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Abstract
The need to reduce emissions of greenhouse gasdsha placed in recent years. The improvement in
the efficiency of use is one of the pillars of #gergy policies in most countries. Particularly Sipain,
rates of energy intensity are among the highestténEuropean Union. With an increasing level of CO2
emissions, the need to reduce energy consumptisrctime to occupy a central role in the political
agenda to address both challenges. Rarely, howaregenerally taken into account the consideration
arising from therebound effectThat is, the possibility of improving energy eféincy could lead to
reductions in energy consumption lower than exmkaie even increases in consumption. Less common
is still being analyzed and quantified in which teeg and/or what types of energy is more likely to
produce the desired effect, or what consequencgbtrarise from an improvement in energy efficiency
over other variables such as employment, pric&SRIP. This paper analyzes these issues in the $panis
economy through a CGE model using the Input-Oufpaimework of the Spanish economy for the year
2005. The model we use is a static MEGA, which dbss an open economy, disaggregated into 27
production sectors. Unlike similar models, it hae particular feature of including unemployment in
labour markets, given the high level of unemploytriarthe Spanish economy. The simulations consist
in improving the productivity of energy-related utp. Specifically, it is simulated a reduction bé tuse
of 5 energy intermediate inputs (all together ardhvidually) by unity of output produced. This lesvas
result: a decrease in the total consumption ofteb#ty, gas and coal (positivebound effecin the case
of electricity and negative for the gas and caat)jncrease in the consumption of petroleum pradaict
the resulting increase in crude oil impots¢kfire effegt a significant increase in the amount of energy
as end use, an increase in the GDP and welfarbeoétonomy of about 0.5% and a reduction in the
unemployment rate of around 5%.
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1. Introduction

The need to reduce emissions of greenhouse gasdmba placed in recent years. The
improvement in the efficiency of use is one of filéars of the energy policies in most
countries (e.g. Hanley, et al., 2006, Hartono aadd?udarmo, 2008, and at institutional
level the IPCC’s Fourth Assessment Report on Ck@hange 2007 and the Stern
Report). Environmental considerations are not thl dorce pushing towards more
efficient use of energy. In most advanced economhiese is widespread concern about
energy dependence and the need to ensure the ipmwishich places the energy
savings as a key to help meeting these objectiMeseover, the increasing competitive
pressure in markets for goods and services reqooeganies to an on-going quest to
reduce their costs and achieve greater efficiemcyhe use of all inputs, including
energy.

In Spain, with rates of energy intensitgmong the highest in the European
Union (e.g., Mendiluce et al 2010), with an inciegdevel of CO2 emissions, the need
to reduce energy consumption has come to occugyat role in the political agenda
to address both challenges (Linares, 2009). Thitasobjective of the strategy and
plans for energy conservation and efficiency pradoby the Government of Spain
(MITYC, 2007, 2011). In general, the aim is obtamithe same level of services
provided by energy with a smaller amount of enezggsumption. To this end, those
plans are based on promoting good consumer pracéiod technological innovation,
which ultimately represents the engine for contimionprovement in the use of energy
and its transformations (Berkhout et al., 2000 Bimswanger, 2001).

These plans estimate potential energy savings ualtksmnative scenarios that
could result from improved energy efficiency. Rgrélowever, are generally taken into
account in these considerations predictions derivech the rebound effecdt.e. the
possibility of improving the energy efficiency cdead to reductions in energy
consumption lower than expected, or even incregse®nsumption). Less common is
still being analyzed and quantified in which sestand / or what types of energy are
more likely to produce the desired effect, or whahsequences could result from
improved energy efficiency on other variables sasfemployment, prices or GDP. In
this paper we analyse these issues in the Spacmomy through a computable

general equilibrium (CGE) model.

! Usually measured as the ratio between energy agptien and Gross Domestic Product.



The paper is organized as follows. Section 2 lyiefimmarizes the relationship
between energy efficiency and the rebound effeetti®n 3 presents the model used,
and section 4 describes the calibration and data. résults are shown in section 5.
Section 6 includes a large sensitivity analysis avacial assumptions. Section 7

summarizes the main conclusions.

2. Energy efficiency and rebound effect

Energy inefficiency means that a certain amounbwput can be reached with less
energy inputs. Therefore, an improvement in thcieficy in energy use should result
in a proportional savings of the amount of energgstimed. However, thgotential
energy savings (PES) may not corresponddtual energy savings (AES). In other
words, some of the "engineering" PES estimatesi®fehergy savings could be offset
by what is known as rebound effect (RE). A simpleywio approximate the rebound
effect as a gap between PES and AES is:

RE = [1- (AES/PES)].100

For example, in the case of an estimate of PEQairits and an AES of 6 units, the
rebound effect would be equal to 40%, which mednas #0% of estimated energy
savings have been offset by the increase in enmyggumption after the improvement
of energy efficiency. The rebound effect usuallyiembetween 0 and 100%, although it
may be even higher than 100%, which is known inliteeature as théackfire effect
(Saunders, 2000, 2009, and Sorrell 2009a). In dtterl case, there are not savings in
energy, since the consumption after improvemergnargy efficiency is higher than
before (i.e., AES < 0).

Jevons (1865) developed the idea about how an weprent in energy
efficiency affects energy consumption. He obsertieat the introduction of new
efficient steam engines initially reduced coal aonption, which led to a price cut.
This meant not only more people could afford to csal, but also coal was becoming
economically viable for new uses, which ultimatédgl to increase the tonnage of
consumed coal.

These considerations led to the pioneering Saun{iE992) to state the

Khazzoom-Brookes postulatéenergy efficiency improvements that, on the besd



considerations, are economically justified at thiermlevel, lead to higher levels of
energy consumption at the macro level”, based aty easearch from Khazzoom
(1980) and Brookes (1978). See Sorrell (2009akidsret al. (2011) or Maxwell et al.

