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1 Executive summary
1.1 Background, aims and scope
In Hungary buildings are key to the climate challenge: they contribute approximately
half of energy-related CO2 emissions(Novikova, 2008). This is partially caused by the
extreme inefficiency of the Hungarian building stock. For instance, Hungary ranks among
the top-ten EU27 countries in terms of specific dwelling energy consumption scaled to
EU average climate (247 kWh m-2 year-1 for the Hungarian average residential unit vs.
220 m-2 year-1 of the EU average in period 2000-2007). This sector has been shown to
have the highest cost-effective climate change mitigation potentials in Hungary
(Eichhammer et al., 2009).
If the energy efficiency of the Hungarian building stock is improved, not only can this
reduce greenhouse gas emissions significantly, but it can also advance several other
important social, political and economic policy agendas, including the improvement of
energy security, social welfare, reduction of fuel poverty, new business opportunities, as
well as improved air and life quality and health. This has particular significance as
Hungary is closer than most EU Member States to the fulfilment of its emission targets
set under the European Union’s burden sharing agreement, but it faces important
challenges in energy security (Hungary has one of the highest gas dependences of IEA
member countries) and energy poverty (15% of Hungarian citizens cannot afford to keep
their homes adequately warm).
An especially important co-benefit of a programme aiming at a large-scale and deep
renovation of the Hungarian building stock is the potential net employment growth,
particularly as Hungary is the Member State with the second worst employment rate in
the EU. Little more than half of Hungary’s working-age population has a declared job,
and 4 out of 10 Hungarians aged 15-64 are out of the labour market (i.e. they do not
have a job and are not looking for a job). In such circumstances, the increase of the
employment rate is a fundamental political priority, especially in the more
disadvantaged population segments and regions.
The goal of the present research is to gauge the net employment impacts of a largescale deep building energy-efficiency renovation programme in Hungary. The deep
renovation of a massive amount of Hungarian buildings, beyond its other significant
benefits such as reducing or eliminating fuel poverty, improving social welfare, and
improving energy security – is expected to have a consistent impact on employment:
•

Directly, by the creation of many new jobs in the construction industry;

•

Indirectly, on all the sectors that supply materials and services to the
construction industry itself;
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•

In addition, the savings caused by the reduction in energy consumption, plus the
additional consumption fuelled by the wages of the additional jobs created, will
increase the disposable income of the families; income that, when spent, will
generate additional induced benefits to employment.

These impacts are expected to be larger than the jobs lost in the energy supply sector
as a result of reduced energy consumption. Fig. 1-1 shows the chain of effects on
employment of the proposed programme.

Job losses

Job losses

ENERGY gen.
& distr. sector

Job gains

SUPPLY-CHAIN
related sectors
Job losses

CONSTRUCTION
sector
Job gains

Job gains
Job losses

Additional disposable income

BUILDINGS
RETROFITTING
programme

SUPPLY-CHAIN
related sectors
Job gains

HOUSEHOLDS

Additional spending and job gains

OTHER
sectors

DIRECT effects
INDIRECT effects
INDUCED effects

Fig. 1-1: Chain of effects on employment of the proposed intervention

This report is being produced in the framework of the European Climate Foundation
(ECF) Energy Efficiency programme, in particular the “energy efficiency in buildings”
strategic initiative pursued by the ECF.

1.2 Scenarios
Since the employment impacts (short- and long-term) are determined by the scale and
schedule of the renovation programme, the study investigates the impact of specific
scenarios. The scenarios depend mainly on the type or depth of retrofits included in the
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programme and the dynamic of renovation assumed. Table 1-1 summarises the
scenarios covered in this report.
Name

Scenario

Description

Baseline scenario

No intervention, business-as-usual retrofitting
rates and intensities

S-DEEP1

Deep retrofit with faster
retrofitting rate

Deep retrofits, average renovation rate of
around 20 million sqm (the equivalent of
250,000 dwellings) per year

S-DEEP2

Deep retrofit with slower
retrofitting rate

Deep retrofits, average renovation rate of
around 12 million sqm (the equivalent of
150,000 dwellings) per year
Suboptimal retrofits, average renovation rate
of around 12 million sqm (the equivalent of
150,000 dwellings) per year

S-BASE

S-SUB

Suboptimal retrofit with
slower retrofitting rate

Table 1-1: Summary of the scenarios covered by the research

The study focuses mainly on existing residential and public sector buildings, as those are
the two sectors where most policy intervention/public support is warranted and where
the highest social and political benefits can be found. The research focuses on scenarios
that support “deep” retrofits, which bring the buildings as close to passive house
standards (i.e. a consumption of 15 kWh/m2/y for heating) as realistically and
economically feasible, but examines other scenarios, too. This is due to the very
substantial potential lock-in effect resulting from suboptimal renovations, ranging up to
30% of national present emissions by 2050 and severely jeopardising the meeting of
Hungary’s ability to attain ambitious GHG emission reduction targets by that time.
Therefore it is important to channel intellectual and financial resources in catalysing a
renovation scenario that keeps long-term climate (and social) interests in the
foreground rather than cherry-picks in a short-term economic optimisation framework.
However, the adoption of a suboptimal renovation plan, which involves lower gains in
energy efficiency, cannot be ruled out; it is included in the study together with the deep
retrofit programme as a reference, to show the differences between the effects of the
two types of programmes.

1.3 Methodology
There are several methodological approaches to analyse the impact of climate
interventions on the labour market: the most frequently used ones being direct
estimates based on scaling up case studies, Input-Output analysis, computable general
equilibrium model (CGEM) analysis and transfer of results from previous studies.
Among these, Input-Output analysis is the most widely utilised and probably most
robust methodology employed for forecasting the direct, indirect and induced
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employment impacts of changes in the economy, including energy efficiency
interventions. Input-output tables allow the analysis of changes in the economic activity
of all sectors generated by an intervention. Provided the labour intensity of each sector,
estimates of the net employment effects (the balance of jobs created and destroyed)
can be derived.
The first version of this study uses Input-Output analysis to estimate the employment
impacts of the retrofit programme scenarios. A scaling-up of case studies was
attempted, but resulted unfeasible in the first phase of the research due to the scarcity
of available case studies on deep retrofits, especially in Hungary.
The programme is assumed to start in 2011, and impacts are evaluated for the year
2020. The Input-Output method requires the calculation of the total investments in
renovations for the year 2020 (to estimate the positive effects of the increased demand
in the construction sector), and the computation of the total energy cost savings
obtained in the same year (to estimate the negative effects of the fall in demand in the
energy sector).
In order to estimate the total investments in retrofits and the energy cost savings, all
buildings of the Hungarian stock are divided into classes. For each class and each
scenario, the specific retrofit costs and the energy savings are derived from case studies
and literature. These are used to calculate the total renovation investments and cost
savings in energy.
The increase in construction demand and the decrease in energy demand are then
entered into the input-output tables, which give as a result the changes in output for
every sector of the economy. By multiplying these changes in output by the labour
intensity in each sector (i.e. the number of Full-Time Equivalent, or FTE, workers
employed per unit of output in each industry), the employment effects for all sectors
are calculated.
The induced effects (i.e. the employment effects generated by the increased disposable
income available to families as a consequence of the energy savings and the new direct
and indirect jobs) can also be calculated through input-output table operations. Indeed,
induced effects can have a significant weight in the final evaluation of the programmes,
especially as the cost savings generated by the improvement in energy efficiency are
radically different for all scenarios. However, due to the short timeframe available to
produce preliminary results, the results of the induced effects will be presented in the
final version of the report.
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1.4 Main findings
1.4.1 Energy and CO2 savings, investments, cost savings
Undoubtedly, the renovating scenarios will generate substantial energy savings, in
particular the scenarios that involve deep retrofits. Fig. 1-2 shows the evolution of the
final energy use for the whole building stock in each scenario.
Final Energy Use - Four Scenarios
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Fig. 1-2: Evolution of the final energy use for all scenarios

It can be also interesting to see the evolution of energy use for the total duration of the
programme for all types of building. Fig. 1-3 to Fig. 1-6 show the evolution of energy use
by all categories of buildings in the Hungarian building stock until 2050, for all scenarios.
It is easy to see that the three categories that use most of the energy are the traditional
multi-family, panel multi-family, and traditional single-family residential buildings.
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Fig. 1-3: Energy use for all categories of buildings - S-BASE scenario

Energy By Category S-DEEP1 Scenario
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Fig. 1-4: Energy use for all categories of buildings - S-DEEP1 scenario
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Energy By Category S-DEEP2 Scenario
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Fig. 1-5: Energy use for all categories of buildings - S-DEEP2 scenario

Energy By Category S-SUB Scenario
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Fig. 1-6: Energy use for all categories of buildings - S-SUB scenario
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CO2 emissions will also be significantly reduced with respect to a business-as-usual
evolution, as can be seen in Fig. 1-7. The deep renovation scenarios can save up to 150
billion tonnes of CO2 by the year 2030.
Accumulated CO2 Savings
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Fig. 1-7: Accumulated CO2 emission reductions for each scenario

The first estimates obtained show that the retrofit programmes considered will involve
a considerable amount of investments, but will also generate a consistent amount of
cost savings due to the improved energy efficiency. Table 1-2 shows the investments
and the energy cost savings in 2020 for all scenarios, while Fig. 1-8 visualises the annual
amount of investments for each scenario until the end of the programme. The values
take into account a ramp-up period of three years, which the research assumes will be
required by the construction industry to respond to the additional demand.
Scenario
Million Euros invested in 2020
Energy cost savings in 2020 (million Euros)
Accumulated energy savings from the start to
2020 (million Euros)

S-DEEP1
6,464
1,518

S-DEEP2
3,879
928

S-SUB
1,619
499

7,369

4,580

2,462

Table 1-2: Investments and energy cost savings by 2020
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Fig. 1-8: Annual investments for the renovation scenarios until the end of the programme

The accumulated energy expenditure savings for all scenarios until year 2035 can be
seen in Fig. 1-9: clearly, cost savings are highest for the most intensive scenario, SDEEP1. They are much more modest for the other scenarios, and practically inexistent
for the baseline scenario.
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Fig. 1-9: Cumulative energy cost savings for all scenarios
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1.4.2 Employment impacts
All the scenarios will engender remarkable net employment benefits in virtually all
sectors of the economy.
Table 1-3 summarizes the direct and indirect employment impacts in Hungary of all
scenarios in 2020, compared with the S-BASE scenario. The results of the total (direct
and indirect) impacts can also be seen graphically in Fig. 1-10. The amount of FTE jobs
created per million Euros invested, a measure used in most employment impact studies,
is higher for the most intensive scenario (S-DEEP1). For all scenarios, the measure of job
creation per million Euros invested is higher than in the vast majority of studies
reviewed for this research: a typical value for other measures is around 10 to 20 FTE
jobs created per million Euros, compared to the values of 33 to 40 obtained with the
present scenarios.
Scenario
Direct impacts on employment in construction
(thousand FTE units)
Direct impacts on employment in energy
(thousand FTE units)
Direct + indirect impacts generated by
investments in construction
Direct + indirect impacts generated by energy
savings
Direct + indirect impacts in all sectors
(thousand FTE units)
FTE Jobs / million Euro invested

S-DEEP1

S-DEEP2

S-SUB

160.31

96.19

40.16

-13.59

-8.31

-4.46

298.22

174.72

66.81

-41.50

-24.83

-12.71

256.72
39.71

149.88
38.64

54.09
33.40

Table 1-3: Summary of employment impacts for all scenarios

14

Direct and indirect employment impacts of all scenarios (compared to SBASE)
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Fig. 1-10: Direct and indirect employment impacts of all scenarios

Table 1-4 shows the net direct and indirect employment impacts of the retrofit
scenarios in all sectors of the Hungarian economy. The only sector where the impact is
negative is – unsurprisingly – the energy sector (here called “electricity, gas and water
supply”), while the major net benefits (apart from construction) can be seen in
manufacturing: this sector will obviously make a big contribution for the supply of
materials for the renovations to the construction industry.

Sectors
Agriculture, hunting, forestry and
fishing
Mining and quarrying
Manufacturing
Electricity, gas and water supply
Construction
Wholesale and retail trade,
restaurants and hotels
Transport, storage and
communications
Finance, insurance, real estate and
business services
Community, social and personal
services
Total

Net
employment
impacts in SBASE
(thousand
FTE jobs)

Net employment impacts (thousand FTE) in the
other scenarios (difference with S-BASE)

S-DEEP1

S-DEEP2

S-SUB

0.06
0.12
1.94
-0.38
5.68

1.62
3.15
54.33
-11.83
160.64

0.94
1.79
31.74
-7.12
94.10

0.32
0.35
11.58
-3.90
35.87

0.71

19.80

11.55

4.08

0.41

11.36

6.62

2.33

0.40

11.18

6.50

2.19

0.23
9.16

6.46
256.72

3.76
149.88

1.27
54.09
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Table 1-4: Net direct and indirect employment impacts on all sectors of the economy

Qualitatively, a few observations have to be made concerning the employment impacts
in the Hungarian labour market for all retrofit scenarios.
Geographic distribution of employment effects. A programme focusing on the
improvement of energy efficiency in the building sector is more likely to have direct
employment benefits in the construction industry distributed throughout the country,
as the buildings to renovate are not concentrated in any geographical region. House
renovations are usually conducted by local small and medium size enterprises (SMEs)
which have a deeper knowledge of the local market than large companies, so they will
be the major direct beneficiaries of a large-scale building retrofit programme. Therefore
it is expected that a large share of these jobs, at least the direct employment created,
will be local and decentralised rather than centralised, and unlikely to be “exported”
outside of the Hungarian borders.
Temporal durability of employment effects. The magnitude of the programme
considered in this study is such that the direct and indirect employment effects will
proceed throughout several decades, and the decrease of jobs in the energy sector will
certainly be countervailed by the employment and income effects of the retrofit
program.
Supply of labour and skill level implications. The results show that in the intensive
refurbishment period the construction industry will need a vast amount of new workers.
The question might then arise if there is a sufficient supply, in the required location and
skill level, of workers in Hungary to satisfy this demand. The model used in this research
assumes a ramp-up period, during which the construction industry will adapt to the new
demand and respond to a possible shortage of supply in workers or skill.
The demand for workers will be spread across all skill levels: from construction
entrepreneurs, to college-trained professionals, skilled and unskilled workers. While the
supply of entrepreneurs and professionals is perhaps easier, issues may arise for the
supply of skilled and unskilled workers. In principle, unskilled workers can be supplied by
the unemployed and inactive Hungarian labour force; in practice, the skills of the
unemployed and inactive may differ from those needed in the programme, and these
workers may have high reservation wages.
Effects on costs of wage changes and workers’ productivity. Wages will respond to the
increase in the demand for workers, and they will increase as firms compete for the
scarce skills. This may increase the costs of retrofit projects and slow down the rate of
renovations and the output of upstream industries. In addition, such a general wage
increase can have adverse effects on the whole labour market, as the production costs
increase in many industries. On the other hand, the costs of renovation may decrease
and the productivity of workers grow as a consequence of economies of scale and the
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learning factor. In balance, these phenomena may suggest that a more gradual
renovation programmehas lower overall social cost from these perspectives.
Inflow of foreign workers. Should the Hungarian workforce fail to fill the job vacancies
needed for the retrofit projects, foreign workers may need to fill in these vacancies.
While new immigration could revitalize the Hungarian society and give a boost to its
stagnant demography, there could also be negative impacts reflected in a growth of
illegal immigration, or an increase in grey labour.
Considerations on the energy sector. The energy sector has a low labour-capital ratio
and a high number of employees per company. Job losses in that sector are likely to be
lumpy, and mostly take place in the case of plant closures. Furthermore, the negative
impacts in the energy sector might be attenuated by the so-called rebound effect
(where an increase in energy demand is caused by the reduction of the per-unit price of
energy services and the increased disposable income available to consumers generated
by energy-efficiency measures); i.e. that a portion of the saved energy costs will in fact
be spent on other services requiring energy input (such as larger homes, refrigerators,
etc), thus lowering the negative impact on the energy industry. Part of the energy not
needed in the domestic market may also be exported, if the sector if efficient enough to
compete on the world market.
Financing of the programmes. While this study does not deal with financing aspects, it is
an issue that must be taken into consideration before applying the programme. The vast
majority of Hungarian households may not dispose of sufficient up-front capital to
invest in a deep retrofit of their house; therefore, a financing formula has to be devised
in order to make such a programme viable. In fact, the employment effects also depend
on the types of financing for the programme. An “internal” financing (by the households
or by the State) will cause a change in the composition of the aggregate demand, which
will in turn have consequences on the labour market. If however the large-scale retrofit
can be financed through external resources (such as specific EU financing), the
aggregate demand is expected to grow and thus mostly generate employment benefits.
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2 Background and rationale
2.1 The climate and energy challenges of Hungary
The EU is without doubt the most relevant geographical and institutional context in
which Hungary is and will be taking decisions relative to its energy consumption and
emissions. Various strategic initiatives, such as the EU energy policy for a competitive
Europe, are drawing the main guidelines of the EU’s energy and climate policy.
Currently, the central piece of the Union’s climate policy is clearly the EU Climate
Change and Renewable Energy Package (“20/20 by 2020”), which has sets two key
targets in the mid-term (Commission of the European Communities, 2008, p. 2): i) “a
reduction of at least 20% in greenhouse gases (GHG) by 2020 – rising to 30% if there is
an international agreement committing other developed countries to "comparable
emission reductions and economically more advanced developing countries to
contributing adequately according to their responsibilities and respective capabilities";
ii) a 20% share of renewable energies in EU energy consumption by 2020.” Also, of
particular importance in the context of this research is the Lisbon Strategy, which has
recognized the existing between both climate and employment (and growth) goals and
which in its latest reformulation (the EU 2020 strategy) advocates for “more efficient
use of resources, including energy, and the application of new, greener technologies will
stimulate growth, create new jobs and services and help the EU both to maintain a
strong manufacturing base and a vibrant services sector and to meet its environmental
and climate goals” (Commission of the European Communities, 2009, p.7).
Hungary, unlike other Member States which are far from complying with their emission
targets set under the EU’s burden sharing agreement (e.g., Spain, Ireland or Portugal),
will have no problem to meet its Kyoto Protocol commitments1. This is a common
feature of most CEE Member States since all of them (with the only exception of
Slovenia) are below their Kyoto Protocol GHG emissions targets (EEA, 2009), and it is
therefore likely that this group of countries will contribute to achieving the EU 20%-30%
next decade reduction target set by the EU’s Climate and Energy Package.
Even though Hungary will not feel pressed in short (and maybe middle) term to comply
with emissions reduction targets set by international agreement, two important
challenges linked to the energy consumption in buildings have been identified.
First, as Hungary has one of the highest gas dependences of IEA member countries,
energy dependency and security issues have been a primary concern of the
government, especially since the supply interruptions of January 2006 (OECD/IEA, 2007).
This explains the involvement of the Hungarian government in the ‘Nabucco’ project, a
1

Hungary’s annual aggregated GHG emissions (including LULUCFs) have stabilized at around 75.000 Gg
CO2eq (65% of its base year emissions: 112,856.7 Gg CO2eq) since 1993 and up to 2007, the last year with
available information in the UNFCCC GHG Inventory database (UNFCCC, 2010).
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3,300 kilometres pipeline bypassing Russian supplies which is expected to start
operations by 2014 and will cost an estimated €7.9 billion (Spiegel Online International,
2009). In addition, there are ongoing efforts to increase the country’s gas storage
capacity. In June 2009, MOL got a €200 million loan from the European Bank for
Reconstruction and Development (EBRD) to complete a storage in the south of the
country (conversion of the Szőreg 1 reservoir) that will expand the country’s commercial
gas storage capacity by 20% (EBRD, 2009). Earlier in the year (March 2009), MOL had
also signed an agreement with Gazprom Export to convert the depleted gas deposit of
Pusztafoldvar into a 1.3 billion cubic meters storage site (Socor, 2009).
However, it has been argued that developing such large supply-expansion
infrastructures require large amounts of money that could be invested in demand-side
solutions without bringing many of the energy and non-energy benefits of the efficiency
enhancing solutions. In that way, some initial calculations indicate that the amount
budgeted for the Nabucco and South Stream pipelines could be sufficient to perform
high-efficiency refurbishment of two thirds of all buildings in Hungary, Slovakia, Slovenia
and Czech Republic at 50% financing of the total costs (Ürge-Vorsatz, 2010). Also in this
respect, the latest IEA review of Hungary’s energy policy recommended to “consider the
introduction of this measure [creation of a strategic storage] carefully, owing to its high
cost, and that it should be implemented as part of a suite of measures, such as
increasing energy efficiency and supply source diversification” (OECD/IEA, 2007, p. 11).
Second, as a result of the economic and political changes occurred after 1989, which
amplified income inequality and poverty, brought substantial increases in previously
subsidized prices of utility services and privatized most of Hungary’s energy inefficient
residential stock, fuel poverty arouse as a new energy challenge with clear social
implications. Though this is quite an insufficiently researched topic in Central and
Eastern Europe, an initial exploration of the extent and characteristics of the
phenomenon in Hungary has been recently produced by 3CSEP. In that way, it was
found out that, between 2000 and 2007, an average Hungarian household spent on
energy bills 9.7% of their net income2 and, as an average for the period 2005-2007, 15%
of Hungarian citizens – around 1.5 million people, equivalent to the population of
Budapest – declared to be unable to afford to keep their homes adequately warm.
Particularly affected population segments are the elderly, single-person households,
households living in dwellings supplied by district heating (DH) and the poor rural
population including ethnic minorities (Tirado Herrero and Ürge-Vorsatz, 2009).
Again, residential energy efficiency seems to be the most recommendable long-term
solution to fuel poverty in Hungary. Currently, a certain share of Hungarian households
benefit from two government-funded schemes – the gas price support (gázártámogatás)
and district heating price support (távhőtámogatás) – that could be having a certain
positive effect in terms of fuel poverty alleviation. However, such income transfers have
been criticized because, although they may succeed in reducing temporally fuel poverty,
2

In the UK, 10% is the threshold above which a household is considered to be fuel poor.
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are poor-targeted (e.g., fuel-poor households in rural areas that are not connected to
the gas pipelines or DH network are not eligible), distort the market, send a wrong signal
to consumers, provide little incentives to invest in domestic energy efficiency and are an
additional burden on the government budget, consuming financial resources that could
be employed in improving the energy efficiency of the residential stock (Tirado Herrero
and Ürge-Vorsatz, 2009).
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Fig. 2-1: Energy intensity of, EU-25, EU-15 (pre-2004 Members), EU-10 new Member States and selected
CEE countries (2003)
Source: European Environment Agency.

