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Abstract

This paper provides an econometric analysis ofetfidence of carbon leakage from the European
primary aluminium industry during the first 6 ¥z yeaf the EU ETS. The findings suggest that while
rising electricity prices have played a criticaleran reducing the competitiveness of EU primary
aluminium smelting in recent years, no evidencecarbon leakage can be detected so far. Other
factors, including rising primary energy prices afthnges in EU competition law regarding long
term contracts, appear to be more important factapdaining the rise in net imports of primary
aluminium and the gradual closure of a number afbfean primary smelters during the past 6 %
years. Our results suggest that the carbon leadelggte in this sector may therefore be better seen
terms of not accelerating the decline of the ingusst Europe, rather than preventing it, and that a
state-aid to the industry to prevent carbon lealsgeild therefore be applied accordingly.

CDC Climat Research is the research department 8Climat, a subsidiary of the Caisse des Dépbts
dedicated to the fight against climate change. C@limat Research provides public research on the
economics of climate change.
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1 - Introduction

Since the European Union Emissions Trading Sché&itleHTS) began pricing GQemissions within
the European Community in 2005, the risk of indastmoving production and emissions offshore to
avoid the regulatory cost of compliance has beesndral preoccupation of its architects. ThusEaJ,
policy makers have sought to use state aid meagsawueh as the allocation of free emissions
allowances, to prevent such “carbon leakage” fracuaing. For instance, in Phases | & 11 (2005-07
& 2008-12) of the EU ETS, these concerns led toalfexation free of charge of a large share of the
required emissions allowances of industrial marntufémg participants in the scheme. Meanwhile,
Phase Ill (2013-2020) will see the introductionfade allocation based on harmonised emissions
performance benchmarks to sectors deemed to ligkaifrcarbon leakage. And Article 10a(6) of the
Revised EU ETS Directive will allow for the prowisi of additional State Aid to energy intensive
sectors deemed at risk of leakage, in order to emsgite for increases in electricity prices created
the scheme. Electricity intensive sectors in coestwhere the carbon cost pass-through is relgtivel

high, such as primary aluminium production in Gemgaare therefore hoping for this state aid.

However, the provision of state aid to protect stdes from going offshore as a direct consequence
of carbon pricing policies remains a controverigalie. The underlying question of the right balance
between mitigating genuine risks of carbon leakage the inevitable welfare transfers to industry

continues to be a subject of intense debate. Oroieehand, to the extent that it prevents carbon
leakage, state-aid measures can reinforce the ommwental effectiveness of the scheme and can
prevent economically inefficient reallocation obguctive resources due to “policy arbitrage”. Thus,

state aid can in principle improve economic welfamvironmental effectiveness and arguably also

stakeholder acceptability if it prevents avoidatdebon leakage.

On the other hand, excessively generous state a@asumes may reduce scheme acceptability and the
appearance of fairness to the general public, Isecaiithe potentially large welfare transfers fri

public to private sector. To a certain extent,gh@ssions performance benchmarking approach to free
allocation to be introduced in Phase lll of the EUS can be understood as a response to such

concerns about equity.

To best meet the challenges posed by the threatrfon leakage, policy makers need access to
reliable and relevant information concerning théeek of the risks of carbon leakage for specific
sectors. This paper therefore seeks to shed some ligbt on the nature of the risks by providing a
guantitative ex-post analysis of the evidence ofb@a leakage from the primary aluminium

production sector during the first 6 %2 years of ¢ ETS. It also tries to shed further light on the
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likely role of carbon pricing — compared to othectbrs — in affecting the longer run economic
competitiveness of European primary smelters viavanview of some broader trends currently being

observed in the sector.

1.1. Why Aluminium?

The primary aluminium sector is a particularly netgting candidate for evaluating the extent to Whic
carbon leakage has occurred during the first seryy@f EU ETS. While the sector has not been
explicitly included in the scheme so fams an extremely electricity intensive product,his
nevertheless faced the new carbon price indire€thys is because the price of emissions allowances
(EUAS) has tended to be passed on by generatarshiatprice of wholesale electricity. For example,
Sijm et al (2006) found that in Germany and thehddands — two significant primary aluminium
producing countries — average £€bst pass-through rates of roughly 90% and 70%péetively)
could be observed in Phase I. Since only a smatlepgage of EU primary aluminium smelters use
auto-generation and a large share of them have geatually coming off of long-term electricity
supply contracts since 2007 (IEA, 2008), the aldmnmsector should therefore have faced increases

in operating costs in response to the EU ETS.

At the same time, because it was not includederBY ETS directly in Phases | and Il, the sectar ha
not been eligible for compensation from the isseaot free EUAs. This distinguishes aluminium
from other sectors like steel, cement, or pulp pagder, where a high share of the increase in carbon

costs have been compensated with free allowandés (€011).