(2011) for recent reviews of the theoretical angbieiral literature.

Figure 1: The decomposition of rebound effect (Sorrell, 2909
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Figure 1 illustrates the different components o ttebound effect (Sorrell,
2009a; Saunders, 2013a). The rebound effect iretb@omy is decomposed into two
effects: the direct and indirect effects.

The direct effect may be due in turn to two effdotsconsumers and producers:
the substitution effect and income/output effecir the final consumers of energy, the
substitution effect occurs when, after the enerfficiency improvement, cheaper
energy service consumption substitutes the consampf other goods and services,
maintaining the same level of utility. The inconfieet occurs when the cheaper energy
inputs increase real income. This involves a highidity level through consumption of
additional energy services. In the case of prodydbe substitution effect occurs when
the lower-priced energy service substitutes the afseapital, labour or materials to
produce a given level of output. The output efi@oturs when it is achieved a higher
level of output by the increase in the consumptiboheaper the energy inputs.

The indirect effect includes the income effect omsumers and producers who
increase final and intermediate consumption in ogw®ds and services different from
energy services. Those additional goods also recenergy services to be produced.
The aggregation of direct and indirect effects lbardefined as “economy-wide rebound
effect”. This is the effect that a computable gehequilibrium (CGE) model can
provide. There are other taxonomies of the decortipof the rebound effects (see
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Turner, 2013), but we focused on the concept ofr¢fs®und effect used in the model
(see next section).

With respect to empirical studies, most focus am dhalysis of direct rebound
effects, often through experimental econometricho@s$. However, to estimate the total
magnitude of the rebound effect it is required gahequilibrium analysis (Greening et
al., 2000, Sorrell, 2007). As noted by Wei (20XDEE models are the most appropriate
method to study the rebound effects for the whalenemy. However, the number of
analysis that take this approach is relativelysegsee Allan, et al., 2007, Hanley et al.,
2006, Hartono, and Resosudarmo, 2008, Sorrell amiti@poulos 2008, Wei, 2010).
Guerra and Sancho (2010) developed a CGE moddhécase of Spain. All obtain
significant rebound effects, some of them excee&@% and in some cases providing
evidence of backfire effect. As explained belowmsoassumptions included in the

models can be behind the variance in the quanitatfect.

3. The model

The model we use is a static CGE model (ShovenVdnalley, 1984) that describes an
open economy, disaggregated into 27 productiorosgctvith 27 consumer goods, a
representative consumer, the public sector andnhalisied rest of the world. It allows
performing a general equilibrium comparative statialysis.

Research has shown that six CGE model featureisna@tant for the resulting
estimates of the impact of energy improvementsrangy use (Allan et al., 2007). First
of all, we explain how we overcome them. (1) Treatmof energy in the production
function: we base the nestings on MIT-EPPA, whishbacked with econometric
estimates (see Paltsev et al.,, 2005). (2) Sengitodi results to the elasticities of
substitution with energy in production: we perfoantdeep sensitivity analysis on them
in section 6. (3) Capital closure: we perform asstérnty analysis on different capital
closure rules in section 6. (4) Treatment of tHsola market: Unlike similar models,
this model has the particular feature of includumgemployment as a specification
derived from the literature of trade unions modgigen the high unemployment rate of
the Spanish economy. Additionally, we perform tlemsstivity analysis of different
assumptions on wage flexibility and substitutapilin section 6. (5) The role of

increased government revenue from increased ecanactivity: We apply a revenue



neutral rule, isolating the role of the public sedh the model. (6) The modelling of the
energy efficiency improvement: we apply aautonomous energy efficiency
improvement(AEEI) at different quantitative levels, to chetke robustness of the
results.

Next we present a brief description of the modéie basis of the complete

system of equations is shown in the appendix.

3.1. Equilibrium conditions

The equilibrium of the economy is given by a veabprices and allocation of goods
and factors that simultaneously solves three detqumations:

 Zero profit conditions for all sectors.

» Market clearance in goods and capital markets.

* Restrictions on disposable income (which is madiclith the expenditure incurred by
all agents), an unemployment rule, and the macramoa closure of the model.

3.2. Production

The production is based on a nested technologyntefmediate inputs, capital and
labour. The producers’ problem is to maximize psofor, alternatively, minimize costs,
in the dual approach), subject to technologicakt@mts. The technological constraints
are nested production functions with special detaienergy inputs and outputs (see
Figures in Appendix 1; based on Paltsev et al.,.5200he solution to the problem
yields the average cost functions, which are usethé zero profit conditions. The
demands for factors and intermediate inputs arevetkrfrom the application of
Shephard’'s lemma to the cost functions, and thed us the equilibrium market
clearance equations of goods and factor markets\sFoperate under constant returns

to scale and under a competitive pricing rule.

3.3. Consumption
There is a representative consumer who behavemadlyi. The consumer's income
level is determined from the endowments of capatadl labour, plus exogenous net

transfers received from the public sector. The gores’ problem is to choose the



optimal consumption basket by maximizing a nestglityufunction (see Figure in
Appendix 1, based on Paltsev et al., 2005) subjecits budget constraint. The
preferences are represented by a nested utilitgtiftmwhose arguments are savings,
leisure, and (consumption of) goods. The budgetsitaimt includes total factors’
income, plus exogenous net transfers received fhenpublic sector, minus exogenous
income taxes. The demand functions for savingsuteiand goods are derived from the
first order conditions, and they are included ie @guilibrium conditions of markets, as

well as in the macroeconomic closure for savings.