At the same time, Hungary has a large potential to reduce its energy consumption
through improvements in the energy efficiency of the various end-use sectors. This
would without doubt greatly contribute to tackle those two challenges (energy
dependency and fuel poverty) by simply enhancing the energy intensity reduction trend
recorded for the Hungarian economy since the early 1990s As a result, Hungary displays
one of the lowest energy intensities among CEE Member States (see Fig. 2-1), which it is
expected to keep its downward trend in the close future (OECD/IEA, 2007). In this
regard, estimates by Eichhammer et al. (2009) in the context of a European Commission
project connected to the Directive 2006/32/EC on Energy End-use Efficiency and Energy
Services (found out that the Hungary’s energy saving potential in the middle-term (by
2020 and 2030) are greater than the EU27’s average, and also that households’ is by far
the sector with the largest potential in Hungary (see Table 2-1).
Industry
Tertiary
Transport
Households

Economic (LPI)
7.2%
16.1%
12.3%
16.8%

Economic (HPI)
8.3%
29.3%
20.6%
39.5%

Technical
11.9%
38.8%
26.4%
67.4%

Table 2-1: Energy saving potentials in 2030 for the main end-use sectors in Hungary
Source: Eichhammer (2009).
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2.2 The energy inefficiency of Hungarian buildings

Fig. 2-2: Households’ specific energy consumption (kWh m-2 year-1) scaled to EU average climate.
Hungary vs. CEE Member States. Average 2000-2007
Source: own elaboration based on data retrieved from the ODYSSEE database.

In Hungary buildings are key to the climate challenge as they contribute approximately
50% of energy-related CO2 emissions in Hungary (Novikova, 2008). One of the reasons
why this figure is so high is the inefficiency of its building stock. In that way, Hungary
ranks among the top-ten EU27 countries in terms of specific dwelling energy
consumption scaled to EU average climate (247 kWh m-2 year-1 for the Hungarian
average residential unit vs. 220 m-2 year-1 of the EU average in period 2000-2007, as
presented in Fig. 2-2). Among former socialist EU Member States, only Latvia and
Slovenia are less energy-efficient in residential heating using this metric. In addition,
Hungary was the only EU Member State in the period 2000-2007 in which the energy
efficiency of the residential sector as measured by the ODEX indicator3 for households
actually worsened (Tirado Herrero and Ürge-Vorsatz, 2009), as presented in Fig. 2-3.
Interestingly, Poland was the Member State with the best record in the same period,

3

ODEX is a top-down index to measure energy efficiency progress by country, by sector and by all final
consumers. It can be retrieved from ODYSSEE [URL: http://www.odyssee-indicators.org/], database of
energy efficiency indicators in Europe run by ADEME. The index is calculated upon unit consumption using
-2
different physical units (e.g., toe m ; kWh per appliance; liters per 100 km, etc.). For the household sector
ODEX index, 8 end-uses/equipment are accounted for (Lapillone et al., 2004): heating, water heating,
cooking and five large appliances (refrigerators, freezers, washing machine, dishwashers and TV).
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which is probably indicative of policy and institutional contexts contribute to unlock the
energy saving potential of the residential stock of CEE countries.

Fig. 2-3: Evolution of the ODEX energy efficiency index for households. Hungary vs. EU and selected
countries, 2000-2007 [2000 = 100]
Source: Tirado Herrero and Ürge-Vorsatz (2009).

The high energy consumption of the average residential unit in Hungary is a
consequence of the long time subsidised energy prices and of the deterioration of the
residential stock. Although multifamily apartments – in principle less energy demanding
because of their better living space vs. exposed wall area ratio – are a common feature
in Hungary as well as in many other CEE urban settlements, this effect is believed to
have been “many times offset by the lack of basic energy efficiency requirements in
apartments, built of cemented blocks or concrete panels” (Ürge-Vorsatz, 2006, p. 2285).
It has been argued that the current is also a result of the privatization of the residential
sector, which transferred the responsibility for house repair and maintenance,
previously managed by state-owned companies, to households with little
understanding, preparation, information and resources for accomplishing such tasks. In
other cases, mixed private owner-occupancy and public rental units rendered difficult to
reach consensus on maintenance and repair projects and collecting the necessary fees
(Duncan, 2005).
The households sector is the one with the highest energy saving potential in Hungary.
According to the estimates presented in Table 1-1, it is also the sector with the biggest
difference in the potentials estimated for the ‘High Policy Intensity’ and ‘Low Policy
Intensity’ scenarios. This means that improving the policy framework for energy
efficiency the residential sector will result in higher returns in terms of saved energy.
A number of national policies and programmes promoting energy efficiency and
mitigation in buildings – such as the ÖKO-programme and the Grants for Renovation of
Prefabricated-Panel Residences (the so-called Panel programme) – are currently in
place. However, available data indicate that conventional retrofitting programmes
funded by the government achieve a maximum reduction of 6% to 36% in the energy
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demand for heating (Bencsik, 2009; Pájer, 2009), while the state-of-the art retrofitting
provided by the SOLANOVA project in the city of Dunaújváros reduced up to 80% to 90%
of the energy used for heating purposes (Hermelink, 2007). It is possible to conclude
that there is a certain risk of locking-in for decades the substantial energy saving
potential of Hungary’s building stock if the nationwide, State-supported programmes
keep on applying sub-optimal technology and know-how. These elements have been
taken into consideration for the definition of scenarios (see Section 5.1).

2.3 The co-benefits of improving energy efficiency in buildings
Since the primary goal climate policies is to avoid or reduce climate change, primary
benefits can be defined as the welfare effects of reducing the impacts of climate change
(sea level rise, changes in agricultural productivity, spreading of biological vectortransmitted diseases, etc.), whose economic value has been often estimated as the
(avoided) social cost of carbon (Yohe et al., 2007). On the contrary, co-benefits (often
referred to as ancillary or non-energy benefits) are the whole range of positive sideeffects – from decreasing the concentration of regional air pollutants (e.g., NOx, SOx,
PM, etc.) to reducing a nation’s energy dependency – that happen as a result of the
implementation of a climate or mitigation policy.
Co-benefits differ from primary benefits in that they are closer to the agents bearing the
mitigation costs (tax payers), are less uncertain and information-demanding and have
more immediate effects (Markandya and Rübbelke, 2004). Their relevance for the
definition of climate policies has been defined with clear precision by Krupnick et al.
(2000, p. 1):
“A great deal is at stake […]. If these ancillary benefits are significant, or the distribution of
ancillary benefits is expected to be spatially concentrated, then perhaps the development and
implementation of climate policy should be altered. At the very least, knowing that the
possibly high cost of climate change mitigation might be largely offset by ancillary benefits
could speed up and spread the commitment to action as well as implementation itself. On the
other hand, if these effects are “small” relative to the other costs or the benefits of reducing
GHGs, perhaps they can be safely ignored in the debate over climate change mitigation policy
— at least from the perspective of efficiency — simplifying an already too complex debate”

Subsequently, the rhetoric of co-benefits has been employed to lobby for further
reductions in GHG emissions on the basis additional expected positive effects in terms
of public health, energy security, employment, etc (see, for instance, Holland et al.,
2008). The IPCC (2007, p. 416) advocates for its consideration as an important decision
element because they “can still play a crucial role in making GHG emissions mitigation a
higher priority [especially] in less economically advanced countries, where
environmentalism – and climate change specifically – may not have a strong tradition or
a priority role in either the policy agenda or the daily concerns of citizens”. As a matter
of fact, co-benefits have been identified practically in all sectors where, according to
the last IPCC’s Working Group III report, mitigation is or will be taking place: energy
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supply, transport and its infrastructure, industry, services, agriculture, forestry, waste
management and, of course, the residential and commercial sector.
Furthermore, co-benefits may help to overcome a particular feature of climate change
as a global challenge that prevents a decisive, co-ordinated international action. In a
way, the climatic stability of the atmosphere can be considered as an underprovided
public good whose consumption is non-rivaled and non-excludable, and climate change
as a modern version of the tragedy of the commons (Hardin, 1968). From that
perspective, the (primary) benefits of a mitigated climate change will be spread globally,
irrespective of whether a nation is contributing to mitigate emissions or not. This
eventually provides incentives for some nations to free-ride on the efforts of those
bearing the mitigation costs (IPCC, 2007). If this were a realistic description of the
situation, then co-benefits would provide to less-committed nations incentives for
agreeing on a new international protocol and increase the likelihood of a post-Kyoto
agreement. Such contribution would be particularly important as the expiration date
(2012) of the Kyoto Protocol approaches and a new regulatory framework including
major polluters from the developing world like China and India is not yet ready (Pittel
and Rübbelke, 2008).
These arguments also hold valid for the case of the residential sector. In that way, it can
be argued that if the energy inefficiency of the Hungarian building stock is improved, not
only will this reduce GHG emissions significantly, but it can also contribute to other
important elements of the social, political and economic policy agendas, including the
improvement of energy security, the reduction of fuel poverty, the promotion of new
business opportunities, as well as an improved air and life quality and health (see a
proposed taxonomy of co-benefits of residential energy efficiency as identified from the
literature in Table 1-1). An especially important co-benefit of a programmeaiming at a
large-scale and deep retrofitting of the Hungarian building stock is the potential net
employment gains – the focus of the present study.

Direct impact on the welfare of residents

Category
Increased
thermal
comfort
Savings
in
utility
expenses
Improved
indoor
environmental
conditions
Reduction in outdoor
noise infiltration
Improved
safety
conditions and lower
maintenance costs
Enhanced ability to rent
or sell the space

Definition

References

Improved indoor temperatures, especially in fuel
poor households
Benefits mostly realised as reduced energy
expenses, but also water.
Reduced concentration of indoor air pollutants,
avoiding sick building syndrome

Milne and
Boardman (2000)
Schweitzer and
Tonn (2002)
Jakob (2006)

Better protection again external noise through
insulation, replacement of windows, etc.
Particularly when old and poorly-maintained
space and water heating systems are used

Jakob (2006)

Ceteris paribus, retrofitted buildings have a
number of advantages that make them more
attractive to the demand of real estate markets

Jakob (2006)

Schweitzer and
Tonn (2002)
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Category

Regional
environmental
effects

Reduced outdoor
pollution

Lower
resource
consumption and waste
disposal
Service
provision
system benefits
Improved
security

Nationwide or system gains

air

energy

Employment effects
Productivity effects
Lower long-term energy
prices
Technology forcing

Definition

References

Reduced energy consumption in buildings will
lead to lower concentration of regional air
pollutants (NOx, NH3, SO2, VOC or PM)
Residential energy efficiency extends the lifetime
of dwellings. Efficient housing significantly
diminishes construction and demolition wastes.
Transmission and distribution (T&D) loss
reduction, fewer emergency service calls, utilities’
insurance savings and lower bad debt write-off
Reduced dependency of fuel imports, reduced
current account deficit
Net employment creation, taking into
consideration employment losses in energy
supplying industries.
Improved worker performance as a result of
better indoor environmental conditions
Following a reduction in the demand. Lower
prices may incentive subsequent increases in
energy consumption (rebound effect)
Stimulation of technological change in the
abatement sector

van Vuuren et al.
(2008)
Kats (2005); SBTF
(2001)
Schweitzer and
Tonn (2002)
Levine et al. (2007)
Wade et al. (2000)

Levine et al. (2007)
Wiser et al. (2005)

Pearce (2000)

Table 2-2: Co-benefits of residential energy efficiency
Source: own elaboration after Schweitzer and Tonn, 2002; Levine et al., 2007; Ürge-Vorsatz et al., 2009a;
2009b.

2.4 The role of renovation programs in mitigation and economic recovery
programs worldwide
The effects of the global financial crisis, initially triggered by a liquidity shortfall in the
USA banking system starting from 2007, have been and are still being felt in most of the
world economies in the form of decreased consumption and investment, high
unemployment and a general decline of economic activity. As a reaction, most
governments (and especially those of the more advanced economies) prepared stimulus
packages that, based on the Keynesian economic tradition, were intended to
compensate with government spending the decrease in consumer spending occurred as
a result of the recession. The main aim of stimulus packages is to avoid economic
stagnation, and to create new jobs and prevent the loss of the existing.
Typically, the expenditures budgeted under such stimulus packages are oriented
towards the developments of infrastructures. What is new is that the present crisis has
hit the world at a time in which environmental (including climate) concerns are present
in the political agendas, which means that part of the resources allocated to stimulus
packages is being spent on green projects or measures. As presented in Table 2-3,
different countries and world regions have prioritised in their stimulus packages
environmental (green) aspects in to quite considerably different extents.

25

No assessment of the role of energy efficiency in buildings in the stimulus packages
seems to be available so far. However, the USA’s American Recovery and Reinvestment
Act of 2009 (ARRA)4, probably the world’s largest package ($787 billion), can be taken as
an example to show that, along more common items like tax cuts, improved social
welfare and unemployment benefits, infrastructures or education, the stimulus has also
been directed towards energy efficiency in general, and more in particular, towards
increasing the efficiency of public housing, federal buildings and low-income housing.
However, the amounts allocated to these measures were rather small, especially in
comparison with other items like road transport infrastructure developments.
South Korea
EU
China
Australia
France
Japan
UK
Germany
US
South Africa
Mexico
Canada
Spain
Italy

Green stimulus (US$bn)
60
25
228
9
6
24
5
14
117
1
1
3
1
1

% of total stimulus
79
64
34
21
18
15
15
13
12
11
10
9
6
1

Table 2-3: Size of the green stimulus in selected economies
Source: Biro (2009).

In spite of the above, it can be argued that there are several characteristics that could
make renovation programmes oriented to increase the efficiency of the energy
consumption in buildings particularly suitable for stimulus packages: i) they can be
started almost as soon as the funds are made available because the technology,
materials and workforce are already present in the economy; ii) they have
demonstrated positive employment effects in the order of 10-100 jobs per million Euros
invested (see Section 7.1 for a collection of employment effects); iii) they allow reemploying construction workers, who have been particularly affected in countries
where the crisis involved the housing sector (e.g., Spain, USA); iv) they bring along a
number of co-benefits that increase the quality of life of citizens and foster additional
economic activity (see Section 2.3); v) in the case of public buildings, the government is
direct recipient of the returns of the investments (energy savings achieved with the
intervention).

4

URL: http://www.recovery.gov/About/Pages/The_Act.aspx
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2.5 The situation of the labour market in Hungary
The most relevant feature of the Hungarian labour market when compared to other EU
Member States and OECD economies is its very low employment and activity rates (i.e.,
the proportion of working people who are part of the labour market because they have
a job or are looking for a job). In that way, even though Hungary presently has a not too
high unemployment (it is the Member State with the 7th highest unemployment rate of
the EU: 9.6%, compared to an EU average of 8.8% in the second quarter of 2009), it
displays the second lowest activity rate after Malta (61.5%, with an EU average of
71.1%) (EUROSTAT, 2009) and the second lowest employment rate of the EU (55.6%),
also after Malta. This means that only a bit more than half of its working-age population
has a declared job, and that 4 out of 10 Hungarians aged 15-64 have withdrawn from
the labour market (i.e., they do not have a job and are not looking for a job, for a variety
of reasons). Particularly low employment rates have been registered among people with
poor education, youths aged 15-25, workers older than 55 years, mothers with small
children and people living in disadvantaged regions and small settlements (CseresGergely et al., 2009).
In such circumstances, the increase of the employment rate must be a fundamental
political priority, especially in the more disadvantaged population segments and regions.
As discussed in Section 3, investing in residential energy efficiency has positive
employment effects not only because of the relatively higher labour intensity of the
construction and its supply-chain related sectors, but also because part of the energy
savings accrued by households are re-spent in the economy, which increases the
aggregate demand of goods and services.
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3 Research aims and scope
3.1 The public policy rationales: improving the efficiency of the
Hungarian building stock
Given the scale of the proposed intervention and the diverse typology of benefits and
co-benefits to be accrued, it is believed that the State would be a key actor in the
definition and implementation of the programme envisioned in this exercise, without
disregarding the importance of the private sector involvement in the actual deployment
of the energy efficiency solutions. From a public policy (i.e., welfare maximization)
perspective, a number of positive outcomes related to the various challenges of
Hungary’s economy and society outlined in Section 2 offer decision-makers strong
arguments for a large-scale building refurbishment programme as a key integrated
climate change, employment, social welfare and energy policy strategy.
More in particular, the following positive outcomes have been identified.
First and foremost, given the poor state of Hungary’s labour market, with activity and
employment rates ranking among the lowest in the EU and the OECD (see Section 2.5),
the amount of additional direct, indirect and induced jobs to be created is the key
benefit of the proposed intervention. As presented in the global literature review in
Section 7.1, investing in buildings’ energy efficiency (as well as other mitigation options,
like renewables) has a proven job-creation record. In that context, the aim of this
research is to estimate the extent of the program’s positive net employment impacts as
well as to explore additional qualitative effects on Hungary’s labour market (e.g.,
composition and geographical distribution of the additional jobs created).
Second, a noticeable reduction of the nation’s energy dependency of imported fossil
fuels (mostly natural gas) can be expected. This is particularly so in the case of Hungary,
where the residential and commercial sectors consume up to 80% of the total final
consumption of natural gas, the highest percentage in the EU (EUROSTAT, 2009), and
the IEA forecasts estimate that gas will be the main source of energy for domestic and
commercial consumers in 2030 (OECD/ IEA, 2007). Eventually, the implementation of
the programme may help to avoid part of the large, costly infrastructural developments
needed for expanding the supply and shortages-buffering capacity of the country.
Third, the proposed intervention would greatly reduce fuel poverty rates, which are
currently preventing 1.5 million people to live in a properly heated dwelling (see Section
2.1). More in general, it would contribute to improve the welfare of dwellers in
retrofitted units in terms of reduced utility expenses and maintenance costs, increased
protection against outdoor noise, enhanced rental and selling price of properties, etc.
(see “Direct impact on the welfare of residents” in Table 2-2 on co-benefits of
residential energy efficiency, Section 2.3).
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Fourth, it would help Hungary to meet the target achieving 20% of energy savings in
2020 as set by the EU Climate & Energy objectives. Only 10 years are left until this
deadline, and current EU estimates show that if the policy does not move from
“business as usual” the target will not be reached (ECF, 2010). The building sector can
contribute decisively to this objective since, as presented in Table 2-1 (p. 20) the energy
consumption of the households sector could be up to 67% below the business-as-usual
(BAU) projections by 2030.
Fifth, a large scale retrofit as the one proposed may curb perceptibly Hungary’s GHG
emissions trajectory and increase the amount of available Assigned Amount Unit (AAU)
to be used in Green Investment Schemes in which Hungary has already expertise,
precisely in the residential sector (Rábai, 2009; Sharmina et al., 2008). As GIS projects
must follow the climate and legal additionality criteria, such tool allows raising the
resources needed for further reducing emission in the buildings or other sectors.
Sixth, the State budget would benefit from the programme: i) directly, in the form of
energy savings achieved in public buildings (this might have a small effect at the national
level, but could certainly alleviate the finances of local administrations); indirectly,
through increased tax collection, reduced unemployment payments, etc. This is in line
with the efforts of the Hungarian government to comply with Maastricht’s convergence
criteria in order to join the European Economic and Monetary Union (EMU).

3.2

The focus of the project: employment benefits of a large-scale deep
energy retrofit programme in Hungary

While climate change is often low on real political agendas in medium welfare
economies, especially those hit particularly hard by the economic crisis, other policy
targets, especially in an integrated manner, may provide strategic entry points to policymaking for important climate change mitigation priorities. This is probably particularly
the case for the refurbishment of inefficient building stocks, since this area is especially
hampered by market barriers, and, while cost-effective, its typically long payback times
make this area unattractive for single policy goals such as mitigation.
Because of the employment benefits of renovation programs, creating jobs may provide
the key missing rationale and entry point to Hungarian policy-making that can kick-off a
large-scale building energy-efficiency retrofit programme. The deep renovation of a
massive amount of Hungarian buildings is expected to have a consistent impact on
employment. Directly, by the creation of many new jobs in the construction industry.
Indirectly, on all the sectors that supply materials and services to the construction
industry itself. In addition, the savings caused by the reduction in energy consumption,
plus the additional consumption fuelled by the wages of the additional jobs created, will
increase the disposable income of the families; income that, when spent, will generate
additional induced benefits to employment. On the other hand, it has to be
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acknowledged that the lower consumption of energy will cause a number of jobs to be
lost in the energy supply sector..
In this context, the objective of this research is to gauge the net employment impacts of
a large-scale deep building energy-efficiency renovation programme in Hungary. To do
so, the project has been defined within the following boundaries that define the scope
of the research:
-

Geographical: the Hungarian stock of buildings and labour market, although
some considerations about importing foreign labour to cover the likely shortages
induced by the programme if implemented to its full extent (see Section 8 on
qualitative effects)

-

Type of buildings subject to renovation: the whole all residential and public
buildings, which covers most of the constructed floor are of the country.
Industrial and commercial buildings are left aside, although it is likely that a
fraction of the latter is included by default as they are embedded in the
residential fabric.

-

Type of renovation: the refurbishment proposed focuses on reducing the energy
needed for heating purposes (electricity for lighting or powering domestic
appliances is not considered), which is believed to be the most energydemanding use in the household. Several scenarios with different energy saving
potentials and implementation rates have been defined (see Section 5.1).