Moreover, European aluminium has a relatively hegiposure to foreign competition. As a product
with a high value-to-weight ratio, and which is guoced in many parts of the world, it is traded
extensively in competitive international marketsisT suggests that domestic aluminium producers
may have a more limited ability to pass-throughlaiaral cost increases in order to maintain

profitability in the face of carbon cost increases.

The structure of this paper is as follows. Sectioffers a summary of the related literature orboar
leakage in the EU aluminium sector related to tHé ETS. Section Il provides background
information on the production process, industriajamisation, and offers some perspectives on
investment trends of the primary aluminium sectoEurope. Section |ll describes the quantitative
methodology and data used to estimate whether oddad&kage has occurred. Section IV summarises

and interprets the results and section V concludes.

! Direct emissions from aluminium production will be covered by the scheme from 2013.
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2 — Previous studies

2.1. The ex-ante literature

The EU primary aluminium industry has long beenoggised as one of a handful of specific
industries exposed to a risk of off-shoring prodrcin response to carbon prices. For example, IEA
(2004) identified aluminium among the EU industrid®ly to be most affected in terms of cost
increases from the EU ETS. It estimated that, Eok tountries in the EU, the average overall per
tonne cost increase of the EU ETS, if electriciyerators passed through 100% of the carbon price,
would be 2.4% at 10€1tG®, 3.6% at 15€/tC@ and 7.2% at 30€/tGO. Assuming a price elasticity

of demand of -0.86, it concluded that the EU wasdd between a 2.2% and 7.6% production drop if
profit margins were to be maintained. McKinsey le{2006) found slightly higher cost impacts: at
20€/tCQe the EU ETS would probably lead to an 11.5 % shortoperating cost increase via

electricity prices for average EU smelters.

Other ex-ante studies at the country specific Iénale broadly supported the IEA and McKinsey's
initial conclusions. In the UK, Climate Strateg{@907) found that with a carbon price of 20€/#0
and a power cost pass-through equal to 10€/MWh aldikninium would face carbon costs equivalent
to around 11% of gross value added — with 90% efaibst effect due to the electricity pAicEhese
results were in line with those of Carbon TrustG202008). Also focusing on the UK, Smale et al
(2006) performed a partial equilibrium analysis twitmperfect competition and found that at
15€/tCQe primary aluminium would experience an approxindteshort-run marginal cost increase,
while at 30€tCQ@e a 13% marginal short-run production cost increaseld be expected. Turning to
the effects on trade, they found that at 15€4Me 4% cost increase would be sufficient to drive

both domestic smelters out of business almost inatelgl, to the benefit of non-EU competitors.

In Germany, where the marginal electricity prodedaave historically burnt coal, but increasinglg ar
shifting to natural gas, Oeko Institute (2008) mpd that carbon pricing of 20€/tG© would be
expected to result in a cost increase equivalefidtd of sector gross value addeof which around
80% would be from electricity cost increases. Théhars also noted that the market for German
aluminium and aluminium products have significaatle intensitywith non EU countries of between
20-30%, suggesting that higher domestic costs dusatbon pricing could feasibly lead to foreign
competitors winning a larger share of the GermarketaMeanwhile, in the Netherlands, CE Delft
(2008) reported an expected increase in operatists @ue to the EU ETS of around 6% for Dutch

smelters — which they also noted would not be sblge met through price pass-through due to strong

2 Calculation based on data at the SIC four digit level
3ie. profit margins plus labour costs
* Trade intensity was defined as (imports + expdrtgrnover + imports)

4
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international competition. This in turn implied thaargins and hence profitability would need to be

reduced to maintain market share.

Table 1. Summary of (electricity price) cost-impact estimated in the literature

Author Scope Price  Pass-through Cost increase
€/tCO, cost €/ MWh % variable costs/tAl
EU 2.4-7.6%
J2A (@0es) (IEA) =t RS Causing 2.2-6.7% decline in prod.
McKinsey (2006) EU 20 10 115

Carbon Trust (2004),

0
Climate Strategies (2007 SIS AL o O
4 -13%
Smale et al (2006) UK 15-30 7.5-15 Causing 100% decline in prod.
Oeko Institute (2008) DE 20 19 11.2%
CE Delft (2009) NL ? ? 6%

The long-run competitive prospects of the EU prynaluminium smelting industry have also been
commented upon by a number of publications (e.gKikkey (2006), CE Delft (2008) and EAA
(2006)). Among these, the conclusions offered KMsey are representative. They concluded that
on current trends in relative power prices, theaniyj of remaining EU primary smelting capacity
could be expected to shut down by 2025, irrespedaivcarbon costs. They therefore concluded that
CO, prices were not likely to be a “determining fattior driving the long-run off-shoring of primary

smelting production capacity in Europe; howeveytbeuld potentially hasten the process.
2.2.The ex-post literature

To our knowledge, IEA (2008) is the only original-gost analysis of the effects of the EU ETS
carbon price on European primary aluminium produrctin it, the author provided an econometric
analysis of the effects of the first two years loé EU ETS (2005-2006) on net exports of primary
aluminium from the EU to non-EU countries. She fbuahat the effect of both carbon prices and the
existence of the EU ETS were statistically not gigant in explaining quarterly net export data for

the EU.

