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Abstract

Imposing emission ceilings with freely tradablerpis is an efficient way of meeting climate
change objectives in an undistorted world. Howethez efficiency of such a system is reduced
because of the many distortions that are pre-exysf these we focus on existing energy taxes
within EU-member states. These taxes differ widelyenergy carrier, by user and by member
state. Making use of the global general equilibrimmedel WorldScan, we assess the efficiency
gains associated with tax reforms that bring enéaggs more in line with the objective of
abating global warming. Moreover, the overall ééficcy of the EU system aiming at emissions
reduction is also assessed vis-a-vis a cap-and-ggstem that covers the complete economy.
Finally, we show the additional benefits of specfbrms of revenue recycling when permits

are auctioned over and above recycling in a lump-fashion.

Key words: cap-and-trade, energy taxation, tax harmonization, revenue recycling, double
dividend
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Introduction

Under the Kyoto Protocol, the European Union hamrodted itself to reduce its greenhouse
gas emissions over the period 2008-2012 by eigtriepée below 1990 levels. One of the major
tools that have been put in place to achieve thismitment is the EU Emissions Trading
Scheme (EU-ETS). This cap-and-trade system is itlyrin its first, 2005-2007, start-up

phase. It puts a cap on &@missions from large combustion installations veitbapacity
exceeding 20 MW. It covers power and heat prodagiiants, oil refineries, coke ovens, metal
ore and steel installations, cement kilns, glassa@mamics manufacturing, and paper, pulp and
board mills. Together these installations accoantgarly half of EU-25 fossil fuel CO
emissions. Accession to this scheme of other emitind other greenhouse gases is possible in
its second stage that coincides with the KyotoquePi008-2012. Emission permits are allocated
to firms by national governments (subject to appfdny the European Commission) and are
freely tradeable. Most of the permits have beemdfathered but the directive allows for
permit auctions as well, albeit subject to a maximaf ten percent in the second phase (EU,
2003). The EU-ETS establishes a uniform emissioitg ffor all installations that it covers
throughout the member states. Hence, emissionsrakat will be efficient and undertaken at
the lowest possible costs.

The aim of this paper is to analyse the interactioetween the EU-ETS and EU
energy taxation and to assess the importance sé tiiéeractions. Cap-and-trade systems and
taxation are intimately related. We distinguishethrelationships.

First, the cap would alternatively materializ&€i®, emissions would be taxed at
exactly the level of the permit price. Hence, ttam that a cap-and-trade system is cost-
effective presumes that energy use is not taxedlditional non-uniform ways. Energy taxes
are abundantly present, however, especially imiember states of EU-15, and widely varying
by energy carrier, by user and by member state.rélaive height of energy taxes bears no
relation whatsoever to G@missions. In general, coal (that is the leadmgter of CQ per
unit of energy burned) is hardly taxed while tram$guels are taxed most severely. Taxation of
energy inputs for consumption generally exceedatiax of energy use in production and bulk
users of energy tend to be taxed much more miltiy tsmall-scale users. Fuel excises in
transportation are high, but generally not appiredviation and overseas shipping. Hence, with
pre-existing energy taxes abounding and widelyrdive by carrier, user and member state the
cost-effectiveness of an additional cap-and-trgdéesn is not guaranteed.

Second, though the coverage of EU-ETS (large cstidn installations) may be
extended in its second phase, there is no doubtiteaap will continue to be imposed on only
part of the economy (henceforth: the regulatedossl:tAs by the EU Burden Sharing
Arrangement each member state has taken on a capabemissions, permit allocation to the
regulated sectors implicitly puts a complementagtjonal cap on emissions from the other
(hereinafter: nonregulated) sectors. Reductiomuigsions from these sectors is to be addressed
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by a large variety of policies at EU and natiomaddls: caps at the sectoral level, either absolute
(e.g. for Dutch horticulture) or relativee(g. under the Climate Change Levy system in the
United Kingdom), voluntary agreementsg with personal car manufacturers at EU-level to
reduce CQ@emissions), prescribed standaredg.(required minimal shares of biofuels in
transportation at the national level) or additiotzadation. Moreover, national governments may
purchase credits under the Clean Development MéstmafCDM) in non-Annex | countries or
Join Implementation (JI) projects outside EU-25cdwer excess emissions of the nonregulated
sectors. There is evidence that marginal emisgdnation costs in the regulated sectors are on
average below those of the nonregulated sectorsr{igeret al., 2005). In general, marginal
abatement costs of the regulated sectors undétWheide cap will differ from the marginal
costs incurred by the nonregulated sectors whédatter also will differ among member states
due to the Burden Sharing Arrangement. Compliainstscof the nonregulated sectors depend
directly on the amount of permits allocated torbgulated sectors. The tighter the cap will be
for the latter, the easier emission reduction blfor the former. The separation of emissions
reduction within EU-25 in many different compartrngethus raises questions concerning the
efficiency of the overall abatement effort (Egerdrat al., 2006). Over- or underallocation of
permits to the regulated sectors may have an irapbimnpact on marginal abatement costs in
the nonregulated sectors. The latter can be sursethhy the implicit tax on nonregulated
emissions that would be required to meet theiromati ceiling. As the emissions price of the
regulated sectors is equivalent to an emissionghéxprice can be used as a benchmark with
which the abatement costs of the nonregulated isecém be compared. That is, again
presuming that pre-existing taxes are absent.

The third connection between cap-and-trade aratitaxis rather more direct. When
emission permits are auctioned, the auction reseigh be recycled back into the economy.
Though the possibilities to do so are numerousettmomic literature suggests that using these
receipts to slash existing tax distortions improgesnomic welfare more than a lump-sum
transfer to the economic agents. According to teakndouble dividend hypothesis, revenue
recycling through cuts in distortionary taxes imye economic welfare relative to recycling
through lump-sum payments. The strong double dhdd®ypothesis suggests that substitution
of an environmental tax for a distortionary taxlwihprove economic welfare. Hence, the
introduction of an environmental tax would not oelyhance environmental quality but also
non-environmental welfare (double dividend). Ndtattthe weak hypothesis compares two
alternative policy simulations (each with a diffetevay of recycling revenues) with a common
baseline whereas the strong hypothesis comparesnagolicy change with the status quo
(Bovenberg, 1999). Though the weak double divideypbthesis is generally undisputed,
Babikeret al., 2003, give a counterexample. Their model simarfetisuggest that recycling EU
permit revenues back into the economy by reducorgenergy taxes on household
consumption decreases economic welfare relativewenue-recycling in a lump-sum fashion.

The reason for this outcome is that EU energy taxelsousehold consumption are high relative



to the non-energy taxes on consumption and becesremore distorting when the latter are
reduced. The assertion of the strong double diddgipothesis is seldomly confirmed in
empirical work. Yet, model simulations by Kouvakitaet al., 2005, show that economic
welfare may improve when EU permit revenues arel tiseeduce employer’s social security
contributions. Obviously, verification of the doeldividend hypotheses requires model
simulations in a particular empirical setting.

In this paper we use a dynamically recursive dglaipalied general equilibrium model,
WorldScan, as a tool to analyse and assess theismpBEU cap-and-trade and EU energy
taxation. This tool is well-suited for this purpdee several reasons. First, being an applied
general equilibrium it enables to assess the ingpafgpolicy changes on economic welfare.
Next, because the model has global coverage,lishilw the extent of carbon leakage when
the efforts made in emission reductions are ungveistributed over countries. The model is
calibrated to the 2001 baseyear data of GTAP-6 ébeman and McDougall, 2006). This
database covers national accounting data, fulljeoted by bilateral trade flows, for 87
(groups of) countries and 57 sectors. As WorldStnbe tuned to arbitrary reclassifications of
these data, its simulation outcomes can reflectigin@aetail at the country and sectoral levels to
be of interest to policy makers. One should beaniid however that the outcomes are of a
long term nature. In particular, adjustment co$tstuctural adjustment are not reflected:
sectoral employment adjusts instantaneously and doetemporally raise unemployment.