-

Type of employment effects: it is expected that estimates of the direct, indirect
and induced effects (see Section 6) will be produced during the two phases. The
results available so far correspond to direct and indirect effects, whereas
induced effects will be dealt with during the second phase.

As a result. this preliminary report provides a first estimate of the impact, considering all
key factors, that can serve as a guide to strategic policy decisions. It will be the object of
a review with experts and stakeholders, whose feedback will be integrated into a final
report after a second phase of data collection, revision and improvement of the
estimates. To the research team’s knowledge, no similar calculations have been
produced up to date for Hungary at nationwide or even smaller scales.
This report is being produced in the framework of the European Climate Foundation
(ECF) Energy Efficiency programme, in particular the “energy efficiency in buildings”
strategic initiative pursued by the ECF.

3.3 The research team
The Center for Climate Change and Sustainable Energy Policy (3CSEP) is an
interdisciplinary research and educational center at the Central European University
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(CEU) in Budapest. Energy efficiency in buildings and related social, economic and policy
research is at the core of 3CSEP’s research activities. The Center has completed several
studies on the energy and greenhouse gas saving potentials and investment cost needs
related to the Hungarian building sector, many of which have been directly used in
highest-level decision-, law- and policy-making. 3CSEP has also been involved in several
deep renovation related projects and research initiatives.
In addition to 3CSEP researchers, Hungarian experts were selected with the highest
profiles in labour market and building energy research, as well as construction
policy/industry (see below) to contribute to the work.
The main experts involved are:
•

Prof. Diana Ürge-Vorsatz, Director of 3CSEP, leader of the building-related work
of the IPCC (4th assessment report) as well as the Global Energy Assessment

•

Prof. Álmos Telegdy, Co-director of the CEU Labor Project, Director of the Labor
Economics research group at the Institute of Economics of the Hungarian
Academy of Sciences

•

Mr. Sándor Fegyverneky, Chief Architect of Hungary, Chair of the Board of
Directors of the Hungarian Green Building Council

3.4 Structure and logic of this report
Sections 2 and 3 and provide the background, justification, aims and scope of the
research. Section 4 offers a preliminary account of the effects usually considered in
estimating the employment impacts of mitigation programs, which is the base for the
methodology described in Section 5. Section 5 also offers a detailed account of the four
scenarios (S-BASE, S-SUB, S-DEEP1 and S-DEEP2) defined for the purposes of this
exercise, and the results for each of them are presented in Section 7. Section 8 deals
qualitatively with the economy-wide effects of the proposed renovation programme
(geographical distribution and composition of the new jobs, effects on labour supply
and wages, etc.). Section 9 presents the main conclusions and areas of improvement for
the second phase of the research, based on the limitations encountered. Finally, Section
1 contains an executive summary presenting the main findings and conclusions of the
research so far.
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4 Overview of the employment implications of renovation
programs
A first objective of the study is to provide a map of the different pathways of
employment effects of the proposed programmes as well as a typology of the categories
of employment affected. This is the base for the methodological approach employed for
the estimation of the net employment effects.
Typically, three employment effects of investment programmes have been described in
the literature (Weber, 1998; Geller et al., 1998; Bailie et al., 2001):
•

Direct employment effects, which happen as a result of an increase in the
demand of goods and services directly related to the actual improving the
energy performance of buildings.

•

Indirect employment effects are a result of the increase in the demand of goods
and services produced by sectors that supply those directly involved in the
intervention (e.g., transport, catering, intermediate inputs, etc).

•

Induced employment effects will take place only when the intervention is
actually producing the desired effects. Since the energy savings produced by the
investments will increase to a certain extent – depending on which percentage
of the investment costs is borne by families – the available income of
households, this will create an increase in the demand of other goods and
services, as well the employment in the related sectors. It can also include the
effects of the additional income enjoyed by the workers of the intervening
sectors (Pollin et al., 2009).

Climate interventions such as energy efficiency retrofits in buildings usually increase the
demand of goods and services supplied by certain sectors (e.g., construction and
renovation) and decrease the demand of goods and services supplied by others (e.g.,
energy generation and distribution). This means that both job creation and destruction
processes will take place, and that an estimate of the net employment effects is what
needs to be obtained. It is also expected that direct, indirect and induced effects will be
found both on the job-creation and job-destruction sides, as depicted in Fig. 4-1.
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Fig. 4-1: The chain of effects on employment of the proposed intervention

In addition, the following employment implications of all studied scenarios are
considered (see Section 8 for a detailed discussion):
Geographical distribution of employment effects. While examining nationwide effects of
an investment programme, it must not be forgotten that some impacts are “distributed”
(the programme creates jobs that have to be done locally, e.g. the installation of the
insulation) and some other are “centralised” (a number of new jobs can be performed in
a central location, e.g. the production of the insulation panels). Some of the latter jobs,
particularly in manufacturing, can be exported abroad.
Temporal durability of employment effects. An investment programme will usually
create two types of jobs: short-term jobs, that take place while the programme is active,
and long-term, sustained employment effects that remain after the end of the
programme. While this distinction is notable in short-term programmes (e.g. the
organisation of events, such as the Olympic Games), the renovation of the whole
Hungarian building stock is likely to take decades. Consequently, the labour demand
shift can be considered permanent in the observation range chosen.
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Composition of employment impacts. The programme will increase demand for all skill
levels in the construction sector: there will be effects on the professional workforce
(such as architects and engineers), on the skilled workforce (e.g. plumbers, electricians
and painters) and on the unskilled workforce.
Effects in the construction sector. Given the large scale of the proposed intervention,
significant changes – commensurate to the amount of additional jobs created – are
expected to take place in the construction sector labour supply and wages. These
elements have to be taken into consideration, especially when deciding on the actual
implementation of the program.
Effects on other sectors. In order to have a net estimate of the aggregate employment
effects of the program, job losses in negatively affected sectors (namely energy
suppliers) must be accounted for. The estimation model employed incorporates this
consideration, and additional aspects are discussed in Section 8.
Financing. Multiple options could be considered for the actual financing of the program,
which could have an influence on the amount and composition of jobs created.
Social effects. As the Hungarian economy displays relatively high rates of grey labour,
which could be a pervasive feature of the construction labour market, and there are
concerns about the aging of the Hungarian labour market, both elements need to
introduced in the discussion.
Applicability of the results to other EU Member States. Provided that there are certain
similarities among Central and Western European (CEE) Member States in terms of their
labour market, economic performance and energy inefficiency of their building stock, it
is discussed the possibility of considering the results of this study as representative for
the region.
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5 Methodology
5.1 Modelling the renovation scenarios
5.1.1 Major assumptions for all scenarios
The study will focus mainly on the existing residential and public sector buildings,
excluding commercial buildings (offices, retail, etc). These buildings cover the vast
majority of the efficiency potential in the Hungarian building sector, and at the same
time these are the segments where most policy intervention/public support is
warranted. Retrofitting these two segments also has the highest social and political
benefits, due to improved social welfare as well as saved taxpayer’s money (on public
building energy bills). A large share of commercial buildings are rather new and thus less
energy wasting; the owners also have access to the required capital markets to
implement renovation programs if they deem them profitable, and thus public support
is less needed in this sector. Finally, the Commercial Sector of the building stock is very
fragmented and diverse, and data are least available (similarly to other countries);
therefore it is the most difficult segment to assess.
Several scenarios are investigated for their potential employment benefits such that
policy decisions may be compared with costs and time scales of different rates of
renovation of the building stock. A base-line or business as usual scenario is developed
such that more ambitious scenarios can be effectively measured for their individual
impacts on the Hungarian labour market and space heating and cooling energy
consumption.
The scenarios study the impacts of a deep energy renovation of the Hungarian building
stock referring only to the thermal envelope of the buildings and not considering other
energy related savings such as lighting upgrades, appliances, and water heating
equipment replacements. Studies that explore individual appliance replacement and
the consequent energy savings include Novikova (2008) and Korytarova (forthcoming).
Unlike a piecemeal approach to energy savings, a deep energy renovation of the
building thermal envelope has the largest energy impact due to the long life span of
building structures (see Section 5.1.2 regarding the lock-in risk) and energy
requirements for space heating and cooling typically represent the largest energy end
use for buildings.
Ramp-up period. As will be mentioned in Section 5.1.5, the working assumption of this
research is that in a “business as usual” scenario the annual rate of renovation of
Hungarian buildings is 1% of the entire building stock, i.e. close to 3.5 million square
meters renovated a year (around 45 thousand dwellings-equivalent). It is arguably
unlikely that the construction industry will be capable to immediately provide an output
of 12 to 20 million square metres (equivalent to 150,000 or 250,000 dwellings)
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retrofitted per year; a ramp-up period of 3 years is assumed, during which the industry
players will be able to learn the technologies, acquire the resources and the necessary
experience to upscale their business. The ramp-up period is assumed to be linear.
Impact analysis in the year 2020. The analysis for the impacts of the various scenarios is
carried out for the year 2020. This gives enough time for the construction industry to
“ramp up” to the required retrofit rate, so it will be possible to see the full positive
effects of the programme generated by an increased output in the construction
industry. The energy savings in 2020 will also be quite significant, providing a scale of
the negative employment effects generated by a contraction in the energy industry.

5.1.2 The Hungarian building stock
The Hungarian residential building stock is modelled here as six different building types,
as shown in Table 5-1, while the public building stock is also modelled as six similar
building types shown in Table 5-2.

Residential
Building Stock

Total Number of
Dwellings
(thousands)
Total Floor Area of
building type
(millions of sqm)
Fraction of Total
Number of
Dwellings
Fraction of Total
Building Stock
Fraction of Total
Building Floor Area
Characteristics of
Building
Total Number of
Dwellings ceased
per year
Ceased Buildings
per year
Floor Area Ceased
Each Year,
thousands m2
Avg. # of floors
Avg. # of Dwellings
Per Floor
Avg. # of Dwellings
Per Building type

Historical and
Protected
Buildings

Traditional
Multi-Family
Homes
(<1960)

Multi-Family
Homes
Industrial
technology
(Panel
Buildings) to
1992

246

716

766

2,112

337

183

4,360

19

50

41

169

35

10

325

6%

16%

17%

48%

8%

4%

100%

7%

1%

2%

77%

12%

0%

99%

5%

14%

11%

48%

10%

3%

92%

0

1700

190

5830

20

6

7746

0

71

13

5830

20

1

5935

0

119
4

10
5

466
1

2
1

0.3
5

598

6

3

1

1

3

24

15

1

1

15

1.32

Single
Family
Homes
to 1992

Single
Family
Homes
1993 -2010

MultiFamily
Homes
1993-2010

Residential
Total
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Residential
Building Stock

Avg. Floor Area of
Dwelling (m2)
Avg. Floor Area of
Building (m2)
Energy
Characteristics
Space Heating
Energy
Requirements
(kWh/m2/a)
Fraction of floor
area heated
Total space
heating energy
requirement
(TWh/a)

Historical and
Protected
Buildings

Traditional
Multi-Family
Homes
(<1960)

Multi-Family
Homes
Industrial
technology
(Panel
Buildings) to
1992

77

70

53

80

105

57

102

1680

795

80

105

855

207

207

230

264

144

121

70%

70%

95%

75%

75%

85%

2.8

7.3

8.9

33.5

3.8

1.1

Single
Family
Homes
to 1992

Single
Family
Homes
1993 -2010

MultiFamily
Homes
1993-2010

Residential
Total

57.2

Table 5-1: Characteristics of the residential building stock in Hungary

The three largest categories of buildings in the residential stock are Traditional Multifamily homes built in the late 19th Century and beginning of 20th until the 1960s, multifamily buildings built with industrial technology (panel structures), and traditional single
family homes. These are categories developed in Novikova (2008) referencing Ball
(2005). Three additional categories of buildings were developed based on assumptions
and data from Novikova (2008). These additional categories include Historical Buildings,
and both modern (1993-2010) multi-family and single family structures. The Historical
Buildings category, in the residential sector, assumes that 8% of Traditional Multi-family
and Single-Family homes are historical and therefore subject to special renovation
treatment with no cessation. Modern buildings, consisting of single family and multifamily dwellings built between 1993 and 2010, are a combination of two separate
categories proposed in Novikova (2008). In the same work, Modern Buildings built
between 1993 and 2008 and New Buildings since 2008 include both Single Family and
Multi-family homes, which are separated in this model into Modern Single Family
dwellings and Modern Multi-family dwellings. These two new categories are multifamily buildings built between 1993 and 2010 and single family buildings built between
1993 and 2010. New buildings beyond those existing in 2010 are not treated in this
study due to the low projected growth rates, considering a 1.3% decline in population
over the next ten years EUROSTAT (2010b) and an already large amount of unoccupied
building stock of roughly 8% of the total for the residential sector (Novikova 2008).
Over one-fifth of the Hungarian population live in Panel Housing. The quality of all
residential structures varies widely with only a quarter of dwellings requiring no regular
repairs, two-fifths requiring partial restoration, and another fifth requiring full
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restoration, the remaining 13% are not economical to restore and should be demolished
(Ball 2005). Rates of cessation for the existing building stock are assumed based on
historical cessation rates found from KSH (2005), the Hungarian Central Statistical
agency. Cessation rates are considered static throughout the scenarios and the removal
of buildings from a specific building type is linear in time.
Of the residential building stock, the largest portions are Traditional Single family
dwellings which make up the largest fraction of the total floor area (48%), followed by
Traditional Multi family buildings (14%), and finally industrial technology multi-family
dwellings (11%), and all other categories make up less than 10% of the total. These
three categories also have the highest heating energy consumption, averaging between
the three categories 225 kWh/m2/year. Fig. 5-1 gives a graphic representation of the
residential buildings stock.
Total Space Heating and
Cooling Energy
Requirements: 57.24
TWh/year

300

0
0.00

50.00

100.00

150.00

200.00

250.00

Multi-Family 1993-2010

50

Single Family 1993-2010

100

Traditional Single Family

150

Multi-Family Industrial Technology

200

Traditional Multi-Family (Late 19th Century
to 1960s)

250

Historical

Energy Consumption, kWh/m2/a

Residential
Floor Area and Energy Consumption

300.00

350.00

Millions of m2

Fig. 5-1: Residential Building Stock Space Heating and Cooling Characteristics

The public building stock represents less than 8% of the total floor area considered in
the model and consume a little over 8% of the total space heating and cooling final
energy for both Public and Residential Sectors combined. Public buildings consist of
similar structures to the residential building stock, however their functions vary widely.
Educational buildings represent over 40% of the total public building floor area,
followed by public administration (18%), health buildings including hospitals (16%),
cultural buildings (16%) and social buildings (9%). All of these building types are
considered individually in Korytarova (forthcoming); however, for the purposes of the
model.
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Public Building
Stock
Total number of
buildings
Total Floor Area of
building type
(millions of sqm)
Fraction of Total
Building Stock
Fraction of Total
Building Floor Area
Characteristics of
Building
Ceased Buildings
per year
Floor Area Ceased
Per Year,
thousands m2
Avg. # of floors
Avg. Floor Area of
Building (m2)
Energy
Characteristics
Space Heating
Energy
Requirements
(kWh/m2/a)
Fraction of floor
area heated
Total space
heating energy
requirement
(TWh/a)

Traditional
Single
Storey,
<1992

Modern
Single
Storey,
19932010

Modern
MultiStorey
1993-2010

Public
Total

Historical and
Protected
Buildings

Traditional
Multi-Storey
(<1960)

Industrial
Technology
Multi Storey
Building

0.8

6.7

17.4

2.8

1.0

3.4

32.2

1.0

11.2

13.9

0.2

0.1

2.9

29.3

0.0%

0.2%

0.6%

0.1%

0.0%

0.1%

1.2%

0.3%

3.2%

3.9%

0.1%

0.0%

0.8%

8%

99

171

0

0

0

270

166
4

136
5

0
1

0
1

0
5

302

1202

1680

795

80

105

855

207

207

230

264

144

121

70%

70%

95%

75%

75%

85%

0.1

1.8

3.0

0.05

0.01

0.3

5.3

Table 5-2: Characteristics of the public building stock in Hungary

As shown in Table 5-2 and Fig. 5-2, the Public Building stock energy consumption and
floor area is dominated by traditional and industrial technology multi-story buildings.
Single story dwellings, similar to the single family dwellings in the residential building
stock make up a small portion of the total public building stock and are represented
between multi-story industrial buildings and multi-story modern buildings in Fig. 5-2.
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Public Buildings
Floor Area and Energy Consumption

Total Space Heating and Cooling
Energy Requirements: 5.3 TWh/year
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Fig. 5-2: Public Building Stock Space Heating and Cooling Energy Consumption

5.1.3 Building Scenarios considered
A total of four building renovation scenarios are investigated. The scenarios are
differentiated by renovation rate and type of retrofits, and summarised in Table 5-3.
Name
S-BASE

Scenario
Baseline
scenario: no
intervention

S-DEEP1

Deep retrofit
with faster
retrofitting rate

S-DEEP2

Deep retrofit
with slower
retrofitting rate

S-SUB

Suboptimal
retrofit with
slower
retrofitting rate

Retrofit rate
1% of the total building
stock (around 3.5 million
square metres a year,
equivalent to 44,000
dwellings)
Around 20 million square
meter (equivalent to
250,000 dwellings) per
year
Around 12 million square
meter (equivalent to
150,000 dwellings) per
year
Around 12 million square
meter (equivalent to
150,000 dwellings) per
year

Type of
retrofits
“Business as
usual”
retrofits

Forecasted
completion
N/A

Deep retrofits

17-18 years

Deep retrofits

28-30 years

Suboptimal
retrofits

28-30 years

Table 5-3: Retrofit Programme Scenarios
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Table 5-4 and Table 5-5 show the scenario characteristics for all scenarios, with respect
to floor area and energy consumption.
Residential Building
Stock
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Average Renovated
Reduction in Energy
Average Energy
Consumption in 2020
(kWh/m2/year)

S-BASE

S-DEEP1

S-DEEP2

S-SUB

3

18

11

11

318.6

318.6

318.6

318.6

32.5

161.9

99.1

99.1

-15%

-90%

-90%

-50%

174

93

125

224

Table 5-4: Residential Summary Table – S-BASE Scenario

Public Building Stock
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Average Renovated
Reduction in Energy
Average Energy
Consumption in 2020
(kWh/m2/year)

S-BASE

S-DEEP1

S-DEEP2

S-SUB

0.29

1.67

1.00

1.00

28.0

28.0

28.0

28.0

2.9

14.6

8.9

8.9

-15%

-90%

-90%

-50%

171

87

121

145

Table 5-5: Public Buildings Summary Table – S-BASE Scenario

The baseline scenario, S-BASE. Under the S-BASE scenario business as usual conditions
persist and buildings are renovated to a standard level of energy savings; costs of
renovation remain low due to poor energy efficiency standards being maintained.
In the S-BASE renovation scenario, dwellings are renovated at a rate of 1% per annum
(See Section 5.1.5) and the reduction in energy consumption for each class of building is
on the order of 15%, reflecting the small portion of current renovation work focusing on
building energy reductions. This small reduction could amount to any one of the
following measures taken individually: replacement of the space heating system,
replacement of some windows, insulation renewal, or an increase in the air tightness of
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the building envelope. Individual measures such as these can easily achieve a 15%
savings.
S-DEEP1. In the S-DEEP1 scenario an ambitious rate of renovation is adopted along with
strict energy renovation standards, requiring savings to be roughly 90% of the original
building energy consumption. These types of energy savings are obtainable through
holistic building renovation approaches that can in some cases completely eliminate the
need for costly or even new heating equipment.
In this scenario an ambitious 5.6% per annum renovation rate is enforced.
S-DEEP2. In the S-DEEP2 scenario a slightly less ambitious rate of renovation is adopted
along with the same strict energy renovation standards as in S-DEEP1, requiring savings
to be roughly 90% of the original building energy consumption. In this scenario a 3.4%
per annum renovation rate is enforced.
S-SUB. In the S-SUB scenario the less ambitious rate of renovation rate (same as SDEEP2) is adopted along with a less strict energy renovation standards than S-DEEP1 and
S-DEEP2, requiring savings to be roughly 50% of the original building energy
consumption. In this scenario an annual renovation rate of 3.4% is enforced.

5.1.4 Types of retrofits covered in the scenarios and the risk of the lock-in effect
The research will particularly focus on scenarios S-DEEP1 and S-DEEP2, which assume
that the programme will support “deep” retrofits for buildings. The aim is to bring the
buildings as close to passive house standards (i.e. a consumption of 15 kWh/m2/y) as
realistically and economically feasible. The reason for this assumption is the risk of the
lock-in effect. If a massive renovation programme now only “cherry-picks”, i.e. harvests
only the lowest hanging fruit (implements only shallow, short pay back period energy
investments) this will have a fatal impact on Hungary’s ability to meet long-term, radical
emission reduction targets. This is because if a building undergoes a renovation, it is
extremely cost-inefficient, as well as again posing a large hurdle, to revisit it again to
capture remaining, non-captured efficiency potentials. Therefore a suboptimal retrofit
(such as those supported by present programmes, saving 15 – 30% energy on average)
locks 70 – 55% of present building emissions in for several decades. On a national scale,
considering that buildings constitute approximately ½ of national emissions (Novikova,
2008), this potentially locks-in 20% to 35% of present national emissions in; emissions
that it will not be possible to reduce, except for extremely high costs (hundreds of
Euros/tonCO2). This severely jeopardises reaching any ambitious GHG reduction target
by 2050, since emissions related to heating are difficult to mitigate in other ways than
addressing them in the buildings themselves5.

