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Abstract

From Phase 3 (2013-20) of the European Union EamssiTrading Scheme, carbon-intensive
industrial emitters will receive free allocatioraslked on harmonised, EU-wide benchmarks. This paper
analyses the impacts of these new rules on allmtatd key energy-intensive sectors across Eutbpe.
explores an original dataset that combines recatat fltom the National Implementing Measures of 20
EU Member States with the Community Independennh3aation Log and other EU documents. The
analysis reveals that free allocations to benchashdectors will be reduced significantly compared t
Phase 2 (2008-12). This reduction should both as®egublic revenues from carbon auctions and has
the potential to enhance the economic efficiencyhef carbon market. The analysis also shows that
changes in allocation vary mostly across instaltetiwithin countries, raising the possibility thia¢
carbon-cost competitiveness impacts may be moeageat within rather than across countries. Lastly,
the analysis finds evidence that the new benchmgrkiles will, as intended, reward installations
with better emissions performance and will impréna@monisation of free allocations in the EU ETS
by reducing differences in allocation levels acr@santries with similar carbon intensities of
production.
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1 Introduction

As the world’s first international carbon market fmontrolling greenhouse gas emissions, the
European Union Emissions Trading Scheme (EU ETS)timees to be an important policy
experiment. However, after eight years of operaticartain aspects of the scheme remain
controversial. One of the most controversial isshes been the allocation of free emissions

allowances to carbon-intensive industry.

In Phases 1 (2005-07) and 2 (2008-12) of the EU,EBM8r 90% of the initial allocation of
European Emissions Allowances (EUAs) were allocteadstallations free of charge, with allocation
rates based on historical emissions (EC, 2003)sd&adlocations were determined by each EU
Member State under its own National Allocation RIEAP). Given Europe’s politics, the complexity
of the task, and the short time-frame availableaih be argued that such a decentralised approach

made practical sense in the early phases of thE' BY)J(Ellerman et al., 2010).

But this approach nevertheless led to controveosisdomes. Firstly, it allowed for the possibility
of competitiveness distortions, since the flexipilgranted by the ETS Directive led to different
allocation rules being used in different Membené&tgBetz et al, 2004; Betz et al, 2006). Secondly,
the NAP system led to significant over-allocatioRer example, during Phase 1, non-combustion
sectors of the EU ETS saw their average allocatamge from 104.2% of actual emissions in the
cement sector to 120.3% in the pulp and paper is€Etotignon & Delbosc, 2008). The pre-recession
allocations and emissions of Phase 2 in 2008 asoascontinuation of substantial over-allocatiams i
key sectors (Pearson, 2010). This phenomenon gssréora number of questions being raised about
the distributional equity, environmental effectiess and economic efficiency of the NAP system of
allocation (Betz et al, 2006; del Rio Gonzalez, 09euhoff et al, 2006; Burtaw et al, 2006). Indeed
Abrell et al (2011) produced econometric evidenoggssting that the marginal carbon price
incentives to reduce emissions in the non-eletgrezctor had been weakened by the amounts of free
allocation, thus reducing the economic efficiendytlte scheme. While Pahle et al (2011) have
presented evidence of distortionary effects of perfermance-based free allocation in the elecyricit

sector.

This paper therefore seeks to provide a first,iget@nalysis of the changes in allocation induced
by the new benchmark-based allocation rules, whale been put in place to address these concerns.
A new dataset, which matches preliminary Phase sBaliation-level allocation data for 20 EU
countries with CITL and sectoral NACE code datahiss exploited to answer three questions which
are directly relevant for evaluating the new altawa policy: How will the new rules affect the
amount of free allocation that different industisaictors and Member States will receive in Phase 3?
To what extent does benchmarking change the digiib of allowance allocations and thus ETS

compliance costs, both across and within MembeteStand across and within economic sectors?
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Thirdly, do these observed changes in free allonatflect an improved harmonisation of allocatjons
based on the principles outlined in the revised Pii8ctive (EC, 2009)? To our knowledge, only Clo
(2010), Droge & Cooper (2010) and Martin et al (20have attempted an empirical evaluation of the
new benchmarking rules. This paper goes further thase previous papers, however, which focused
on evaluating the decision rules for determiningiclwhsectors were deemed exposed to carbon

leakage and therefore to higher free allocations.