The paper is organised as follows. In section Driefly present the characteristics of
WorldScan, the baseline and EU energy taxationti®@e8 focuses on energy tax
harmonisation as an alternative to installing aaag-trade system for emissions reduction.
Section 4 assesses the overall efficiency of EUssions abatement and compares abatement
costs for the sectors regulated by the EU-ETS thighimplicit costs that have to be borne by
the nonregulated sectors to meet the remainingmaltcap imposed by the Burden Sharing
Agreement. Section 5 assesses the benefits ohatiee ways of revenue recycling when the
permits are auctioned. The final section concludes.



2.1

Characteristics of WorldScan, the baseline and EU
energy taxation

WorldScan

WorldScan is an applied general equilibrium modelthe world economy. The model was
developed in the nineties for long term scenarigettgpment and has thereafter often been used
for scenario studies, assessments of EU-accessjuects and analyses of climate-change and
trade policies. WorldScan is well suited to simalatenario developments on demography,
technology, energy and globalisation. The modekisis of several types of equations:
behavioural equations which describe the behawbfirms and consumers, identities and
accounting relations and is documented in Leghat., 2006. The model version used in this
paper is further extended over and above the qemmiin Lejouret al., 2006 in the following
way. In OECD-countries labour supply is made t@pogsl to deviations of the net real wage
from the base line with an elasticity of 0.25. Madue of this elasticitity is based on a meta-
analysis by Evers, de Mooij and van Vuuren, 2006dMling the response of labour supplyin
this way is admittedly rathexd hoc because labour supply is not explicitly derivedhirthe
maximization of househould utility containing leisias an argument. The extension has
nevertheless been added in order to give the asseftthe strong double dividend hypothesis
a more realistic chance to materialise.

General equilibrium models are based on microecondehaviour of all relevant
agents. Producers maximize profits and consumexinmize utility. Production technologies
relate output to inputs, so a potential increaghénoutput of a sector leads to extra demand for
inputs. This links output to input markets. Moregueade flows between countries, and in
particular two-way intra-industry trade, are exjtlicmodelled. The integration of national
goods and services markets and of capital markettes the possibility to analyse spillovers
between countries. Another advantage is that thegetmay distinguish many different sectors
in many countries simultaneously. Here, we facebthiendaries of analytical tractability and
computability though. Hence, the number of secami countries that can be distinguished
simultaneously has its limits.

The version of WorldScan used in this paper digtishes 9 goods and services
markets, a labour market, and a capital markee¢émh of the 21 countries and regions
distinguished (see Table 2.1). Five energy caraeedistinguished: coal, petroleum and coal
products, natural gas, commercial biomass and rables. Renewables are inclusive of nuclear
energy. Only the first three of these are contiiyto fossil fuel C@ emissions. Biomass and
renewables are assumed to be untradeable andnbeiroutput structure is derived from the
sectors ‘Agriculture’ and ‘Other services’ respeely.



Table 2.1 Overview of regions, sectors and production inputs in WorldScan

Regions

Germany

France

United Kingdom
Italy

Spain

Netherlands

Rest of EU-15

New member states
Other Europe
Turkey

United States
Canada

Australia

Other OECD
Former Soviet Union
China

India

Brazil

Other Latin America
Middle East and North Africa
Rest of World

Sectors

Agriculture

Minerals

Oil

Coal

Petroleum, coal products
Natural gas

Electricity

Energy intensive products
Chemical products
Consumer goods

Capital goods and durables
Transport

Other services

Inputs

Factors
Low-skilled labour
High-skilled labour
Capital
Fixed factor

Energy carriers:
Coal
Petroleum, coal products
Natural gas
Commercial biomass
Renewables

Other intermediates:
Agriculture
Minerals
Oil
Electricity
Energy intensive products
Chemical products
Consumer goods

Capital goods and durables
Transport
Other services

2.2

A disadvantage of applied general equilibrium medeglthat these models sometimes lack an
empirical underpinning. These models are calibratedhacroeconomic and input-output
data of a certain base year. The calibration detersra number of parameters in the model, but
the values of quite a few other parameters hawe ttaken from the literature. Not all of these
parameters are estimated well within the context AfSE model. Moreover, the models are
calibrated only at one point in time. WorldScai idynamic model and enables analyses of
policy variants over long time periods. Moreoveg have spent much time to underpin the
behavioural equations empirically. Examples of ¢heguations are those decribing consumer
behaviour, savings behaviour and internationalteapiobility. This remedies to some extent
the disadvantage mentioned above: WorldScan israralty better underpinned than many
other AGE models. Yet, not all parameters havenlestimated. Hence, the outcomes should
be interpreted with some care.

Finally, we do not carry out a complete welfaralggis. In the model consumer utility
depends on consumption, but not on leisure, enmisral quality or inequality. By
consequence, the simulation outcomes do not reprageade-off between higher consumption
and leisure or environmental quality, or betweditieincy and equity. These limitations of our
guantitative analysis have also to by borne in nvithen interpreting the simulation outcomes.

Baseline

In order to assess the impacts of policy measubesaline is needed that describes how the
economies would develop in the absence of suckipsliWe adopt the WEC/IIASA ‘Middle
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Course’ scenario B as our reference case (WEC,)1998 scenario is characterized by a
cautious approach to technological change and greergjlability as well as modest economic
growth. It does not include climate change policiesarbon taxation. We update the scenario
for observed GDP-growth over the period 2001-2004.

We briefly summarize the characteristics of tlisrsario. Table 2.2 shows the 2001
baseyear data for population, GDP, energy use angs®ns. It also gives the energy intensity
(the ratio of energy use and GDP) and emissiorsigity (the ratio of emissions and energy
use) relative to the values of these ratios indB&. Energy intensities are relatively high in
non-OECD countries and the new member states. iiEs®ns-intensity is relatively high in
the new member states because coal is still thérdamenergy input in these countries. In
contrast, the emissions-intensity in non-OECD coests rather low because of the large share

of biomass in total fuel use.

Table 2.2 Base-year data, 2001
Population GDP  Energy use? Emissions E-Intensity CO,-Intensity
(min) (bn $) (Mtoe) (GtCOy) (USA=100) (USA=100)
EU-25 453 9169 1670 3,73 87 94
Germany 83 2057 367 0,83 86 95
France 60 1463 183 0,39 60 89
United Kingdom 59 1584 259 0,54 78 89
Italy 57 1215 200 0,41 79 87
Spain 41 647 127 0,28 94 95
Other EU-15 79 1802 330 0,71 88 91
New Members 75 402 204 0,57 243 117
United States 288 11194 2335 5,52 100 100
Other OECD 317 6618 1065 2,58 77 102
Non-OECD 5008 7738 5228 10,92 324 88
World 6067 34719 10298 22,75 142 93

a) Sum total of coal, petroleum, natural gas, commercial biomass and renewables

The projected growth in the baseline of these muics, as shown in Table 2.3, indicates a
reduction of energy intensities in all countriesl @ecreasing emission intensities as well,

except in non-OECD.
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Table 2.3 Baseline characteristics, average annual growth, 2001-2020

Population GDP Energy use Emissions E-Intensity = CO,-Intensity
% % % % % %
EU-25 0,3 1,8 0,6 0,1 -1,1 -0,5
Germany 0,3 1,7 0,6 0,0 -1,2 -0,6
France 0,3 1,7 0,3 -0,4 -1,4 -0,7
United Kingdom 0,3 1,7 1,0 0,5 -0,8 -0,5
Italy 0,3 1,7 0,7 0,1 -1,1 -0,6
Spain 0,3 1,7 0,2 -0,5 -1,6 -0,7
Other EU-15 0,3 1,7 0,6 0,0 -1,1 -0,6
New Members 0,3 2,6 0,8 0,6 -1,8 -0,2
United States 0,6 1,9 0,8 0,7 -1,2 -0,0
Other OECD 0,8 1,5 0,5 0,0 -1,0 -0,6
Non-OECD 1,4 3,5 2,2 2,2 -1,3 0,1
World 1,3 2,2 1,5 1,4 -0,7 -0,1
2.3 EU energy taxation