5

Buildings heated by district heating have some opportunities for lower carbon heat supply sources; but
the majority of Hungarian buildings are heated by fossil fuels.
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To reach this target, it is possible to use state-of-the art retrofitting know-how, such as
the one demonstrated by the SOLANOVA pilot project (Hermelink, 2007), which reduced
thermal energy and emissions by up to 80% - 90%. The SOLANOVA project has been
widely celebrated throughout Europe and even worldwide, providing an etalon for
further renovation programs. Comparing these results with evidence from the much
lower energy savings achieved by presently State-funded domestic energy efficiency
programmes like the ÖKO and Panel Programmes (Bencsik, 2009; Pájer, 2009), it is
possible to conclude that there is a certain risk of locking-in for decades the substantial
energy saving potential of Hungary’s building stock if the nationwide, State-supported
programmes keep on applying sub-optimal technology and know-how.
While the focus of the research is a renovation programme that only includes deep
retrofits, the study will also examine a scenario (S-SUB) in which suboptimal renovations
continue to be supported and contrast its employment implications (as well as its
energy-savings impacts) to a deep renovation programme.

5.1.5 Rates of renovation
The baseline scenario, S-BASE, assumes that there will be no renovation programme at
all; as such, the renovations will follow a “business as usual” pattern. The retrofits of the
buildings and the rates of renovation will not vary from the current trends. The baseline
scenario will serve as a reference for the analysis of the other scenarios.
Existing estimates of the renovation rate of the Hungarian building stock are difficult to
determine due to a lack of a precise definition of “renovation”. A renovation when
loosely defined could range in depth from the painting of an individual dwelling to a
complete overhaul of the masonry and plasterwork on both the exterior and interior
façade. Novikova (2008) assumes a renovation rate of 1%/annum referencing
Petersdorf et al (2005) which assumed a 0.25% for standard renovation rates for the CEE
region and an accelerated rate of 0.4% if the Energy Performance of Buildings Directive
(EPBD) is implemented. A 1% renovation rate implies that 43.6 thousand dwellings of
both Public and Residential buildings stock is to be renovated each year.
Renovation rates are based on an amount of dwellings to be renovated each year;
dwellings refer to individually occupied section of buildings or individual single family
homes for the residential sector and refers to entire buildings in the public building
sector, since most multi story buildings in this sector represent one entity, e.g. an entire
hospital would count as a “dwelling” and is not subdivided. In the S-SUB scenario the
entire building stock is renovated in 100 years, including building cessation.
The renovation rates for the scenarios considered in the model are as follows:
1. An average renovation rate of approximately 20 million of square metres
(equivalent to 250,000 dwellings) per year, corresponding to 5.7% of the
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dwellings per annum, in which the total building stock would be completed in 18
years taking cessation into account;
2. An average renovation rate of approximately 12 million of square metres
(equivalent to 150,000 dwellings) per year, corresponding to 3.4% of the
dwellings per annum, in which the total building stock would be completed in 30
years taking cessation into account.
These renovation rates are applied respectively to S-DEEP1 and S-DEEP2, while the SSUB scenario has the same renovation rate as the S-DEEP2 scenario, illustrating the
impacts of an induced renovation programme with limited depth of energy renovation.

5.2 Modelling the employment effects of the scenarios
5.2.1 Overview of the methodological approaches
As discussed in section 4, in general the employment impacts of an investment
programme can be classified in direct impacts (on the sectors directly involved in the
programme), indirect impacts (the effects on the upstream supply chain) and induced
impacts (generated by the households’ increased disposable income consequent to the
creation of new jobs and in this case, also of energy savings).
Four main methodological approaches have been applied for estimating the
employment effects of investment programmes:
•

Scaling up of case studies, where actual employment figures of concrete case
studies, recorded in completed interventions and usually only accounting for
direct effects, are scaled up carefully to the level of the proposed intervention
(for the EU SAVE programme, see Wade et al., 2000; Jeeninga et al., 1999). Jobcreation figures can be linked to the energy saving, investment, duration or size
of the intervention and then be transferred and up-scaled.

•

Input-Output (I/O) analysis is the most widely utilised and probably most robust
methodology employed for forecasting the employment impact of changes in
the economy, including energy efficiency interventions. Input-output tables
allow analyzing changes in the economic activity of all sectors related directly or
indirectly to the intervention. Provided the labour intensity of each sector,
estimates of the amount of jobs destroyed and created, and of the net
employment effects can be derived (for an I/O analysis of the effects of the Clean
Energy package promoted by Barack Obama’s administration in the USA, see
Pollin et al., 2009). It is also possible to use Input-Output analysis to estimate the
induced impacts, by analyzing the effects of a change in final consumption by the
households.
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•

Computable general equilibrium models (CGEM) capable of exploring the
relationship between sectors, consumers and the government and of modelling
the more complex dynamic effects of climate policies on a variety of
macroeconomic parameters, including employment (Kremer et al., 2002). A
recent example in Europe is the study on the employment effects of an
expanded solar PV electricity generation promoted by the European Photovoltaic
Industry Association (PV Employment, 2009).

•

Results transfer: In addition, researchers have also relied on the results of
previous studies based on the above described three methodologies for deriving
net employment effect estimates following a results transfer approach. A recent
example is Greenpeace’s report Working for the Climate (Greenpeace, 2009),
which makes a global estimate of the employment effects by 2030 of the
ambitious adoption of renewable and energy efficiency technologies, whose
results were based in the application of employment factors extracted from the
literature. The advantage of this approach is that it can be applied to markets
and industries where little data is available, from other, better studied markets
or geographical locations. Nevertheless, all such transfers are associated with
significant limitations due to differences in the economic and market
environments.

5.2.2 First attempted approach: scaling-up of case studies
The first objective of the research team was to produce an approximate estimate of the
net employment effects of a large scale retrofit of Hungary’s residential and public
sector building stock through the scaling-up of case studies. This scaling-up would rely
primarily on national employment creation factors from completed projects in Hungary,
like the SOLANOVA project (SOLANOVA 2010) and STACCATO (Faluhaz 2009),
complemented by a series of case studies from foreign projects (such as passive house
renovation projects in Austria and Germany, and energy efficient retrofits throughout
Europe).
The goal was to obtain employment data for the different types of retrofit projects, such
as the man-months involved in each renovation, preferably divided by skill level (from
architects and professionals, to skilled and unskilled labourers). This data, carefully upscaled according to the different scenarios considered, would have made it possible to
estimate the direct impacts of each scenario in the construction industry, as well as
giving a breakdown of the skill levels involved.
Unfortunately, a review of the case studies present in the available literature and the
personal contacts of the research team with industry professionals (such as architects,
contractors and passive house institutes) did not result in usable data of this kind. Very
scarce information was available on the use of labour in renovation projects of any kind;
man-months were not recorded, and neither was the division in skill-levels of the
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workers involved in the projects. What could usually be found was the total investment
amount for the retrofit, and sometimes an estimate of the cost split between materials
and labour.
The reason for this difficulty in recovering labour data probably lies in the heavily
layered structure and in the specialization of the construction industry. As can be seen
for example in the works of Eccles (1981a and 1981b), or more recently in Chiang
(2007), the construction industry is typically structured in several layers of contractors,
who might themselves delegate parts of the work to further subcontractors. This is due
to the complexity of the construction industry, and the ability of subcontractors to
specialize in a particular trade and keep track of the technology updates.
Such a complicated structure makes it very hard for final customers or project managers
to keep track of the man-hours spent in construction projects. An in-depth data
collection of the man-time spent on a given retrofit project would involve speaking to all
subcontractors and gather their estimates of time spent on each subtask. The research
team will allocate some time in the second phase of the study to try and collect such
data for specific projects.

5.2.3 Scaling-up of cost estimates and use of Input-Output tables
While labour estimates could not be obtained for the case studies collected, as
discussed in the previous section, usually the total investment costs were available. This
made it possible to opt for an Input-Output approach to estimate the positive direct and
indirect employment impacts generated by the investments in the retrofit programme,
by proceeding in the following fashion:
1. Case studies are classified according to the types of building recognized in the
building stock model (see Section 0).
2. The renovation costs per square meter for each building type are carefully
estimated.
3. The results are up-scaled for the different scenarios, to obtain the total (annual)
investments for the programme.
4. The annual investments are then entered in the Input-Output tables, to obtain
the direct and indirect impacts of the increased demand in the construction
industry. Input-Output tables are explained in the next section.
In a similar way, the Input-Output method can be use to estimate the negative (direct
and indirect) impacts of the energy savings generated by the programme:
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1. For each building type and each scenario, the energy savings (in kilowatt-hours
per square meter) are estimated. The result is then up-scaled to obtain the total
energy savings per building type in each scenario.
2. For each building type, dwellings are classified according to the type of heating
used (e.g. gas, electricity, district heating). A proportion of dwellings (i.e. square
meters) is assigned to each heating type.
3. It is possible then to calculate the annual energy savings per type of heating for
each scenario, for the whole building stock.
4. Every year, the energy savings accumulate. For a specified year in the future, it is
possible to compute the total energy savings per heating source, for the whole
Hungarian building stock.
5. Using a forecast of the energy prices for each heating sources, it is thus possible
to estimate the drop in energy demand for the year in question.
6. The drop in demand in the energy sector will then be entered in the InputOutput tables, to obtain the consequent drop in demand for every other sector.

5.2.4 Use of Input-Output tables
Input-Output tables are a tool developed by the Russian-American economist Wassily
Leontief, who earned a Nobel Prize for this achievement. His main work is (Leontief,
1986), a book collecting a series of articles written between 1947 and 1985. Most of the
studies (including the ones related to renewable energy or energy efficiency, which have
been reviewed for this work) that wish to estimate the impact on all sectors of the
economy of a particular intervention meant to modify the output of one or more
industries use Input-Output analysis.
The main goal of Input-Output tables is to describe the flow of goods and services
between industries. Every industry produces goods or services, and these will be sold to
other industries or to the final consumer. The basic element of the input-output model
(the transactions table) shows in its rows the repartition of sales to the different buying
industries and to the final consumer. Read by column, the input-output table will show
how much an industry buys from all other industries. For consistency between different
types of goods and services, the table shows the elements in monetary units.
From the transactions table, it is possible to derive the technical coefficient matrix,
which shows the amount of input needed by a particular industry from all other
industries to create one monetary unit (e.g. 1 USD, 1 EUR or 1 HUF) of product.
The technical coefficient matrix represents the immediate indirect impacts on all sectors
of the increase in output of one monetary unit in a specific industry. However, these
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impacts would have to be recursively re-applied to the same matrix to determine the
total indirect impacts of the original increase in output: if 1 HUF of increase in output in
industry A generates 0.25 HUF of output increase in industry B, then these 0.25 HUF
have to be re-injected in the technical coefficient matrix to see the further indirect
impacts generated.
Instead of the complex computations needed to recursively apply the impacts on the
technical coefficient matrix, it is possible to calculate a matrix containing the total
impacts (direct and indirect) of a unit increase in output in a particular sector. This is
called the Leontief inverse matrix, and can be derived with simple matrix operations
from the technical coefficient matrix. This is the matrix that will be used for the labour
impact analysis.
More details about the input-output model, with simple working examples, can be
found in a book by Miernyk (1965).
Both the transaction table and the Leontief inverse matrix are available from OECD
(2010b) for several countries, in particular Hungary. The latest Input-Output data
available for Hungary, used in this study, dates from 2005.
Limitations of Input-Output analysis. As mentioned for example in Caldes (2009) and in
Morriss (2010), the main limitation of the Input-Output table is that the coefficients are
constant. They offer a snapshot of the economy (in the case of this study, for the year
2005) that does not reflect changes in the interaction between industries (due for
example to changes in technology), and they do not take into account a possible
evolution of relative prices between factors of production.
This means that since transaction tables for an economy are generated only every few
years (the latest Input-Output tables available from OECD date from 2005), some of the
inter-industry coefficient might be outdated. This is not necessarily a serious issue for
“classic” impact analysis, but it might be an issue if the intervention is bound to
introduce technological innovations that would themselves change the structure of the
transactions table. Some (e.g. Idenburg, 2000) have developed more complex dynamic
models to account for technological advance. In this particular regard, more advanced
methods based on Computable General Equilibrium analysis allow analysing the
influence of interventions on prices of labour, inputs and energy, as well as the structure
of the labour market and the income available to families.
In addition to this, a number of limitations also arise from the actual application of the
Input-Output methodology in the context of this project:
•

The accuracy of results depends on the quality of information available on the
Hungarian building stock, and on the costs and labour requirements of deepretrofitting interventions. Data on costs (mostly of deep-retrofit) come from
examples from abroad, mainly Western Europe. This parameter (costs of the
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renovation), which is crucial in the estimation of additional jobs created, is
probably the most uncertain of the calculation model. In the second phase, an
attempt will be made to estimate more precisely the man-time spent on
renovation projects, in order to have a more precise estimate of the labour
needed and of the renovation costs. The final version of the study will also
contain an analysis of the sensitivity of data (see Section 5.3).
•

The costs of renovations are assumed to remain stable along the time frame
chosen (2020- 2030), but typically costs go down as economies of scale appear
and expertise is gained. Also, the labour intensity of the construction sector is
constant, but there is evidence from OECD figures that it has decreases steadily
in the first half of the 2000s. Both assumptions are likely to overestimate the
final results. In the second phase, an attempt will be made to estimate the
evolution of costs and labour intensity during the years when the programme
will take place.

•

For estimating direct effects, it is assumed that the labour intensity of energy
efficiency renovation is the same as the whole construction sector renovation
rate. The latter may include construction types (e.g., highways) that may be
much less labour intensive than retrofitting dwellings. The final report will
attempt to use a more precise estimate of the labour intensity in the sectors
concerned, both the part of the construction sector dedicated to renovations
and the heat energy supply sector.

•

Gains in the efficiency of energy consumption usually result in a reduction of the
per-unit price of energy services, which offset part of the energy savings that
would have been achieved originally. As discussed in Section 8.4, the so-called
rebound effect may offset part of the savings initially expected. As mentioned,
these more complex, dynamic effects, which are likely to influence the final
energy savings and net employment generation results, will be noted but not be
included in the quantitative analysis because of the constraints posed by InputOutput analysis.

•

The high incidence of the informal construction industry, black and grey labour,
especially in the construction sector, is likely have an impact on the results of the
program. A discussion on the implications of this type of labour is offered in
Section 8.6.1, and will be investigated in more depth during the second phase.

•

Large fixed costs (e.g., repayment of the investments needed for the
construction of power plants, distribution infrastructure, etc.) and variable costs
dependant on the amount of fuel consumed (rather than on the amount of labor
used) are typical in the energy industry. However, the results estimated so far
that are based on the assumption that that there is a linear reduction of the
people employed by this sector as energy consumption decreases, which is likely
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to underestimate the estimates of job losses (and therefore overestimate final
results). These aspects will be considered during the second phase, at least for
the qualitative analysis.

5.2.5 Labour intensities
Once the Leontief inverse matrix is known for a particular economy, it is possible to
calculate the direct and indirect impacts of the variation of demand in one particular
industry on the output of each sector of the economy included in the matrix.
In order to estimate the employment impacts, it is necessary to multiply the changes in
output by the labour intensities in each sector. Labour intensities are indicators of how
many full-time equivalent (FTE) employees are used in a particular sector to produce a
certain amount of output.
For the sake of simplicity, in this study it will be assumed that the relationship between
labour and output in all industries is linear: i.e., if 1 FTE employee produces 100 units of
output, then 2 FTE employees will produce 200 units of output. While this is obviously a
rather rough approximation, it is typically the one used in labour implications studies.
The labour intensity used is in fact simply calculated as the ratio of FTE employees per
unit (or often per million of units) of output.
For this study, the labour intensity for Hungary has been calculated based on data
extracted from the STAN (Structural Analysis) database of OECD’s data dissemination
service (2010b), for a selected number of industries (those included in the input-output
transaction table, which was also extracted from OECD). Table 5-6 shows FTE employees
used by each industry for a million Euro of output in 2006. The codes for the sectors
correspond to the ones used in the STAN database of OECD (OECD 2010c).
Industry
C01T05 Agriculture, hunting, forestry and fishing
C10T14 Mining and quarrying
C15T16 Food products, beverages and tobacco
C17T19 Textiles, textile products, leather and footwear
C20 Wood and products of wood and cork
C21T22 Pulp, paper, paper products, printing and publishing
C23 Coke, refined petroleum products and nuclear fuel
C24 Chemicals and chemical products
C25 Rubber and plastics products
C26 Other non-metallic mineral products
C27 Basic metals
C28 Fabricated metal products, except machinery and equipment
C29 Machinery and equipment, n.e.c.
C30 Office, accounting and computing machinery
C31 Electrical machinery and apparatus, n.e.c.

FTE per production
(million EUR) - 2006
15.43
30.00
15.34
39.04
33.01
12.49
1.08
7.69
14.51
11.55
13.78
13.78
12.32
7.26
7.26
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Industry
C32 Radio, television and communication equipment
C33 Medical, precision and optical instruments
C34 Motor vehicles, trailers and semi-trailers
C35 Other transport equipment
C36T37 Manufacturing n.e.c. and recycling
C40T41 Electricity, gas and water supply
C45 Construction
C50T52 Wholesale and retail trade - repairs
C55 Hotels and restaurants
C60T63 Transport and storage
C64 Post and telecommunications
C65T67 Financial intermediation
C70 Real estate activities
C71 Renting of machinery and equipment
C72 Computer and related activities
C73 Research and development
C74 Other business activities
C75 Public admin. and defence - compulsory social security
C80 Education
C85 Health and social work
C90T93 Other community, social and personal services

FTE per production
(million EUR) - 2006
7.26
7.26
5.35
5.35
32.34
8.95
24.80
23.94
42.66
21.72
21.72
10.38
9.03
9.03
9.03
9.03
9.03
29.84
54.22
45.97
19.71

Table 5-6: FTE employees per 1 million Euro of output in Hungary, 2006

While the Input-Output table dates from 2005, labour intensities of 2006 have been
used as they reflect the most recent data available from the OECD website. Possibly
more than inter-industry relationships, labour intensity can vary substantially
throughout the years. In fact, the continuous productivity increase in practically every
sector (mainly due to experience factors and the improvements in available technology,
which shifts the workload from human labour to machines) directly implies a reduction
of the labour intensities.
In the second phase of the research, an attempt will be made to model the reduction of
the labour intensity in the different sectors, in order to have an even more suitable
estimate of the labour intensity in the coming years and apply it to the impact analysis.

5.2.6 Transfer of results from previous studies
As will be discussed in Section 6, most of the reports and articles reviewed which study
the employment impacts of investment programmes (be it in renewable energy, energy
efficiency or other sectors of the economy) deal with G7 countries, such as Canada, the
United States or the Western parts of the European Union. Labour intensities are usually
lower in those parts of the world than in transition or developing economies: as
explained by Rutovitz and Atherton (2009, p. 29), “Broadly, the lower the cost of labour
in a country, the greater the number of workers that will be employed to produce a unit
of any particular output, be it manufacturing, construction or agriculture. This is
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because when labour costs are low, labour is relatively affordable compared to
mechanised means of production. Low average labour costs are closely associated with
low GDP per capita, a key indicator of economic development”.
Therefore, it is not immediate to transfer the results of foreign studies to a transition
economy such as Hungary: a transfer will not be attempted, but the studies will rather
be used as a “reference point” with which to compare the results obtained.

5.3

Results sensitivity

The methodology employed places a great importance on the estimation of the
renovation costs for the different types of buildings, as it is the up-scaling of those costs
which will in turn be used to calculate the direct impacts on the construction and energy
sectors, and the global impacts on the Hungarian economy.
While a great effort has been made to produce valid estimates of the renovation costs,
the virtual absence of experience for energy-efficient renovations in Hungary (in
particular for deep renovations) can produce errors in the estimates and create a
variability in the final results. The second phase of the research will address this
sensitivity on one hand by striving to generate more accurate estimates, and on the
other hand by analyzing the sensitivity of the results to the cost estimates produced.
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6 Scenario results: Energy and CO2 savings, investments, cost
savings
6.1 Energy savings
Every retrofit project saves energy. Deep retrofits can save up to 90-95% of space
heating energy consumption, while “suboptimal” retrofits can save around 50% of the
consumption. Even “business as usual” renovations may improve the energy efficiency
of a building, however in a reduced way. In this research, baseline renovations are
assumed to save 15% of the energy consumption.
In Table 6-1, it is possible to see the percentage of energy savings realised by the year
2020 in the residential and the public building stock for every scenario.
Energy savings in the year 2020 for the
residential building stock
Energy savings in the year 2020 for the
public building stock

S-BASE

S-DEEP1

S-SEEP2

S-SUB

-3%

-48%

-30%

-17%

-10%

-54%

-36%

-23%

Table 6-1: Energy savings in the year 2020 for all scenarios

The annual energy savings obtained every year with the retrofit programme, however,
grow throughout the years, and it might be more relevant to see the evolution of energy
use for the total duration of the programme. Fig. 6-1 to Fig. 6-4 show the evolution of
energy use by all categories of buildings in the Hungarian building stock until 2050, for
all scenarios.
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Fig. 6-1: Energy use for all categories of buildings - S-BASE scenario

Energy By Category S-DEEP1 Scenario
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Fig. 6-2: Energy use for all categories of buildings - S-DEEP1 scenario
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Energy By Category S-DEEP2 Scenario
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Fig. 6-3: Energy use for all categories of buildings - S-DEEP2 scenario

Energy By Category S-SUB Scenario
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Fig. 6-4: Energy use for all categories of buildings - S-SUB scenario

For a global view of the changes in energy use in the building sector, Fig. 6-5 shows the
evolution of the final energy use for the whole building stock in each scenario.
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Final Energy Use - Four Scenarios
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Fig. 6-5: Evolution of the final energy use for all scenarios

6.2 CO2 emission reductions
The accumulated energy savings have as a direct consequence a reduction in CO2
emissions from the retrofitted buildings. Those reductions depend on the type of space
heating used. CO2 emissions factors for the various fuel types were determined based
on the current energy infrastructure of Hungary which is also assumed to stay fixed over
the period of the scenarios. The CO2 emissions factors are given in Table 6-2
(Hungarian Ministry of Water and Environment 2007, KVVM 2007).
CO2 Emissions factors (g/kWh)
Natural Gas
202
Electricity
366
District Heating
255
Other Fuels
350
Table 6-2 Emissions Factors

This fractioning makes it possible to calculate the CO2 emission reductions throughout
the years for each scenario. Fig. 6-6 shows the accumulated CO2 emission reductions for
each scenario, in billion tonnes of CO2.
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Fig. 6-6: Accumulated CO2 emission reductions for each scenario

6.3 Investments for the renovations
For each renovation scenario the annual additional investments with respect to the
baseline scenario have been estimated. This estimate will then be used in the inputoutput tables, giving as a result the output demand for the various sectors of the
economy.
It is important to note here that all the information gathered (from case studies and
conversation with experts and industry players) is related to the residential sector.
However, since the public sector buildings have been classified in similar categories as
the residential buildings, the estimates are transferred across the categories from
residential to public buildings.
Reminder of the scenarios. As discussed in section 5.1, four scenarios will be considered
for this research: a “baseline” or “business as usual” scenario, where no retrofit
programme will take place, and three retrofit programme scenarios, which vary
according to renovation rate and “depth” of the retrofits. Table 6-3 summarizes the four
scenarios:
Name
S-BASE

Scenario
Baseline
scenario: no
intervention

Retrofit rate
1% of the total building
stock (around 3.5 million
square metres a year,
equivalent to 44,000
dwellings)

Type of
retrofits
“Business as
usual”
retrofits

Forecasted
completion
N/A
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Name

Scenario

S-DEEP1

Deep retrofit
with faster
retrofitting rate

S-DEEP2

Deep retrofit
with slower
retrofitting rate

S-SUB

Suboptimal
retrofit with
slower
retrofitting rate

Retrofit rate
Around 20 million square
meter (equivalent to
250,000 dwellings) per
year
Around 12 million square
meter (equivalent to
150,000 dwellings) per
year
Around 12 million square
meter (equivalent to
150,000 dwellings) per
year

Type of
retrofits
Deep retrofits

Forecasted
completion
17-18 years

Deep retrofits

28-30 years

Suboptimal
retrofits

28-30 years

Table 6-3: Retrofit Programme Scenarios

Baseline scenario. As a base for all calculations, the annual investments taking place in
the baseline scenario S-BASE are estimated. Table 6-4 summarizes the cost estimates for
the baseline scenario. The number of dwellings to be renovated per year is assumed to
be 1% of the total Hungarian dwelling stock; the consequent floor area comes from the
stock model described in section 5.1.2, while the investments per square meter are
estimates for a “standard” renovation coming from personal communications with
experts and contractors.