This result may appear surprising, given the caichs of the ex-ante literature. However, to explai

it, the author concluded that the results were gibbbdue to the fact that most EU smelters wetk sti
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on long-term power supply contracts as of 2005 200b. Long-term contracting is important to any
analysis of carbon leakage in this sector, sinbast(in the past) allowed aluminium smelters t@ag

long-term deals with power or energy suppliers Whytiarantee them electricity supply at a given
price over long periods of time. Since electria#ypresents such a large part of the costs of pyimar
aluminium production, long-term contracting hasowattd smelters to insulate themselves to a

considerable degree from risks to electricity mjaacluding carbon pricing.

Many of the long-term contracts EU smelters havd dering the period of the EU ETS predate the
passage of the EU ETS Directive in 2003. In faeg &uthor estimated that only around 18% of
capacity was exposed to wholesale power price ase®in response to the EU ETS, which probably
explains why their analysis did not find any impactcarbon pricing on competitiveness of EU
smelters, during the period 2005-2006.

In addition, the author noted that the years 20052006 saw a surge in wholesale power prices due
to large primary energy cost increases. The simetias rise in electricity costs has been attribbted
owners of smelters in Germany, France and Hungarytagether represented 6.5% of EU capacity as
the reason for shutting down (Ellerman et al, 2008g author of IEA (2008) thus suggested that this
may have led the most inefficient plants to shuvm@nyway, implying that those remaining may

have been less vulnerable to electricity and preslyralso CQ costs.

This paper aims to make two contributions to thevabliterature. Firstly, it seeks to re-examine
empirically the effects of the EU ETS carbon pricenet imports of primary aluminium in the EU. In
particular, it aims to take advantage of a largen@e period than the existing IEA (2008) study
mentioned above, in which a much larger portioraliminium sector electricity supply contracts
have expired. According to IEA (2008) and discossiwith industry participants, roughly 65% of
2006 capacity should have seen their contractsekyi 2010, a process which has occurred gradually

since approximately 2007.

Secondly, this paper aims to provide some reflastian long-run trends affecting the market share of
European aluminium smelters, as well as factornsappear to be guiding future capacity investments,
since we believe that these are critical to undadihg the risks of carbon leakage in the primary

aluminium sector in the medium term.
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3 — Industry context

3.1. Primary aluminium production: the most energy intensive part of the value chain

This study focuses on the production of unwroygfirnary aluminium products — both alloyed and
non-alloyed. Primary aluminium refers to aluminiwahich is produced from extracting the pure
aluminium elements from aluminium oxide (@ or “alumina”). The process, also known as
electrolysis, involves dissolving the raw alumimaai bath of molten cryolite and then passing large
amounts of electric current through the bath videa anodes in order to separate the bonds between
oxygen and aluminium elements in the alumina. Typecally requires around 15MWh of electricity
per tonne of primary aluminium (EAA, 2010). Forghheason smelting plants are usually located near,

or have on-site, large electricity-generating @ant

Secondary aluminium, on the other hand, refers ltoniaium produced using recycled scrap.
Secondary aluminium therefore does not requireseitie use of electrolysis and as such its elégtric

intensity is roughly 5% of that required to prodpecenary (McKinsey et al, 2006).

In terms of production costs of primary aluminiufme largest unit variable cost factor is electyicit
which can represent between 35-50% of total urdtdpction costs, depending on prices. Obtaining

refined alumina also typically accounts for a rdyg0-35% of unit costs (IEA, 2008).

Once primary aluminium has been made, the resuttioen aluminium is syphoned off and cast
directly into simple “unwrought” forms, such as artg, slabs or billets. These may be made purely of
non-alloyed aluminium or can be mixed with oth@meénts, such as zinc, magnesium, etc, to produce
alloys, which can have a range of different meateniroperties. Unwrought primary and secondary
aluminium slabs, billets or ingots are subsequetntiged into a variety of semi-finished shapeshsuc
as rolled cast or extruded products, before beimgetd into final products. These later steps are

significantly less energy intensive than the engtages of the production process.
3.2. EU production of primary aluminium

Primary production is only one area where the Eeaopaluminium industry participates in the
aluminium value chain. As Figure 1 shows, primdgyranium production accounts for around 16.5%
of volume (by weight) of primary and semi-finishpbducts made in Europe (including Norway and
Iceland). As a share of industry value added, thigertainly a much smaller percentage, since
recycling and so-called “mill products”, such adlew products, extrusions, wire and castings,
generally require a higher level of labour inputdaare often tailor-made products for speciality
industrial purposes. They can thus command a higiagket price and have a greater ability to absorb

cost increases. Therefore, to the extent that perduof downstream products are not dependent on
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being vertically integrated with upstream primarsoqucers, they are less vulnerable to carbon
leakage.