Section 2 begins with a brief explanation of soreg features of the benchmarking rules. Section
3 summarises several of the key features of thaggsin allocations induced by benchmarking, and
estimates several measures of their impacts onl@mp costs in Phase 3. Section 4 then provides an
econometric analysis in search of evidence thabtserved changes in allocations described in the

preceding section are consistent with the statédypaims of benchmarking. Section 5 concludes.

2 The new benchmarking rules

To address concerns over the method of allocafi@iU#\s in Phases 1 and 2 of the EU ETS, the
revised ETS Directive of 2009 laid out new prineplgoverning initial allocations from Phase 3
onwards. The majority of allowances would be altedaby auction, with 100% auctioning for
electricity for all but the 10 “new” EU Member Stat while free allocation to other sectors would be
determined by harmonised Community-wide rules, gigmissions performance benchmarks. The
stated aims of the new benchmarking rules werefohb-“to minimise distortions of competition
within the Community” and “to ensure that allocatimkes place in a manner that provides incentives

for reductions in greenhouse gas emissions andjgediicient techniques” (EC, 2009a).

The basic formula that determines each installaialocation for each of its eligible products

can be summarized as follows (EC, 2011)
FA;pt = BMy X HAL;;, X CLEF,,; X CSCF; (1)

whereFA;, . is the total free allocation that installatibmeceives for its produgt in yeart. BM,, is
the product emissions-intensity benchmark of produclt is generally measured in tonnes of
COse/unit of output, and is based on the average @nssntensity of the 10% most efficient
installations in the EU ETS in 2007-208{ALl-,p is the reference historical activity (productideyel

of productp by installatior, with installations’ operators allowed to chooke highest value of the

2005-08 and 2009-10 medians. The new free allatdtionula thus seeks to compensate emissions

Y In some cases benchmarks for specific productsataasily or practically be used and so hierardHglthack approaches

is used, based firstly on heat and then fuel copsiom benchmarks and, if these are not possiblgtotical process

emissions x 0.97 are used.

2 Where the best 10% of installations emissions sitgrcould not be gauged, fallback approaches weeel based on best
available technology literature.
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compliance costs for industry only to the level eshissions consistent with the “best available
technology”. It is in this way that the Europeann@uission seeks to “provide incentives for
reductions in greenhouse gas emissions and enffiger techniques”, while also harmonising free

allocation rules.

However, several additional complexities can affde amount ultimately allocated to each
installation and these are relevant to the anabysisinterpretation of the results presented Herst,
CLEF,, in formula (1)is an allocation reduction factor that is appliedatsmall minority of products
that are not considered to be at risk of carbokage (cf. EC, 2010a). These products will see their
free allocations reduced by a multiplier of 0.80i3, which declines linearly to 0.3 in 2020. Seton
CSCF; in formula (1) is a uniform, cross-sectoral correction factor et be applied to ensure that
the total free allocation will not exceed the masimannual amount of free allocation as defined in
Article 10a(5) of the ETS directi¥e Third, where heat exchanges occur between two ETS
installations, related emission allowances will nogvallocated free of charge to the heat consumer,
while allowances are allocated to the heat produwten the heat consumer only is not covered by the
EU ETS. Fourth, with the exception of where wasises are recaptured from steel production, or
where there is highly efficient cogeneration oftherad electricity, the emissions for electricitytlis
auto-produced by an installation should be dedutrted the amount of free allocation to reflect the
principle of no free allocation for electricity ghaction. Similarly, where electricity consumptiomda
other fuel use is considered substitutable, a cboreis made to the amount of free allocationahin
regardless of an installation’s original historieativity level (HAL), large changes to its prodoact

capacity accompanied by “significant” changes itivitg can trigger changes in free allocatton

3 Free allocation changes from Phase 2: evidence frotime Phase 3 NIMs

3.1 Data description

This analysis uses EU ETS installations compliadate from the CITL for the period 2008-11.
These data were matched with the preliminary anfraelallocation data for each installation for the
period 2013-20 as reported in the National Impletagon Measures (NIM) of 20 Member States.

Missing are Belgium, Hungary, Malta, Lithuania, #aia, Czech Republic and Latvia.

