
 

 

 

MODELLING THE 
ALLOWANCE 
ALLOCATION 
METHOD OF THE EU 
ETS 
 

AN APPLICATION TO THE 
CEMENT INDUSTRY 
 

 

 

Philippe Quirion (CIRED) 
 
Katja Schumacher (Öko-Institut) 
Sean Healy (Öko-Institut) 
 
 

 
 
 
 
 
Working Paper     June 2012 

Climate Strategies aims to assist government in 
solving the collective action problem of climate 
change. A “not for profit” membership organisation, 
Companies House Number 05796323. Funders include 
governments and foundations. All our research is 
published in the public domain.  

 

 
  www.climatestrategies.org  
 

 



MODELLING THE ALLOWANCE ALLOCATION METHOD OF THE EU ETS      

 

  
 

 
Philippe Quirion, CIRED  

 

 
 

 
Contributing Authors 

 

Katja Schumacher 
Sean Healy 
 

Öko-Institut 

 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Acknowledgement 
The authors wish to thank Dr Susanne Droege, without implicating, for many useful comments and 
assistance. 
 
 
Publisher 
Publisher i.e. Climate Strategies 2012 
 
For citation and reprints, please contact the publisher Climate Strategies 

  
 
 



MODELLING THE ALLOWANCE ALLOCATION METHOD OF THE EU ETS      

 

 
Modelling the allowance allocation method of 
the EU ETS 
 
An application to the cement industry 
 

 

Contents  

 
Executive summary ................................................................................................................. 1 
Introduction ........................................................................................................................... 1 
Literature Review ................................................................................................................... 2 
Methodology .......................................................................................................................... 5 

Scenarios ............................................................................................................................................ 6 
Calibration and parameter values in the central scenario ....................................................................... 6 

Results .................................................................................................................................. 8 
Sensitivity analysis ................................................................................................................ 14 
Conclusion ........................................................................................................................... 16 
References ........................................................................................................................... 17 
Appendix: Results of the sensitivity analysis on welfare components and welfare indicators ........ 19 
 
 
 

Executive summary 

The paper shows how different allocation rules under an ETS would affect production, leakage, prices, 
profits and welfare, taking the cement sector as an example. Using a theoretical partial equilibrium model, 
the analysis takes two steps: first, firms decide on their investment based on free allocation, the expected 
CO2 price and their expectation about future demand. Second, firms make their operational decisions, i.e. 
choose the production level.  Free allocation can be implemented in different ways and a usual assumption 
in economic modelling is to use output based free allocation (OBA, ex post).  We look into three ways of free 
allocation and compare their impacts: New Entrant Reserves, standard EU ETS grandfathering, and output 
based allocation (OBA). The results are tested against a no policy scenario, full auctioning, and full 
auctioning with border adjustments.  
We find that the EU ETS allocation method is efficient to tackle leakage, it is as efficient as OBA and only 
slightly less efficient than auctioning with border adjustment. However, the economic cost for a given CO2 
price is higher than that of the other scenarios. In particular, for the same emissions and leakage, OBA 
yields a lower cost, because the EU ETS allocation method generates a distortion between existing plants 
and new plants. While the EU ETS allocation method does not mitigate the negative impact of economic 
crises compared to OBA, the paper finds that the distributional effects of the standard EU ETS allocation 
method are much lower than those of other allocation modes. 
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Introduction  

 
Since the design of the EU emissions trading scheme (ETS), allowance allocation has been identified as one 
of its main potential pitfalls (e.g. Boemare and Quirion, 2002). While at the beginning of the ETS, free 
allocation was clearly a way to mitigate industry opposition, it is now presented in the European Directive 
(2009/29/EC) reforming the emissions trading scheme (ETS) as a countermeasure to prevent carbon 
leakage, i.e., the risk that the ETS could increase foreign emissions, by increasing the production costs of EU 
producers. From 2013 onwards, free allocation will be harmonized across the European Union. Allocation for 
incumbents is to be based on a benchmark multiplied with historic production and a reduction factor. 
Allocation for new entrants will follow a similar pattern, only that instead of historic production a standard 
utilisation rate of the installed capacity will be applied. Allocation in the European ETS is always ex-ante and 
therefore does not depend on the actual level of emissions in a given year, except in the case of closure.  
 
Yet, none of the economic models applied to the EU ETS actually features such an allocation rule: 
allowances are either distributed lump-sum (in which case allowance allocation has no impact on output 
price and production) or distributed proportionally to recent or current output1. Nevertheless, those models 
are used to assess the implication of free allocation as opposed to full auctioning in the context of carbon 
leakage.  
 
