direct effects of
increased demand on the sectors supplyhe respective products and services, but
also the indirect effects from changes in competitiveness and income reallocation. The
input-output (I0) multipliers approach, which is widely used as a methodological tool
to assess the employment impacts okrgp efficiency investments and RES
deployment, cannot capture the effects on employment induced by factor substitution
and changes in sectoral and national competitiveness. The literature survey presented
in Chapter3 notes that several studies examine the direct employment effects but that
only very few examine the entire sequence of direct and indirect effects on the
economy.

In this chapter both approaches aregdd: a static IO model and the GEA3 model

(a global CGE model that represents all El@mberStates individually) are used to
assess the EU employment effects of five decarbonisation scenarios included in the
Energy Roadmap 2050. The results of theistd® model provide a first
approximation to the employment impacts whereas the general equilibrium economic
results capture the series of structural changes taking place in the EU energy system
and provide the net effect on economic activity and employimen

The decomposition of the net equilibrium effect on activity and employment of each
scenario to its components requires an identification of the sequence of changes
occurring in the EU energy and economic system and of the main sectors involved. In
comparison with the CPI scenario, the deployment of RES, the implementation of
energy efficiency programmes, the production of biofuels and the electrification of
transport together involve more investment in power generation, higher demand for
agricultural poducts because of biofuels, higher demand for equipment goods that
correspond to solar heaters and geothermal heat units and higher demand for goods
and services that are used to build energy saving capital. Higher demand for the goods
and services mentied above implies lower use of oil, gas and solids, a large part of
which are imported.

Therefore by considering the flow of goods and services across the economy, directly
and indirectly the transition to a decarba@ed economy induces more domestic
econanic activity for producing goods and services than under the reference case
which involves more use of conventional (mostly imported) energy sources.

The sectors that are expected to incur the largest impacts on activity and hence
employment, fall undeihe following categories:

9 Agriculture: This sector provides the feedstock for the biofuels and the biomass
and it is a low skilled labour intensive sector

9 Fossil fuel extraction, process and distribution sectors: These sectors are expected
to present nedae employment effects since they can be substituted with low or
carbon free energy products.

9 Power producing sectors: A restructuring in power generation occurgtie all
scenarios examined. The mix of power generation technologies differs from one
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scanario to another but the share of carbon intensive technologies is always small.
The restructuring always takplace in favar of low fuel intensive and high
capital intensive power technologies.

9 Manufacturing and Service sectors: These sectors are sisigoior the
production of the RES equipment, the production and operation of electric and
plug-in hybrid cars, the energy saving equipment and the equipment required to
perform enebf-pipe abatement GHG emission reductions.

1 Construction: This sector itals energy efficiency improvements and is an
important component of the capital requirements of most of the power generation
technologies.

The investments required to decarlzenthe energy system create demand in the
sectors producing the investmentogs. The GEME3 model includes an explicit
accounting framework (investment matrix) that decomposes total sectoral investment
to specific demand for investment goods. The structure of the investment matrix is
based on a reconciliation of data from varieasarces.

For the power generation technologies the sources used inclu@iribygean Wind
Energy Association (EWEA, 2009) for PV, biomass and wind and the National
Renewable Energy Laboratory (NREL) of the US Department of Energy Jobs and
Economic Developent programme (JEDI) for coal and conventional power
generation technologieS.able 6.2 presents the average EU investment matrix, in
percentage shares for all powengration technologies identified in the model.

Table 6.2: Investment matrix for power generation technologies (EU average)

% shares Coal OQil fired Gas Biomass Hydro  Wind PV
fired fired
Agriculture 0.0 0.2 0.0 13.8 0.2 0.0 0.0
Ferrous & norFerrous 0.0 0.9 0.0 0.0 1.2 11.0 0.0
Chemical Products 0.0 0.0 0.0 1.3 0.0 6.3 0.0
Electric Goods 135 5.5 18.7 0.0 4.7 6.5 6.8
Transport equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other Equipment 31.1 17.7 19.9 0.0 131 39.9 19.9
Construction 40.7 60.6 45.9 68.0 64.5 28.6 50.4
Market Services 14.5 14.8 154 17.0 16.1 7.7 22.9
Total 100 100 100 100 100 100 100
Source: E3M-lab calculations based on EWEA (20@®)d JEDI

Transport related expenditures generate demand for the transport equipment sector
(expenditures are associated with demand for electric and hybridnpbags). Energy
efficiency expenditures create demand for electric goods industries (appliances
conforming to energy saving standards, energy saving bulbs etc.), construction
(building retrofits, energy saving improvements in buildings etc.) and market services
(administrative, financing services etcljable 6.3 presents the structure of energy
efficiency investments.
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Table 6.3: Sectors delivering the energy saving capital (% shares)