3.4. Public sector

The public sector plays a dual role in the modelowns resources and it acquires
certain goods. As a resource holder, the incoméudes income from its capital
income, net transfers paid to the representativeswmer, net transfers received from
the rest of the world, and tax revenues. In tuares$ consist of social contributions paid
by employers and employees, indirect taxes (valdgea tax, other net taxes on
products, net taxes on production) and income tafdistaxes are modelled asd
valoremeffective rates calibrated from the initial dagacept for income taxes that are
taken as an exogenous transfer to the public sector

3.5. Foreign sector

The model incorporates the small open economy gssoum That is, the economy
would face a perfectly elastic export supply fuoeti Furthermore it uses a CET
function between domestic and foreign sales. Wapect to imports, we assume that
goods are differentiated according to their origia., domestic or foreign), following
the Armington assumption. This allows for intrauistty trade (Armington, 1969). The
foreign sector is closed by assuming that the diffee between revenues and payments
from the rest of the world is exogenous. This restm would prevent, for example, the
coexistence of a permanent increase in exportouitthanges in imports providing an

unlikely scenario because it would mean capitaflows without any limit.

3.6. Factor markets



There are two primary inputs: capital and labounthWegard to capital, both the
representative consumer and the public sector axed fendowments. Capital rent
adjusts to balance the domestic market of thabfaCtapital is immobile internationally
but there is perfect mobility among domestic sector

The sole owner of labour is the representative woes. We assume the
possibility of unemployment and leisure, so labsupply is elastic. We further assume
that workers have some degree of market power lagid wage demands are related to
the level of unemployment in the economy. To da thie model the labour market

including the equation 1 (see Kehoe et al.):

w=(1=%)

where w is the real wage, u is the unemploymest #ias the unemployment rate in the

1/B

benchmark year, an@d is a parameter that measures the flexibility @ rgages with
respect to the unemployment rate. Thus, weapproaches infinity, the real wage is
close to its value in the benchmark year (whichl,safter the calibration process
described in Section 4). This is the case of ngades, where real wage does not vary
when the unemployment rate doed3 lipproaches zero, the unemployment rate is close
to the benchmark year, indicating the flexibilitweages. Other intermediate values of
B show the greater or lesser degrees of sensitofityeal wages to changes in the
unemployment rate. As in the case of capital, labsu assumed immobile at
international level but perfectly mobile acrosstees:

3.7. Macroeconomic closure for investment and ggsvin

The total investment is distributed by sector usaniixed coefficient Leontief structure
(Dervis et al., 1981). Note that, in our statiavielwork, investment affects the economy
as a component of final demand. The model incotpsera macroeconomic closure

equation by which equates investment and savingsa(p, public and external).

Finally, the model is solved by the method of Rditrel (1999), which sets out

the general equilibrium models as mixed complenréptproblems (Mathiesen, 1985)



and it is implemented in the empirical applicatiming the GAMS / MPSGE program
(for a presentation, see Hosoe et al., 2010).

4. Calibration, data and simulations

The model is calibrated using data for the Spamsbnomy. The calibration of

benchmark equilibrium is represented by the Natidwaounts data, and is reflected in
the Social Accounting Matrix (SAM) with a set ofsticities taken from the available
empirical evidence. A detailed explanation of ttaibcation technique used can be
found, e.g., in Mansur and Whalley (1984) or in Ras et al. (2001).

The SAM includes a transformation of the last aldgé Symmetric Table for
the Input-Output Framework of the Spanish econowtyich corresponds to the year
2005. The starting point is in the 73 sector InPutput framework for the Spanish
economy in 2005. They are grouped in 27 sectotsgang the highest possible level
of disaggregation in the energy sectors and inggnerensive sectors. The SAM is
accomplished with data from the National Accounksotgh the Accounts of
institutional sectors. The description of econoattivities comprising the 27 sectors is

revealed in Table 1.

Moreover, as the elasticities play a key role i@ thodel, a sensitivity analysis
on the values selected in order to compare thessipte effect on the results of the
simulations is displayed in section 6.

The elasticity values applied for calibration are:

« Elasticities of substitution in the utility funoh:

- Between consumption and savingsa): 1
- Between final consumption and leisused): 1
- Among final consumption goodsgc): 1

« Elasticities of substitution associated to prdutuc

- Between intermediate inputs and value added @

- Between labour and capital ): values for sectors ranging from 0.20 to 1.68
- Armington elasticities (between domestic and ingub goods): the values for
the sectors are between 0.90 and 4.05



- CET elasticities (between national and foreiges@athe values of the sectors
are between 0.70 and 3.90

Regarding the sources, the values@f and Armington elasticitiesa are from
Narayanan and Walmsley (2008), the elasticitiesarfsformation by De Melo and Tarr
(1992), antbco is consistent with the empirical literature revieanducted by Ballard

and Kang (2003). The rest of the values used asethonventional in the literature.

The simulations consist in an energy efficiency rioyement (see Ldschel,
2002). Specifically, we simulate an energy augmmgntechnical change leading to a
reduction in the use of five energy intermediatguis (collectively and individually)
per unit of output produced in all sectors, and atsthe representative agent’s final
consumption. The five intermediate inputs are thoseresponding to Coal, Olil,
Refining, Electricity and Gas (see Table 1). TheEAEmMproves the technology
available to the producers and alters their pradocfunctions, and improves the

consumers’ energy efficiency and also alters thiganeefunction.

5. Results

5.1. Macroeconomic results

The macroeconomic variables analysed are welfamgjayment, unemployment rate,
and real rents of labour and capifBhe simulation consists of improvements an AEEI
in (1) input productivity, with savings ranging 1% to 10% of that input for the
same unit of output; (2) consumers’ energy efficigrwith savings ranging from 1% to
10% of final energy consumption for the same uhitansumptionObviously, a 10%
improvement in productivity is unrealistic in mosases, but collecting the range
between 1 and 10% enables a clearer understandirigeoevolution of the different
macroeconomic variables.