Different fuels are taxed at very different ratethim almost all European countries, and the
same fuel is taxed at very different rates from ooentry to another. This raises the question
why energy is taxed at all. Several justificatidoisenergy excise taxes have been advanced
(Newberry, 2005): as an optimal import tariff, wherach trading bloc has considerable market
power, as a carbon tax or equivalent permit cheogeflect global warming, as a second-best
method of charging vehicles for road use and awi@ctive device to address failures
elsewhere in the tax system (primarily failures ttuencome tax evasion). Newberry
concludes that in most cases the taxes predatmaméntal concerns, are not related in any
systematic way to environmental damage, and doneet minimal criteria for so doing. Coal is
almost invariably the most environmentally damadung), but it is usually the least heavily
taxed. If road fuel taxes can to a considerablerétte justified as road user charges, there is
little evidence that road taxes are set on thestfstharging the long-run marginal cost of
expanding roads. In addition, income distributiosadl competitiveness concerns also play a
role in energy taxation (OECD, 2003, and OECD, 3006the United Kingdom, for example,
consumers are exempt from the Climate Change Ladyeceive sizable VAT rebates on
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household use of coal, natural gas and electricityAppendix, Table A.1), while in many
countries bulk users of energy are taxed at lowgzsrthan small-scale users (see OECD, 2003,
for examples).

Table 2.4 Energy taxes, expressed in euro per ton CO,, by primary energy carrier and user, excluding
normal VAT for consumers, 2001
Producers: Consumers:

Coal Petroleum Natural gas Coal Petroleum Gas
EU-25 0 79 7 0 213 12
Germany 80 10 0 295 10
France 76 8 0 195 -1
United Kingdom 3 144 3 -2 304 -6
Italy 86 9 0 197 47
Spain 49 7 0 121 0
Other EU-15 72 7 0 165 11
New Members 32 3 0 181 0
United States 19 3 0 14 0
Other OECD 1 42 4 0 113 0
Non-OECD 1 13 3 0 27 1
World 1 31 3 0 62 4

Source: WorldScan

Because energy tax rates in the GTAP-6 databaswaadways accurate, we updated them
with rates obtained from IEA, 2006 and scaled thie@mes for total fuel excises to the tax
revenues reported by OECD, 2006. The rates ad@ptediven in the appendix (Table A.1 and
Table A.2). Van Leeuwen, 2006, documents the rofésumb used in the upgrading process
and compares the rates adopted with the rates 8fR&3. It should be noted that the rates
adopted do not reflect firm-level tax-rebates axeneptions (as, for example, applied on
deliveries to bulk users).

In order to facilitate a comparison with emisspeTmit prices we express existing
energy taxes on a euro per ton{fasis by dividing tax revenue by emissions (T&b#g. The
differences in implicit emission taxes in this ektem from two sources: differences in tax
rates adopted on primary energy use and differeimcee emission intensity of this use. Note
that a normal VAT is deducted for consumers. Hehoeseholds may receive a subsidy on the
use of coal (as in the United Kingdom) and natgea (United Kingdom and France). The table
shows that petroleum is predominantly taxed antldbasumers are almost everywhere — the
USA being an exception taxed more severely than producers. Comparecetongmber states
of EU-15 producers are relatively mildly taxed Irethew member states.
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Energy taxation expressed as carbon taxationdiffess by sectoral destination. This
is shown in Table 2.5. Taxes in the transport seat® much higher than in the other sectors
and primary energy carriers used by the electrisitgtor tend to be taxed relatively mildly.

Table 2.5 Energy taxes on total primary energy usage, expressed in euro per ton CO,, by sector, 2001
Consu-
mer and
Agricul- Minerals Electri- Energy Chemical capital Trans- Other All
ture and fuels city intensive products goods port services  sectors
EU-25 19 2 2 13 22 14 155 15 37
Germany 17 1 1 10 16 13 196 15 34
France 20 1 3 14 18 11 132 15 51
United Kingdom 32 5 3 20 27 19 274 19 60
Italy 30 1 9 21 25 20 145 30 55
Spain 9 1 2 8 9 8 94 9 29
Other EU-15 24 3 4 17 39 18 126 19 36
New Members 7 0 1 5 6 3 76 5 8
United States 3 2 1 2 3 2 28 3 6
Other OECD 16 2 3 7 9 9 103 8 19
Non-OECD 4 2 2 2 4 3 25 3 5
World 9 2 1 5 8 6 60 6 12

Source: WorldScan

Aggregating the carbon tax equivalents of exiséngrgy taxes over destinations yields total
taxes by primary energy carrier as shown in Talée 2

Table 2.6 Energy taxes, expressed in euro per ton CO,, on total usage by primary carrier, on electricity by
user and in total, excluding normal VAT for consumers, 2001

Total primary Electricity Grand total
Coal Petroleum Natural gas Total  Producers Consumers
EU-25 0 111 9 54 11 2 58
Germany 0 130 10 59 0 0 59
France 0 114 5 78 0 40 80
United Kingdom 2 176 -1 69 9 -9 69
Italy 0 114 29 75 69 15 90
Spain 0 66 6 42 13 4 46
Other EU-15 0 93 8 50 23 10 58
New Members 0 52 2 13 1 0 14
United States 0 17 2 8 4 0 9
Other OECD 1 59 3 30 22 2 37
Non-OECD 1 16 2 6 6 0 9
World 0 40 4 17 7 1 20

Source: WorldScan

The table also shows the implit carbon tax assediatith taxes on electricity. Again, electricity
usage is taxed rather differently at different kimas. Household electricity usage in the United
Kingdom is subsidized when a normal VAT is dedugctelile the relatively high tax on French
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electricity consumption is due to the relativelgthishare of nuclear power generation in
France. Adding electricity taxes to primary enetgyation yields the * Grand total’ column,
which shows the sum total of energy tax receiptprmary carriers and electricity divided by
total CQ emissions. The table suggests that energy taxatioverted to implicit carbon taxes
is most severe in France and Italy, both for priraarriers and when electricity is included.
Within EU-25 energy taxation is lowest in the ne@mber states.

Figure 2.1 Energy tax receipts as percentage of GDP, 2001

3,50 ~

3,00 +

2,50

2,00 4
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1,50 - o Elgctr. prod.
B Primary cons.
O Primary prod.
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Kingdom

-0,50 -

It should be noted that our representation of @dsenergy taxes as carbon taxes is not meant
as a criticism of the structure of existing taxati@he conversion simply demonstrates that
whatever the motives for these taxeghey certainly are not geared to reduce carbon
emissions. Energy taxation, being dominated byspart fuel taxation, may well function as a
stable source of tax revenue. As a percentage &f @B revenue raised is approximately in the
2-2.5% range (Figure 2.1). This is also the cas¢hi® new member states.
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Cap-and-trade or energy tax harmonization or both?

In the previous section we showed that existinggntaxes, expressed as carbon tax
equivalents, are quite high in the EU. On averagdmplicit carbon tax for EU-25 amounts to
54 euro/tCQ for primary energy carriers and this amount wdoddraised to 58 euro/tGQ
electricity taxes were included as well. This raiiee question how tax harmonisation in terms
of carbon taxation would fare as a device to cu@ €missions.