Modelling the new entrants reserve (NER) in a useful way is a difficult task and one of the reasons why 
models which assess the ETS do not reflect the EU's allocation rules adequately. Indeed, one has to 
distinguish situations in which investment in new production capacities takes place (and may be increased 
by the NER) and situations in which they do not. Moreover, investments decisions have to be made before 
knowing the state of demand, so an investment may turn out to be financially profitable ex post if demand is 
high but not if it is low. Thus it is useful to distinguish situations with high and with low demand. 
 
The aim of this paper is to show the implications of different ways of implementing free allocation in a model 
environment. Especially, the impact of current allocation rules both for incumbents and new entrants in 
relation to operational and strategic decisions of firms will be assessed. We apply the model to the cement 
industry because it features the highest CO2-intensity among the main industry sectors covered by the EU 
ETS (Hourcade et al., 2007). The paper is devoted to the construction and application of a model that 
features two steps:  

• the investment decision, based on free allowance allocation, on the expected CO2 price and on 
expectation of product demand;  

• the operational decision about the production level, which is influenced by the capacity level and, 
thus, by the investment decision taken in the first step. 

 
The investment decision is relevant for new entrants only, while the operational decision is simulated for 
incumbents, too. The impact of three forms of free allocation, which are (1) NER, (2) EU ETS-like and (3) 
output based allocation (OBA), is tested for both strategic and operational decisions and compared against a 
scenario with no policy, another with full auctioning and another with full auctioning and a border 
adjustment. The paper addresses the following research questions:  

� Is the EU ETS allocation method efficient to tackle leakage?  
� What are the impacts on profits, on consumers and on the level of production, investment, 

emissions and leakage?  
� How does it compare to auctioning and OBA?  
� Does the allocation method mitigate the negative impacts of economic crises? 

 
The paper is organized as follows. We first present an overview of the current allocation system in the EU 
ETS; we then introduce the model and its specifications. We describe the analysed scenarios and discuss the 
results. The robustness of the results is scrutinized by conducting a number of sensitivity analyses. A 
discussion with a focus on policy implications of the analysis concludes the paper. Some results of sensitivity 
analyses are displayed in an Appendix. 

                                                 
1  For example, Demailly and Quirion (2006) compare these two allocation methods. 
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Literature Review 
 
The method of allowance allocation under an emission trading scheme can impact the efficiency of the 
market system in several ways. For example, Neuhoff and Matthes (2008) have argued that the free 
allocation of emission allowances in Phase I (2005-2007) and II (2008-2012) of the EU ETS severely 
distorted the CO2 price signal, which provided less of a financial incentive to invest in energy efficiency and 
low carbon technologies. Furthermore, the transfer of public assets to the operators of installations for free 
resulted in the development of windfall profits, which served to further discredit the emissions trading 
scheme. Given these limitations with the free allocation method, Phase III (2013-2020) of the EU ETS will 
greatly increase the share of auctioning.  
 
In preparation for Phase III the EU adopted a Directive (2009/29/EC) to further improve the operation of the 
EU ETS. Several important changes have been introduced to the system. 
 

• The scope of the EU ETS will be extended to include new sectors and new gases (i.e. CO2 emissions 
from petrochemicals, ammonia and aluminium sectors as well as N2O emissions from the production 
of nitric and adipic acid and PFC emissions from aluminium production). 

• An EU wide cap to deliver a 20% reduction in GHG emissions below 1990 levels by 2020 and a 50% 
reduction below 1990 levels by 2050 replaces the previous setting of individual caps for Member 
States based upon their National Allocation Plan (NAP). 

• Addressing the issue of price volatility within the scheme by enhancing cost containment measures 
(i.e. banking and access to the use of international credits, which will be limited to 50% of the 
reduction effort required in the EU ETS).2 

• Emission allowances will be auctioned throughout Phase III for power generation, and in part for 
industry. 

 
In particular, the introduction of a long-term trajectory for annual emission reductions in the EU ETS beyond 
2020 provides greater certainty for financial investment in low carbon technologies. The CO2 price signal is 
further strengthened by the introduction of auctioning from 2013 onwards. However, given the concerns of 
industry regarding the impact of auctioning on the risk of carbon leakage, the transition away from the free 
allocation method will occur gradually. It is expected that the allocation of free allowances will be phased 
out entirely by 2027 except for sectors which are exposed to carbon leakage and for aviation.3 The European 
Commission has produced a list of 164 industrial sectors and subsectors deemed to be at risk of carbon 
leakage, based upon criteria such as trade intensity and additional carbon costs as a proportion of gross 
added value. In order to prevent energy intensive installations from relocating outside of the EU in response 
to climate policy, these sectors will be allocated for free. In order to encourage energy efficiency 
improvements the allocation of these free allowances would be determined by stringent product benchmarks 
based on the average of the 10% most efficient installations (Figure 1). 