Figure 1. Production of primary and secondary aluminium products - Europe 2009
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Data: EAA, 2010
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The global primary aluminium industry is concergdhin a relatively small number of countries in
which a handful of multinational compariegominate. As Figure 2 shows, China, Russia, Canada
USA, Australia & New Zealand, Brazil, Norway anddia currently account for 75% of global
production. This concentration is largely due t® tiatural advantages offered by these countriest mo
importantly in the form of a large, cheap and teapower supply. Historically, access to bauxite
reserves and elevated domestic consumption hagpetsaded incentives for vertical integration in
some countries. This has changed somewhat in thiedegzade or so as primary prices have risen
relative to transport costs and as companies seddetgeographically well positioned to gain a

foothold in emerging markets such as Asia and LAtirerica.

Figure 2 also shows that the European Union acediantonly 8% of world production. The major
production locations in Europe are correlated Watige levels of industrial production — particwarl
those who have historically offered large sourdesbondant, reliable and cheap power.

®The largest global companies and their market st 2010 are Rusal (12.4%), Alcoa (11.9%), Alcn4%), Chalco
(6.1%), Norsk Hydro (4.7%), BHP Billiton (4%hitp://www.aluminiumleader.corfaccessed 09/2011)

8
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Figure 2. Relative shares of world and EU27 primaryaluminium production (2008 data)
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3.3. Competitiveness trends of EU primary aluminium praluction

Capacity investment trends in new primary aluminisimelters indicate that the primary production
part of the industry is in decline in many advanEegopean countries and that this was the case prio
to the introduction of the EU ETS. EEA (2006) reapdrthat between 1989 and 2005 the EU25 saw 21
primary smelting plant closures and only 2 new apgsh— in 1991 and 1995 respectively. With the
exception of these 2 new plants, the vast majofityhe remaining 19 plants were commissioned pre-
1980. Indeed, McKinsey et al (2006) argued that “mdsthe primary smelting capacity in Europe
and the United States is likely to be shut downr dlie next 20 years due to increased power prices
and the search for cheaper, stranded enérgyid this trend has indeed been observed, wittofem
medium-sized primary smelters closing between 20@82011 in 5 different countrfes

Rising power costs in Europe are typically citedhresmain reason behind this trend (e.g. EAA, 2006;
Ellerman et al, 2009). Moreover, according to IEAE8), approximately 49% of production capacity
was supposed to be coming off long-term contraetsvéen 2007 and 2012. The decision to shut
down therefore corresponds with the worsening ofgina due to rising power prices and tighter
margins as these contracts are expiring (see Fgjure

®The average primary smelting plant is typically eepated over a lifetime of 30 years, althoughtilifies can be extended
by up to 20 years via major maintenance investments

"McKinsey et al, 2006, p.47 UK (2010, 2011)

8 Germany (2009), France (2008), Italy (2009), Polgt9), UK (2010 & 2011)

9
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Figure 3. Industrial electricity costs for major EU producers vs. LME primary aluminium price
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The general lack of investment in new capacity iwithe EU is well evidenced by the diverging trend

in long-run domestic production and consumptiortasif000. Figure 4 shows that, by and large, EU
primary aluminium production is not maintaining asmpetitiveness with substitutes, such as imports
and secondary aluminium. Although its output hasnbsteady prior to 2008, its share of the market
for domestic use has been declining, suggestingn&a capacity investments are not being made
despite rising demand.

Figure 4. EU primary production versus substitutesor domestic use
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Conversations with representatives of Europeanymed also suggests that the increasing difficulty
of securing new long-term contracts with power gatoes at internationally competitive power prices

appears to have been a key factor in new investaegisions. This difficulty has arisen in largetpar

10
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due to the stricter enforcement of EU anti-trustl @ompetition law which has been interpreted as
disfavouring long-term contracting, as well as @aging volatility in primary energy prices and othe
production and investment costs for European gémaréof which the C@price is but one factor).