Residential
Building
Stock

Public
Building
Stock

Historical and Protected
Buildings
Traditional Multi-Family
Homes (<1960)
Multi-Family Homes Industrial technology (Panel
Buildings) to 1992
Single Family
Homes to 1992
Single Family Homes
1993 -2010
Multi-Family Homes
1993-2010
Historical and Protected
Buildings
Traditional Public Buildings
(similar to MF)
Panel Public Buidlings (similar
to MF)
Traditional Public Buildings
(similar to SF)

Floor area
renovated
annually
(thousands
of m2)

Equivalent
dwellings*

Investment
per m2
(EUR)

Annual
Investments
(millions of
EUR)

190.5

2459

85.00

16.19

501.0

7157

60.00

30.06

406.0

7660

55.00

22.33

1,689.8

21123

65.00

109.84

353.8

3370

55.00

19.46

104.3

1830

55.00

5.74

9.9

8

85.00

0.84

112.0

67

60.00

6.72

138.7

174

55.00

7.63

2.3

28

65.00

0.15
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Floor area
renovated
annually
(thousands
of m2)
New Public buildings (similar
to SF)
1.0
New Public Buildings (similar
to MF)
29.1
Total
3,538.6
* Equivalent buildings in the case of the public stock

Equivalent
dwellings*

Investment
per m2
(EUR)

Annual
Investments
(millions of
EUR)

10

55.00

0.06

34
43921

55.00

1.60
220.62

Table 6-4: Cost estimates for the baseline scenario

For all the other scenarios (S-DEEP1, S-DEEP2 and S-SUB) the estimates are based on a
series of case studies, both from Hungary and from abroad, showing successful
examples of deep energy-efficient renovation (with savings above 80%) and “suboptimal” (with savings around 50%) energy-efficient renovation.

6.3.1 Deep renovation case studies
There is an increasing number of energy-efficient houses being built all across the world;
a 2008 estimate put at 15,000 the number of Passivhaus buildings in Europe (Rosenthal,
2008). However, the number of available renovation case studies is much smaller. In
particular, there is only a very limited amount of similar projects having taken place in
Hungary.
The flagship project for deep energy-efficient renovation in Hungary is SOLANOVA. The
project took place in 2005 and targeted a panel building located in Dunaújváros. The
annual space heat consumption was brought from 220 kWh/m2a before the retrofit to
20 kWh/m2a in 2006/07 (SOLANOVA 2010). The net cost of the retrofit was 250 Euros
per square meter (Hermelink 2006).
All the other deep renovation case studies considered in this study are from outside
Hungary; they all involved savings in space heating energy consumption of at least 80%,
and they ranged from a net cost per square meter of 452 Euros for a multi-family home
in Germany to almost 2,000 Euros for a single-family home in Austria.
Use of best practices. All renovations are different: the starting point and the needs for
renovation may change, and the owners may make different decisions regarding
aesthetic measures. To estimate the costs per square meter in the different scenarios,
“best practices” have been used: case studies that show that for a certain cost per
square meter, it is possible to renovate a dwelling to high energy efficiency.
For panel buildings, the investment for SOLANOVA has been used, although it must be
noted that SOLANOVA – being a pilot project – had a cost which would probably be
higher than in an open market, in a situation where thousands of such renovations take
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place in a year. For other types of buildings, foreign results were transferred to the
Hungarian environment.
Because of the huge observed price difference between Hungarian and foreign projects,
both in deep and suboptimal retrofits, a multiplier was used to transfer the results of
“best practice” case studies from foreign prices to Hungary. Based on a review of the
case studies available, the deduction was that a renovation in Western Europe would
cost around three times more than a renovation in Central and Eastern Europe (and
Hungary in particular). For example, a project similar to SOLANOVA took place in Linz
(Austria), and the final cost of the renovation was around 750 Euros per square meter.
With such a comprehensive programme, it is likely that construction firms will gain
experience, workers will improve productivity and materials will become cheaper thanks
to economies of scale. All this will contribute to reduce prices throughout the years.
Such an effect has not been taken into account for the preliminary results, but will be
analysed more in depth for the final version of this research.
The summary of cost estimates for the deep renovation scenarios can be found in Table
6-5.
Floor area
renovated annually
(thousands of m2)

Residential
Building
Stock

Public
Building
Stock

Historical and
Protected Buildings
Traditional MultiFamily Homes
(<1960)
Multi-Family Homes Industrial technology
(Panel Buildings) to
1992
Single Family
Homes to 1992
Single Family Homes
1993 -2010
Multi-Family Homes
1993-2010
Historical and
Protected Buildings
Traditional Public
Buildings (similar to
MF)
Panel Public
Buidlings (similar to
MF)

Annual
Investments,
millions of EUR

Equivalent
dwellings*

Investment
per m2
(EUR)

DEEP-1

DEEP-2

DEEP-1

DEEP-2

DEEP-1

DEEP-2

554.10

1,084.4

650.6

13,998

8,399

600.86

360.52

277.05

2,851.8

1,711.1

40,741

24,444

790.11

474.06

250.00

2,310.8

1,386.5

43,600

26,160

577.70

346.62

333.33

9,618.6

5,771.1

120,232

72,139

3,206.19

1,923.72

333.33

2,014.1

1,208.5

19,182

11,509

671.37

402.82

272.05

593.7

356.2

10,416

6,250

161.52

96.91

554.10

56.6

33.9
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28

31.35

18.81

277.05

637.7

382.6

380

228

176.67

106.00

250.00

789.4

473.6

993

596

197.35

118.41
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Floor area
renovated annually
(thousands of m2)
Investment
per m2
(EUR)

DEEP-1
Traditional Public
Buildings (similar to
333.33
12.9
SF)
New Public buildings
(similar to SF)
333.33
5.9
New Public Buildings
(similar to MF)
272.05
165.9
Total
20,141.8
* Equivalent buildings in the case of the public stock

Annual
Investments,
millions of EUR

Equivalent
dwellings*

DEEP-2

DEEP-1

DEEP-2

DEEP-1

DEEP-2

7.8

162

97

4.31

2.58

3.5

56

33

1.95

1.17

99.5
12,085.1

194
250,000

116
150,000

45.13
6,464.51

27.08
3,878.71

Table 6-5: Cost estimates for deep energy-efficient renovations in the S-DEEP1 ans S-DEEP2 scenarios

6.3.2 Suboptimal renovation case studies
Cases of “suboptimal” energy-efficient renovations are easier to find in Hungary,
especially for the industrial technology buildings. Many examples were found in the
framework of the Panel Programme, which supports energy efficient retrofit
investments related to panel buildings built with industrial technology. The programme
covers at least 35%-60% of the investment costs, depending on the energy efficiency
improvement reached, and most of the projects conducted were sub– optimal retrofits
due to economical feasibility (KVVM 2010).
A notable energy-efficient renovation project took place in Obuda (a municipality of
Budapest), and targeted the largest panel building in Hungary. The project was 33%
funded by the Panel Plus State programme, 40% by the Obuda municipality and the
European Union (in the framework of the STACCATO programme, a project of the
“concerto” initiative co-funded by the European Commission under the Sixth
Framework Programme) and 27% by the owners (Faluhaz 2009).
The Obuda project had a net total cost of 4 million Euros (around 92 Euros per m2), and
saved 50% of the energy consumption for space heating. Similar costs and results, with
similar levels of energy savings, were observed in other panel projects in Hungary and
abroad. The transfer of results to the Hungarian environment and the averaging of the
results were computed in the same way as for the S-DEEP scenarios described above.
Table 6-6 lists the investment estimates for the S-SUB scenario.
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Residential
Building
Stock

Public
Building
Stock

Historical and Protected
Buildings
Traditional Multi-Family
Homes (<1960)
Multi-Family Homes Industrial technology (Panel
Buildings) to 1992
Single Family
Homes to 1992
Single Family Homes
1993 -2010
Multi-Family Homes
1993-2010
Historical and Protected
Buildings
Traditional Public Buildings
(similar to MF)
Panel Public Buidlings (similar
to MF)
Traditional Public Buildings
(similar to SF)
New Public buildings (similar
to SF)
New Public Buildings (similar
to MF)
Total

Investment
per m2
(EUR)

Floor area
renovated
annually
(thousands of
m2)

Equivalent
dwellings

Annual
Investments,
millions of
EUR

228.00

650.6

8399

148.34

114.00

1,711.1

24444

195.07

100.95

1,386.5

26160

139.97

141.73

5,771.1

72139

817.94

141.73

1,208.5

11509

171.27

100.95

356.2

6250

35.96

228.00

33.9

28

7.74

114.00

382.6

228

43.62

100.95

473.6

596

47.81

141.73

7.8

97

1.10

141.73

3.5

33

0.50

100.95

99.5
12,085.1

116
150000

10.05
1,619.36

Table 6-6: Cost estimates for deep energy-efficient renovations in the S-SUB scenario

6.3.3 Total investments
The estimates mentioned in the previous section are valid for all the years after the
ramp-up period, when the programme is in full activity. Table 6-7 shows a summary of
the annual investments for all scenarios until 2020, in million Euros; the investments in
2020 are highlighted. Fig. 6-7 shows the same annual investments until the end of the
programme.
S-BASE
S-DEEP1
S-DEEP2
S-SUB

2011
220.6
2,467.9
1,821.5
760.5

2012
220.6
3,800.1
2,507.2
1,046.8

2013
220.6
5,132.3
3,193.0
1,333.1

2014
220.6
6,464.5
3,878.7
1,619.4

2015
220.6
6,464.5
3,878.7
1,619.4

2016
220.6
6,464.5
3,878.7
1,619.4

2017
220.6
6,464.5
3,878.7
1,619.4

2018
220.6
6,464.5
3,878.7
1,619.4

2019
220.6
6,464.5
3,878.7
1,619.4

2020
220.6
6,464.5
3,878.7
1,619.4

Table 6-7: annual investments per scenario (MEUR)
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Annual Investment Costs
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Fig. 6-7: Annual investments for the renovation scenarios until the end of the programme

6.4 Cost savings
To estimate the amount of energy costs saved by the households after the retrofits, the
type of heating used has to be determined, as each heating type has a different cost per
kWh. In the current model, dwellings for each building type are classified according to
the heating used (gas, electricity, district heating and other). Typical Hungarian buildings
are heated using a variety of fuels including district heating, natural gas, wood, and a
limited amount of solid fossil fuels. For all end uses the fuels used are as follows:
Natural Gas (50%), Electricity (19%), District Heat (11%), Biomass (9%), oil products (7%),
and solid fossil fuels (3%) (Novikova 2008). Based on the findings of Novikova (2008),
but neglecting the specific type of heating system, the fuel types used in the building
stock broken down by building type are shown in Table 6-8 for the residential building
stock and Table 6-9 for the public building stock.

Residential Building
Stock

% of dwellings
heated with gas

Historical and
Protected
Buildings
87%

Traditional
Multi-Family
Homes
(<1960)
87%

Multi-Family
Homes
Industrial
technology
(Panel
Buildings) to
1992
23%

Single
Family
Homes to
1992
88%

Single
Family
Homes
1993 -2010

MultiFamily
Homes
1993-2010

66.6%

83.3%
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Residential Building
Stock

Traditional
Multi-Family
Homes
(<1960)

Historical and
Protected
Buildings

% of dwellings
heated with
electricity
% of dwellings
heated with district
heating
% of dwellings
heated with other
fuel

Multi-Family
Homes
Industrial
technology
(Panel
Buildings) to
1992

Single
Family
Homes to
1992

Single
Family
Homes
1993 -2010

MultiFamily
Homes
1993-2010

5%

5%

0%

0%

2.8%

0.0%

3%

3%

77%

0%

0.0%

16.7%

5%

5%

0%

12%

30.6%

0.0%

Traditional
Single
Storey,
<1992

Modern
Single
Storey,
1993-2010

Modern
MultiStorey
1993-2010

Table 6-8 Fuel Splits for the Residential Building Stock

Public Building Stock
% of dwellings
heated with gas
% of dwellings
heated with
electricity
% of dwellings
heated with district
heating
% of dwellings
heated with other
fuel

Historical and
Protected
Buildings

Traditional
Multi-Storey
(<1960)

Industrial
Technology
Multi Storey
Building

87%

87%

23%

88%

66.6%

83.3%

5%

5%

0%

0%

2.8%

0.0%

3%

3%

77%

0%

0.0%

16.7%

5%

5%

0%

12%

30.6%

0.0%

Table 6-9 Fuel Splits for the Public Building Stock

For the purpose of simplifying the analysis the fuel splits are assumed to remain fixed
throughout the scenarios, even after renovation of the building stock.
With these assumptions, annual energy savings are split among the different types of
heating, and multiplied by the forecasted prices until 2020.Energy prices are available
for 2009 from EUROSTAT (2010b) and are shown in Table 6-10. Energy prices are given
excluding VAT.
Natural Gas, Domestic Customers: 2009 S01
Energy Use Category
<20GJ
in kWh

<5.5 MWh
20.82
in EUR/kWh
0.075
Electricity, Domestic Customers: 2009 S01
Prices in EUR/GJ

Energy Use Category
Prices in EUR/kWh
Source:

<1 MWh
0.237
Eurostat (2010)

20-200GJ
5.5 - 55
MWh
14.433
0.052

>200GJ
>55
MWh
13.43
0.048

1-2.5 MWh
0.182

2.5-5
MWh
0.163

5-15
MWh
0.169

>15MWh
0.203
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District Heating
EUR/kWh
Other (Avg. of fuels)
EUR/kWh
Source:

Incl. VAT
Excl VAT (25%)
0.041
0.033
Incl. VAT
Excl. VAT (25%)
0.022
0.018
FŐTÁV, Hungarian Energy Office
Table 6-10 Current Energy Prices

Given energy prices are assumed to grow 1.5% per annum, which is a conservative
estimate for the Central European region (Petersdorff et al 2005).
Fig. 6-8 summarizes the accumulated energy expenditure savings for all scenarios.
Accumulated Energy Expenditure Savings
60
50

BEUR

40

S-BASE
S-DEEP1

30

S-DEEP2
S-SUB

20
10
0
2005

2010

2015

2020

2025

2030

2035

2040

Year

Fig. 6-8: Accumulated energy expenditure savings
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7 Estimation of employment effects
7.1 Literature review: employment effects of investment programmes
Given the importance accorded by governments to employment impacts while
considering any type of investment programme, numerous studies have been produced
which try to estimate such impacts.
A number of these studies have been reviewed for this research, most of them
associated to energy efficiency, renewable energy or climate change mitigation
interventions. The vast majority of these studies evaluate employment impacts by
estimating the number of full-time equivalent (FTE) jobs created by an investment
equivalent to 1 million of the currency considered (e.g. U.S. Dollars, or Euros).
A description of the main studies reviewed can be found in Annex A. A set of summary
tables is presented here, condensing the results of a selected number of papers. Table
7-1 shows the employment impacts of energy efficiency activities, while Table 7-2 lists
the most important results for studies analyzing the impacts on jobs of renewable
energy and other “green” measures. While all studies give results in local units (such as
U.S. Dollars for the U.S.A., or Danish crowns for Denmark), all the results have been
harmonised in full-time equivalent (FTE) jobs per 1 Million Euro invested.
Resource

Reference

Year

EU SAVE Programme
SAVE: UK Case
Studies
The Size of the U.S.
Energy Efficiency
Market

Wade et al., 2000

1995

EST, 2000

1996

Green Collar Jobs in
the U.S. and Colorado

Ehrhardt-Martinez
and Laitner, 2008

Bezdek, 2009b

Investing in Clean
Energy

Pollin, Heintz and
Garrett-Peltier, 2009

Danish Green Jobs

Juul, Hansen, Hansen
and Ege, 2009

2004

2007

2009

2009

Location
European Union
United Kingdom
U.S.A.

U.S.A. and
Colorado

U.S.A.

Denmark

Intervention

Jobs/M€
invested

Energy Efficiency

26.60

Energy Efficiency in Buildings

82.65

Energy Efficiency
Energy Efficiency in Residential
Buildings

6.76

USA: Base scenario

10.97

USA: Moderate scenario

11.21

USA: Advanced scenario

10.97

Colorado: Base scenario

13.55

Colorado: Moderate scenario

13.96

Colorado: Advanced scenario

15.44

Building retrofits
Mass transit/freight rail (90%
MT, 10% FR)

16.60

Smart grid
Energy renovation of poorly
insulated housing
Energy savings in buildings
operated by local authorities
Regulations requiring energy
savings built into new buildings

12.41

10.08

22.18

4.05
16.67
13.57
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Resource

Reference

Rebuilding America

Hendricks, Goldstein,
Detchon and
Shickman, 2009

2009

NAHB, 2009

2009

Sundquist, 2009

2009

CECODHAS

2009

National Association
of Home Builders
Center on Wisconsin
Strategy
CECODHAS Offer to
Fight Climate Change

Year

Location

Intervention

Jobs/M€
invested

Average

7.13

Building retrofits

17.44

Building retrofits

15.34

Building retrofits

9.67

Building retrofits

21.25

Average

17.07

U.S.A.
U.S.A.
Wisconsin, U.S.A.
Europe

Table 7-1: Employment Effects for Energy Efficiency and Building Retrofit Activities

Resource

Green Collar Jobs in
the U.S. and Colorado

Green Energy
Investments for
Ontario

Investing in Clean
Energy

Danish jobs - other
green measures

Solar thermal
electricity in Spain

Reference

Bezdek, 2009b

Pollin and GarrettPeltier, 2009b

Pollin, Heintz and
Garrett-Peltier, 2009

Juul, Hansen,
Hansen and Ege,
2009

Caldes, Varela,
Santamaria and
Saez, 2009

Year

2007

2008

2009

2009

2009

Location

U.S.A. and
Colorado

Ontario,
Canada

U.S.A.

Denmark

Spain

Intervention

Jobs/M€
invested

USA: Base scenario

18.25

USA: Moderate scenario

18.40

USA: Advanced scenario

17.93

Colorado: Base scenario

11.47

Colorado: Moderate scenario

10.57

Colorado: Advanced scenario

11.83

Green Energy: Baseline

29.50

Green Energy: Expanded program

75.83

Oil and natural gas

5.16

Coal

6.83

Wind

13.25

Solar

13.67

Biomass
Construction of fifteen biogas
plants a year
Construction of six new
geothermal plants
Construction of two new offshore
wind farms and replacement of
land-based wind turbines

17.30

New central heat pumps

10.24

Private heat pumps
Construction of light railway in
Copenhagen
Expansion of bicycle path network
and increased number of cyclists
Mandatory service programme
district heating customers

13.41

Conversion of electrical heating

16.26

Parabolic trough plant

10.31

Solar tower

10.17
10.36

10.41

9.19
10.46
16.61

5.90
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Resource

Reference

Year

Location

Working for the
climate

Greenpeace, 2009
(and authors’ calc.)