As a background to the analysis of energy tax baination we put a cap-and-trade
scenario in place, named ET@E, with the following characteristics

the caps refer to all Gmissions and require all agents to hold perngjgsrast emissions

for the period 2008-2012

» all Annex-I parties impose their Kyoto ceilingscept for Australia and the USA

» the ceilings for individual member states of EU&2B determined by the Burden Sharing
Agreement; permits are auctioned up to a maximud0é6; the revenues are recycled
lump-sum to households

» permits are freely tradeable within EU-25; all atB&nex-1 countries follow a stand-alone
system without permit trade; no use is made of CayMI

for the period 2013-2017

« all Annex-l parties, except EU-25 but including Anatia and the USA, put their cap equal
to 99% of 2012 emissions in 2013 and decreaseagh@cnually by 1%

» EU-25 takes another Kyoto-step and engages to eeglmissions with another 8% of 1990
emissions; separate ceilings for member stateatzent; permit allocation to member
states is in proportion to emissions of the pretgdiear; all permits are auctioned on a
yearly basis; the revenues are recycled lump-sunotseholds

» permits are freely tradeable within EU-25 only anduse is made of CDM or JI

for the period 2018-2020

» all Annex-l parties put their cap equal to 2017 &sitins

* permits are freely tradeable within EU-25 only anduse is made of CDM or JI

One may question the realism of the assumptiotisntEd permit tradeability and the non-
usage of CDM and JI. These assumptions were mditieideely to enable an analysis of
internal market options in a stand-alone way. Tingpses of the scenario are twofold: to
provide a wider international setting within whidhtailed rearrangements within EU-25 are
analysed and to provide a background for the assadsof these rearrangements themselves.
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Table 3.1

Simulation outcomes for ETSFuLL, 2010 and 2020

Emission targets ~ Emissions in % Relative
in % difference difference from Permit price in Energy tax in equivalent
from baseline baseline euro/tCO; euro/CO; variation

2010 2020 2010 2020 2010 2020 2010 2020 2010 2020

EU-25 -5 -14 -5 -14 5 19 49 41 -0.1 -0.3
Germany -5 -12 -4 -12 54 44 -0.1 -0.3
France -3 -9 -3 -11 71 60 -0.1 -0.2
United Kingdom -6 -16 -5 15 59 45 0.1 0.2
Italy -3 -10 -3 10 68 57 0.1 0.3
Spain -5 -10 -4 13 39 34 0.1 0.2
Other EU-15 -4 -12 -4 12 45 36 0.1 0.3
New Members -4 -24 -9 23 13 14 0.2 0.6

United States 0 -10 0 -10 9 6 5 0.0 -0.1

Other OECD -12 -18 -12 -18 18 34 30 25 -0.5 -0.7

Non-OECD 0 1 6 6 -0.0 0.0

World -2 -5 14 11 0.1 0.2

Source: WorldScan

The outcomes of this cap-and-trade system thatlike the EU-ETS- covers the complete
economy, are shown in Table 3.1. The first two oois (with digits) show the emission targets
or permit allocations in percentage differencesftmaseline emissions. In 2010 the overall
target for EU-25 is rather modest because of apssxof permits over baseline developments in
the new member states. For the period 2008-20rReathber states are targeted according to
the Burden Sharing Agreement, thereafter perniicaliions are in proportion to last year’'s
emissions. This change in allocation restricts siiss in the new member states rather
severely because these countries are growingvelatiast in the baseline. The next two
columns show emissions in percentage differenaea the baseline. Member states which
reduce their emissions more than their initial péatiocation, export part of their permits to
other member states. In 2010 all member statesJefEimport permits from the new member
states. In contrast, in 2020 the new member states become the largest permit importer, due
to the regime switch in permit allocation. The @nitkingdom also imports permits in 2020. In
colums 5 and 6 the permit prices are shown. In BURES price rises from 5 euro/tG@ 2010

to 19 euro/tCQ@in 2020. The USA does not participate in 2010 @reetts a permit price of 9
euro/tCQ in 2020. The highest prices are realised in ‘OECD’ (especially in Japan and
Canada), ranging from 18 euro/tgid 2010 to 34 euro/tC£n 2020. Columns 7 and 8 remind
us of the implicit carbon taxation via existing emetaxes. They show the level of total energy
taxation of primary carriers, expressed in euroAQe. the ‘Total primary, Total’ column of
Table 2.6). The last two columns show the impante@nomic welfare in terms of relative
equivalent variation. This indicator representsc¢hange in income against baseline prices that
would make consumers just as well of in the basadisithey are in the policy simulation case,
expressed as a percentage of baseline consumerditxwe. Unsurprisingly, relative welfare
losses tend to increase with the abatement effaltaae relatively high in ‘Other OECD’ and,

in 2020, the new member states.
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With this cap-and-trade system in place we lookldtenergy taxation and investigate
what difference it would make if existing taxespimary energy carriers would be
harmonized in alternative ways to yield a more omif tax on CQ@ emissionsalways
maintaining energy tax revenues at baseline levels as a percentage of GPD. Energy taxation is
- to a large extent at the jurisdiction of the member states. Assuntinag the revenue raised
by energy taxation is important to national goveents, we keep tax revenue at baseline levels.
Then, at the national level two natural alternatipeesent themselves: a separate harmonization
of producer and consumer taxes, implying two separarbon taxes for producers and
consumers next to the ETQIE permit price, or a complete harmonization of egdexes,
implying a single carbon tax next to the permitpriAs we assumed that the EU Burden
Sharing Agreement is discontinued in the post-2&B2 we can go one step further in the post-
2012 period and also assess the impacts of EU-aidharmonization scenario’s.

Hence, within the ETSK.L setting the impacts of four alternative tax harimation scenarios

are assessed:

SEPBC: a countrywiseonversion of existing primary energy taxes to daum carbon tax,
separately for producers and consumers, for thieg&008-2020

SEPEU: a countrywiseonversion of primary existing energy taxes to #iarm carbon tax,
separately for producers and consumers, for thieg@008-2012, followed by an EU-wide
harmonization of existing primary energy taxes tméorm carbon tax, separately for
producers and consumers, for the period 2013-2020

ALLBC: a countrywiseeonversion of existing primary energy taxes to dasm carbon tax, for
producers and consumers alike, for the period

ALLEU: a countrywiseconversion of existing primary energy taxes to dasm carbon tax, for
producers and consumers alike, for the period 2082, followed by complete EU-wide
harmonization, for the period 2013-2020

The outcomes of the tax harmonization scenariastithte the power that is embodied in merely
rearranging existing energy taxes without givingemgrgy tax revenue. Three general
conclusions emerge. First, conversion of existingrgy taxes to more uniform emission taxes
would outperform the cap-and-trade system for #vet decade in terms of emissions reduction.
Second, the conversion would also, in general,etdpm the cap-and-trade system in terms of
welfare loss. Finally, the conversion would strgndiscourage the use of coal and natural gas
and promote the use of petroleum, relative to twebne.

The results are presented in more detail in Tal#ef8r EU-15, the new member states and
EU-25. For each of these regions the table shovisstans and emission targets in
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Table 3.2 Simulation outcomes for ETSFULL and tax harmonization alternatives, EU-15, new member
states and EU-25, 2010 and 2020