During the past 5-10 years, investment trends énsibctor have favoured large-scale new capacity
investments outside of Europe’s borders, in Icel&umtway, the Middle East, Russia, and some parts
of Africa and Latin America. In these locationsgrgasingly volatile energy costs are increasingly
being “hedged” by tapping abundant local energyemess and the availability of special pricing
arrangements. Interestingly, these energy resameemcreasingly based on hydro-power, for example
in Iceland, Norway, Russia, and some parts of Afaad Latin America, while others may also be gas
in the Middle East.

Another motivation in the location of new investrhés to gain geographical and supply chain
advantages with respect to new emerging marketghwhill increasingly consume aluminium as
incomes rise. The desire to hedge carbon pride isigherefore only one factor among several

influencing the broad global trends in investmerthie sector.

Figure 5. Share of global primary aluminium production by electric fuel source
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In addition to the prospect of coming off of loreg#h contracts in the face of soaring power prities,
EU’s primary aluminium industry may also be negalivaffected by changes in tariffs which took
place in 2007. Between 1999 and 2007, the EU appli®% value added tariffs on imports of primary
aluminium products from tertiary countries with@uéferential agreements — essentially this reladed
countries outside the European Economic Area. Tiese reduced to 3% for non-alloyed products in
late 2007, while imports of alloyed products regairtheir 6% tariff. The reduction was expected to

benefit Russian imports in particular.

11
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4 — Methodology & data

4.1. Econometric Model

Estimating the effect of the EU ETS carbon priceEh primary aluminium producers’ international
competitiveness requires controlling for the effectf simultaneous changes in other variables
influencing EU/extra-EU trade in primary aluminiufihe econometric technique of Multiple Linear
Regression can overcome this difficulty. A well-siied regression model allows for the estimation
of the individual effect of each explanatory valeabn a dependant variable, after controlling fer i

possible correlations with other relevant variables

This approach thus allowed us to estimate whetifégr controlling for other factors, the EU ETS
carbon price has contributed to a loss of competitess in so far as it may have contributed todrigh
net imports of primary aluminium products by the Huring the period of investigation (1999Q1 —
2011Q2). The underlying logic is that, on average,higher the cost of GGn any given economic
guarter, the higher are electricity prices for Btdeters (who are not on long-term contracts) and
hence the greater the chances they will reduceuptimh (either marginally or by shutting down) and
hence that domestic demand will be increasingly byetmports from non-EU ETS countries. The
model described below therefore allowed us to olesevhether there was any statistically robust

evidence of this phenomenon:
Net Imports = o +  (1.PCO2 + f.IndProd + f3.EUR/USD

psPCoal + ps.PNatGas +

Where,

NIM; = The level of net imports of primary alumoim product$ by the EU27, in
economic quarter t, measured in 100kg units. Theasents EU27 imports from, minus
exports to, all countries outside the Elf27

Ind-Prod = The volume of industrial production in th&JZ in economic quarter t,
measured in millions of Euros via chain-linked pac

PCO2 = The average spot price of EUA emissidimsances in the EU ETS carbon
market during economic quarter t.

PCoal = The average spot price of Rotterdaal daring economic quarter t, measured
in USD/tonne.

® Specifically, primary aluminium data were calcabhas the sum of HS codes: 760110 (Aluminium, not
alloyed, unwrought) + 7601201 (Aluminium, alloygimary)

19 This variable was constructed expressly excluttiade with Norway, Iceland, and Liechtenstein, \ahe also
included in the EU ETS since 2008. However, sincewdy and Iceland are important producers of prymar
aluminium, a separate regression was performeciohatrade with these countries was included inNive
variable — this did not meaningfully change thauhess

12
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PNatGas = The average price of “EU Natural Gas"ading to the IMF during economic
quarter t, measured in USD/thousand cubic metres.

EUR/USD = The average effective exchange rate oEti27 during economic quarter t.
o = Constant term
U = Random disturbance term, representing the efffieahobserved factors

The explanatory variables were chosen with thediproviding an unbiased estimate of the effect of
quarterly CQ prices on the dependent variable. Thus all veesalwhich coulda priori be considered
to be correlated with both the G@rice and EU27 net exports of primary aluminiunraviecluded in
the model. For example, EU27 real industrial proiducdata were used. This variable affects,CO
emissions via industrial production and therefopteptially the CQ price. Moreover, it also proxies
the level of domestic demand, which affects denfandmports and also spare capacity available for
producing exports of primary aluminium. We theref@xpected it to yield a positive coefficient

estimate.