2009

Worldwide

Jobs/M€
invested

Intervention
Business as usual scenario

24.47

Energy [R]evolution scenario

23.04

Average

15.56

Table 7-2: Employment Effects for Clean Energy and other “Green” Activities

It is worth noting that all of these studies have been conducted in developed countries;
most of them in G7 nations. Similar studies would probably hold different results if
applied to economies in transition (as is the case of Hungary) or to developing
economies. In such countries, the labour intensity is typically higher, as the cost of
labour is lower than other regions and often more affordable than automated means of
production (Rutovitz and Atherton 2009, p.29).
Because of this, the present research does not attempt to transfer any result from the
studies aforementioned to Hungary. The reviewed studies are useful as a comparison
for the results obtained in this research with the Input-Output impact analysis of the
building renovation programme in the Hungarian labour market. All the studies agree
that the proposed measures have positive employment impacts, which range from less
than 10 to around 30 jobs per million Euros invested, with peaks of 70-80 jobs per
million Euro in two studies.
It may be interesting to note that some of the studies reviewed and present in Annex 6
use a different measure to estimate the employment implications of certain scenarios.
This is the case for example of PV Employment (2009) and EWEA (2008 and 2009).
Those reports focus mostly on renewable energy production, and show the amount of
jobs created per MWh of energy produced rather than the jobs per unit of investment.
Obviously, this measure is inadequate for comparison with energy efficiency measures,
which do not directly produce energy but aim instead to reduce the consumption.
Incidentally, the significance of a “jobs per MWh” measure for evaluating the cobenefits of renewable energy is disputed: as Morriss (2010) declared in his testimony
before the Subcommittee on Green Jobs and the New Economy of the Senate
Committee on Environment and Public Works, “In general, the labor intensity of energy
production – the labor required per unit of energy produced – is much higher in solar
and other renewable energy sources than in conventional energy production. [...]This is
not a benefit, but a cost. Ignoring productivity confuses ends (goods and services valued
by consumers) with means (labor). [...] An analogy would be if we used less machinery
and more shovels in building roads.”
This is contested by other researchers, such as Pollin, Heintz and Garrett-Peltier (2009),
who argue that on one hand “by raising overall employment, clean-energy investments
provide new opportunities to previously unemployed workers. This raises the
productivity level of millions of workers from zero to a positive number”. On the other
hand, they say that “given the global climate crisis, we need to begin incorporating
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environmental effects into the measurement of output and productivity”: the
development of clean energy generates more “good” than the mere production of
energy, and this should be taken into account in the definition of productivity.

7.2 Direct employment effects
To estimate the direct effects of the retrofit programmes on employment in the
construction sector and the direct effects of the energy savings on employment in the
energy sector in 2020, the estimated investments in 2020 (see Table 6-7) are multiplied
by the labour intensity in each sector. Labour intensities show what amount of full-time
equivalent (FTE) employees are needed to produce one million Euros of output in a
particular industry. The labour intensities for Hungary have been obtained from the
STAN (Structural Analysis) database of OECD’s data dissemination service (OECD 2010b),
by dividing the number of FTE employees by the output in each industry.
The STAN database uses a standard industry list, based on ISIC Rev. 3 and compatible
with NACE Rev. 1 (OECD 2010c). The industries relevant for the present research are
“Construction” (ISIC Rev. 3 n. 45) and “Electricity, Gas and Water Supply” (ISIC Rev. 3 n.
40-41). These industries are broad classifications with respect to the research: the
construction industry must also include the construction and maintenance of roads,
which is likely to be less labour-intensive than building renovations, while the utility
supply sector also includes the purification and distribution of fresh water, which is not
related to energy supply. However, data for a more refined classification of sectors was
not available.
Table 7-3 shows the direct positive effects on the construction industry for the four
scenarios, while Table 7-4 shows the direct negative effects on the energy industry
caused by the energy savings in the four scenarios. The positive impacts on the
construction sector is much more relevant that the negative impact on the energy
sector: not only because of the difference between the amount of investments in
construction and the monetary equivalent of the energy savings generated by the
energy-efficiency measures, but particularly because the labour intensity in construction
for Hungary is nearly three times more than the labour intensity in the energy sector.
Investments
Scenario
in 2020 (M€)
S-BASE
220.62
S-DEEP1
6,464.51
S-DEEP2
3,878.71
S-SUB
1,619.36
Labour intensity in construction
In Hungary (FTE per M€)

Direct effects in
construction (thousand
FTE units)
5.47
160.31
96.19
40.16

Difference with SBASE scenario
0.00
154.84
90.72
34.69

24.80

Table 7-3: Direct (positive) impacts on employment in construction
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Energy savings
in 2020 (M€)
S-BASE
-48.68
S-DEEP1
-1,517.61
S-DEEP2
-927.65
S-SUB
-498.66
Labour intensity in energy
In Hungary (FTE per M€)

Direct effects in
energy (thousand FTE
units)
-0.44
-13.59
-8.31
-4.46

Difference with SBASE scenario
0.00
-13.15
-7.87
-4.03

8.95

Table 7-4: Direct (negative) impacts on employment in the energy sector

7.3 Direct and indirect employment effects
In order to add to the direct impacts on the industries who are directly concerned by the
programme (construction and energy) the indirect impacts on all the other sectors of
the economy, the total investments for renovations on the year 2020 are fed to the
Input-Output Leontief Inverse matrix as an increase in output for the construction
sector, and the same is done for the total amount of costs saved in energy consumption
as a decrease in output for the energy sector. The results are the changes in output for
all sectors, which are then multiplied by the labour intensities to obtain the changes in
FTE units generated by the investments in the programme.
Although it is interesting to see the impacts in such detail on all sectors of the economy,
it is more useful to group the results for a series of “macro-sectors” (such as the ones
listed in OECD, 2010c). Therefore the following sections will show tables with the
grouped results, while the full impacts on all sectors of the economy can be found in
Annex C.

7.3.1 Effects of the increase of demand in construction
Table 7-5 shows the direct and indirect impacts generated by the increase in output for
the construction sector caused by the retrofit programme in the different scenarios, in
all macro-sectors of the economy included in the Input-Output tables for Hungary. Note
that the results for S-DEEP1, S-DEEP2 and S-SUB already represent the difference with
the baseline scenario S-BASE. The Input-Output tables for Hungary date from 2005 and
have been extracted from OECD’s data dissemination service OECD.STAT (OECD 2010b).
Sectors
Agriculture, hunting, forestry
and fishing
Mining and quarrying
Manufacturing

Thousands FTE jobs
created in S-BASE
0.07
0.26
2.17

Additional thousands FTE jobs created in:
S-DEEP1
S-DEEP2
S-SUB
2.10
7.43
61.54

1.23
4.35
36.05

0.47
1.67
13.79
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Sectors
Electricity, gas and water
supply
Construction
Wholesale and retail trade,
restaurants and hotels
Transport, storage and
communications
Finance, insurance, real estate
and business services
Community, social and
personal services
Total

Thousands FTE jobs
created in S-BASE

Additional thousands FTE jobs created in:
S-DEEP1
S-DEEP2
S-SUB

0.12
5.73

3.42
162.06

2.00
94.95

0.77
36.31

0.85

24.16

14.16

5.41

0.49

13.95

8.17

3.12

0.53

14.99

8.78

3.36

0.30
10.54

8.57
298.22

5.02
174.72

1.92
66.81

Table 7-5: Direct and indirect effects of the increase in demand in construction

7.3.2 Effects of the decrease of demand in energy
Just as in the previous paragraph, Table 7-6 shows the direct and indirect impacts
generated by the decrease in output for the energy sector (here called “Electricity, Gas
and Water Supply”) caused by the retrofit programme in the different scenarios, in all
sectors of the economy. Again, the results for S-DEEP1, S-DEEP2 and S-SUB already
represent the difference with the baseline scenario S-BASE.
Sectors
Agriculture, hunting, forestry
and fishing
Mining and quarrying
Manufacturing
Electricity, gas and water
supply
Construction
Wholesale and retail trade,
restaurants and hotels
Transport, storage and
communications
Finance, insurance, real estate
and business services
Community, social and
personal services
Total

Thousands FTE jobs
lost in S-BASE

Additional thousand FTE jobs lost in:
S-DEEP1
S-DEEP2
S-SUB

-0.02
-0.14
-0.24

-0.48
-4.28
-7.21

-0.28
-2.56
-4.31

-0.15
-1.31
-2.21

-0.51
-0.05

-15.24
-1.42

-9.12
-0.85

-4.67
-0.44

-0.14

-4.36

-2.61

-1.34

-0.09

-2.59

-1.55

-0.79

-0.13

-3.81

-2.28

-1.17

-0.07
-1.38

-2.11
-41.50

-1.27
-24.83

-0.65
-12.71

Table 7-6: Direct and indirect effects of the decrease in demand in energy
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7.4 Summary of net direct and indirect employment effects
7.4.1 Overview of net employment effects of the different renovation scenarios
considered
By combining the boost in jobs generated by the increase in output for the construction
sector (shown in Table 7-5)and the job losses caused by the drop in output for the
energy industry (shown in Table 7-6), it is possible to obtain the net employment effects
for each scenario. Table 7-7 summarizes the net direct and indirect employment effects
for all the retrofit scenarios, in all the macro-sectors of the economy.
The only sector where the impact is negative is – unsurprisingly – the energy sector
(here called “electricity, gas and water supply”), while the major net benefits (apart
from construction) can be seen in manufacturing: this sector will make a big
contribution for the supply of materials for the renovations to the construction industry.

Sectors
Agriculture, hunting, forestry and
fishing
Mining and quarrying
Manufacturing
Electricity, gas and water supply
Construction
Wholesale and retail trade,
restaurants and hotels
Transport, storage and
communications
Finance, insurance, real estate and
business services
Community, social and personal
services
Total

Net
employment
impacts in SBASE
(thousand
FTE jobs)

Net employment impacts (thousand FTE) in the
other scenarios (difference with S-BASE)

S-DEEP1

S-DEEP2

S-SUB

0.06
0.12
1.94
-0.38
5.68

1.62
3.15
54.33
-11.83
160.64

0.94
1.79
31.74
-7.12
94.10

0.32
0.35
11.58
-3.90
35.87

0.71

19.80

11.55

4.08

0.41

11.36

6.62

2.33

0.40

11.18

6.50

2.19

0.23
9.16

6.46
256.72

3.76
149.88

1.27
54.09

Table 7-7: Net employment effects of all scenarios

It is useful to summarize all the findings related to direct and indirect effects of the
renovation programme scenarios, compared with the baseline scenario, in a single
table:
Scenario
Million Euros invested in 2020
Energy savings in 2020 (million Euros)
Accumulated energy savings from the start to
2020 (million Euros)

S-DEEP1
6,464.51
1,517.61

S-DEEP2
3,878.71
927.65

S-SUB
1,619.36
498.66

7,369.03

4,580.79

2,462.40
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Direct impacts on employment in construction*
(thousand FTE units)
Direct impacts on employment in energy*
(thousand FTE units)
Direct + indirect impacts in all sectors*
(thousand FTE units)
FTE Jobs / million Euro invested

160.31

96.19

40.16

-13.59

-8.31

-4.46

256.72
39.71

149.88
38.64

54.09
33.40

Table 7-8: Summary of direct and indirect effects for all scenarios

It can be seen from this table that the employment impacts of all programmes is
positive. The amount of FTE units generated per million is quite high if compared to the
studies reviewed in section 7.1; the highest impacts are in the deep renovation
scenarios, S-DEEP1 and S-DEEP2.

7.5 Induced employment effects
Induced employment effects measure the impacts on the labour market of the
increased disposable income available to families as a consequence on one hand of the
energy savings generated by the energy-efficiency measures in the renovations, and on
the other hand of the increased income from the new direct and indirect jobs generated
by the renovation programme.
Induced effects can have a significant weight in the final evaluation of the programmes,
especially as the cost savings generated by the improvement in energy efficiency are
radically different for all scenarios: deep retrofits can significantly increase the
disposable income of the households compared to baseline renovations or even
suboptimal retrofits.
Induced effects can also be derived from Input-Output tables; however, different
operations with the tables have to be performed. Due to the short timeframe available
to produce preliminary results, the results of the induced effects will be presented in the
final version of the report.
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8 Qualitative discussion
8.1 Geographic distribution of employment effects
While evaluating the employment impacts of a national investment programme, one of
the most important questions to consider is the location where the impacts are going to
take place. Jobs might be created or lost throughout the country, or in a single place.
The construction of a nuclear plant, for example, is likely to generate many jobs around
the location where the plant is being built, but will have a much smaller impact in other
regions.
A programme focusing on the improvement of energy efficiency in the building sector,
such as the one studied in the present research, is more likely to have direct
employment impacts distributed throughout the country as the buildings to renovate
are not concentrated in any geographical region. House renovations are usually
conducted by local small and medium size enterprises (SMEs) which have a deeper
knowledge of the local market than large companies, so they will be the major direct
beneficiaries of a large-scale building retrofit programme.
According to an analysis of various energy efficiency initiatives implemented under the
SAVE programme in EU Member States in the mid-1990s, “the employment created is
[...] desirable in that it is geographically dispersed (in contrast with energy supply
industries), and may involve small local firms.” (Wade et al., 2000, p. 38).
A related study in the UK also pointed at these aspects, stressing the geographical
overlapping between fuel poverty and high unemployment (Energy Saving Trust, 2000,
p. 40): “work in manufacturing and installing energy efficiency measures is accessible to
people who suffer the highest rates of unemployment in the UK, given that it is manual
labour, and the work is dispersed across the country. Indeed, where programmes aim to
assist the fuel poor the work is concentrated in areas here unemployment tends to be
highest.”
Baillie et al. (2001, p. 12) stress the fact that the savings generated by a lower energy
consumption stimulate local economy, as they “tend to be spent on myriad other
purchases across the economy. This spending occurs broadly across all sectors, with
much of it local”. Even in U.S. States where the fossil fuel industries are strong, Baillie
affirms that “losses to these industries and related businesses would be more than
offset by gains in other sectors of those state’s economies, owing to the expenditures
on more efficient equipment and cleaner energy resources and re-spending of energy
bill savings. Thus, the national job increases — in construction, services, education,
finance, government, miscellaneous manufacturing, agriculture and other sectors —
would likely be widespread throughout the country”.
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In addition to savings on the energy bill, the large number of jobs created in
construction and in auxiliary activities and the possible increased wages also induce
consumption.

8.2 Temporal durability of employment effects
The magnitude of the programme considered in this study is such that the direct and
indirect employment effects will proceed throughout several decades, and the decrease
of jobs in the energy sector will certainly be countervailed by the employment and
income effects of the retrofit program. There would then be no worries about the
creation of short- or long-term employment, as 20-30 years can by all due form be
considered a lifetime.
In a more general view of the employment impacts of climate change mitigation
initiatives, the realisation of the foreseen employment gains is probably more complex
than what most studies suggest. A three-stage transition has been envisioned by
Fankhauser et al. (2008):
 In the short term, when workers move from high-carbon to low-carbon activities, net
job creation is expected to take place as the former are often more labour-intensive
than the latter. However, as mitigation activities and technologies mature and
become cost-efficient (i.e., they reduce the amount of input – capital and labour –
needed for producing a given amount of output) employment gains cannot be
sustained. Besides, given that labour is a production factor of reduced mobility in the
short run, structural unemployment might appear as the laid-off workers will not
have the required skills in the sectors or technologies benefiting from the transition.
 In the middle term, economy-wide effects are expected as mitigation policies
percolate through supply chains (e.g., a reduction in coal-based power generation
will destroy jobs in the mining industry and naval or rail transport sector, but
mitigation technologies and institutions will create jobs for carbon traders, suppliers
of rotor blades or energy auditors). According to the authors’ revision, there is
evidence that such indirect effects of climate policies will be positive in terms of net
job creation. There are nonetheless concerns about unilateral (and not global) action
because in that case mitigation policies may lead to job losses if carbon-intensive
sectors move to regions or countries where GHG emissions are not yet regulated.
 In the long term, mitigation policies will start a wave of innovation in which, through
a process of creative destruction, economic agents will relocate themselves in the
new context. Scarce evidence exists on the long-run job creation effects of the large
scale technological change catalysed by the transition to low-carbon economy.
However, growth theory has identified since long ago skill-biased changes and
innovation as major drivers of economic growth. In fact, the authors estimate that
the structural changes may be of a similar order of magnitude as those introduced by
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the invention of the steam engine, modern transport, computers and the internet. It
is nevertheless argued that low-carbon research and innovation could occur at the
expense of innovation in non-energy sectors that could offer higher productivity and
profitability, which would happen in case such investments are substitutes of (rather
than complementary to) other R&D investment options.
This indicates that the expected positive job creation effects will require certain
conditions to be fully (or actually) achieved and points at the need of devising labour
policies which enable a smooth transition in terms of its employment effects. In that
way, the Employment Committee of the DG Employment, Social Affairs and Equal
Opportunities has expressed that, in order to use climate change mitigation as an
opportunity for the creation of new jobs, the successor of the LS will require a two-fold
focus that (EMCO, 2009, p. 2):
i) provides guidance whether and how labour market policies would need to be
adapted in order to respond adequately to labour market changes induced by
climate change and relevant policies; and ii) how labour market policies could
promote greening the economy and gaining more impact in terms of the carbon
footprints.

8.3 Effects on the construction sector
8.3.1 Considerations on the supply of labour
The results obtained in section 6 show that should a deep retrofit programme be
established, in 2020 the construction industry will need a vast amount of new workers.
The question might then arise if there is a sufficient supply of workers in Hungary to
satisfy the demand.
The demand for workers will be spread across all skill levels. There will be a need for
new construction entrepreneurs, for college-trained professionals (such as architects
and engineers), skilled workers (e.g. plumbers, electricians, painters) and for many
unskilled labourers. The model used in this research includes a ramp-up period, during
which the construction industry will adapt to the new demand and respond to a possible
shortage of supply in workers or skill.
Entrepreneurs. The construction industry has a very low cost of entry. The industry in
Hungary is mainly composed of SMEs, with an average of 2.8 employees per company in
2007 (Eurostat 2010). It is not likely to see a shortage in supply of entrepreneurs wishing
to take advantage of the benefits of such a large-scale programme.
Training of professional and skilled workers. University courses already teach architects
and engineers the background theory that will help them plan and build energy-efficient
buildings. It is expected that such a programme will create an interest in students
(especially if it is advertised well in advance), who will generate a demand for more
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unified and structured curricula. Current architects can be taught the principles of deep
energy efficiency (such as passive house) planning within a few weeks. In the same way,
skilled workers may learn quite rapidly the techniques needed to build or retrofit a
dwelling to a high energy efficient standard, as the technologies already exist and are
not much different from what the workers are already used to. Depending on the
technology used, even some unskilled workers might be able to become “semi-skilled”
workers after learning to perform simpler tasks.
The other element currently scarcely available is real-life experience: once gained the
theoretical knowledge, professional and skilled workers need to apply it to actual
projects in order to learn to deal with issues that may not be considered in the theory.
Attraction of semi-skilled and unskilled workers. Unskilled workers make up the core of
the workforce in the construction sector. In the cited study by Wade et al. (2000, p. 38),
“From 50 to 90% of new jobs resulting from initiatives in the residential sector were in
manual occupations such as delivery and installation work”.
In principle, unskilled workers can be supplied by unemployed and inactive Hungarians.
The Hungarian activity rate is among the smallest in the European Union: it is only
61.5%. Among the inactive, the “discouraged workers”, those who are would like to
work but have given up searching for a job, might provide the bulk of unskilled
labourers. In addition, guest workers from the neighbouring countries may also ease
the shortage of workers.
It is to be said that construction work is also not seen as an attractive employment for
the young workforce in Hungary. While increases in wage (see below) may help with the
attractiveness, some “marketing” initiatives might be considered to orient more
Hungarian youth toward employment in the construction industry.
Internal mobility of workers. As discussed above the direct effects should mostly be
distributed throughout the country, so a high need for mobility is not expected.
Inflow of foreign workers. Should the Hungarian workforce fail to fill the job vacancies
needed for the retrofit projects, foreign workers are likely to claim the jobs. This is
obviously most likely to happen for unskilled jobs, and could attract workers even from
outside the European Union. While new immigration could revitalize the Hungarian
society and give a boost to its stagnant demography (see below), there could also be
negative impacts reflected in a growth of illegal immigration, or an increase in grey
labour.
A possibility might be to try to attract workers of Hungarian origin from neighbouring
regions, such as Transylvania, Vojvodina or southern Slovakia, from where the workers
might be more willing to relocate. Most of the foreign labour in Hungary already comes
from Hungarian minorities in other countries (ZDS, 2006, p.41). The possibility to attract
these workers depends largely on the employment situation in the neighbouring
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countries. If these countries will have growing economies when the retrofit project will
be implemented, workers could be attracted with high wages only, which may increase
the cost of the program.

8.3.2 Considerations on the effects of wage changes
Such a large scale programme is very likely to have an effect on the whole labour market
which can materialize not only in the demand for many jobs, but also in the secondary
effect of this demand: an increase of the wage levels in the country. If the additional
demand for labour is supplied mainly by unemployed, inactive and migratory workers,
as discussed in the previous section, wages may not increase much. But it is not clear
whether this is possible. First, the skills of the unemployed and inactive may differ from
those needed in the project, and this is likely to be also true for skilled labour. In
addition these workers may decide not to work for the very reason of low wages; they
may have high reservation wages and be willing to work only if the offered wages are
higher.
In general, it is likely that wages respond to the increase in the demand for workers, and
they will increase as firms compete for the scarce skills. This will on one hand increase
the costs of retrofit projects (hence the whole programme) and on the other hand slow
down the rate of renovations and the output of upstream industries. In addition, such a
general wage increase can have adverse effects on the whole labour market, as the
production costs increase in many industries. The increased costs would hamper the
rate of return on private investment, which will bring about a decline in output.
One possible outcome is a combination of supply and demand effects: in the short term,
when labour is in short supply, wages will increase, with the effects mentioned before
and a “slow start-up” of the programme. In the medium term, more workers will be
attracted to the industry; the costs and the renovation rate will stabilise. The
productivity of the workers will also raise due to learning factors. In the longer term,
there may even be an oversupply of workers (especially foreign workers, ready to work
for lower wages) and the wages might be reduced again. In addition, higher wages
bring about higher levels of consumption which may partially offset the negative effects
of wage increases.