Results are displayed in Figures 2 to 6, undemaoe denotedAll", comprising
a simultaneous improvement of the five energy igput production and final
consumption. ScenaricCbal’ comprises a 1 to 10% AEEI on only Coal as inpod a
final consumed good. Scenario®il”, “Refining, “Electricity’ and “Gas’ follow the
same pattern. There are in sum six scenarios.
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A first approach is by measuring changes in welfior the whole country
(excluding the public sector), measured by an indExequivalent variations. These
results are shown in Figure 2, which shows thatetfieiency improvement logically
leads to an increase in the overall welfare of #menomy. However significant
differences were observed depending on the typeerdrgy that reveals the
improvements in productivity: the most positive eets are generated by the
productivity gains in the Electricity and Refinisgctors (see Table 1 for description of

sectors), while the lowest would be driven by imy@mments in the use of Coal.

Figure 2. Change in Welfare (%)

051 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10

Productivity improvement (%)

=& Scenario: All =— Mining of coal ==#e=Extraction of crude
=>¢=Refined petroleum ==¥=Electricity =0 Gas

The principal source of those welfare gains comes fprimary factor markets,
labour and capital: there are gains in the sizéabdur employed and in both factor
rents. Full employment is assumed in the case pitalafactor, while involuntary
unemployment represents a relevant characteristtheoSpanish labour market. This
allows a simultaneous increase in employment addateon of unemployment derived
from productivity improvements. Sectoral employmiesnstudied in the section 5.2, but
at macroeconomic level there is an increase in eynpént (Figure 3) and a decrease in
the unemployment rate (Figure 4). As with welfatiee productivity gains in the
Electricity, Refining and also Oil sectors lead #maployment gains, while Gas and
Coal report small gains.

11



Figure 3. Change in Employment (%)

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10

Productivity improvement (%)

=¢—Scenario: All =— Mining of coal === Extraction of crude

—>e=Refined petroleum  ==#=Electricity =0 Gas

Figure 4. Change in the Unemployment rate (%)

05115 2 25 3 35 4 455556657 758 859 9510
Productivity improvement (%)

=¢—Scenario: All == Mining of coal === Extraction of crude
=>e=Refined petroleum ==i=Electricity =0 (Gas

The improvement in real factors income (Figuresn@l 6), along with higher
employment, is the generator of welfare growth.Batorkers and capital owners
would improve their unitary real incomes. Howevde improvement in capital rents
exceeds quantitatively the improvement in real sag®aplying that improvements in

12



energy efficiency would have a redistributive effet relative terms. Several forces
generate this lower relative improvement of wagahdur supply is elastic and there is
the possibility of unemployment, while the endowmeicapital is fixed and it is fully

employed, which implies a vertical supply functioincapital. An economic expansion,
therefore, would lead to a further increase of tepent in relation to the increase in
labour wage. The main energy sectors (Electriégfining, Gas) are capital intensive,
so their rebounds effects (see next section Siukdtes especially the capital demand

over labour demand.

Figure 5. Change in Real wages (%)

Productivity improvement (%)

==fe=Scenario:All =>¢=Mining of coal ==ie=Extraction of crude
=0-Refined petroleum Electricity == (Gas

The evolution of real wages is particularly favdaleain scenarios that involve
efficiency improvements in Electricity, Refining crOil. However, although in the
evolution of real rent of capital are also thesee¢hsectors that generate the largest
increase in real rents, is the Oil sector, whichvwaha comparatively higher increase.

This is the more labour intensive energy sector.
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Figure 6. Change in Real rent of capital (%)
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5.2. Microeconomic results

Results at the microeconomic level are presentéslystor the scenario in which all
energy inputs show a 5% improvement in its efficieffscenaricAll in the previous
section 5.1). Table 3 provides numerical resultablé 3a displays the percentage
change in some variables at sectoral level: confompf energy intermediate inputs
(Coal, Oil, Refining, Electricity and Gas); laboaind capital inputs employed; output;
final consumption, exports and imports; and rea&epfwith respect to the numeraire,
namely the CPI in this model). Table 3b shows #i@ound effect estimated through
equation (1).

First, we find different levels of rebound effect type of energy. Despite the
expansionary effect of the measure, there is actemtuin the quantity consumed of all
energy inputs except Refining (measured in physicals). The change ranks from
negative in Coal (-5.79%), Gas (-2.81%), Electyiqit1l.79%) and Oil (-0.09%), to
positive for Refining (4.89%). The increase in prodvity was fixed at 5%, so the
rebound effect does not arise in Coal, but it ssiigeGas (43.8%), Electricity (64.1%)
and Oil (98.2%), with a backfire effect in Refinir{@97.9%). In this later case, all
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potential savings from the efficiency improvemen¢ affset. Those results serve to
underscore the role of general equilibrium framéwadtopted in this paper.

Second, the nested structure in the intermedigtetsnof production functions
determines the changes in the use of differentggnémputs. Table 2 shows the
significant differences among sectors with respgectne magnitude of the impact of
energy efficiency improvement in final consumptiof energy, and ultimately, the
rebound effect. For example, change in the usenefgy inputs in any sector ranks
from -10.50% use of Electricity and Gas in Coal,tbe -7.6% use of Coal, OIl,
Electricity and Gas in Gas, to increases of 1.66%hé use of Refining in Refining and
Chemicals.

Third, the nested structure matters not only inngjtetive changes in use of
inputs, but also determines the changes in thetimx for each unity of output. The
changes in input-mix vary a lot among sectors.éxample, in Coal there is an unequal
fall in the use of energy inputs: decreases the ais€oal (-7.65%), Electricity (-
10.50%) and Gas (-3.80%). Other example of thigjuakchange is Chemicals, where
there are also increases in the use of some enemys: a fall in intermediate
consumption of Coal (-3.23%) and Gas (-0.47%) utr@rease in Refining (1.66%)
and Electricity (0.44%).