The nominal EUR/USD exchange rate was also inclideal measure of the relative cost of importing
and value of exporting. A priori we expected a pesirelationship with net imports, since a higher
euro implies that imports are cheaper and expoetsrare attractive to undertake, all else held kqua
Since the EURO/USD exchange rate has fluctuataedfisigntly since the introduction of the carbon

market this was also included as a control variable

The Rotterdam CIF coal price and Zeebrugge Hubrabgias price variables were included to control
for their effect on the price of EU electricity femelters. These variables are also known to have a
impact on the EU ETS carbon price (Ellerman e2a09). We expected them to have a positive
relationship to net imports, since many of the ¢oes that export to the EU do not rely on coal-or
gas-fired electricity to produce aluminium while mygEU producers are exposed to these prices as the
marginal generating fuel in their respective eleityr markets (e.g. via the German, British and

Nordpool markets).

Moreover, to account for the effect of long-termnttacts beginning to end in 2007, we tested
structural break variable for the post 2007Q4 péithe sample with respect to the £@ice. This
was constructed by multiplying a post-2007 dummyakde by the average GQrice in each quarter.
This variable allowed us to test the potentiallgrged effect of the Crice post-2007 just after the

proportion of capacity without long term contracteved from 18 to 38%.

13
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4.2. The Data

A preliminary analysis of the data revealed thaesal key variables were non-stationary data series
implying that there was a risk of the so-calleduispus regression” problem. We therefore performed
a Johansen cointegrating rank test to confirm tlesgnce of a cointegrating relationship between the
dependent and independent variables (see AnnexTHjs revealed the existence of a single
cointegrating relationship between the variablebictv implies that there is a stable long run
relationship between net imports and the set okddent variables. In this case, this relationship
largely reflects the strong relationship betweea lgvel of demand for aluminium (i.e. industrial
production) and the level of imports, as well as ¢éixchange rate. We therefore proceeded to estimate

our model using the Johansen cointegration method.

The regression was based on quarterly data widmgkng period from 1999Q1 to 2011Q2. Thus,
given that we had only 12 ¥ years of quarterly olzgen, of which CQ prices were only present for

6 Y2 years, we must be clear that this analysisahasited capability to accurately measure the full
long-run effects the EU carbon price might haveshifting investments with long-lead times away
from the EU. This limited sample size effect wasnpounded by the fact that long-term contracts
have only just begun to expire in 2007 for a highcpntage of EU producers. This leaves a somewhat
limited period of quarterly observations for thedabto capture the distinct effects of Cf¥ices as
opposed to other causes of longer run investmefts.sHowever, the model does allow for any such
shifts of investment or marginal reductions in pratibn capacity that have occurr@dring the

sample periodo be captured, assuming they had an effect oimpeatrts.

Secondly, since the price of coal, gas and indalgtroduction turned out to be highly correlatent] a

the sample size was relatively small, this posedhall identification problem. This was resolved by
estimating three separate equations — one whictradled only for industrial production, one which
controlled for industrial production and coal peceand a third which controlled for industrial

production and gas prices.

A third challenge posed by the data was the faat ithwas not possible to obtain quarterly data on
secondary aluminium consumption in the EU. Sina®sdary aluminium is a substitute for primary
imports, we did nevertheless find it appropriatecamtrol for secondary aluminium consumption.
Unfortunately, only annual production data was latédé, this did not allow us enough observations to
create a statistically robust sample size. It imsefore decided to omit the secondary consumption
variable from the main estimation. However, as lausthess check, we constructed a “quarterised”
average of the annual data points for each caleyelmr based on data provided by the European
Aluminium Association and used this as a rough preariable for quarterly secondary aluminium
consumption. This variable appears in the resdltsvibas “RecyProd”. Including it in our regressions

did not significantly change the results with retfie the carbon price impact.
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Finally, to take account of the fact that in 2008"May and Iceland (two large aluminium producers)
joined the EU ETS, the EU27 data were recalcultdatet out trade between the EU27 and these two
countries for the entire sample period. Thus, #eimports variable effectively reflected net imigor
by the EU27 countries from non-EU27 countries ediclg Iceland and Norway. Annex | describes

some further features of the data and the estimatiocedure.

5 — Results

5.1. Regression results

The results of the four main cointegrating regmssiestimated are summarised in Table 2.

Table 2. Results of cointegrating regressions on nienports of EU27

Variable @ ) 3) 4)
constant 201964 255195 57405 199971
() () () ()
314 1154+ 11053+ 361
PCO2 (270) (290) (278) (219)
ndProd 0.454%% 0.634% 0.174* 0.497%
(0.08) (0.08) (0.09) (0.10)
48339+ 6615.9 32546+ 41851+
EUR/USD | (13363 (17770) (12809) (10771)
492+
PCoal - (101)
123***
PNatGas - - (31.5)
0.002
RecyProd - - (0.004)
N=50 N=50 N=50 N=50
P>Chi2=0.000 P>Chi2=0.000 P>Chi2=0.000 P>Chi2=0.000

* Statistically significant at 10% level
** Statistically significant at 5% level
*** Statistically significant at 2.5% level

In all four model specifications, the coefficiestienate representing the effect of the price of @@2

net imports of primary aluminium was either nottistecally significant or was the wrong sign (i.e.
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negative rather than positive). We therefore cateduthat we did not find any evidence that the
carbon price has caused a rise in net importsiofgoy aluminium during the first 6 ¥z years of the
EU ETS.