ETSFuLL SEPBC SEPEU ALLBC ALLEU

2010 2020 2010 2020 2020 2010 2020 2020
EU-15
Emissions (% diff.) -4 -12 -11 -14 -11 -10 -14 -10
Emission targets (% diff.) -5 -12 -5 -12 -12 -5 -12 -12
Relative equivalent variation -0.1 -0.2 0.0 -0.1 0.0 0.4 0.1 0.2
Labour supply (% diff.) -0.0 -0.1 -0.0 -0.1 -0.0 0.0 -0.0 0.0
Energy tax prod. (euro/tCO,) 39 32 41 32 28 59 47 42
Energy tax cons. (euro/tCO,) 112 89 140 113 109 61 50 42
Energy tax tot.  (euro/tCOy) 55 45 61 48 44 60 48 42
Emissions price (euro/tCO,) 5 19 3 0 5 2
Coal use (% diff.) -9 -23 -34 -32 -29 -40 -38 -36
Gas use (% diff.) -3 -12 -28 27 25 -23 -23 -20
Oil use (% diff.) -2 -5 11 11 15 14 13 17
Fuel use (% diff.) -3 -12 -11 -15 -12 -9 -13 -10
New member states
Emissions (% diff.) -9 -23 -8 -13 -28 -8 -15 -32
Emission targets (% diff.) -4 -24 -4 -24 -24 -4 -24 -24
Relative equivalent variation -0.2 -0.6 0.1 -0.1 -0.7 0.6 0.0 -0.8
Labour supply (% diff.) -0.2 -0.4 0.0 -0.1 -0.5 0.1 -0.1 -0.7
Energy tax prod. (euro/tCO,) 8 8 8 7 28 13 13 42
Energy tax cons. (euro/tCO,) 56 57 78 71 109 13 13 42
Energy tax tot. (euro/tCO,) 13 14 14 13 35 13 13 42
Emissions price (euro/tCO,) 5 19 3 0 5 2
Coal use (% diff.) -13 -31 -17 -22 -39 -22 -29 -47
Gas use (% diff.) -3 -12 -12 -15 -24 -5 -10 -24
Oil use (% diff.) -3 -10 15 12 -1 21 15 2
Fuel use (% diff.) -8 -21 -7 -12 -26 -6 -13 -29
EU-25
Emissions (% diff.) -5 -14 -11 -14 -14 -10 -14 -14
Emission targets (% diff.) -5 -14 -5 -14 -14 -5 -14 -14
Relative equivalent variation -0.1 -0.3 0.0 -0.1 -0.0 0.4 0.1 0.1
Labour supply (% diff.) -0.1 -0.2 -0.0 -0.1 -0.1 0.0 -0.1 -0.1
Energy tax prod. (euro/tCO,) 34 28 35 28 28 51 41 42
Energy tax cons. (euro/tCO,) 108 87 135 109 109 57 46 42
Energy tax tot. (euro/tCO,) 49 41 53 42 42 52 42 42
Emissions price (euro/tCO,) 5 19 3 0 5 2
Coal use (% diff.) -10 -25 -29 -29 -32 -35 -35 -39
Gas use (% diff.) -3 -12 -26 -26 -25 -21 -22 -20
Oil use (% diff.) 2 -6 11 11 13 15 13 14
Fuel use (% diff.) -4 -13 -11 -14 -14 -9 -13 -13

Source: WorldScan

percentage deviations from the baseline, relatiuévalent variation, labour supply in
percentage deviation from the baseline, the avezagegy tax on primary carriers in euro/tCO
in production, consumption and in total, the pemnice (if any), and the use of energy
carriers, separately and in total, in percentagaatiens from the baseline. Looking at emission
reductions the tax harmonization policies genemalltperform the cap-and-trade system
ETSFULL. The cap does not bite before 2015 (in BC, uniform tax countrywise) and when is
does bite the emissions price remains quite love ddp not only becomes restrictive at a later
date, but also at lower total costs. Looking atfarel and labour supply, tax harmonization also
turns out to be more attractive than cap-and-traitie.declines in welfare and labour supply
are always lower than in ET8SEL., with the exception of the EU-wide tax harmoniaati
scenarios, which hurt the new member states marettie cap-and-trade system would do. At
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the level of EU-25 conversion of energy taxes single carbon tax would even yield welfare
gains, whether or not the tax is applied at merskse level (ALBC) or EU-wide (ALEU).

As these scenarios can be interpreted as replagisting taxes for an environmental tax, this
outcome does confirm the assertion of the strongliodividend hypothesis. Total carbon
taxation (the sum of the emissions price and tted &mergy tax) in the cap-and-trade system
generally exceeds taxation in the tax harmonizatimnarios, taxation in the new member
states under EU-wide harmonization being the netakteption. As harmonisation would
increase taxes on coal and natural gas and dedreatsx on oil, the use of coal and natural gas
is discouraged while the use of petroleum is festeCoal use is most vulnerable when a single
tax is established (ABC), and especially if this single tax applies Eudlev(ALLEU).

Though tax harmonization thus seems to be a satiaghative to cap-and-trade, the
political viability of a tax harmonisation strategyay not be large. The distributional impacts
on welfare in the new member states and on employimehe coal industry (but not on
consumers in the United Kingdom: they always gaiay be politically sensitive, tax
harmonization is a difficult process (at the memdtate level, and even more so at the EU-
level) and the fostered use of petroleum seemddg with energy conservation and energy
security concerns. Hence, the main lesson thatiresnfieom this section is, that existing energy
taxes are quite distortive, and, by the same tolearranging them may provide potentially
very powerful instruments within the context ofnghite change policies.
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4 EU-ETS and overall abatement efficiency

As the EU-ETS covers only part of the economy, ofitdicy measures must ensure that the
nonregulated sector reduces emissions as well. ithdeBurden Sharing Agreement the

Table 4.1 ETSFuLL and EU-ETS with varying allocations to regulated sectors, 2010 and 2020

ETSFuLL ETSDIR ETSDIR- ETSDIR+
EU-15 2010 2020 2010 2020 2010 2020 2010 2020
Emissions (% diff.) -4 -12 -5 -12 -5 -12 -5 -12
Relative equivalent variation -0.1 -0.2 -0.1 -0.2 -0.1 -0.2 -0.2 -0.2
Labour supply (% diff.) 0.0 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
Emis. price reg. (euro/tCO,) 5 19 5 21 11 31 14
E. price nonreg.(euro/tCOy,) 8 14 3 8 15 22
Emis. price av. (euro/tCO,) 5 19 7 18 7 19 8 18
Total tax reg. (euro/tCO2) 6 20 6 23 13 33 2 16
Tot. tax nonreg. (euro/tC0O2) - - 111 100 103 91 119 110
Total tax av. (euro/tCO2) 61 64 62 63 63 64 63 63
Coal use (% diff.) -9 -23 -9 -23 -13 -26 -5 -20
Gas use (% diff.) -3 -12 -5 -11 -3 -10 -7 -13
Oil use (% diff.) -2 -5 -2 -4 -2 -4 -3 -5
Fuel use (% diff.) -3 -12 -4 -11 -4 -11 -5 -12
New member states
Emissions (% diff.) -9 -23 -4 -24 -9 -24 -4 -24
Relative equivalent variation -0.2 -0.6 -0.1 -0.7 -0.2 -0.7 -0.1 -0.8
Labour supply (% diff.) -0.2 -0.4 -0.1 -0.5 -0.2 -0.5 -0.1 -0.5
Emis. price reg. (euro/tCO,) 5 19 5 21 11 31 14
E. price nonreg.(euro/tCOy) 21 10 6 40
Emis. price av. (euro/tCO,) 5 19 3 21 6 23 2 22
Total tax reg. (euro/tCO2) 6 19 5 22 12 31 0 14
Tot. tax nonreg. (euro/tCO2) - - 32 61 32 46 41 85
Total tax av. (euro/tCO2) 19 32 16 35 20 37 15 35
Coal use (% diff.) -13 -31 -7 -33 -15 -35 -4 -31
Gas use (% diff.) -3 -12 0 -14 -1 -11 -3 -18
Oil use (% diff.) -3 -10 -1 -11 2 -9 -2 -14
Fuel use (% diff.) -8 21 -4 -22 -8 22 -3 23
EU-25
Emissions (% diff.) -5 -14 -5 -14 -6 -14 -5 -14
Relative equivalent variation -0.1 -0.3 -0.1 -0.2 -0.1 -0.2 -0.2 -0.3
Labour supply (% diff.) -0.1 -0.2 -0.1 -0.2 -0.1 -0.2 -0.1 -0.2
Emis. price reg. (euro/tCO,) 5 19 5 21 11 31 14
E. price nonreg.(euro/tCOy,) 7 15 3 9 14 24
Emis. price av. (euro/tCO,) 5 19 6 18 7 19 7 18
Total tax reg. (euro/tCO2) 6 20 6 23 13 32 1 15
Tot. tax nonreg. (euro/tC0O2) - - 101 96 95 86 111 108
Total tax av. (euro/tCO2) 54 59 55 59 57 60 55 59
Coal use (% diff.) -10 -25 -9 -26 -13 -29 -5 -23
Gas use (% diff.) -3 -12 -5 -12 -3 -10 -6 -14
Oil use (% diff.) -2 -6 -2 -5 -2 -4 -3 -6
Fuel use (% diff.) -4 -13 -4 -13 -5 -13 -5 -13

Source: WorldScan

nonregulated sectors are implicitly capped at #t@onal level. Without such an agreement they
still are capped at the EU-level. We necessarilyetta implement the EU-ETS in a rather
coarse way, as a sectoral classification of plant®rding to the size of their combustion
installations is not available. Thus, we assumetti@following sectors are covered by the EU-
ETS: electricity, energy intensive products, cheahfiroducts and capital goods and durables.
Taken together, these sectors emit somewhat lagshidf of EU-25 fossil C@emissions.
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Households and the remaining production sectoinigeio the nonregulated sector. Given the
cap on the regulated sector and the overall cd@gmtiiom ETSBLL the impact that the various
policy measures should have on the nonregulatddrsesn be measured. We represent this
impact with a separate carbon tax for the nonreagdlaector.