Since the changes in allocation levels to new atdren Phase 3 were not able to be calculated,
this paper ignores the effects of the benchmarkihgs on new entrants. Excluding new entrants, the

aviation sector, installations which had left the ETS in Phase 3, and installations which could not

3 For more details on these factors, see (Lecoutt2P0

4 Increases in production capacity greater than 1&/ekgible for consideration of an adjustmenthe tnstallation’s HAL.
If production activity drops by 50-75% comparedttie initial activity level, the baseline HAL usedl ¢alculate future free
allocations will fall by 50%. If activity falls beiv 90%, free allocation will be ceased. This toa edfect the change in
allocation of some installations between Phas@sahd 3.

6
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be matched with either a CITL installation codeaddACE code, left a sample of 7149 installations
which together accounted for 1.46 billion tonne<Cak or approximately 80% of EU ETS emissions
in 2010 (CITL, 2011). Of these, 4174 installationsre identified by their NACE code as non-
electricity installations and thus subject diredity benchmarking. Of these 4174 installations, 329
specializing in the chemicals and non-ferrous msesaictor were not included in the analysis since
these sectors have had their EU ETS perimeter ehsiggificantly between Phases 2 and 3 and hence
changes in allocation could not be attributed tochenarking alone.

3.2 Aggregate Phase 3 free allocation changes acrossritger States and economic
activities
Free allocations to benchmarked sectors will fajhisicantly in Phase 3. For our sample of
over 4000 benchmarked installations passing froas®I2 into Phase 3, the aggregate decline in free
allocation will be 20.6% on average over Phaseiu(E 1), before taking account of the possible

uniform linear adjustment factor (it was yet todmmounced at the time of writing).

Figure 1. Free allocation changes in benchmarked st®rs in Phase 3 by Member State
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Note: Figures exclude the chemicals and non-fernoetsls sectors since the perimeter of the ETShasged for these
activities in Phase 3.

The changes in allocation will also vary across MemStates, with some countries seeing
relatively small declines or increases, while asheee falls of between -30 to -47% (cf. Figure 1).
However, one must be careful about jumping to tbaeclusion that this illustrates the relative
“winners” and “losers” under the new system, sircewumber of factors are ignored here. For
example, these allocation changes are based omliffeeence between the average annual free
allocation in Phase 2 versus that of Phase 3. 8otges which tended to be more generous with their

allocations to industry in Phase 2 might therefoeeexpected to witness bigger declines under the
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harmonised rules and vice-versa. Neverthelessg tieerevidence of significantly declines across
almost all 20 Member Stafes

The declines in free allocation are generally quibform across sectors (Table 1).
With the exception of what we define here as “osemtors”, which includes a large number
of sub-sectors not deemed exposed to carbon leawatéherefore facing a larger reduction
factor on average, all of the declines fall in thlatively narrow range of -13 to -24%. Since
many sectors were over-allocated allowances abelgenning of Phase 2, a large share of the
decline appears to offset excess historical aliooat For example, the pulp and paper sector
sees a 22% surplus largely offset by a 21% dedhiralocation. The reductions in aggregate
sectoral allocations induced by benchmarking tloeeetio not seem to be “excessive” for
these sectors, although they will certainly redoner-allocations and increase net compliance
costs at the margin for several sectors. The dgmerof installations’ allocation changes
around the median installation’s decline is gemgrguite wide, which implies that, as

expected, benchmarking will redistribute allowansiggificantly within sectors.

Table 1. Percentage change in allocation by sector

Refined Pulp Iron
petrol Ceramics and and Other
Cokery products Glass and brick Cement Lime  paper Steel sectors

Aggregate Net

o of L6 1 +9 +35 +11  +15 422 +29  +13
Agdgregate ; 24 24 -16 -13 .19 21 13 .37
allocation changet
Median allocation g 14 21 17 11 .18 22 11 .33
change*
Dispersion of 26 19 28 9 18 1331 82 99

allocation changes”

Calculated as (allocation — emissions)/emissior2008 in the sector, TRefers to the total aggregateation in allocation
in the sector, *Refers to the median reductionlliocation of installations in the sector, “Referghe average distance from
the median allocation reduction of installationsha sector

Table 1 also indicates that declines in allocatifmmamost sectors are larger than the
14% decline in the emissions cap from the begintaniipe end of Phase 3. This implies that
the introduction of benchmarking leads to largetuations in initial free allocations than if
the European Commission had simply decided to eedllocations according to a linear

reduction factor equivalent to the cap on emissibBigsire 2shows that, especially at the front

® Sweden’s unusual outcome is a result of now Uniarevallocation rules that has forced Sweden tocati free
allowances to installations of the electricity, gateam and hot water sector that were not alldcatePhase 2 under
Sweden’s Phase 2 NAP, while Austria’s result apptareflect capacity changes for installationsngleffect in Phase 3.