Construction Electric Goods Market Services Total
70 20 10 100

Source: E3M lab calculations based @&ltier (2010)

In order to calculate the employment multipliers in a static Leontief methodology we
use the inpubutputtables from the GEME3 database. The inpattput tables are

based on historical data for the year 2010. The tables have been extended so as to
include separately ten power generation technologieprofpiate assumptions and

data on inputs to power genBoa sectors have been employed in this procEks.
GEM-ES inputoutput employment multipliers provide a first approximation to the
overall employment effects, most importantly they providéndication of the labour
intensiveness of the economy wide dration value chain implied by the renewable
penetration or the energy efficiency. Of course the hopipput Leontief methodology
ignores price driven substitution, ignores dynamics and has no macroeconomic closure
which implies that it neglects crowdingut effects. The results of this simple
methodology generally overstimate the overall employment and activity effects of
demandpushing changes (as in the case of investment for energy efficiency and low
carbon) The input-output tables provide a stasoapshot of the EU economies which
depicts the inputs used by each sector, the outputs produced by each sector, and the
relationship between sectoral output and final demand among the different agents. In
order to calculate the employment multipliers oreeds to calculate the direct
requirements table (an algebraic manipulation of the make and use table showing the
amount of a commaodity required by a sector to produce one currency unit of output)
and the Leontief inverse matrix.

In order to assess the elmyment effects, rather than simply output effects, the
Leontief inverse matrix has to be converted into an employment requirements table.
This table is used to estimate the number of jobs throughout the economy that are
needed, both directly and indirggtto deliver one euro of final demand for a specific
commodity. The employment/output ratios for each secturst be calculated and
combined with the Leontief inverse matri® create the employment requirements
table

In addition to the direct and indict employment effects, induced employment effects
were estimated following a similar methodology. In this case the household sector is
treated as an additional industry by adding an extra row and column into the direct
requirements table accounting foetbompensation of employeand the household
expenditure coefficients respectively. Thus it was possible to estimate the total
employment effects which account for the direct, indirect and induced effects as a
result of changes in demand for one or me&a@'s in the economy.

Labour intensive sectors have relatively higher direct employment efessggble

6.4). Indirect and consumption induced employment effects vary depending on the
extent of intersectoralinkages that each sector has with the rest of the sectors as well
as due to the shares of the domestic content of inputs to their production.

Sectors expected to be affected from investments in RES, energy efficiency and
transport (like construction, agpment goods industries and services) present
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relatively high total employment effects. This is associated with the labour intensity of
the sectors, the share of the domestically produced inputs to the latter and labour
compensation. In general, relatiyelabour intensive sectors with relatively lower
averagedabourcompensation (like the agriculture sector) or sectors with high shares
of inputs of domestic origin (services, construction) record relatively higher
employment effects. The moré&bour intengve a sector is, the higher the
employment/output ratio will be. Hendabourintensive sectors will employ more
employees for the same level of output. Sectors that use relatively more of
domestically produced inputs to their production have a higherogmpht effect. A
higher domestic content implies that a production increase of the specific sector will
be associated with more employment being generated in the EU rather than in other
economies from where inputs are imported. Finally, if other thingsireequal, a
sector of production will register a higher employment effect if average labour
compensation is lower.

Table 6.4: Employment effects periilm (EU27 IO table), in FTE jobs

Direct FTE Indirect FTE Induced FTE  Total FTE

jobs jobs jobs jobs
Agriculture 175 4.1 5.7 27.3
Coal 10.6 3.1 4.7 18.3
Crude Oil 0.3 0.3 0.3 1.0
oil 0.2 0.5 0.3 1.0
Gas 1.6 0.8 1.2 3.7
Electricity supply 2.1 4.8 3.8 10.6
Ferrous & N. ferrous metals 3.7 3.9 4.8 124
Chemical Products 1.8 2.9 3.2 7.9
Other energy intensive 3.4 4.2 4.9 125
Electric Goods 3.8 2.8 2.4 9.0
Transport equipment 1.6 3.3 3.6 8.5
Other Equipment Goods 2.3 3.4 4.5 10.2
Consumer Goods Industries 3.2 54 4.0 125
Construction 6.3 5.2 6.1 17.6
Transport (Air) 1.1 3.0 3.0 7.1
Transport (Land) 3.8 4.3 4.5 12.6
Transport (Water) 2.2 4.0 3.2 9.5
Market Services 6.9 4.2 5.1 16.1
Non Market Services 12.8 35 9.6 25.9

Source: E3M-Lab calculations

Given the strature/composition of investmentindertaken in power generation
technologies, energy efficiency and transptrg investment impact is different in

each case depending on the employment effects of the sectors which provide inputs to
these investments.