Among the variables found to be statistically digant explanators of EU net imports of primary

aluminium were: the level of industrial producti¢ire. European demand), the price of coal, the
EUR/USD dollar exchange rate, and the price of nahtgas in Europe. In addition to being

statistically significant, these variables’ coefiat estimates were also found to be correlateld mat

imports in the expected way (i.e. positively).

5.2.Interpretation and uncertainty

The fact that carbon price did not prove to beistaally significant suggests that so far the EUSE
has not been a significant factor behind the ste@dyin the share of EU consumption which is being
met by net imports from outside the EU ETS coustriehis result can probably be explained by a
combination of factors. First and foremost, of @ayrs the fact that most smelters have only rgcent
begun to come off of long term contracts, which lddae expected to limit the responsiveness of their
production decisions to the carbon price up uhtlk fpoint. The sample size post-long term contracts
therefore remains relatively small for the purpostsdetecting the carbon price effect, especially i

the context of an unusually volatile energy priaed demand.

Secondly, primary aluminium production has a techliconstraint limiting its ability to vary
production levels in the short run. Failure to aismelting “pot” on a 24-hour, 7-day a week basis
leads to freezing of the aluminium bath inside plog resulting in costly repair work necessitatang
wait of up to 6-12 months to return production ul €apacity. Thus, for those producers who have
been off of long term contracts and facing carbostin their electricity prices, carbon prices igou
need to be sufficiently high to incentivise sucboatly operation. However, since carbon prices have
so far been relatively low as a share of wholesldetricity prices (see Figure 6), they have prdpab
not been high enough to incite this activity. Thiuss theoretically possible that the true effeft o
carbon prices on EU production will not be seeril tiné reduced per unit margins induced by higher

carbon and electricity prices makes itself evidenén capital stock expires and is not replaced.
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Figure 6. Estimated contribution of CGO; price to rise in German industrial power costs
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Data : Bluenext, EUROSTAT, own calculation

Note: electricity prices refer to average annudustrial consumer prices in €/MwH incl. tax. Thdustrial consumption
price quoted refers to large industrial consumersaming 70-150 000MwH/yr. Prices exclude VAT.

CGO, cost component assumes a pass-through of 90% Affide for coal-fired power and 0.9 tG@mitted per MwH.

It is also possible that, to some extent, the hafgadustry compensation for indirect emissionsro
2013 onwards under Article 10a(6) of the ETS Dikectmay be influencing decision to remain in the
market for the time being. A conversation with istiy representatives suggested that the combination
of the economic downturn and terminating long-tewntracts coupled with higher electricity prices
has left some smelters running at marginal prafitgbSmelters in this category are therefore wajt

to see how the business environment evolves igdheng year or two before making decisions about
whether to continue operations. One part of thisaéiqn is the amount of state-aid which they will
receive for indirect carbon costs under Article (B)aFor example, one interviewee commented, “if
we received no state aid, then that would probatéye our decision [about whether to continue
operating the smelter] for us”. This “wait and segiproach to the carbon policy environment is

therefore a caveat on our findings.

Interestingly, our results with respect to the pesiinfluence of coal and gas prices suggest the
importance of factors other than the CO2 price Wwhielp to explain the gradual rise of foreign
imports as a share of the EU aluminium consumpsioice 1999. To illustrate, Figure 7 gives a
graphical representation of the correlation betwibensharp rise of the price of EU natural gas, EU

coal, and German wholesale electricity prices.sugigests that a large part of the rise in German
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wholesale power prices appears to be explainedsmgrprimary energy costs for marginal electricity

producers.
Figure 7. EU coal, gas and Germany base-load powprices
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Assuming that both coal and gas prices are redplentir increased power pricesraises the question
of why high coal and gas prices would dispropodtety disadvantage the EU27’'s production of
aluminium compared to that of competitors overs@ag answer is that the EU’s main competitors
are not as exposed to the prices of coal and gas-Blectricity for a variety of reasons. Firstly,
Figures 8 and 9 show that during the period ohgsioal and gas prices since roughly 2003, the majo
exporters to the EU have been countries relyingiiyain hydro-power for aluminium production —
namely Norway (100%), Iceland (100%), Russia (~80%&nada and Brazil (~80%). Moreover, these
countries and others such as Mozambique, UAE amdai3a(which use electricity from coal and gas)
operate under less competitive conditions thanraéwé the main markets in Western Europe. For
instance, they have the advantage of still beinig &b sign long-term arrangements with power
companies, regulated power prices or auto-generat@l of which limit marginal price pass-through
of rises in fossil fuel prices via electricity matk in the short term. Of course, in the long his may
change. But for the period of the sample, the @val gas intensity of the EU’s marginal power

generating facilities has been a disadvantage bsaelters coming off of long-term deals.