Fourth, the changes in the input-mix depend orsibe of the AEEI and do not
follow a proportional change. As example, paneld=igure 7 show a change in the
energy input-mix for three sectors (Electricity, tslleurgy and Refining) with a change
in AEEI ranging from 0% to 15%. There is quasi-ihdecrease in the use of all energy
inputs, with small quantitative differences amongputs in Electricity (panel A).
Metallurgy experiences a fall in some energy ind@sal, Electricity and Gas), and an
increase in Refining (panel B). Panel C shows Reftning combines inputs where the
negative or positive change depends on the AEEI €l and Gas), with other inputs
always increasing (Electricity and Gas) and othlemrélasing but changing the tendency
(Coal).

Fifth, final private consumption of energy decreaser all types of energy.
There is a decrease in the final use of Coal (9)7®Refining (-6.59%), Electricity (-
5.41%) and Gas (-5.39%). Given the increase ofrb#nergy productivity, the rebound
effect in final consumption only takes place in 0@4.3%).

Sixth, trade flows play a role. Imports are verjevant in energy sectors in

Spain (and also exports in Refining). Results stiwat changes in exports and imports
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are, in general, quantitatively relevant in thisreario. For this reason, in section 6 we
perform a sensitivity analysis on the energy fanesgctor assumptions.

Seventh, the labour employment does not growtHlisegtors. As explained in
section 5.1, employment grows 0.58%, but sectonainges are diverse. The most
employment creator is Refining (2.63%), as welCagmicals (1.28%) and Non-market
services (1.10%). But other sectors fall in empleym with relevant falls in Coal (-
5.78%), Electricity (-3.39%) and Gas (-2.91%). Téifect can be exacerbated with the
capital fixed-endowment assumption. The model alses the assumption of free
mobility of labour and capital across sectors, bot internationally. If capital use is
going to increase in a specific sector, it mustrel@se in other sector or sectors. This
restriction is less rigid to labour, given the ¢sme of unemployment and leisure. This
case is further discussed in section 6.

Eighth, with respect to changes in the output,alee largely determined by the
use of factors. Thus it is found that the evolutiminthe physical output is highly
correlated with the use of the productive factéisrthermore, in relation to these two
factors, in Figures 5 and 6 it is shown the retincrease in capital rent relative to
wages, and Table 2a confirms that this leads totadr decline (or smaller increase) in
use of capital relative to labour for each sector.

Finally, changes in real prices are measured veldt a CPIl. Therefore, there
will be a series of sectorial prices that are betbe price level of the index, while for
other sectors the change in prices is above thghtexl average. As expected, the last
column of Table 2a shows that sectorial prices el@danore for the energy sectors
(e.g., Refining (-5.20%), Electricity (-3.21%), G@8.17%)). This is due to the result of
declining demand for its products (derived from d#ficiency improvement in the use

of energy inputs for the remaining sectors).

6. Sensitivity analysis

This section develops the sensitivity analysis tloe six key points highlighted in
section 3 following the Allan et al. (2007) critigguTables 3 and 4 show the results for
macroeconomic variables and for the variable ougtigectoral level. The benchmark

scenario iAll and results are compared to it. The results are:

(1) and (2) On the treatment of energy in the patidn function and sensitivity of
results to the elasticities of substitution witresgy in production. We check not only
16



the production functions but also the welfare fiorct(which determines the final

demand functions). Here we present only a subséhefanalysis on elasticities and
functional forms (the full set can be required tdhars). Columns (a) to (d) show the
cases of including Leontief and Cobb-Douglas furdi(i.e., zero and one elasticities
of substitution, respectively), instead the nestdeS function already applied. The
results reveal, to a certain extent, the relevaridbe design of the functional forms in
the results.

(3) Capital closure (column e). We perform a s@rgjtanalysis changing the perfect
mobility across sectors assumption for the speé#fator assumption (i.e., immobility
across sectors). This scenario can be also interpes a short-run scenario. At macro
level, real gains for capital decrease, but imprmrdabour. Nevertheless changes with
respect to benchmark are tiny. At sectoral levaetpot changes less in energy sectors,

and in a similar amount for the rest.

(4) Treatment of the labour market: We performgaasitivity analysis on two different
assumptions on wage flexibility: less rigid wageslymn f) and more rigid wages
(column g). Welfare is sensitive to this assumptisith more welfare gains with wage
rigidity, giving the logical stronger positive imgtaon labour and on capital rents. At
sectoral level effects are also different, with arenpositive impact on output for the
same rigid-wages scenario. We also check diffelmrdls of substitutability between

labour and capital (columns h and i), and thereisa relevant sensibility of the results.

(5) The role of increased government revenue frooneased economic activity. We

apply a revenue neutral rule, so the role of tHaipsector in the model is isolated.

(6) The modelling of the AEEI. In previous sectibr2, the seventh point highlighted
this issue. The level of AEEI matters in a diffdrevay in accord with the sector
modelled and its production function. This is quiédevant conclusion not frequently

seen in the literature.
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Tables

Table 1.List of sectors

SECTOR

Industries CNAE-93

AGRICULTURE

Agriculture, Livestock and Fisheries ,02,03

COAL

Extraction of coal, lignite and peat 10

Extraction of crude petroleum and natural gas.