Table 6.5 summarses the employment effects of investments in alternative power
generation technologies. RES technologies record a greater impact on employment.
This is associated with the demand gatest from such investments for sectors with
relatively higher total employment effects (mainly construction).
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Table 6.5: Total employment effectsfrom investment in alternative power generation
technologiesnumber of FTE equivalent jobs perGWh

Employment in the
baseline (BA)
scenario (CPI)

Coal Qil fired Gas Nuclear Biomass Hydro Wwind PV
fired fired
0.72 1.69 0.94 0.64 1.82 1.09 1.07 5.05

Source. E3M Lab calculations

Table 6.6 presents the total employment effects of investments in energy efficiency
and transport. They are found to generate 15.73 and 8.48 FTE jobs respectively per
million euro spend. Energy effiaiey investments generate demand for construction,
electric goods and market services. These sectors have relatively higher total
employment effects, thus the impact is fowmdbelarger in magnitudéhanthe effects

of investments in transpomnvhich creée demand for the transport equipment sector
that records a relatively lower employment effect.

Table 6.6: Employment effects of investments in energy efficiency and transport

Total FTE jobs per U million demand
Energy efficiency 15.73
Transport 8.48

Sourca:. E3M Lab calculations

In 2010, 1.2% of total EU employees were working in energy sectorg &xe6.7).

In the baseline this share is projected to increase marginally over the next 40 years to
reach 1.6% in 2050. This increase is attributed to increasing energy production from
countries with energy sectors that are more labour intensive than the EUeaverag
Figure 6.1 presents how employment is allocated over the different energy sectors in
2050.

Table 6.7: GEM -E3 Baselire Employment by Sector, rilions, EU28

2010 2030 2050
Agriculture 12.8 115 111
Fossil extraction and manufacturing 0.8 0.6 0.6
Electricity supply 0.86 1.15 1.33
Industry 37.4 32.2 28.7
Construction 19.8 19.7 20.0
Transport 8.4 6.7 5.8
Marketservices 79.8 69.3 61.4
Non market services 59.8 81.9 93.7
Power technologies 1.0 1.3 1.7
Total 220.7 224.3 224.3

The transmission and distribution sector accounts for 36.6% of total employment in
theenergy sectors in 2050. The increase from a Sh&6e in 201@seeFigure6.1) is
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attributed to two factors: i) the increase of power generation in countries with
relatively high labour intensities in the transmigsand distribution sectors and ii) the
substitution of conventional fossil fuel technologies with RES technologies that are
more capital intensive. Coal mining and gas extractiah distribution account for
14%.In 2050 the deployment of RES and the galdransition towards CCS power
generation increase employment in these sectors (from 11% in 2010 to 23% in 2050).

Figure 6.1: Composition of employment in energy sectors (CPI)

) ) 0
Qil extraction 1,7% Coal fired 2,2%

Oll refineries 3,2%

2050 Oil fired 0,6% Hydro 3,8% _ CCS (Coal and Gas)
4,3%

Gas Extr. and Distr.
Trans. and Distr. 5,4%

0,
36,6% PV 5,6%
Wind 5,8%
Nuclear 6,7%
Coal mining 8,6%

Gas 7,6%
Biomass 8,0%

Sourcs. GEM-E3.

The carbon prices drive substitutions between production factors and between goods
ard services in final demand.he assumed structural changes in power generation
towards clean energy technologiesnewables, CCS, etc.), in energy savings (higher
investment and less demand for energy products) and in the transport sector (in favour
of biofuels and electricity) intensify production factor substitutions driven by carbon
prices. All substitutions imgl higher demand for materials and equipment and lower
demand for fossil fuels in the delivery of energy services tecendumers of energy

(in intermediate and final consumption of energy). As the substitutions are not found
profitable®® under the referemcscenario assumptions (which do not include ambitious
emission reduction), the additional substitutions simulated under the strict emission
reduction assumptions entail net costs for consumers of energy, in the sense that
additional capital costs are highthan the present value of reduced costs for
purchasing energy products implied by substitutions towards clean and more efficient
energy (either in fial demand or in power sectoonsequently, the unit cost of
energy services (useful energy) delivered consumers is higher in the
decarbonisation scenario relative to baselinebecause the induced progress in clean

38 The substitutions are not profitable in theerehce case where there is no need for stringent emission reductions.
This is not the case in the decarbonisation scenario.
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