                                                 
2  According to Article 11a (8) of the ETS Directive. 
3   The free allocation will in that case be 80% of the preliminary amount to be allocated in 2013 and will gradually decrease to 30% of 

this amount in 2020 with a view to reaching no free allocation in 2027. 
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Figure 1  Allocation of free allowances based upon product benchmarks 

 

Source: authors 

 
The methodology for the allocation of free allowances involves a preliminary calculation based upon the 
multiplication of a product specific benchmark by an activity level and a final calculation whereby the 
allocation of free allowances is adjusted according to several correction factors (COM, 2011). 
 
The preliminary allocation of free allowances is calculated by multiplying product specific benchmarks by an 
activity level that varies depending upon whether an installation is categorised as being existing or new: 

• For existing installations the preliminary number of allowances to be allocated is calculated by 
multiplying the product benchmark by the installation’s historic production4 expressed as the median 
of the years 2005-08 or 2009-10, whichever is higher.  

• For new installations the free allowances are provided from the New Entrants Reserve, which is 
equivalent to 5% of the total quantity of allowances. Given the lack of historical production data for 
new installations, the preliminary allocation of allowances is calculated by multiplying a relevant 
benchmark by the installation’s estimated capacity increase and a standard capacity utilisation 
factor.  

 
In order to determine the preliminary allocation of free allowances for existing and new installations, a 
carbon leakage exposure factor is applied at the sub-installation level. For sectors included in the carbon 
leakage list, the carbon leakage exposure factor is set to 1 (i.e. installations in these sectors will receive 
100% of their allowances for free), while for sectors excluded from the carbon leakage list the carbon 
leakage exposure factor will linearly decrease from 0.8 in 2013 to 0.3 in 2020.  
 
To ensure that the total amount of free allowances issued to the installations does not exceed the maximum 
amount of free allocation, as specified in Article 10a (5) of the revised ETS Directive, the use of two 
additional correction factors may be applied:    

• For all existing installations that are not classified as an ‘electricity generator’ the preliminary 
allocation of free allowances should be, if required, multiplied by a cross sectoral correction factor.5 

If the cross sectoral correction factor is applied, following an assessment by the European 
Commission, it would be an identical value for all installations. 

                                                 
4  Article 10 of the COMMISSION DECISION of […] determining transitional Union-wide rules for the harmonised free allocation of 

emission allowances pursuant to Article 10a of Directive 2003/87/EC 
5   COM (2011), Guidance Document no. 1 on the harmonized free allocation methodology for the EU ETS post 2012, Directorate B – 

European & International Carbon Markets. 
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• For all new entrants and for installations that are classified as an ‘electricity generator’ the 
preliminary allocation of free allowances should be multiplied by a linear reduction factor.6 The 
preliminary total amount of allowances will be reduced annually by 1.74% from 2013 onwards as 
specified in Article 9 of the revised ETS Directive. 

 
In order to ensure that free allowances are not allocated to installations, which have subsequently ceased 
operation, Article 22 of Directive 2003/87/EC provides measures to define installations that have stopped 
operating and to then prevent free allowances from being issued to these installations.7 In the event that an 
installation has only partially ceased operations, Article 23 of Directive 2003/87/EC outlines the use of 
specific thresholds that compare the reduced activity level to the initial activity level of an installation. These 
specific thresholds would then determine the number of emission allowances that should be allocated to an 
installation that has only partially ceased operation.8 However, if the activity level of an installation does not 
drop below 50% of the initial activity level, the installation will still receive 100% of its allocation9. Thus, it is 
unlikely that this “closure rule” will have an important impact, because operators have an incentive to reduce 
production homogenously in their plants in order not to reach the 50% threshold. 
 