First, we address the question of the overaltificy of the EU system, by comparing
it with the outcomes of ETSL. We also assess the impacts of over- and undeaditms of
permits to the regulated sector. For the BiRSscenario permits are allocated to the regulated
sector in the member states as follows. We takedlienal ceiling from ETSFLL and reduce
this ceiling by multiplying it by the baseline shaf the regulated emissions in total emissions.
Underallocation (ETSIR-) is represented by reducing the ceilings thuiwedrat by 5%.
Conversely, overallocation (ED®&+) is represented by increasing the caps by 5%ed¢sly
in the case of overallocation, the situation mageathat the ceiling for the regulated sector is
not binding. In that case the permit slack is adweithe cap of the nonregulated sector,
provided that the permit price is zero and thelslagiot needed as a permit export to other
member states. Conversely, in the case of undesdltm it may occur that the ceiling for the
nonregulated sector is not binding. In that casesthck is left idle.

Detailed results are given in Table 4.1. Thisaadflows emissions, relative equivalent
variation, labour supply in percentage deviatiamirthe baseline, the permit price of the
regulated sector, the carbon tax of the nonregiilséetor and the average of these in
euro/tCQ. To these we add existing energy taxes, thusiagiat total taxes for the regulated
and the nonregulated sector and the average of thes The final entries of Table 4.1
represent the use of energy carriers, separatelyratotal, in percentage deviations from the
baseline.

The general conclusion that can be drawn fromdhée, is that given existing energy
taxes — the EU system has an efficiency that is more g8 tomparable with a complete cap-
and-trade system, covering all sectors simultanigdas in ETSkELL). Moreover, though
under- or overallocation of permits to the reguiasector decreases efficiency somewhat, the
differences are relatively minor. Though the carkexes for both sectors will generally differ,
the differences are small in comparison to theedififice in existing taxes. These are
predominantly present in the nonregulated sectoteims of economic welfare ED®
performs slightly worse than ETS8EL in 2010 and slightly better in 2020 at the levieEt-15.
The converse is true for the new member stateghfbfi better in 2010, slightly worse in 2020).
As the differences are very small and EU-15 isdbminating economy, EU-25 shows the
same picture as EU-15. Under- and overallocatiopeomits to the regulated sector has
noticeable impacts on relative differences in cartaxation between the two sectors. In the
case of overallocation this tax would amount atlével of EU-25 to 14 euro/tCQor the
regulated sector in 2020 and to 24 euroA@Dthe nonregulated sector. Here it is worth
mentioning that in this case it takes until 201fobza positive permit price emerges.
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Conversely, in the case of underallocation, thenitgarice would rise to 31 euro while the
nonregulated sector would face a carbon tax ofr6.ddiere we note that in this case in 2010
emissions reduction is larger than needed at tred & EU-25 due to a slack of the new
member states and ‘ Rest of EU-15’ in the nonretigdlaector. These slacks cannot be used
elsewhere in EU-25. Under- or overallocation ofrpis is always costly, but the welfare losses
are generally rather small. The largest negativeaicts on economic welfare would occur in
2020 in the new member states when permits would baen overallocated, enforcing a rather
drastic increase of taxation of the nonregulatedioseén these countries.

Table 4.2 ETSFuLL and EU-ETS with and without extension of sectors and harmonized treatment of
nonregulated sectors, 2010 and 2020

ETSFuLL ETSDIR ETSDIRU ETSEXT ETSEXTU
EU-15 2010 2020 2010 2020 2020 2010 2020 2020
Emissions (% diff.) -4 -12 -5 -12 -12 -5 -12 -12
Relative equivalent variation -0.1 -0.2 -0.1 -0.2 -0.2 -0.2 -0.2 -0.2
Labour supply (% diff.) -0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Emis. price reg. (euro/tCO,) 5 19 5 21 21 4 19 18
E. price nonreg.(euro/tCOy,) - - 8 14 16 14 16 20
Emis. price av. (euro/tCO,) 5 19 7 18 19 8 18 19
Total tax reg. (euro/tCO2) 6 20 6 23 23 14 27 27
Tot. tax nonreg. (euro/tCO2) - - 111 100 102 144 124 128
Total tax av. (euro/tCO2) 61 64 62 63 64 63 63 64
Coal use (% diff.) -9 -23 -9 -23 -24 -8 -22 -23
Gas use (% diff.) -3 -12 5 -11 -11 -6 -12 -12
Oil use (% diff.) -2 -5 2 -4 -5 2 -4 -5
Fuel use (% diff.) -3 -12 -4 -11 -11 -5 -11 -12
New member states
Emissions (% diff.) -9 -23 -4 -24 -23 -6 -24 -22
Relative equivalent variation -0.2 -0.6 -0.1 -0.7 -0.6 -0.1 -0.8 -0.6
Labour supply (% diff.) -0.2 -0.4 0.1 0.5 0.4 0.1 -0.5 -0.4
Emis. price reg. (euro/tCO,) 5 19 5 21 21 4 19 18
E. price nonreg.(euro/tCOy) - - 21 16 42 20
Emis. price av. (euro/tCO,) 5 19 3 21 20 4 22 19
Total tax reg. (euro/tCO2) 6 19 5 22 22 7 21 21
Tot. tax nonreg. (euro/tCO2) - - 32 61 54 59 110 82
Total tax av. (euro/tCO2) 19 32 16 35 33 17 36 32
Coal use (% diff.) -13 -31 -7 -33 -32 -10 -32 -31
Gas use (% diff.) -3 -12 0 -14 -12 -1 -16 -12
Oil use (% diff.) -3 -10 -1 -11 -10 -2 -12 -10
Fuel use (% diff.) -8 -21 -4 -22 -21 -6 -23 -20
EU-25
Emissions (% diff.) -5 -14 -5 -14 -14 -5 -14 -14
Relative equivalent variation -0.1 -0.3 -0.1 -0.2 -0.3 -0.2 -0.3 -0.3
Labour supply (% diff.) -0.1 -0.2 -0.1 -0.2 -0.2 -0.1 -0.2 -0.2
Emis. price reg. (euro/tCO,) 5 19 5 21 21 4 19 18
E. price nonreg.(euro/tCOy) - - 7 15 16 12 18 20
Emis. price av. (euro/tCO,) 5 19 6 18 19 7 18 19
Total tax reg. (euro/tCO2) 6 20 6 23 23 13 26 26
Tot. tax nonreg. (euro/tC0O2) - - 101 96 97 137 123 124
Total tax av. (euro/tCO2) 54 59 55 59 60 56 59 59
Coal use (% diff.) -10 -25 -9 -26 -26 -9 -25 -25
Gas use (% diff.) -3 -12 5 -12 -11 -5 -12 -12
Oil use (% diff.) -2 -6 -2 -5 -5 -2 -5 -6
Fuel use (% diff.) -4 -13 -4 -13 -13 -5 -13 -13

Source: WorldScan

Could the efficiency of the EU-system be increasg@n EU-wide harmonization of the policy
efforts aimed to curb nonregulated emissions wherBurden Sharing Agreement would
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expire after the year 2012? And could the efficiebe increased when more sectors would be
brought within the EU-ETS? These questions areesddd with additional scenarios of which
the outcomes are shown in Table 4.2. Limiting tkteresion of the EU-ETS to producing
sectors that are taxed for energy use at a delgatéstcomparable to the sectors that currently
are ruled by the EU-ETS, would imply an extensimalt firms, except for those engaged in
transportation. Heng¢he ET&XT scenario extends the EU-ETS to all sectors excapsport.
The scenario’s ETiSRU and ET&XTU deviate from ETSIR and ET&XT in only one respect:
after 2012 a uniform, EU-wide tax is imposed onnberegulated sectors as a stylized
representation of EU-policy coordination and harimation in addressing the nonregulated
sectors.