8
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end of Phase 3, the benchmarks allocations wilsigaificantly stricter on aggregate than
such a baseline scenario. On average the diffefestveeen the two scenarios is 8.7% of the
baseline allocation. This suggests that the bendtsgenerate a significantly more stringent
amount of allocation to the main benchmarked sedtan if free allocation had continued on
a pathway extrapolated from the Phase 2 NAP allmtsat Under benchmarking, an additional

670 million EUAs would be auctioned rather thamedited for free.

Figure 2. Number of allowances allocated to main ehmarked sectors* under
Benchmarking vs. a hypothetical linear allocation eduction scenario from NAP2s
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Main BM sectors: Pulp and paper, steel, coke, mfincement, lime, ceramics, glass, and ferrousismptaduction.

3.3 The distribution of allocation changes

The preceding sub-section showed that changeslanaéibns from Phase 2 to Phase 3 are
found to vary substantially within individual sexdoFigure 3a provides further detail on this aspéc
benchmarking’s impact. The flat line inside eaclx bepresents the median installation’s allocation
change, the outer limits of the boxes representséo®nd and third quartiles, the black moustache-
lines show the portion of installations falling iths 1.5 standard deviations of the median, whit th
crosses represent those installations lying outdidee ranges. Figure 3b removes the first and last
vigintiles (10% of the sample is withdrawn) to maidearly see the distribution for the majority of

installations.

The sectoral distributions show that, for eachhefmain benchmarked sectors, the installations
in the first three quartiles (75% of installatiorggnerally undergo an allocation reduction. Upper
guartiles have a larger range in allocation changestly due to a large humber of installationshwit
small levels of allocation in Phase 2. Overaltah be seen that that the benchmarking rules et |

to a substantial redistribution of allowance altomas within sectors.
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Figure 3 (a: left, b: right). Distribution of inter -phase allocation changeat the installation leve
(allocation change expressed as a fraction of Pha®allocation on y axis
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These redistributions across installations raigegbestion of whether the variance is mo
due to differencesacross or within individual Member States. Comparing both i- and intra-
Member State distributions in allocation char shows that intrddember State variance accounts
most of the total variance across installati Table 2 decomposes the spread between
installation and the sectoral average into a spbetteen the installion and its national average &
the remaining spread between the installation hadéctoral average. The results indicate thates
some redistributiorof allowanceswill occur acrossMember States, this redistribution is gener
small compared toedistributionswithin Member States in most sectoris result makes intuitiv
sense when one considers that allocations in Phagere often based on a range of different-
emissions benchmarkand loar-factors, which sought to reduce the disparsibcost impacts acro
installations within countrieand that these rules hanow been replaced with common rules for
installations in each sectdnterestingly, his raises the possibility that carboost competitiveness
impacts induced by theew allocationscould be felt more intensely in terms of ir-country

competition than intecountry competition

Table 2. Decomposition of the installation allocation changeariance of kenchmarked sector
Refined

Pulp and Cokery petroleum Glass Ceramlcs Cement Lime Iron and
paper and bricks steel
products
Inter-country  11% 44% 27% 9% 16% 26% 26% 10%
Intra-country  89% 56% 73% 91% 84% 74% 74% 90%

10
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3.4Estimating net compliance cost changes

The analysis provided in Figure 4 offers estimatietEU sectoral expected net positions based on
the NIM allocations under two hypothetical scemaridhe “High emissions” scenario refers to a
situation in which each installations average ahRirase 3 emissions are equivalent to the reference
historical activity level (HAL) as defined by theitichmarking rules. Equivalently, we define a “Low
emissions” scenario in which we assume that avemageal emissions remain at their 2011 levels for
all installations Phase 3, since 2011 represeidsvgoint in EU ETS emissions. For simplicity the

effects of Phase 2 allowances banked into Phase igraored.