OlL Extraction of uranium and thorium 11,12

MINERAL Mining of metallic and nonmetallic 13,14
REEINING g/lne:jnﬁzacﬁgg?fgglcoke, refined petroleum products 23
ELECTRICITY Production and distribution of elecitic 401

GAS Production and distribution of gas 402-403
WATER Collection, purification and distribution afater 41

FOOD Food , Beverages and Tobacco 15,16
TEXTILE Textile, leather and footwear 17,18
CHEMISTRY Chemistry 24

RUBBER Rubber and plastics 25

CEMENT Manufacture of cement, lime and plaster 265

GLASS Manufacture of glass and glass products 261
CERAMIC Ceramic industries 262-264
OTHER NON- Manufacture of other non-metallic mineral 266-268
METALLIC P. products

METALLURGY Metallurgy 27
P.METALICOS Manufacture of metal products 28
MACHINERY Machinery and equipment 29-33
TRANSPORT MAT.  Transport material 34,35

PAPER Paper, printing and publishing 21,22
OTHER Other manufacturing 20,36,37
CONSTRUCTION Construction 45

TRADE Trade 50-52, 55.1-55.5
TRANSPORT Transport 60-63

MARKET Market services 64-67,70-74,
SERVICES 80p,85p,90p,91p,92p,93
ggg\}'}AC'AI‘ERSKET Non-market services 75,80p,85p,90p,91p,92p
PRIVATE

CONSUMPTION
FINAL

Private households 95
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Table 2: Nesting productions functions:

- Agriculture : Agriculture, Livestock and Fisheries.

{ Agriculture }

w [w

| Labour | Capital v R}EIE | Energy
Electricit
y COGR

Coal 0il Gas Ref}ignin

- Coal: Extraction of coal, lignite and peat.

iAIEC H Goal ’ RIEE |§ KLE

¢ LK | Energy

| LK y RI
Labour = Capital = Electricity = COGR

Labour Capital
Coal 0il Gas  Refining

- 0il: Extraction of crude petroleum and natural gas. Extraction of uranium and
thorium.

(o =) e

¢ LK | Energy

y RIEC LK

Labour  Capital Electricity = COGR
Labour Capital

Coal 0il Gas  Refining
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Refining: Manufacture of coke, refined petroleum productd auclear fuel.

[ 1 ]

iKLEEO ‘RIIEEOH 0il ’

| LK \ Energy EO

Labour Capital  Electricity CGR

Coal Gas Refining

Electricity : Production and distribution of electricity

iKLE H RII ’

. LK \ Energy
Capita  Electricit
Labour 1 y COGR
Gas COR
Coal oil Ref}ignin

Gas Production and distribution of gas.

Gas

‘ Energy EG H Gas ’

| ECOR LK

Electricit Coal 0il Refinin

Labour Capital
y g
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- All sectors except energy.

KLE RII

’ LK p Energy

Labour Capital Electricity COGR

Coal 0il Gas Refining
Note
AIEC_All inputs except coal RI_Rest of Inputs
CGR_Coal, Gas, Refining RII_Rest of Intermediate Inputs
COGR_Caoal, Oil, Gas, Refining RIIEE_Rest of Intermediate Inputs except Energy
ECOR_Electricity, Coal, Oil, Refining RIIEEO_Rest of Intermediate Inputs except
K_Capital Energy and Oll
KLEEO_Capital, Labour, Energy, except Oil RIIEO_Rest of Intermediate Inputs except Oil
L_Labour
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Nesting utility function

Total Leisure
consumption

Final

. Savings
consumption
Non-transport Transport
goods
No energy &
Energy transport
Electricity =~ Coal il Gas Refining =~ Good 1 Good 21
Present Savings
consumption
Final Leisure
consumption

Good 1 Good 2 Good 27



Table 3

Table 3a:5% productivity gains

COAL  OIL REFINING ELECTRICITY GAS LABOUR CAPITAL OUTPUT 'EF':-I'?:'-E
AGRIC 10 | -6,464 41,742 2,898  -3,802 -0,79 @ -0870 @ -0,503 = 0,189
COAL 10 | -7,647 -10,498  -10,498 -5783  -5842 = -5787  -0,418
olL 10 2330 | -5,092 5,092  -5092 -0,093 -0,155 & -0,092  -0,604
MINERAL 10 | -5,259 -0,477 1,810 | -2564  -0,168 = -0,231 = 0578  -0,834
REFINING 10 | -3,224  -0,350 1,662 0,583 -0,470 = 2,630 | 2225 4,894 | -5204
ELECTRICITY 10 | -5,887 -4,486 5141  -5210 -3387  -3,768 @ -1,793  -3,210
GAS 10 | -7,671  -7,671 7671 -7671  -2527 2912 2812  -3,173
WATER 10 0,823 -0,221 0,583 | 0,186 0,743 -0,098
FOOD 10 1,103 0651  -1,017 0152  -0,199 = 0337  -0,016
TEXTILE 10 0,652 1,206  -1,458 -0,426 = -0819 = -0,235  -0,201
CHEMICALS 10 | -3,226 1,659 0,440 0,472 1,282 | 0,883 2,569 | -1,199
RUBBER 10 0,391 1,162 -1,714  -0,368  -0,762 = 0,083  -0,526
CEMENT 10 0,244 0,832  -1,858 0,034  -0,361 = 0435  -0,481
GLASS 10 0,757 1,132 -1,355 -0,335  -0,728 = 0,069  -0,418
CERAMIC 10 1,199 -0,903  -0,923 -0,116 = -0510 @ 0,369  -0,424
OTHER NON-METAL
R ODLTS 10 0,537 -0,747 <1571 0072  -0323 = 0482  -0,490
METALLURGY | 10 | -4,217 0,618 1666  -1,492  -0,823  -1,215 = -0,211  -0,603
METAL
PRODUCTS 10 0,556 1,052 <1552 -0255 = -0,649 = -0,121 | -0,238
MACHINERY 10 | -4,520 0,300 1,483  -1,803  -0,692  -1,084 = -0,568  -0,275
TRA&'i.Fr’ORT 10 0,040 1,627 | -2057  -0,831  -1,222 = -0,662 -0,154
PAPER 10 1,227 -0,774  -0,895 0,046  -0,349 = 0,246  -0,160
OTHER 10 0,318 0921  -1,785 -0,132  -0526 = -0,013 | -0,137
CONSTRUCTION | 10 0,871 -0,174 0701 | 0171 0,543 | 0,144
TRADE 10 0,317 1,033 -1,787 0,812 | 0,282 0,696 = 0,180
TRANSPORT 10 | -5258 -5081 -0,476 1,607  -2563 0,349  -0,179 = 0824  -0,865
MARKET SERVICES | 10 | -4,636 -4,458 0,178 21,129  -1,923 0,676 | 0,278 0,518 | 0,320
NON-MARKET
SERVIGES 10 0,725 0,583  -1,387 1,103 | 0,703 1,161 0,152
PRIVATE
CONSUMPTION -3,786 -6,588 5,414  -5392
FINAL
EXPORTATION -6,404 0,597 | 13,741 5,334 4,049
IMPORTATION -5,609  -2,654  -5204 -9,365
TOTAL -5,787 0 692 4,894 -1,793 -2,812 0,581 0,000
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Table 3b: Rebound effect