Given existing energy taxes, the general conclusions are that neither harnaioia nor
extension would increase economic welfare. Extensidhe EU-ETS with other production
sectors will lower the permit price and raise thebon tax for the nonregulated sectors. The
reasons are twofold. First, more reduction oppatiemare now available in the regulated
sector while fewer options are left in the nonrededl sector. Second, existing energy taxes are
now even more concentrated in the nonregulate@iseitis implies that the carbon tax must
rise considerably to have an impact on emissiobstément is the result of relative price
changes. Hence the carbon tax must be relativgly Wwhen pre-existing taxes are high.
Paraphrasing Ricardo: (pre-existing) tax is nohtgcause abatement costs are high, but
abatement is costly because the tax is high. Asatkegion level in the nonregulated sector is no
longer diluted by the inclusion of mildly taxed s&rs the control of this sector by carbon
taxation becomes more costly. Hence, the overdfaweimpacts of extending the EU-ETS are
slightly negative. This assessment does not takesiccount possible differences in
administrative costs. These costs may be loweatfioextended system. If permits can be
efficiently auctioned (and the cumbersome grandifatiy process skipped), it may be less
costly to include a large number of firms in the-ETS than monitoring them separately to
check compliance with a large variety of other pplineasures. EU-wide harmonization of
policies addressing the nonregulated sectors, septed by a common EU-wide carbon tax for
these sectors, turns out to be welfare decreasiBtydevel. This applies to both the EU-ETS in
its current form and its extension. The new mengb&ies would gain in 2020 in both settings,
because harmonization would lower nonregulatedarathxation in these countries. This gain
is insufficient to compensate the losses of the af@mber states. Existing taxes of the
nonregulated sectors vary considerably over merstag¢es. Apparently it is more efficient to
address these sectors with dedicated, nationalypoleasures than by a common carbon tax.

The lesson from this section+isagain- that existing energy taxes interact in
important ways with cap-and-trade systems (seeBxiéwingeret al., 2006, for the impacts of
introducing an energy tax within cap-and-trade)e filgher these taxes are, the higher the costs
will be of further emission reductions. As existitages are very skewly distributed over sectors
and households and quite divergent over membegsstist seems sensible to limit the EU-wide
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cap-and-trade system to those sectors that ard takeer mildly. This limited coverage
characterizes the EU-ETS in its current form. Bsten of the EU-ETS with other sectors that
are also mildly taxed may not enhance overall engoavelfare. Unless there are other
benefits, that is.
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EU-ETS and the potential benefits of revenue recycling

Thusfar, in our policy simulations, all revenuerfr@ermit auctions (by assumption up to 10
percent in the Kyoto-period and 100 percent théeegfias been transferred lump-sum to
households. In this section we indicate the paaebgnefits implied by alternative recycling
methods.

Bovenberg (1999) and Bovenberg and Goulder (2882¢ shown that, in general and
in empirically based general equilibrium modelg #trong double dividend proposition does
not seem to hold. The overall impact of a greerrédarm depends on three components. The
first component is thprimary cost of the environmental tax: this is the direct dosthe
regulated sector associated with the need to repoibation through changes in production
methods. The second component, which requires argleequilibrium analysis, is thevenue-
recycling effect that serves to lower the costs of the green tiotme The third component,
again a general equilibrium phenomenon, is caledax interaction effect, which counters the
revenue-recycling effect. To the extent that enuinental taxes raise producers’ costs, they
imply higher commaodity prices. This effectively tembs real factor returns, as the purchasing
power of nominal wages or nominal returns on cpteeduced. When there are pre-existing
taxes on these factors, the environmental tax fonstike an increase in factor taxes,
reinforcing the distortions in factor markets frqmor taxes. This adverse factor-market impact
is the tax-interaction effect. To get the doublidind the cost-reducing revenue recycling
effect should outweigh both the primary cost areldbstly tax-interaction effect. Under neutral
conditions and in numerical simulations the reveragycling effect is in general not strong
enough to do this and the double dividend thus doesrise. The analysis does lead to the
conclusion though, that auctioning of emission pesis to be preferred over grandfathering. In
both cases we have increases in primary costshenidx interaction effect. But only under
auctioning the countervailing revenue recyclingeffoccurs, whereas under grandfathering the
rents of the grandfathered permits accrue to thieteos that received them.

We show the potential benefits of two alternatigésecycling permit revenue in the
extended EU-ETS. The choice for the extended syatethe reference case is deliberate, as it
provides more revenue to be recycled than the ES-ETits current delineation. First, we use
the permit revenue to reduce taxes on labour. H¥me|dScan closely follows the accounting
structure of the GTAP-6 database, in which faci@es are representedatbval orem input
taxes incurred by producers. Hence, reducing tteeses on labour will lower producer prices,
raise the real net wage and foster labour suppgig. implementation is such that labour taxes
are reduced as soon as permit revenue raises etaarggvenue above baseline levels as a
percentage of GDP. Second, we use permit reventggltwe both taxes on electricity and
existing energy taxation for the regulated sectbe basic idea behind this set-up is as follows.
Taxation levels are relatively low for the regultector and relatively high for the
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nonregulated sectors. We have seen in sectiont Aénanonization of energy taxation is a
powerful and efficient instrument for emissionsuetion. Instead of lowering the high taxes in
the nonregulated sectors a step towards harmoaizatduld also be made by raising the permit
price of the regulated sector. This is preciselatthis policy scenario will do. Given the cap
both the decreased taxation of energy carriersaénégulated sector and the increased demand
for electricity will raise the price of permits. €hise, when large enough, might foster the
adoption of cleaner technologies in power genenafsoich as increased use of renewables or
carbon capture and storage in coal-fired powerasta). In addition, reduced taxation of
electricity would lower the extent of ‘double taxat’. Electricity generation is taxed already
via the permit price. Hence, from the emission it point of view, there does not seem to
be need to tax the use of electricity as well, Wwhititself is non-polluting. Again, the taxes are

reduced as soon as permit revenue raises energguanue above baseline levels.

Table 5.1 Impacts of revenue recycling through a reduction of employer contributions on labour,
ETSEXTLAB, or a reduction of energy taxation on electricity and primary energy used by the
regulated sector, ETSEXTELY, versus lump-sum transfers, ETSEXT, 2010 and 2020

ETSEXT ETSEXTLAB ETSEXTELY

EU-15 2010 2020 2010 2020 2010 2020
Emissions (% diff.) -5 -12 -5 -12 -5 -12
Relative equivalent variation -0.15 -0.23 -0.15 -0.10 -0.15 -0.22
Labour supply (% diff.) -0.06 -0.10 -0.05 0.09 -0.05 -0.08
Emis. price reg. (euro/tCO,) 4 19 4 19 5 23
E. price nonreg.(euro/tCOy,) 14 16 14 16 14 18
Emis. price av. (euro/tCO,) 8 18 8 18 8 21
Total tax reg. (euro/tCO2) 14 27 14 27 14 25
Tot. tax nonreg. (euro/tC0O2) 144 124 144 124 145 127
Total tax av. (euro/tCO2) 63 63 63 63 63 62
New member states