If the HAL-year emissions are a reliable guide v@rage annual Phase 3 emissions, then the
sectors listed in Figure 4 would hold a net defposition, with the exception of iron and steel and
ceramics and brick. Hence the benchmarking ruladahvionply a small to medium level of “ambition”

for most of the main benchmarked sectors.

Figure 4. Sectoral net positions in 2008 vs. benclarking under two emissions scenarios
80% -~

60% -
40% -
20% - I I

. mo A R R DN
-20% -—I

-40% -
Cokery Refined Glass Ceramics Cement Lime Pulp and Ironand Other non-
petrol and brick . paper Steel power
products m2008 @Low High sectors

"Refers to the total EU20-wide sectoral net comkaposition.

Furthermore, for many sectors benchmarking wouhtdien the HAL emissions scenario, reduce
the average differences in net positions acrosstoes in several sectors. The average distance of
countries from the sectoral median across all es¢hsectors would be 8.5% in Phase 3 versus 9.7% in
2008 (see Figure 5). This suggests that ratheritf@aasing the gaps in the degree of free allonati

compensation levels to different countries withéeters, benchmarking could potentially reduce them.

11
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Figure 5. Comparison of aggregate net compliance pitions in 2008 vs HAL scenario
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Note: percentages refer to aggregate net positi@key sectors identified above.

A change from the High emissions scenario to the Emissions scenario makes a significant
difference to the expected sectoral net positidhss reflects the strong impact of the deterioraiio
European manufacturing production since 2009 andédéeyond the period which most installations
use to determine their HALs. However, the fact tti@pressed industry emissions levels may lead
some sectors as a whole to have a net neutrakor@sitive compliance position during Phase 3 does
not mean that benchmarking will impact all insttidlas in these sectors the way. Table 3 shows that
even under the low emissions scenario, eight ofnine key sectors would see a higher share of
installations needing to either purchase or drawrdon banked allowances to be in compliance than
in 2008. This share also rises by 11% or more éaorr fout of the nine sectors. Thus, despite the
economic downturn having reduced emissions, thelarks nevertheless impose a greater degree

of compliance stringency on installations in thesetors than the NAP2s did.

Table 3. Summary of installation level expected ngiositions under two emissions scenarios.

2008 LOW HIGH 2008 LOW HIGH 2008 LOW HIGH

Pulp and paper Coke Refined petrol. products

Percentage < 0" 31% 56% 65% 24% 25% 63% 41% 59% 7%
Median installation* 10% 1%  -15% 9% 29% -5% 2%  -12%  -20%

Glass Ceramic and brick Cement
Percentage <0 37% 67% 81% 14% 17% 64% 22%  24% 83%
Median installation 5% 8% -15% 27%  49% -6% 8% 17% -8%

Lime Iron and steel Other sectors
Percentage <0 22%  33% 66% 29% 28% 50% 24%  68% 78%

Median installation  15% 10% -6% 8% 16% -1% 15% -33%43%
Percentage < 0 refers to the percentage of sampdtllations in the sector whose emissions eitree or would be
greater than their free allocation under the retegaenario.
*Median installation refers to the median (estindateet position of the sampled installations irt gector.

12
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4 Explaining differences in changes in allocations @aess Member States

This section estimates a simple econometric mdusl 4eeks to identify whether the observed
changes in allowance allocations can be explaigatidfactors which one would expect if allocations
are being made consistently with benchmarking’snnlicy objectives (i.e. rewarding improved
performance and improving harmonization). Encounglyi, there is evidence in the NIMs of an
improved harmonization of allocations across the lBd$ed on observable proxies for emissions

performance.

4.1 Data and econometric specification

Before attempting to evaluate the role of differamriables in explaining the observed
variations in free allocation changes, a decisiorrdquired about what level of aggregation to
examine. Unfortunately, pan-European data on iddai installation characteristics which could
explain installation-level changes in allocatiorg(eneasures of installation energy efficiencypoar
intensity of production, electricity consumptiong)ewere not available at such a disaggregated.leve
Nevertheless, these data could only be constrdobed available sources at the country and sector
level. Combining these data with allocation aggtegarovided by the NIM and CITL databases
allowed for the estimation of the impact of courdpctoral level factors on allocation changes for
three sectors: steel, cement and pulp and papedugtion. Despite their limitations, these datal stil
provide preliminary evidence that the benchmarkings are (re)allocating allowances in a way that

appears to be consistent with the primary goateepolicy.