REBOUND
COAL OIL REFINING ELECTRICITY GAS
AGRIC -29,272 65,162 42,037 23,954
COAL -52,940 -109,960 -109,960
OIL 53,409 -1,848 -1,848 -1,848
MINERAL -5,185 90,464 63,802 48,726
REFINING 35,526 92,993 133,231 111,660 90,596
ELECTRICITY -17,740 10,275 -2,816 -4,197
GAS -53,428 -53,428 -53,428 -53,428
WATER 116,460 95,582
FOOD 122,053 86,983 79,652
TEXTILE 113,043 75,870 70,831
CHEMICALS 35,483 133,185 108,803 90,551
RUBBER 107,823 76,764 65,720
CEMENT 104,882 83,358 62,841
GLASS 115,147 77,364 72,891
CERAMIC 123,985 81,933 81,543
OTHER NON-METAL
PRODUCTS 110,746 85,055 68,583
METALLURGY 15,659 112,361 66,688 70,163
METAL
PRODUCTS 111,127 78,963 68,955
MACHINERY 9,605 106,002 70,345 63,937
TRANSPORT 100,810 67,456 58,854
PAPER 124,547 84,518 82,094
OTHER 106,369 81,573 64,297
CONSTRUCTION 117,413 96,524
TRADE 106,332 79,343 64,261
TRANSPORT -5,169 -1,625 90,482 67,857 48,743
MARKET SERVICES 7,283 10,850 103,562 77,421 61,549
NON-MARKET
SERVICES 114,508 88,332 72,266
PRIVATE
CONSUMPTION 24,272 -31,755 -8,275 -7,848
FINAL
EXPORTATION -28,086 111,944 374,822 206,674 180,982
IMPORTATION -12,183 46,914 -4,089 -87,292
TOTAL -15,743 98,163 197,887 64,144 43,760
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Table 4: macroeconomic variables

Benchmark
Beta = 0.15
Beta = 15
KL/2
KL*2
K especifico
CD Produccion

Leontief
Producciéon

CD Welfare
Leontief Welfare

CET=0

Welfare

0,812
0,508
1,244
0,762
0,859
0,837
0,800

0,662

0,789
0,834

0,806

Employment

0,581
-0,034
1,459
0,448
0,707
0,641
0,504

0,210

0,646
0,512

0,576

Unemployment
rate

-6,017
-0,930
-13,282
-5,139
-6,853
-6,420

-5,575
-3,523

-5,520
-6,445

-5,970

Real wage

0,404
0,627
0,089
0,345
0,460
0,431
0,374

0,237

0,371
0,433

0,401

Capital real
rent

0,720
0,503
1,028
0,777
0,665
0,689
0,788

0,859

0,753
0,691

0,711
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Appendix

As a general rule, the notation in the model isodlsws: the endogenous variables are
denoted with capital letters, the exogenous vaegmbi capital letters with bar, while the

parameters are denoted by lower case and greekslefthere are 27 (i, j = 1,..., 27)

production sectors and 27 (k =1, ..., 27) consuyoeds.

The equilibrium of this economy is defined by atee®f prices and an allocation of

goods and factors that simultaneously solves theeeof equations:
« Zero profit conditions for all sectors.
 Equilibrium of goods and capital markets.

* Restrictions on disposable rent (which must bé&ched with the expenditure incurred
by all agents), unemployment and macroeconomic uokosof the model.

These equations are described below.

A. 1. Production

The base model has constant returns to scale, anié af competitive pricing. Since

the top nesting level is a Leontief function, teeaprofit condition for sector i is:
- o 27
PROFIT* =PX, (1-ii/' ~iva) - (RKF, +WLF) - c,PVA = ¢,PO, =0
j=1
(i=1,...,27) (A1)
in which, according to its nested structure, th& gost of composite added value

generated by sector i is a CES function:

1

PVA :ai(a (1+ socog +socow )™ W+ (1-a) T R (=1, 27)

(A2)

We assume that domestic producers maximize profitej choose the optimal
combination of domestic production and imports, dochestic sales and exports. This
leads to the following zero profit conditions:
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1
A

PROFITA = PA - (q"i’*Pxil‘“i"+(1—q)°i’*(fx|:c)l_°ﬁ)1‘°i =0(@(=1,..27) (A3)

1

PROFIT " = PA —%(d;ei PO ™ +(1-d)™ (PFXFC) )g T=0(=1,..,27) (Ad)
These conditions of zero profits are used to obthm demand functions derived
through the application of Shephard's Lemma of ftosttions.