Emissions (% diff.) -6 -24 -6 -24 -7 -24
Relative equivalent variation -0.14 -0.77 -0.14 -0.29 -0.14 -0.66
Labour supply (% diff.) -0.12 -0.50 -0.12 0.37 -0.12 -0.46
Emis. price reg. (euro/tCO,) 4 19 4 19 5 23
E. price nonreg.(euro/tCOy) 42 45 18
Emis. price av. (euro/tCO,) 4 22 4 23 4 22
Total tax reg. (euro/tCO2) 7 21 7 21 7 23
Tot. tax nonreg. (euro/tCO2) 59 110 59 113 59 80
Total tax av. (euro/tCO2) 17 36 17 36 17 35
EU-25

Emissions (% diff.) -5 -14 -5 -14 -5 -14
Relative equivalent variation -0.15 -0.26 -0.15 -0.11 -0.15 -0.24
Labour supply (% diff.) -0.07 -0.18 -0.07 0.14 -0.07 -0.16
Emis. price reg. (euro/tCO,) 4 19 4 19 5 23
E. price nonreg.(euro/tCOy) 12 18 12 18 13 18
Emis. price av. (euro/tCO,) 7 18 7 19 7 21
Total tax reg. (euro/tCO2) 13 26 13 26 13 24
Tot. tax nonreg. (euro/tC0O2) 137 123 137 123 137 123
Total tax av. (euro/tCO2) 56 59 56 59 56 58

The general conclusion that can be drawn from th@genue recycling policies is that the
impacts belong to the weak double dividend cate@eeg Table 5.1). The impacts on economic
welfare are less negative than for the case of famp recycling. Yet, welfare is nodised

above baseline levels. The impacts of reducedulataxation appear to be most beneficial.
This presumably is due to the induced increasabiour participation. This increase is
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relatively large in the new member states. The avelfmpacts of reduced electricity taxation
and reduced taxation of energy use by the reguksdetbr are relatively minor, but not
negligible, especially not in the new member stafé® impacts on the permit price are as
expected and considerable both in absolute termsasve to the nonregulated emissions
price. The permit price rises from 19 euro/tQBTEXT) to 23 euro/tCQ(ETSEXTELY) in
2020. The carbon tax remains stable at EU level§aturo/tCQin 2020) and shows a fall in
the new member states (from 42 to 18 euroft®2020).
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Conclusions

The interactions of existing EU energy taxes wibp-and-trade systems are important.

The fact that double dividends would occur if #hésmxes were converted to a single
carbon tax, either at member state level or EU-wiilddicates that these taxes are highly
distortive. Restructuring energy taxes in the dimtof a carbon tax may outperform cap-and-
trade both in terms of emissions reduction angtims of economic welfare. Yet, such a
restructuring is unlikely to be a viable politicsttategy, as it would foster the use of oil at the
expense of coal and natural gas which seems atwitlignergy conservation and energy
security concerns.

The overall EU system aiming at emission redudtiomposes caps in many quarters
due to the combined effects of limited EU-ETS seadtooverage and the Burden Sharing
Agreement. Yet, given existing energy taxes, tler® clear evidence that the overall
efficiency of this system is lower than the effity of a cap-and-trade system that would
completely cover all emitters.

Extension of the EU-ETS with other sectors thatraildly taxed may not be welfare-
improving. The cap would then cover all emitteps;ept the transport sector and households
which face relatively high energy taxes. Additiona¢asures to curb emissions in the
nonregulated sector are relatively costly, becaasation is already high. Yet, other benefits,
such as reduced administrative costs or a largbate for revenue recycling, may nevertheless
make an extension of the EU-ETS beneficial.

Auctioning of permits is to be preferred to graattiering because of the positive
impacts on economic welfare when revenues are ledgppropriately. Positive welfare
impacts over and above the recycling of permit nexein a lump-sum fashion are to be
expected from reductions of employer contributiondabour and from reduced taxation of

taxes on electricity and on the energy inputs efrégulated sector.
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Appendix

Table A.1 Percentage tax rates on energy carriers delivered to firms, applicable on pre-tax values, by

country, 2001

Coal Petroleum and coal products

to to other

electricity to transport sectors

Germany 0.0 12.7 136.4 11.9
France 0.0 12.7 69.8 10.9
United Kingdom 13.8 31.9 232.2 28.2
Netherlands 0.0 12.7 43.3 16.6
Italy 0.0 12.7 89.0 18.5
Spain 0.0 6.4 65.0 6.4
Rest of EU-15 0.0 111 71.8 17.6
New member states 0.0 11.1 86.9 9.9
Other Europe 25.0 12.7 102.8 17.6
Canada 0.0 4.9 47.9 5.2
Other OECD 5.0 5.0 100.0 5.0
Former Soviet Union 20.5 5.3 8.6 8.6
Turkey 17.8 38.3 80.2 38.3
United States 0.0 4.9 46.6 5.2
Australia 0.0 5.3 81.8 5.2
Brazil 0.0 5.3 42.9 11.1
Other Latin America 0.0 5.3 42.9 11.1
Middle East 0.0 5.3 42.9 5.3
China 0.0 5.3 42.9 5.3
India 18.2 5.3 52.0 30.0
Rest of world 5.3 5.3 38.9 3.1

total

50.2
36.9
105.9
20.6
49.6
31.3
34.0
28.8
39.0
19.7
25.5
6.4
46.2
25.0
44.4
18.6
19.8
14.1
9.5
31.9
12.7

Natural gas

14.2
11.0
4.5
6.5
111
111
13.9
5.3
0.8
9.1
4.9
5.1
17.6
5.1
4.5
4.8
4.4
4.7
4.1
5.3
4.8

Electricity

0.0
0.0
5.7
10.5
20.0
5.0
8.7
1.0
11.1
11.4
8.1
20.5
18.9
5.3
5.3
5.3
5.3
5.3
5.3
5.3
5.3

Source: Van Leeuwen, 2006
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Table A.2
by country, 2001

Coal

of which

Total VAT

Germany 16.0 16.0
France 19.6 19.6
United Kingdom 5.0 5.0
Netherlands 19.0 19.0
Italy 20.0 20.0
Spain 16.0 16.0
Rest of EU-15 20.0 20.0
New member states 22.0 22.0
Other Europe 15.0 15.0
Canada 7.0 7.0
Other OECD 4.0 4.0
Former Soviet Union 20.0 20.0
Turkey 17.7 17.7
United States 6.0 6.0
Australia 10.0 10.0
Brazil 10.0 10.0
Other Latin America 10.0 10.0
Middle East 10.0 10.0
China 13.0 13.0
India 11.3 11.3
Rest of world 10.0 10.0

Petroleum

of which

Total VAT
253.4 16.0
142.1 19.6
318.4 17.5
99.6 19.0
164.6 20.0
112.8 16.0
144.5 20.0
263.6 22.0
91.9 15.0
64.7 7.0
104.1 4.0
62.9 20.0
103.7 17.7
30.0 6.0
111.9 10.0
53.8 10.0
53.8 10.0
53.8 10.0
53.8 17.0
435 11.3
53.8 10.0

Natural
gas

of which
Total VAT
31.2 16.0
17.4 17.4
5.0 5.0
61.0 19.0
86.9 19.4
16.0 16.0
25.0 15.0
22.0 20.0
14.9 14.0
6.5 6.5
6.0 6.0
22.0 20.0
17.6 17.6
6.0 6.0
9.9 9.1
11.1 10.0
11.1 10.0
11.1 10.0
13.6 13.0
114 11.3
11.1 10.0

Percentage tax rates on energy carriers delivered to households, applicable on pre-tax values,

Electricity

of which

Total VAT
15.9 15.9
26.7 17.0
4.9 4.9
74.5 19.0
37.6 10.0
22.0 16.0
25.0 14.0
22.0 20.0
14.9 14.0
11.2 11.2
7.1 6.0
22.0 20.0
23.6 17.7
6.4 6.0
10.0 9.1
111 10.0
111 10.0
111 10.0
13.6 13.0
114 11.3
11.1 10.0

Source: Van Leeuwen, 2006
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