To identify the role of individual factors, the lmlving fixed-effects regression model was

specified:

AALLOCIij = p,CO2IntFuej + f,CO2IntProg + fzNetPos08 + p,ElecCong
+ ﬁ5CLEXFﬁ + ﬁ6E|ij + FE + &jj

AALLOG; is the percentage change in average annual fresatithn to sectorin countryj (“country-
sector pailij”) in moving from Phase 2 to Phase 3. All else égoauntry-sector pairs with higher
(lower) CQ intensities should see their free allocationsideainore than others if the benchmarking
rules are genuinely encouraging emissions perfocmathrough higher relative allocations, as
intended. Thus, the variabl@O2IntFue} is included as a measure of the relative carbomidie-
intensity of the primary fuel mix consumed by cayrgector pairij in tCO)/toe. Similarly,
CO2IntProg represents the relative carbon emissions-interfitgountry-sector pair ij’'s process
(non-energy-related) emissions, in t@@onne of production; whil&l; is the energy intensity, in
toe/tonne of output, of the country-sector ppirThese data were constructed based on Enerdata’s
ODYSSEE Energy Indicators database and the IS World Energy Statisticiatabase.

13
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In addition several control variables are includeetPos0gis a proxy for the extent to which
country-sector paiij can be considered to have been over- or underaatid in Phase 2. To control
for the effects of the severe drop in industriaddarction in 2009 and thereafter, we use the rdtio o
allocation to verified emissions in 2008 as repbite the CITL.ElecCong represents the extent to
which country-sector paif consumes electricity instead of other fuels inpitsnary energy supply.
This is included to control for the effect of benwrking rules on allocations for electricity protian
and consumption, as explained above. The datalsmebased data from the IEA Energy Statistics
WDS Energy StatisticdatabaseCLEXxp; is a measure of the extent to which country-seg&irij is
composed of installations which produce producs #ine considered to be exposed to carbon leakage
(and hence eligible for 100% allocation of the Wenarked amount). It is calculated from the NIMs

data by observing the extent to which a given Ifstan’s free allocation diminishes over Phase 3.

To control for sector-specific differences in alldons, which were identified using a
Breusch-Pagan test, sectoral fixed effects werkided EE). A Hausman test also indicated that
since these effects were correlated with the esqptayg variables, fixed effects was the most

conservative estimation option for ensuring robessnof our estimates (cf. Annex).

Compiling a panel dataset using three data sounsest that data for some variables were
missing for some countries. Three observations vadse identified as being “influential” outliers
using Dfbeta tests and were removed from the fewtimations (cf. Annex). This left a final

unbalanced panel of 41 observations which was fegesstimation.

Post-estimation analysis of the model errors shothiad the estimated residuals were
approximately normally distributed and providedlditevidence of heteroskedasticity (cf.

Annex).

4.2 Regression results

Encouragingly, the results generally correspondhwithat should be expected if the
benchmarks were being implemented consistently thighstated aims of the Benchmarking Decision.
The coefficient estimates fa€O2IntFue} are negative and statistically significant at corianal
levels across all five estimated specificationse Toefficient estimates fa€O2IntProg are both
negative and statistically significant at a 90%hHha central specification (i.e. model 4) and seetoed
be robust to alternative specificationsve® when the model is expanded to include further
variables, the coefficient estimates remain sta#iy significant at >90% on the one-sided

test.

® It can be safely assumedpriori that CO2IntProg is not positively correlated with changes in adtion.
Moreover, the fact that this variable is not asrggty statically significant as those for CO2IntFseems likely
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These two results imply that, all else equal ambsacthe cement, steel and pulp and paper
sectors, the more Géntensive is a Member State’s primary fuel mixitsr (chemical) production
processes, the more it tends to see its free #ibocdor that sector reduced in Phase 3. This is
consistent with the qualitative result that benctkimg was intended to deliver since it implies that
Phase 3 allocations are “correcting” the allocatiom Phase 2 for excess allocations not related to
emissions performance. This is therefore evidehae the Benchmarking process does appear to be
rewarding (penalizing) better (poorer) emissiondgueers on average throughout the EU more than
the NAP2s did.