Thus, our regression results and on further arabyfsthe data would seem to provide further support
for the claim made in McKinsey (2006) and elsewhdb the EU primary aluminium sector faces

some significant medium term competitive challengest go beyond carbon pricing. Our results

suggest that exposure to primary energy pricegweral traditional producer countries accompanied
with the difficulty of signing long term contracis one such difficulty. In addition, IFRI, (2011a$
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persuasively argued that rising network infrastitet maintenance and capacity investment costs
have been another significant contributor to rigtegtricity prices in Germany and in other Europea
countries. Rising VAT rates since 2000 and growdegnand relative to available capacity may also
have made a contribution to rising power costeiresal EU countries.

Figure 8. Major exporters of unwrought non-alloyedand alloyed primary aluminium to the
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Figure 9. Share of European primary aluminium prodiction by electric fuel source
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6 — Concluding remarks

In summary, our results found no hard evidencetHerhypothesis that the level of the carbon price
created by the EU ETS between 2005 and 2011Q2 leavéo carbon leakage in the EU primary

aluminium sector as measured via changes in nebrisypf aluminium. Our findings therefore
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confirm those of IEA (2008) but over a longer pdraf investigation and in which a significant share
of long-term power contracts had expired. Nevee$sl we believe that these results need to be
interpreted with caution, given that our samplaqeeexamined is relatively short and given techinica
constraints on short-run production shifting insteector. It is thus possible that the signs obaar

leakage in the sector are not yet visible.

Furthermore, the empirical evidence presented s thaper suggests that the international
competitiveness of the Europe’s primary aluminiweatser — as measured by the share of the domestic
consumption which is being met through local prdaurc— is in long-run decline for reasons which
go beyond the introduction of the EU ETS. While tarbon price is a contributing factor to these
cost rises, our estimates suggest that it is rotmbst important factor driving electricity costsda
pressure on margins for the industry. Since cortipetiess losses are not the same thing as carbon
leakage, it follows that the debate about carbakdge should therefore be about not unnecessarily
accelerating the speed of delocalisation of exgspinoduction capacity, rather than preventing this
delocalisation, which looks likely to continue hetnear future based on current trends, irrespeofiv
CO, prices. From a policy maker’s perspective, itisrefore important that the G@rice is not used

as an argument to compensate industry for a simetias loss of competitiveness which is due to

other factors.

Moreover, to the extent that state aid is givewilitheed to take account of long term contractéoh
will remain in existence in some EU ETS countrieshsas Norway for a number of years after Phase
Il of the EU ETS has begun. If these smelters hadeed locked in pre-existing power prices, then

CQO, prices should not affect their competitivenesdl timbse contracts expire.
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Annex |. Further comments on data

|. Data Sources

The data used to estimate the model came fromiatyasf sources. Trade data was obtained from
EUROSTAT's Comext database. Industrial productiowd @aominal exchange rate data also came
from EUROSTAT’s economic and industrial statistitz#abases. EU ETS G@pot price data came
from BlueNext. EU coal and natural gas cost data wlastained from the IMF world commodities

database.

Nominal price data such as natural gas, coal andptiCes were converted into US dollars. This was
done to reflect the fact that aluminium sold in théernational market — including Europe — is
typically priced in US dollars. Hence it was assdntieat changes in input costs should affect the
marginal competitiveness of EU producers to thesmixthat they reduce the USD value of their

margins.

Il. Estimation

As Figure 10 shows, the dependent variable wasastationary time-series variable, implying that in
the absence of a co-integrating relationship whid dependent variables, a simple linear regression

would provide spurious results.

Figure 10. Net imports vs. Price of CO2
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The table below provides the results of the Johamsintegrating rank test for the first of the four
models reported in the results section. Againstriik hypothesis that the maximum cointegrating

rank is O, it reveals that that at a 95% signifezatevel, the trace statistic is superior to thdcal
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value, allowing us to reject the null. However, fa@ to reject the null hypothesis of a cointegngti

rank greater than 1, 2 or 3. Thus we concludetti®ae is only one cointegrating equation.

Table 3. Johansen cointegration tests for NM = F(lt-Prod, EURUSD, PCO2)

Maximum rank Trace statistic 5% critical value
0 50.18 47.21
1 17.88* 29.68
2 8.20 15.41
3 0.737 3.76
Lags=1
N =49
Trend: constant
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