Then we introduce the equations corresponding eoetjuilibrium in the markets. On

the left side are reflected the demands, and ornigheside the supplies:

xi(—%) =1, 6,j =1,...,27) (A5)
(aPROHTX\ —
ZX =Kpe +Ko (AB)
(aPROHTX\
ZX o ) =(-Q)a-v) (A7)
(_aPF;.%} =X i=1,...,27) (A8)
( OPROFITA) _ _
( OPROFIT™™) _ _
A L—TJ = OI (i =1,..., 27) (AlO)
A (—%} = EXP i=1,..,27) (A11)
X, +IMP =Q + EXP i=1,...,27) (A12)
|i+inij+c5:q i=1,..,27) (A13)

A. 2. Consumption

The functions of final demand for goods resulting the maximization problem of a

nested utility function, which represent the preferes of the representative consumer:

WF =(Q.) ™ Qu )™ (A14)
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subject to budgetary constraints:

Yoo =W(L-Q JL1-U)+ RK . + NTPS+ NTFS, (AL5)
27
Yee = PoQu, + 2 PB, (1+0iiT +ival™ JCFB® (A16)

k=1

in which the nesting of the utility function is deéd by:

1

Q.=(p" Q5 +a-by" Q" (A17)
Qy = f_ll (crare) (A18)

The transformation of productive goods into consug@ods follows a structure of

fixed coefficients:

CFB, :{5,...,%\ k=1,..., 27) (A19)

flk f27k

and consumer goods can be purchased by the retaserconsumer and the public

sector:

CFB, = CFBF® + CFB k=1,...,27) (A20)

The solution of the maximization problem gives #aving demand function, leisure
and final demand.

A. 3. Public sector

Public sector revenue is given by:

- - 21 21
Ysr = RKgp + > (SOCCE+SOCCW+OII, +IVA ) + > (Ol + IVA ) - NTPS+ NTFS,,

i=1 k=1

(A20)

in which tax revenues come from several sources:
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[ GPROFITX)

SOCCE, = Wsocce X, L_ W (i=1,..,27) (A21)

SOCCW, =Wsocew, X; (—%F'Tix} (i=1,..,27) (A22)

Oll, = PXoii" x{—MJ +PQl.0ii™ (i=1,...,27) (A23)
PX.

Oll, = PB,CFB0ii, " k=1,...,27) (A24)

IVA = PX.iva' x{—%} +PQliva™c (i=1,...,27) (A25)

IVA, = PBCFBivaS" k=1,...,27) (A26)

On the assumption of neutrality in the public sedtehavior, the macroeconomic

closure rules are:

BALPUB = SAVPUB - INVPUB (A27)
27 -
Y CFBY =Yg -~ SAVPUB (A28)

k=1

A. 4. Investment, savings and foreign sector

The macroeconomic closure of the model implies rothestrictions relating to

investment and savings in this open economy:

27
> PO, (1+0ii™ +iva™)1, = PINVINVTOTAL (A29)
i=1
27 27 .
D PEXEXR - Y PFXIMP + NTFS,. + NTFS,c =D (A30)
i=1 i=1
P.Q., + SAVPUB-PINV INVTOTAL=D FC (A31)
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A. 5. Factor markets

In conclusion, the equilibrium in the capital médrlereflected in equatio(A6) and the
equilibrium in the labor market (A7), but in the latter case there is an additional
equation which reflects the existence of unemplayand the relationship between
real wages and unemployment rate:

1
W _ (_1*_’)’5 (A36)
PC (1-U

27
> g,PB,

>.6.PB,
k=7
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Table Al: Endogenous variables

Symbol Definition

A Armington aggregate (total supply of goods) sector

CF, Final domestic consumption of goods produced btosec
CFBy Final domestic consumption of good k

CFB>* Final domestic consumption of good k

CFBkRC Private final domestic consumption of good k

EXR Exports of sector i

FC Conversion factor in local currency

l; Investment (gross capital formation) in goods puomtlby sector i
I Intermediate inputs of sector j used by sector i

IMP; Imports of goods from sector i

IPC Consumer Price Index

VA, IVA Collection of VAT

O Production of sector i sold in the domestic market

Oll; , Ol Collection of other indirect taxes

Psav Shadow price of savings

PA Unit cost of Armington aggregate of sector i

PB« Price of commodity k

PINV Unit cost of investment

PO Unit cost of production of sector i sold in the destic market
PROFITA Unitary profit for Ai (depending on origin)

PROFIT®"  Unitary profit for Ai (depending on destination)

PROFIT Unitary profit for Xi

PVA Unit costs of primary inputs used in sector i

PX Price of goods produced in sector i

Qc Demand for aggregate consumption

Qcq Consumer demand for aggregate goods

Q Leisure demand

Q. Savings demand

R Unit rent of capital

SOCCE Collection of social contributions paid by employar the sector i
SOCCcw Collection of social contributions paid by employex the sector i
u Unemployment rate

W Wage

WF Welfare

X Production of sectar

Yre Representative consumer disposable rent




Table A2: Exogenous variables and parameters

Symbol Definition

BALPUB Public sector balance

D External balance

TNVPUB Public sector investment

TNVTOTAL Total investment of the economy

Kre Capital endowment of the representative consumer
K_SP Capital endowment of public sector

L Labor endowment

NTPS Net transfers from public sector to representatmesumer
NTFS,. Net transfers from foreign sector to representativesumer
NTFSg Net transfers from foreign sector to public sector

P_BI Price of good k in the base year

PFEX Foreign prices

SAVPUB Public sector savings

U Unemployment rate in the base year

Y_SP Public sector revenue

&, b, ¢y, Gj, d;, &, fic

iva iva™,iv

socce
soccw

ai’ Zi

oii",0ii >, oii "

Parameters of participation

Value added taxes, ad valorem, in sector i, leviethtermediate inputs,
investment and final consumption, respectively

Other indirect taxes, ad valorem, in sector i, dévion intermediate
inputs, investment and final consumption, respetfiv

Social contributions, ad valorem, paid by employersector i

Social contributions, ad valorem, paid by employieesector i

Scale parameters

Elasticity of transformation in sector i

Armington elasticity of substitution in sector i

Elasticity of substitution between consumption &mslure

Elasticity of substitution between labor and cdpitasector i

Share parameters
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