Table 4. Regression results

Coefficient 1. 2. 3. 4. 5.
CO2IntFuel -0.06¢ -0.086' -0.094 -0.084 -0.090¢
(0.034) (0.034) (0.037) (0.036) (0.039)
CO2IntProc -0.237F -0.185
(0.123) (0.140)
NetPos08 -0.22 -0.24% -0.28% -0.250'
(0.087) (0.093) (0.093) (0.108)
ElecCons -0.129 -0.291 -0.43f
(0.239) (0.247) (0.318)
El -0.278
(0.364)
CLExp -0.325
(1.660)
Descriptive
Statistics
R? (within) 0.08 0.22 0.23 0.30 0.31
F-statistic 3.02 5.04 3.39 3.60 2.40
Prob > F 0.09 0.01 0.03 0.02 0.05
Observations 41 41 41 41 41

3Statistically significant at 95% levélStatistically significant at 90% levéStatistically significant at 90% level
based on a one-sided test only.

Moreover, theNetPosOg variable was statistically significant at high lesv@nd negatively
signed. This implies that, all else equal, a couaéctor pair with a higher allocation level relatito
its actual emissions in 2008 tended to see a biggep in free allocation in Phase 3 under

benchmarking. This result is interesting for whiasays about the behavior of Member States in

to be explained by the fact that all the CO2IntRvbservations for pulp and paper are zeros, wimghliés less
variation to enable parameter identification.
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allocating allowances in Phase 2 compared to wiet &re required to do now under benchmarking.
Specifically, it indicates that aggregate sect@fbcations in Phase 2 were not simply based on
historical emissions but rather included some degrecountry-specific heterogeneity. Indeed, the
regressions performed above effectively controitedoth emissions intensity and production levels
— as well as other potential biases such as daigtproduction and sectoral effects. Yet theyl stil
found that somedditionalfree allocation decline from Phase 2 to Phase Slefato be explained by
the NetPosOg variable. This implies that Phase 2 saw excesgatllin in the sampled sectors over
and above what was due on a historical emissioss laamd that the benchmarking rules correct for
this (by subjecting all countries to the same ruied?hase 3. This is evidence that the benchmarkin
system appears to be achieving one of its key giaisducing differences in free allocation andsthu
possible competitiveness distortions that moerelated to differences in emissions performance by

harmonising EU allocations according to the benchma

The regression results also provide some weak ewgthat sectoral electricity consumption
to total energy consumption rates are negativetyetated with cross-country sectoral declines @efr
allocation. This could plausibly reflect the fatiat countries with higher electricity use in these
industries see bigger declines in free allocatioraeerage, as per the benchmarking rules whichtinsi
on no free allocation where electricity consumpto combustion fuel use are substitutes. However,

more data would be required to obtain greater iceytaoncerning this hypothesis.

Insufficient statistical evidence was found to dode that the energy intensitil( ) variable
is a significant explanator of differences in fidkcation changes across Member States. While this
may seem counter-intuitive, benchmarks are based@yrintensity of production rather than energy
intensity of production, sa priori one should not necessarily expect as strong &lation between
emissions performance and energy intensity. Monedeethe extent that the two are correlated, it
seems plausible that relative energy intensity may matter as much in explaining relative
performanceacrossMember States, which is the limitation of this as& which the current data
restrict us to. Analysis with a richer intra-coynttataset would be required, however, to be confide

of such conclusions.

Insufficient evidence was also found to conclud# the relative exposure to carbon leakage of
each country’s sector-specific product mix is distigally significant factor in explaining diffenees
in changes in free allocation across Member Stateis. result was believed to follow from a lack of
variation in the sample, since the vast majority obiservations for the three examined sectors

contained a value of 100%-exposed to carbon leakeitje others very close to 100%.

" Historical production is controlled for implicitlgince historical activity is used to calculate $ha allocation,
which is in turn used to calculate the dependeriblite.
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4.3 Robustness and data limitations

A few caveats are required on the interpretatiothe$e regression results. Firstly, the estimates
refer tocross-countryestimations (for three specific sectors). Consetiyethe coefficient estimates
cannot therefore be interpreted as explaining thgact of the observed variables on intra-country

differences in allocation changes across instaltator sectors.