8.4 Effects on other sectors
The previous section mentioned the negative employment effects on the energy sector
caused by the savings generated by the energy efficiency measures in buildings.
However, some qualitative comments have to be added to these observations.
As has been seen, the energy sector has a low labour-capital ratio, much lower than the
construction sector; and this is one of the main reasons why on the whole the net
employment impacts are positive. The same low labour-capital ratio and the high
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number of employees per company (62.9 according to Eurostat – 2010) show that job
losses are likely to be lumpy, and mostly take place in the case of plant closures.
However, this does not necessarily need to be. An increase in energy efficiency in
Hungary does not forcefully imply a global decrease in energy consumption, only a
better use of the energy. Gains in the efficiency of energy consumption usually result in
a reduction of the per-unit price of energy services, which offset part of the energy
savings that would have been achieved originally. The so-called rebound effect happens
as a consequence of a shift in the demand of energy, which will rise because of the drop
in energy prices (price effect), and because energy savings will increase the money
available for consumers (income effect), which in turn will intensify the consumption of
other energy-consuming goods and services (Greening et al., 2000; Nässén and
Holmberg, 2009).
The energy that is not needed in the domestic market might also be exported, if the
sector if efficient enough to compete on the world market. This would allow part of the
job losses to be offset, at least in the energy production sector. Clearly, some parts of
the energy sector would be hit more than others, as they would not be able to “move”
their business somewhere else. Bottled gas distributors or district heating companies
might be hit more than gas producers, for example. If such an intensive energy-efficient
retrofit effort comes into force, District Heating might actually become virtually extinct.

8.5 Financing
While this study does not deal with financing aspects, it is an issue that must be taken
into consideration before applying the programme. Even discounting the fact that the
return on investment of an energy-efficient renovation takes several years, the vast
majority of Hungarian households may not dispose of sufficient up-front capital to
invest in a deep retrofit of their house.
Therefore, a financing formula has to be devised in order to make such a programme
viable. Several possibilities can be considered; Jeeninga et al. (1999, p. 10) list the
following financing methods for energy conservation methods: “from the general
consumption budget, [...] from a loan, [...] from grants and [...] from private savings”.
The employment effects depend not only on the actual size of the intervention, or the
sector whose energy efficiency is enhanced, but also on the types of financing of the
measures that actually implement the energy efficiency enhancements, as found out by
Wade et al. (2000) in their revision of the EU-funded SAVE programme. Depending on
what type of formula is used, the employment effects will also be different.
If the investments needed for the large-scale intervention are largely financed by the
Hungarian households or government, a change in the composition of the aggregate
demand is expected (i.e., the consumption of residential energy-efficiency
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improvements will displace the consumption of other goods and services). For the
households, this typically means taking a loan to pay for the retrofit; for the
government, the resources for the retrofit programme would have to be taken from
other budget entries.
In that case, the employment effects depend on the different labour intensities of the
sectors affected by the intervention, and employment gains are expected when the
labour intensity of the negatively-affected sectors is lower than the labour intensity of
sectors whose demand is increased as a result of the intervention. In the case of
residential energy efficiency this is the case because, as pointed by the Energy Saving
Trust (2000, p. 40), “manufacturing and installing energy efficiency measures is a labour
intensive sector compared to energy supply, and to many sectors in which the
government chooses to invest public sector funds”.
However, if the large-scale retrofit is financed through external resources that would
not have been available in the business-as-usual scenario, the aggregate demand is
expected to grow, which would bring additional positive employment creation effects.
That would be the case if Hungary could secure specific EU financing for the large-scale
retrofitting programme additional to the national allocations of the various (Cohesion,
Structural, etc.) funds from which Hungary is already benefiting.
If efficiency improvements result in actual savings for the consumers (after paying for
the investments needed), induced employment effects are expected. For the UK in the
mid-1990s (Energy Saving Trust, 2000, p. 40): “If the energy savings are cost effective,
the result is that consumers divert expenditure from energy into the more labour
intensive general consumption sector. This effect typically generates an additional 70
person-years of employment in the wider economy per £1 million spent, over the
lifetime of the energy saving investment”.

8.6 Social effects
8.6.1 The informal labour market
Grey labour is a strong force in the Hungarian market. In 1997, the estimate was that
the share of informal economic activity in Hungary was as high as 15.4% of GDP,
although it was seen as gradually shrinking (OECD, 2004, p. 246 and 252); the main
reasons are the very high tax wedge on labour and the binding minimum salaries (OECD,
2008, p. 82). The tendency in Hungary is not to avoid reporting the workforce, but
rather to not register them for mandatory social security or to under-report the wages
(OECD, 2008, p. 86-87).
The construction sector is certainly not immune from this phenomenon (it is in fact
likely to be one of the most affected industries). The initial scarcity of qualified labour
might give more contracting power to the employees, forcing the employers to declare
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all the wages or register the workers for social security; conversely, the potential influx
of illegal immigrants might actually increase the incidence of grey labour in the industry.
On the whole, the effects of such a large-scale programme on the informal labour
market will have to be studied in more depth, as contrasting measures will have to be
engineered and implemented early on in the programme.

8.6.2 Demographic issues
The Hungarian labour force is aging. The Hungarian population has been decreasing in
the last 10 years (KSH, 2010b); more than 20% of the population was more than 60
years old in 2001, and this percentage is expected to reach more than 33% in 2050
(Hablicsek, 2004).
While this issue affects the whole Hungarian employment market, it has to be taken into
account for such a long-term project. Thanks to the improvements in health conditions
and life expectancy, people over 60 will be more active in the coming years; however,
this is not likely to make a big difference in the construction sector where most of the
work needs physical strength.
As mentioned in a previous paragraph, the influx of foreign workers might be a solution
to Hungary’s demographic problems; then again, this could pose a definite political
problem.

8.7 Applicability of the results to other EU member states
It is interesting to evaluate the applicability of these results to other EU countries,
particularly Central and Eastern European (CEE) member states.
The potential for large gains by deep energy-efficiency measures is certainly present in
post-socialist countries. Those countries have a comparable architectural situation, due
to the fact that the development of residential and public buildings has followed the
same pattern as in Hungary. The possibility of creating new jobs through an improved
energy efficiency is in fact being promoted in the area (RoGBC, 2009).
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9 Summary, limitations and second phase of the research
9.1 Summary of the findings
This research confirms the high potentialities for energy savings and for the creation of
new employment existing in the Hungarian buildings stock. To the knowledge of the
research team, no previous estimate of the net job creation of a nationwide buildings
renovation programme in Hungary has been produced.
For all scenarios considered, large savings in energy consumption are realised, and the
net employment impacts of the renovation programme are positive. The negative
effects caused by the decreased consumption of energy are vastly compensated by the
massive amount of positive effects generated by the increased output in construction:
for every job lost, more than 10 jobs are created. In total, between 257,000 and 150,000
net jobs would be created in the S-DEEP1 and S-DEEP2 scenarios (between 7% and 4% of
Hungary’s 2009 employment rate as recorded by the Hungarian Central Statistical
Office). As an average, between 33 and 40 jobs per million Euros invested are created, a
value higher than the typical impacts of investments in Western Europe and the United
States. This does not take into account the induced effects, which are likely to be
significant. Induced effects are going to be computed in the second phase of the
research.
The length of the programme ensures that the employments created are long-term, and
the fact that the whole building stock is considered for renovation implies that the new
jobs are likely to be distributed throughout the country as renovations are usually
carried out by local small and medium enterprises spread throughout the country. Some
questions remain as to the availability of sufficient labour in Hungary to satisfy the
additional labour demand (particularly in the construction sector, where the amount of
people currently employed is in the same order of magnitude as the estimated amount
of jobs to be created6), and as to the financing of the programme; questions that should
be addressed before setting up the programme.

9.2 Limitations of the study and work in the second phase
The results obtained in the course of this research need to be considered (especially in
this preliminary report) as an initial estimate of the employment effects of the proposed
intervention. Some of the caveats identified are typical from the Input-Output based
methodology of estimation of the employment effects, while others refer to its
application in the context of this research (see Section 5.2.4). In this regard, the
6

According to the Hungarian Central Statistical Office, the number of people employed in the construction sector in
2009 amounted to 293,300 persons. This compares with the figures of 160,640 and 94,100 additional jobs per year
estimated for the construction sector in the S-DEEP1 and S-DEEP2 scenarios (see Table 7-7 in Section 7.4.1).
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following improvements are expected to be introduced during the second phase of the
project:
•

An attempt will be made to estimate the induced effects of the programme, i.e.,
amount of jobs (additional to those estimated as direct and indirect effects) to
be created as a result of the increased income of households derived from
energy savings and the additional wages of new workers.

•

A further exploration of completed projects in Hungary will be performed in
order to gather real data on the employment effects of the foreseen renovation.
This would allow checking the suitability of using Hungary’s average construction
sector labour intensity (on which depend the bulk of the direct effects’
estimates) as provided by the OECD for deep and sub-optimal renovation
projects. Efforts have been done during the first phase of the research to collect
such information, with few results up to date. This has to do not so much with
the willingness to provide data by the companies or institutions directly involved
in executing the renovation, but with the availability of such data. Typically,
renovation projects are multilayered, with different firms involved in different
phases, and not always data on the labour employed by each firm or in each
stage is recorded. An analysis of sensitivity of the results versus the key variables
of the model will be provided.

•

Since the renovation costs are a parameter crucial in the estimation of additional
jobs created in the S-SUB and S-DEEP scenarios, more cases will be sought in
Hungary and abroad for reducing the uncertainty surrounding the data collected
so far.

•

A sensitivity analysis will be provided in order to determine which parameters
(i.e., renovation rate, renovation costs, labor intensity of the construction,
energy and other sectors, etc.) have a stronger influence on the final results.

•

So far, fixed renovation costs per sqm and construction labor intensities have
been used for whole timeframe considered in the program, which is thought to
be less realistic (economies of scale and learning would decrease both in the
middle-term) and is likely to overestimate the final results. An attempt will be
made to estimate and incorporate in the estimation model rates of decreasing
renovation costs and labour intensity.

•

Additional considerations on the foreseen job losses in the energy sector will be
added, at least as part of the qualitative analysis. In the present report it has
been assumed that there is a linear reduction of the people employed by the
energy-supplying industry as energy consumption decreases, which is likely to
overestimate the final results given the cost structure of the energy supply
sector (see Section 5.2.4).
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•

The amount of new jobs created in the construction sector is of the same order
of magnitude as the number of people currently employed in the construction
sector (see Section 9.1), which is likely to create tensions and wage increases in
the construction sector labour market. During the second phase, these elements
will be further analysed and, eventually, a realistic rate of buildings renovation
given the existing constraints in the country’s construction sector labour market,
(i.e, recommended number of dwellings to be refurbished per year in order not
to create shortages in the construction sector labour market) will be estimated.

•

Additional, more detailed considerations on the geographical distribution,
composition, temporal durability and similar qualitative elements of the
employment-generation effects will be added to the final report.

Consequently, the second phase of the project is expected to complete the scope of the
research by incorporating (if the available data allow for it) the induced effects of the
renovation programme and to produce more refined estimates of the direct and indirect
effects of the various scenarios considered.
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Annexes
A. Detailed Scenario Characteristics
The following tables show the amount of building stock (in square metres) to be
renovated and the energy consumption savings for each type of building within both
Residential and Public building stock categories for the four scenarios.

Residential Building
Stock

S-BASE Renovation
Scenario
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Reduction in energy
demand
Renovated Space
Heating Energy
Requirements
(kWh/m2/a)

Historical
and
Protected
Buildings

Traditional
Multi-Family
Homes
(<1960)

Multi-Family
Homes
Industrial
technology
(Panel
Buildings) to
1992

0.19

0.50

0.41

1.69

0.35

0.10

3

19.1

48.9

40.5

164.3

35.4

10.4

318.6

1.9

5.0

4.1

16.9

3.5

1.0

32.5

-15%

-15%

-15%

-15%

-15%

-15%

-15%

176

176

196

224

122

103

Single
Family
Homes to
1992

Single
Family
Homes
1993 -2010

MultiFamily
Homes
1993-2010

Residential
Total

Table 1: Residential Summary Table – S-BASE Scenario

Public Building Stock
S-BASE Renovation
Scenario
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Reduction in energy
demand

Historical
and
Protected
Buildings

Traditional
Multi-Storey
(<1960)

Industrial
Technology
Multi Storey
Building

Traditional
Single
Storey,
<1992

Modern
Single
Storey,
1993-2010

Modern
MultiStorey
1993-2010

Public
Total

0.01

0.11

0.14

0.00

0.00

0.03

0.29

1.0

11.2

12.5

0.2

0.1

2.9

28.0

0.1

1.1

1.4

0.0

0.0

0.3

2.9

-15%

-15%

-15%

-15%

-15%

-15%

-15%
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Public Building Stock
Renovated Space
Heating Energy
Requirements
(kWh/m2/a)

Historical
and
Protected
Buildings

Traditional
Multi-Storey
(<1960)

Industrial
Technology
Multi Storey
Building

Traditional
Single
Storey,
<1992

Modern
Single
Storey,
1993-2010

Modern
MultiStorey
1993-2010

176

176

196

224

122

103

Public
Total

Table 2: Public Buildings Summary Table – S-BASE Scenario

Residential Building
Stock

S-DEEP1 Renovation
Scenario
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Reduction in energy
demand
Renovated Space
Heating Energy
Requirements
(kWh/m2/a)

Historical
and
Protected
Buildings

Traditional
Multi-Family
Homes
(<1960)

Multi-Family
Homes
Industrial
technology
(Panel
Buildings) to
1992

1.08

2.85

2.31

9.62

2.01

0.59

18

19.1

48.9

40.5

164.3

35.4

10.4

318.6

9.5

25.0

20.3

84.3

17.7

5.2

161.9

-86%

-93%

-93%

-94%

-90%

-88%

-90%

30

15

15

15

15

15

Single
Family
Homes to
1992

Single
Family
Homes
1993 -2010

MultiFamily
Homes
1993-2010

Residential
Total

Table 3: Residential Summary Table – S-DEEP1 Scenario

Public Building Stock
S-DEEP1 Renovation
Scenario
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Reduction in energy
demand
Renovated Space
Heating Energy
Requirements
(kWh/m2/a)

Historical and
Protected
Buildings

Traditional
Multi-Storey
(<1960)

Industrial
Technology
Multi Storey
Building

Traditional
Single
Storey,
<1992

Modern
Single
Storey,
1993-2010

Modern
MultiStorey
1993-2010

Public
Total

0.06

0.64

0.79

0.01

0.01

0.17

1.67

1.0

11.2

12.5

0.2

0.1

2.9

28.0

0.5

5.6

6.9

0.1

0.1

1.5

14.6

-86%

-93%

-93%

-94%

-90%

-88%

-90%

30

15

15

15

15

15

92

Table 4: Public Buildings Summary Table - S-DEEP1 Scenario

Residential Building
Stock

S-DEEP2 Renovation
Scenario
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Reduction in energy
demand
Renovated Space
Heating Energy
Requirements
(kWh/m2/a)

Historical
and
Protected
Buildings

Traditional
Multi-Family
Homes
(<1960)

Multi-Family
Homes
Industrial
technology
(Panel
Buildings) to
1992

0.65

1.71

1.39

5.77

1.21

0.36

11

19.1

48.9

40.5

164.3

35.4

10.4

318.6

5.8

15.3

12.4

51.6

10.8

3.2

99.1

-86%

-93%

-93%

-94%

-90%

-88%

-90%

30

15

15

15

15

15

Single
Family
Homes to
1992

Single
Family
Homes
1993 -2010

MultiFamily
Homes
1993-2010

Residential
Total

Table 5: Residential Summary Table – S-DEEP2 Scenario

Public Building Stock
S-DEEP2 Renovation
Scenario
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Reduction in energy
demand
Renovated Space
Heating Energy
Requirements
(kWh/m2/a)

Historical and
Protected
Buildings

Traditional
Multi-Storey
(<1960)

Industrial
Technology
Multi Storey
Building

Traditional
Single
Storey,
<1992

Modern
Single
Storey,
1993-2010

Modern
MultiStorey
1993-2010

Public
Total

0.03

0.38

0.47

0.01

0.00

0.10

1.00

1.0

11.2

12.5

0.2

0.1

2.9

28.0

0.3

3.4

4.2

0.1

0.0

0.9

8.9

-86%

-93%

-93%

-94%

-90%

-88%

-90%

30

15

15

15

15

15

Table 6: Public Buildings Summary Table - S-DEEP2 Scenario
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Residential Building
Stock

S-SUB Renovation
Scenario
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Reduction in energy
demand
Renovated Space
Heating Energy
Requirements
(kWh/m2/a)

Historical
and
Protected
Buildings

Traditional
Multi-Family
Homes
(<1960)

Multi-Family
Homes
Industrial
technology
(Panel
Buildings) to
1992

0.65

1.71

1.39

5.77

1.21

0.36

11

19.1

48.9

40.5

164.3

35.4

10.4

318.6

5.8

15.3

12.4

51.6

10.8

3.2

99.1

-50%

-50%

-50%

-50%

-50%

-50%

-50%

104

104

115

132

72

132

Single
Family
Homes to
1992

Single
Family
Homes
1993 -2010

MultiFamily
Homes
1993-2010

Residential
Total

Table 7: Residential Summary Table – S-SUB Scenario

Public Building Stock
S-SUB Renovation
Scenario
Floor area to be
renovated each year
(mln m2)
Total Floor Area in 2020
(mln m2)
Total Floor Area
Renovated in 2020 (mln
m2)
Fraction of original
energy demand
Renovated Space
Heating Energy
Requirements
(kWh/m2/a)

Historical and
Protected
Buildings

Traditional
Multi-Storey
(<1960)

Industrial
Technology
Multi Storey
Building

Traditional
Single
Storey,
<1992

Modern
Single
Storey,
1993-2010

Modern
MultiStorey
1993-2010

Public
Total

0.03

0.38

0.47

0.01

0.00

0.10

1.00

1.0

11.2

12.5

0.2

0.1

2.9

28.0

0.3

3.4

4.2

0.1

0.0

0.9

8.9

-50%

-50%

-50%

-50%

-50%

-50%

-50%

104

104

115

132

72

61

Table 8: Public Buildings Summary Table - S-SUB Scenario
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B. Summary of Selected Studies: Employment Effects of Investment
Programmes
Source
Title
Location

Wade, J., Wiltshire, W., Scrase, I. 2000
National and Local Employment Impacts of Energy Efficiency Investment Programmes
European Union (particularly UK, France, Germany, the Netherlands and Spain)

Summary

Assessment of the employment effects of the EU SAVE programme implemented in the
mid-1990s in various EU Member States. The study encompassed case studies, inputoutput modeling and general equilibrium simulation of the effects of policy programmes.
The project aims to provide local, national and EU policy makers with an indication of
employment effects by sector, by policy approach, and an estimate of overall
employment impact for a range of investment policy scenarios. The employment impacts
of 44 energy efficiency investment programmes were appraised through a series of case
studies of national and local schemes.

Main results

The policies had very different results, ranging from job losses in a CO2 reduction
programme in Germany to more than 90 jobs per million Euro invested in a building
regulations programme in the UK. On average, the various programmes created 26.6 FTE
jobs per million Euro (1995) invested.

Source
Title
Location

EST 2000
Energy efficiency and jobs: UK issues and case studies
United Kingdom

Summary

Similar revision of case studies coupled with an I/O analysis as the one by Wade,
Wiltshire and Scrase (2000). The cases were part of the EU SAVE programme in the UK.
Only the cases related to heating energy-efficiency were considered. Two of them also
incorporate energy efficiency gains in appliances or lighting. The employment
implications were also divided in “blue collar” and “white collar” jobs.

Main results

The programmes had a direct effect of 17.1 blue-collar and 6.1 white-collar jobs
generated per million Euro (1996) invested. The indirect effects were estimated at the
very high value of 59.4 jobs/M€, bringing the impacts to a total of 82.6 jobs generated
per million € invested.

Source
Title

Ehrhardt-Martinez, K., Laitner, J. 2008
The Size of the U.S. Energy Efficiency Market: Generating a More Complete Picture

95

Location

U.S.A.

Summary

This aims to be a comprehensive study of the US Energy Efficiency market, calculating
how much is invested in energy efficiency, how much energy is saved and which sectors
received the most investment. Furthermore, the study estimates the number of jobs
relying on energy efficiency investments and evaluating the needs for more investments.

Main results

300 U.S. Dollars have been invested in 2004, saving 1.7 quadrillion BTUs in 2004 alone.
60% of the investments have been in the building sector, of which 49% in appliances and
electronics.
The study estimates that the total energy efficiency investments of $300 billion in 2004
would create 1.6 million jobs, giving a rate of 6.76 jobs per million Euro (2004) invested.
The investments in residential buildings ($39 billion) would be more effective for
employment, creating 316 thousand jobs with a rate of 10.08 jobs/M€2004 invested.

Source
Title
Location
Summary

Main results

Bezdek, R. 2009b
Green Collar Jobs in the U.S. and Colorado. Economic Drivers for the 21st Century
U.S.A. and Colorado
This study tries to give a precise definition of the Renewable Energy (RE) and Energy
Efficiency (EE) industries, evaluates their sizes and estimates their growth, with a
particular focus on the jobs generated. Three scenarios are taken into consideration:
baseline (business as usual), moderate ("soft" policies) and advanced (aggressive
policies). The study gives estimates both for the USA and for the case study of Colorado.
The estimates for revenue and employment generation are as follows:

US - Energy
efficiency
US - Renewable
energy
Colorado - Energy
efficiency
Colorado Renewable energy

Source

Revenues
(2007 M$)

Jobs
created

Jobs /
M€2007

Base
Moderate

1,868,000
2,036,000

14,953,000
16,658,000

10.97
11.21

Advanced

3,734,000

29,878,000

10.97

Base
Moderate

98,000
212,000

1,305,000
2,846,000

18.25
18.40

Advanced

560,000

7,328,000

17.93

Base
Moderate

17,681
20,479

174,810
208,620

13.55
13.96

Advanced

44,345

499,550

15.44

Base
Moderate

2,076
3,811

17,370
29,400

11.47
10.57

Advanced

13,131

113,375

11.83

Pollin, R. Heintz, R., Garrett-Peltier, H. 2009

96

Title

Location

The Economic Benefits of Investing in Clean Energy. How the economic stimulus program
and new legislation can boost U.S. economic growth and employment
U.S.A.

Summary

This recent study assesses the employment effects of the clean-energy components of
the American Recovery and Reinvestment Act (ARRA) programs and the entire American
Clean Energy and Security Act (ACESA) designed to transition the US economy from its
reliance on high-carbon fuels to one operating more efficiently on clean energy.

Main results

It is estimated that the two programs together could create $150 billion a year in new
investment and 1.7 million net new jobs a year—that is, 1.7 million more jobs each year
than would be the case without a $150 billion shift in spending from conventional fossil
fuels to clean energy investments.
An estimate of job creation for different types of investments is also given, as per the
following table:
Employment creation
per $1m output - 2008

Title
Location
Summary

Main results

Indirect
jobs

Total
jobs

Jobs per
M€2009

Fossil fuels

Oil and natural gas
Coal

0.8
1.9

2.9
3.0

3.7
4.9

5.16
6.83

Building retrofits
Mass transit/freight rail
(90% MT, 10% FR)
Smart grid

7.0

4.9

11.9

16.60

Energy
efficiency

11.0
4.3

4.9
4.6

15.9
8.9

22.18
12.41

Wind

4.6

4.9

9.5

13.25

Solar
Biomass

5.4
7.4

4.4
5.0

9.8
12.4

13.67
17.30

Renewables

Source

Direct
Jobs

Juul, J., Hansen, T., Hansen, V., Ege, C. 2009
Green Jobs. Examples of energy and climate initiatives that generate employment
Denmark
This study contains a set of proposals to "restructure" the Danish society in a more
sustainable way. The proposals are listed with the annual investments needed, the jobs
created (direct and indirect) and the years in which this job creation is sustained. The
details about methodology and calculations are not included.
The table below shows the impact of a selected number of initiatives, some of which are
directly related to energy efficiency in buildings.
Energy efficiency in buildings
Energy renovation of poorly
insulated housing
Energy savings in buildings
operated by local authorities

Annual investments
(MDKK)

Jobs created
(total)

Jobs / M€
(total)

17,681

9,620

4.05

3,800

8,500

16.67
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Regulations requiring energy
savings built into new buildings
Other measures
Construction of fifteen biogas
plants a year
Construction of six new
geothermal plants
Construction of two new
offshore wind farms and
replacement of land-based
wind turbines
New central heat pumps
Private heat pumps
Construction of light railway in
Copenhagen
Expansion of bicycle path
network and increased number
of cyclists
Mandatory service programme
district heating customers
Conversion of electrical
heating

Source
Title

Location

2,800
Annual investments
(MDKK)

5,100
Jobs created
(total)

13.57
Jobs / M€
(total)

2,000

2,730

10.17

633

880

10.36

1,840

2,570

10.41

546
6,250

750
11,250

10.24
13.41

1,330

1,640

9.19

1,560

2,190

10.46

960

2,140

16.61

220

480

16.26

Hendricks, B., Goldstein, B., Detchon, R., Shickman, K. 2009
Rebuilding America. A National Policy Framework for Investment in Energy Efficiency
Retrofits
U.S.A.

Summary

This report focuses on energy-efficient retrofits (improving energy efficiency by 20-40%)
as an important tool for reducing greenhouse gas emissions in the United States, as well
as fostering economic recovery. The research studies inherent obstacles (such as
financing and worker training) and benefits of energy-efficient interventions, and
proposes a retrofit programme scenario and a strategy for the implementation.

Main results

The study assumes a jobs/M$ rate of 12.5 (i.e. 17.44 jobs/M€2009) for building retrofits,
based on other estimates (such as NAHB, 2009 and Sundquist, 2009). The scenario
forecasts a retrofit of 5 million buildings a year for 10 years, with an investment variable
between $5,000 and $20,000 per retrofit. The job creation would then be between
312,500 and 1,250,000 job/years.

Source
Title
Location

Sundquist, E. 2009
Estimating Jobs from Building Energy Efficiency
Wisconsin (U.S.A.)
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Summary

Main results

This research only estimates the direct jobs involved in energy-efficient retrofits, by
examining a small amount of case studies. The paper identifies a set of energy-efficient
measures, estimates the cost and amount of labour involved, the profits and the
overhead. It then assumes a typical composition of the working crew, and divides the
cost by the average labour costs per skill level. The final result is an estimate of the jobyears per million U.S. dollar invested in energy-efficient retrofits.
The work assumes a crew composed by “7 percent supervisory, 27 percent skilled, 36
percent semi-skilled and 29 percent entry-level” (in man-hours). 10% of the amount
invested goes to profits, 10% to overhead. Of the rest, the study finds that on average,
costs for materials and labour are approximately equal.
The jobs per $1 million invested are as follows:
Type of building
Large commercial

Supervisor
0.3

Skilled
1.2

Semi-skilled
1.6

Entry-level
1.3

Total
4.3

Multifamily

0.5

2.0

2.7

2.2

7.4

Single-family residential

0.6

2.5

3.3

2.7
Average

9.1
6.9

The average number of 6.9 jobs created per $1 million invested is equivalent to 9.67 jobs
created per 1 million Euros (2009).

Source
Title
Location

Pollin, R., Garrett-Peltier, H. 2009b
Building a Green Economy: Employment Effects of Green Energy Investments for Ontario
Ontario (Canada)

Summary

This study estimates the employment impact of two potential scenarios for Ontario's
Green Energy Act: a Baseline Integrated Power System Plan (IPSP), with $18.6bn invested
over 10 years, and an Expanded Green Energy Act Alliance (GEAA) program, with $47.1bn
invested over 10 years.

Main results

The programmes will create a wide range of jobs, mostly in construction and
manufacturing. The detailed results for the two scenarios considered are in the following
table:

Baseline IPSP
Program
Expanded GEEA
Program

Source
Title

Investments
(M$CA)

Direct
jobs

Indirect
jobs

Induced
jobs

Total

Jobs/M€

18,600

15,517

11,551

8,121

35,189

29.50

47,100

38,430

31,141

20,871

90,442

75.83

Caldes, N., Varela, M., Santamaria, M., Saez, R. 2009
Economic impact of solar thermal electricity deployment in Spain
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Location
Summary

Main results

Spain
This study estimates "the socio-economic impacts derived from the construction of solar
thermal power plants in Spain". There are two scenarios, both based on the construction
of parabolic trough plants (50MW of capacity each) and central solar tower plants
(17MW of capacity each). For each plant, an Input-Output model is used to estimate the
impacts on demand and employment.
The following table details the direct and indirect employment impacts of the two
different types of plants considered:
Plant type
Parabolic
trough plant
Solar tower

Source
Title

Location

M€
demand

MW
installed

Direct
FTE jobs

Indirect
FTE jobs

Total FTE
jobs

Jobs/M€

930

50

5,554

4,030

9,584

10.31

522

17

3,213

2,278

5,491

5.90

Pollin, R., Garrett-Peltier, H. 2009a
The U.S. Employment Effects of Military and Domestic Spending Priorities: an Updated
Analysis
U.S.A.

Summary

The report is an update of a previous study (Pollin and Garrett-Peltier, 2007) evaluating
the effects of military spending in the U.S.A. on job creation (including a pay level
analysis), and comparing them with the impacts caused by other types of investments
(e.g. spending in health care, education or tax cuts for personal consumption). The
updated 2009 study uses more recent data (from 2007 instead of 2005) and includes an
estimate of spending on green energy.

Main results

Military spending appears the least effective of all for job creation, with 8.9 direct and
indirect jobs per $1 million spent, while education creates 20.8 jobs per million dollar.
Clean energy measures are half-way, with 12.2 jobs per million dollar. The following is a
summary table with the amounts converted in Euros (2007):
Spending target

Direct
Jobs

Indirect
jobs

Total jobs
created

Jobs /
M€

Military

7,100

1,800

8,900

12.20

Tax cuts for personal consumption
Health care

6,900
10,400

3,700
3,600

10,600
14,000

14.53
19.19

Education

16,900

3,900

20,800

28.51

7,500

4,700

12,200

16.72

Clean energy

Source
Title

Heintz, J., Pollin, R., Garrett-Peltier, H. 2009
How Infrastructure Investments Support the U.S. Economy: Employment, Productivity
and Growth
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Location
Summary

Main results

U.S.A.
This study assesses the infrastructure needs for rebuilding the deteriorated US
infrastructure and examines the effects of infrastructure investment programmes in the
US, based on two scenarios: a baseline scenario ($54bn, destined to cover basic needs)
and an high-end scenario, where $93bn are spent and the long-term infrastructure needs
are met early.
The investment impact estimates are divided by broad sectors. The results are in the
following table:
Employment creation per $1bn
spent (direct + indirect)
Sector

7,332

10.78

7,085

10.42

Manufacturing
Services

1,386
4,130

2.04
6.07

1,419
4,084

2.09
6.01

125

0.18

126

0.19

14
12,987

0.02
19.10

15
12,729

0.02
18.72

Utilities
Total

Title
Location
Summary

High-end scenario
Total jobs Jobs/M€

Construction

Agriculture and extraction

Source

Baseline scenario
Total jobs Jobs/M€

Greenpeace 2009
Working for the climate. Renewable energy & the green job [r]evolution
Worldwide
This study estimates the employment impacts of the Energy [R]evolution scenario
outlined in the eponymous report (Greenpeace, 2008), against a “business as usual”
scenario. The job estimates are given for 2010, 2020 and 2030.
The scope of the study is worldwide, which obviously increases data uncertainty and the
necessity of data transfer across regions.

Main results

In 2020, Greenpeace estimates 2 million more jobs in the energy [r]evolution scenario
than in the baseline scenario.
By taking into account the investment estimates from (Greenpeace 2008), the
employment impact of the two scenarios per million Euros invested has been calculated:

Scenario
Business as usual
Energy [R]evolution

Source

Average annual
investments
($bn2005) 20102020
432.2
567

Jobs in
2020
(millions)
8.5
10.5

Jobs /
M$2005

Jobs /
M€2005

19.67
18.52

24.47
23.04

PV Employment 2009
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Title

Location

Solar Photovoltaic Employment in Europe. The role of public policy for tomorrow’s solar
jobs
European Union

Summary

The report evaluates the employment effects of the development of the European
photovoltaic market until 2030. Two scenarios are proposed: a moderate
implementation (274GW installed in 2030) and an advanced implementation (961GW
installed in 2030).

Main results

In 2030, the moderate implementation scenario is forecasted to create 950,000 manyears, while this number reaches 2.2 million man-years. By taking into account the job
losses and the exports, the net employment impact for the EU is still positive (162,000
man-years in 2030 for the advanced scenario).

Source
Title
Location
Summary

EWEA 2008
Wind at Work. Wind energy and job creation in the EU
European Union
This report studies the employment impacts of the wind energy industry in the European
Union, giving the current status of wind jobs in the EU and a forecast to 2030.
This study also contains the summary of a number of recent studies on employment
creation in the wind energy industry.

Main results

The report estimates that direct wind energy employment will double from 154,000 jobs
in 2007 to slightly less than 330,000 in 2020, and reach 377,000 jobs in 2030.
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C. Detailed direct and indirect employment impacts for all sectors of
the economy
In all the tables included in this section, the codes for the sectors correspond to the
ones used in the STAN database of OECD (OECD 2010c).

Impacts of the increase of demand in construction
The following table shows the direct and indirect impacts of the increase of demand in
construction for all scenarios and all sectors of the economy, in thousands FTE jobs.

Sectors
C01T05 Agriculture, hunting,
forestry and fishing
C10T14 Mining and quarrying
C15T16 Food products, beverages
and tobacco
C17T19 Textiles, textile products,
leather and footwear
C20 Wood and products of wood
and cork
C21T22 Pulp, paper, paper
products, printing and publishing
C23 Coke, refined petroleum
products and nuclear fuel
C24 Chemicals and chemical
products
C25 Rubber and plastics products
C26 Other non-metallic mineral
products
C27 Basic metals
C28 Fabricated metal products,
except machinery and equipment
C29 Machinery and equipment,
n.e.c.
C30 Office, accounting and
computing machinery
C31 Electrical machinery and
apparatus, n.e.c.
C32 Radio, television and
communication equipment
C33 Medical, precision and optical
instruments
C34 Motor vehicles, trailers and
semi-trailers
C35 Other transport equipment

Thousands
FTE jobs
created in SBASE

Additional thousands FTE jobs created in:

S-DEEP1

S-DEEP2

S-SUB

0.07
0.26

2.10
7.43

1.23
4.35

0.47
1.67

0.05

1.37

0.80

0.31

0.12

3.40

1.99

0.76

0.33

9.38

5.49

2.10

0.09

2.59

1.52

0.58

0.03

0.83

0.48

0.18

0.11
0.22

3.08
6.27

1.81
3.67

0.69
1.40

0.36
0.24

10.20
6.78

5.97
3.97

2.28
1.52

0.26

7.26

4.25

1.63

0.10

2.92

1.71

0.65

0.01

0.29

0.17

0.07

0.10

2.84

1.66

0.64

0.06

1.81

1.06

0.41

0.01

0.27

0.16

0.06

0.02
0.00

0.66
0.10

0.39
0.06

0.15
0.02
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Sectors
C36T37 Manufacturing n.e.c. and
recycling
C40T41 Electricity, gas and water
supply
C45 Construction
C50T52 Wholesale and retail trade
- repairs
C55 Hotels and restaurants
C60T63 Transport and storage
C64 Post and telecommunications
C65T67 Financial intermediation
C70 Real estate activities
C71 Renting of machinery and
equipment
C72 Computer and related
activities
C73 Research and development
C74 Other business activities
C75 Public admin. and defence compulsory social security
C80 Education
C85 Health and social work
C90T93 Other community, social
and personal services
Total

Thousands
FTE jobs
created in SBASE

Additional thousands FTE jobs created in:

S-DEEP1

S-DEEP2

S-SUB

0.05

1.51

0.88

0.34

0.12
5.73

3.42
162.06

2.00
94.95

0.77
36.31

0.80
0.06
0.36
0.14
0.14
0.07

22.57
1.59
10.12
3.83
3.98
2.05

13.22
0.93
5.93
2.24
2.33
1.20

5.06
0.36
2.27
0.86
0.89
0.46

0.02

0.65

0.38

0.15

0.03
0.01
0.25

0.90
0.27
7.14

0.53
0.16
4.18

0.20
0.06
1.60

0.07
0.10
0.02

1.96
2.81
0.44

1.15
1.65
0.26

0.44
0.63
0.10

0.12
10.54

3.36
298.22

1.97
174.72

0.75
66.81

Table 9: Direct and indirect effects of the increase in demand in construction on all sectors

Impacts of the decrease of demand in energy
The following table shows the direct and indirect impacts of the decrease of demand in
energy generated by the energy savings for all scenarios and all sectors of the economy,
in thousands FTE jobs.

Sectors
C01T05 Agriculture, hunting,
forestry and fishing
C10T14 Mining and quarrying
C15T16 Food products, beverages
and tobacco
C17T19 Textiles, textile products,
leather and footwear

Thousands
FTE jobs lost
in S-BASE

Additional thousands FTE jobs lost in:
S-DEEP1

S-DEEP2

S-SUB

-0.02
-0.14

-0.48
-4.28

-0.28
-2.56

-0.15
-1.31

-0.01

-0.30

-0.18

-0.09

-0.02

-0.47

-0.28

-0.14
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Sectors
C20 Wood and products of wood
and cork
C21T22 Pulp, paper, paper
products, printing and publishing
C23 Coke, refined petroleum
products and nuclear fuel
C24 Chemicals and chemical
products
C25 Rubber and plastics products
C26 Other non-metallic mineral
products
C27 Basic metals
C28 Fabricated metal products,
except machinery and equipment
C29 Machinery and equipment,
n.e.c.
C30 Office, accounting and
computing machinery
C31 Electrical machinery and
apparatus, n.e.c.
C32 Radio, television and
communication equipment
C33 Medical, precision and optical
instruments
C34 Motor vehicles, trailers and
semi-trailers
C35 Other transport equipment
C36T37 Manufacturing n.e.c. and
recycling
C40T41 Electricity, gas and water
supply
C45 Construction
C50T52 Wholesale and retail trade
- repairs
C55 Hotels and restaurants
C60T63 Transport and storage
C64 Post and telecommunications
C65T67 Financial intermediation
C70 Real estate activities
C71 Renting of machinery and
equipment
C72 Computer and related
activities
C73 Research and development
C74 Other business activities
C75 Public admin. and defence compulsory social security
C80 Education
C85 Health and social work

Thousands
FTE jobs lost
in S-BASE

Additional thousands FTE jobs lost in:
S-DEEP1

S-DEEP2

S-SUB

-0.01

-0.30

-0.18

-0.09

-0.02

-0.52

-0.31

-0.16

-0.03

-0.99

-0.59

-0.30

-0.02
-0.01

-0.58
-0.43

-0.35
-0.26

-0.18
-0.13

-0.01
-0.02

-0.31
-0.71

-0.19
-0.42

-0.10
-0.22

-0.03

-0.88

-0.52

-0.27

-0.02

-0.55

-0.33

-0.17

0.00

-0.05

-0.03

-0.02

-0.02

-0.46

-0.27

-0.14

-0.01

-0.30

-0.18

-0.09

0.00

-0.06

-0.04

-0.02

0.00
0.00

-0.11
-0.01

-0.07
-0.01

-0.03
0.00

-0.01

-0.16

-0.09

-0.05

-0.51
-0.05

-15.24
-1.42

-9.12
-0.85

-4.67
-0.44

-0.14
-0.01
-0.06
-0.03
-0.04
-0.02

-4.13
-0.23
-1.70
-0.88
-1.07
-0.58

-2.47
-0.14
-1.02
-0.53
-0.64
-0.34

-1.26
-0.07
-0.52
-0.27
-0.33
-0.18

0.00

-0.11

-0.07

-0.03

-0.01
0.00
-0.06

-0.24
-0.08
-1.73

-0.14
-0.05
-1.04

-0.07
-0.02
-0.53

-0.02
-0.02
0.00

-0.51
-0.63
-0.09

-0.31
-0.37
-0.06

-0.16
-0.19
-0.03
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Sectors
C90T93 Other community, social
and personal services
Total

Thousands
FTE jobs lost
in S-BASE
-0.03
-1.38

Additional thousands FTE jobs lost in:
S-DEEP1

S-DEEP2

S-SUB

-0.88
-41.50

-0.53
-24.83

-0.27
-12.71

Table 10: Direct and indirect effects of the decrease in demand in energy for all sectors

Net employment effects
The following table shows the net employment impacts (direct and indirect) of all
scenarios in all sectors of the economy, in thousands FTE jobs.

Sectors
C01T05 Agriculture, hunting,
forestry and fishing
C10T14 Mining and quarrying
C15T16 Food products, beverages
and tobacco
C17T19 Textiles, textile products,
leather and footwear
C20 Wood and products of wood
and cork
C21T22 Pulp, paper, paper
products, printing and publishing
C23 Coke, refined petroleum
products and nuclear fuel
C24 Chemicals and chemical
products
C25 Rubber and plastics products
C26 Other non-metallic mineral
products
C27 Basic metals
C28 Fabricated metal products,
except machinery and equipment
C29 Machinery and equipment,
n.e.c.
C30 Office, accounting and
computing machinery
C31 Electrical machinery and
apparatus, n.e.c.
C32 Radio, television and
communication equipment

Net
employment
impacts
(thousands
FTE) in SBASE

Net employment impacts (thousands FTE) in the
other scenarios (difference with S-BASE)

S-DEEP1

S-DEEP2

S-SUB

0.06
0.12

1.62
3.15

0.94
1.79

0.32
0.35

0.04

1.07

0.62

0.21

0.10

2.92

1.71

0.62

0.32

9.08

5.32

2.01

0.07

2.07

1.20

0.42

0.00

-0.17

-0.11

-0.12

0.09
0.21

2.50
5.84

1.46
3.42

0.51
1.27

0.35
0.22

9.88
6.08

5.79
3.55

2.19
1.30

0.23

6.38

3.73

1.36

0.08

2.36

1.38

0.48

0.01

0.24

0.14

0.05

0.09

2.38

1.39

0.50

0.05

1.51

0.88

0.31
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Sectors
C33 Medical, precision and optical
instruments
C34 Motor vehicles, trailers and
semi-trailers
C35 Other transport equipment
C36T37 Manufacturing n.e.c. and
recycling
C40T41 Electricity, gas and water
supply
C45 Construction
C50T52 Wholesale and retail trade
- repairs
C55 Hotels and restaurants
C60T63 Transport and storage
C64 Post and telecommunications
C65T67 Financial intermediation
C70 Real estate activities
C71 Renting of machinery and
equipment
C72 Computer and related
activities
C73 Research and development
C74 Other business activities
C75 Public admin. and defence compulsory social security
C80 Education
C85 Health and social work
C90T93 Other community, social
and personal services
Total (thousands FTE jobs)

Net
employment
impacts
(thousands
FTE) in SBASE

Net employment impacts (thousands FTE) in the
other scenarios (difference with S-BASE)

S-DEEP1

S-DEEP2

S-SUB

0.01

0.20

0.12

0.04

0.02
0.00

0.55
0.08

0.32
0.05

0.11
0.02

0.05

1.35

0.79

0.29

-0.38
5.68

-11.83
160.64

-7.12
94.10

-3.90
35.87

0.66
0.05
0.30
0.11
0.11
0.05

18.44
1.36
8.41
2.95
2.91
1.47

10.75
0.80
4.91
1.72
1.69
0.85

3.79
0.29
1.74
0.59
0.56
0.28

0.02

0.54

0.32

0.11

0.02
0.01
0.19

0.66
0.19
5.41

0.39
0.11
3.15

0.13
0.04
1.07

0.05
0.08
0.01

1.45
2.19
0.34

0.84
1.27
0.20

0.28
0.44
0.07

0.09
9.16

2.48
256.72

1.44
149.88

0.48
54.09

Table 11: Net direct and indirect employment impacts of the retrofit scenarios for all sectors
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