Secondly, there is a likelihood of some measurergnt. The best that could be done with the
available data was to match country-sector pagcation data (constructed based on very specific
products produced by each installation) with a maggregated measures of national-sectoral energy
and CQ consumption. However this measurement error restioe precision of the estimation (this

helps to explain the relatively low R-squared (9.80the model).

Thirdly, at least three interesting variables contd be controlled for due to data availability
problems. Country-specific effects could not beusity for due to the small sample size, while two
other variables — namely the level of cross-inatalh-boundary heat flows and capacity changes —
could not be controlled for due to lack of data.iM/lthere is not a strong reason to believe that th
absence of these two variables biases the estinthése variables might be expected to help explain
significant share of the variation in allocatiormsass countries’ sectors and thus increase thésprec
of the estimates. Their absence is thus anothexatan these results (and also helps to explain the

low R-squared of the model).

5 Conclusions

The introduction of emissions performance benchrbaded allocations in Phase 3 of the EU
ETS will significantly change the manner in whiglked CQ allowances are allocated to emissions-
intensive industry in Europe. The move to benchingrknplies a significant fall in free allocatiotts
benchmarked sectors compared to allocations ofé”hasmd compared to the decline in the ETS-wide
emissions cap. The estimates presented here iadicat the overall reductions in allocations will
leave at least an additional 670 million allowanessilable to be auctioned by public authorities
compared to a hypothetical continuation of the NslBcations. If previous empirical literature (cf.
Abrell et al, 2011) is correct, these reductionsfriee allocations could potentially improve the
environmental effectiveness and efficiency of théETS — although this remains to be confirmed by

further research.

The above analysis shows that benchmarking ensaifstantial redistributions of emissions
allowances and relative compensation levels adrstallations, with some receiving more but with
most receiving less than in Phase 2. The vast imajoi this redistribution is found to be between
installations within the same sectors and MembateSt This suggests that any resulting carbon-cost
competitiveness effects from benchmarking coulépiially be stronger across different installations

within countries, than across different countries.
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Lastly, a simple regression analysis also indictitas a significant portion (at least 30%) of the
cross-country differences in the changes in secfara allocation in Phase 3 is consistent with the
two main stated aims of the benchmarking approaché revised ETS Directive (EC, 2009a): firstly,
to reward more efficient emissions performanceughohigher allocations; and secondly to improve

EU-wide harmonisation of allocations.

Further work with more complete data on ETS inatahs will be required to further our
understanding of impacts of the benchmarking ratdastallation level. Nevertheless, the prelimynar
evidence provided here is consistent with the Elicpamakers stated aims in designing phase 3

allocation rules.
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7 Annexes

7.1 Count of installations from each Member State inclded in the final database
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7.2 Data and results of econometric tests

Changes in Phase 3 free allocation vs. relative-iGtensity of fuel mix by sector
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Dfbeta Test Results for determining Influential s of the dependent variable:
2
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Breusch-Pagan Test for presence of random effects

Null Hypothesis, K Var(u) =0, Test:

X*(1)

5.03

Prob>X?(1)

0.0249

Conclusion: Strong evidence that sectors haverdifit intercepts

Hausman test for the consistency of random effgittsfixed effects

Ho = difference in coefficients is not systematic

X*(4)

65.10

Prob>X?(4)

0.0000

Conclusion: Strong evidence of systematic diffeesnen coefficients between the two
models. Hence, random effects cannot be safely. used

Shapiro-Wilk Test for normally-distributed residsial

Ho: Residuals of specification 4. Trable 4are normally distributed. Test:

Variable

Observations

w

\'

z Prob>z

Residuals

41

0.97053

1.187

0.362 0.35875

Conclusion: Insufficient evidence to rejéds

Modified Wald test for groupwise heteroskedastigityhe fixed effects regression model

Ho: o(i)?= o*for all i (i.e. there is no groupwise heteroskeititstin errors of specification 4

in Table 4. Test:

X(3)

5.14

Prob>X*(3)

0.1617

Conclusion: Insufficient evidence to rejecs H
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7.3 Sectoral distribution of installations’ expected net positions fotow (left) and high

(right) emission scenarios (allocation change expssed as a fraction on y axi
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