                                                 
6    COM (2011), Guidance Document no. 1 on the harmonized free allocation methodology for the EU ETS post 2012, Directorate B – 

European & International Carbon Markets..  
7   Article 22 of the COMMISSION DECISION of […] determining transitional Union-wide rules for the harmonised free allocation of 

emission allowances pursuant to Article 10a of Directive 2003/87/EC 
8   Article 23 of the COMMISSION DECISION of […] determining transitional Union-wide rules for the harmonised free allocation of 

emission allowances pursuant to Article 10a of Directive 2003/87/EC 
9  Article 23 of the COMMISSION DECISION of […] determining transitional Union-wide rules for the harmonised free allocation of 

emission allowances pursuant to Article 10a of Directive 2003/87/EC 
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Methodology 

 
Model description 

 
For the purpose of this project, we have built a partial equilibrium model applied to the EU grey clinker 
market. We chose this sector because it features one of the highest CO2/value added ratio (Hourcade et al., 
2007) and had the highest emissions of all the manufacturing industry sectors covered by the ETS in phase 
1 (Kettner et al., 2008). The model is numerically solved.10  
 
The aim of the model is to compare the EU ETS allocation method to other allocation systems (auctioning, 
the new entrants reserve alone and output-based allocation) and to the main other tool proposed against 
carbon leakage, i.e. border adjustment. As highlighted above, a distinctive feature of the EU ETS is that 
allocation is based on a benchmark multiplied by a historical production figure for incumbents and by a 
standard capacity factor for new entrants. Thus, it is not based on actual production (as with output-based 
allocation). In order to differentiate output-based allocation from capacity-based allocation, it is essential to 
model situations with a high level of product demand and situations with a low level of product demand: 
some production capacities are used in the former case, not in the latter. Hence, if demand and thus 
production is unexpectedly high, more allocation will be distributed under output-based allocation but not 
under capacity-based allocation, at least before production capacities can be adapted to the new demand 
state.  
 
As a consequence, in our model, firms make their decisions in two steps: in a first step, they invest in new 
production capacities, facing uncertain demand; in a second step, they decide how much to produce, 
knowing the demand level.  
 
We compare the scenarios (except the no-policy one) assuming the same CO2 price. This CO2 price can be 
interpreted as a tax, or as the price of EU allowances, considering that clinker is unlikely to influence 
significantly the CO2 price on the EU ETS, as it represents less than 10% of ETS emissions.  
 
We assume that clinker is a homogenous product11: clinker produced in the EU and abroad is perfectly 
substitutable. Pure competition takes place between three types of producers: 
 

• New EU plants: they feature a low and homogenous operating cost hence they always produce at 
full capacity. However they have an investment cost. 

• Existing EU plants: they feature a higher operating cost than new plants, but no investment cost. 
They are heterogeneous regarding production cost, which yields an upward-slopping supply curve. 

• Foreign producers: they also have heterogeneous costs, yielding an upward-slopping supply 
curve. This is due to heterogeneity both in production cost and in transportation cost: if the clinker 
price in the EU is low, only plants with a low production cost and located relatively close to the EU 
market can sell clinker. They can do so only close to European harbours since road transport is 
costly compared to the value of clinker. With a higher price, some plants with higher production and 
transportation costs will be able to sell clinker in Europe, and those with the lowest production and 
transportation costs will be able to sell clinker further away from a European harbour. 

 
We use a linear demand curve with a deterministic slope and a stochastic intercept. The latter can take, with 
an equal probability, two states. For their production and abatement decision, firms are assumed risk-
neutral, i.e. they maximise their expected profits. For their investment decisions, our calibration procedure 
may implicitly account for risk-aversion (see below). We do not take into account clinker exports from the 
EU because they are usually very low.  
 
Regarding CO2 emissions and abatement, we make the following additional and simplifying assumption. 
Firstly, all EU plants have the same specific emissions12, all foreign plants have the same specific emissions, 

                                                 
10  A Mathematica notebook is available from the contact author upon request. 
11  Demailly and Quirion (2006, 2008) as well as Ponssard and Walker (2008) make the same assumption. In reality, there may be 

some quality differences between European and imported clinker, but they are implicitly accounted for in our calibration procedure 
(see below) so neglecting them should not bias our results. 
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but specific emissions of EU and foreign plants differ. Secondly, the abatement cost curve is linear: every 
extra €/t CO2 brings the same extra abatement per tonne of clinker. Thirdly, the abatement cost is part of 
the operating cost, not of the investment cost, which allows a symmetric treatment of new and existing 
plants and is a common assumption in the literature. 
 
Scenarios 
 
Our six scenarios are the following: 

1. No-Policy: no climate policy. 
2. Auctioning: full auctioning, no auction revenue recycling (auction revenue reduces public deficits). 
3. NER: New Entrant Reserve, i.e. free allocation for new plants, no free allowances (auctioning) for 

the other plants. Every new plant receives the same number of allowances per unit of production 
capacity (following the EU ETS phase III rules that will apply from 2013 onwards). More precisely, 
for each tonne of grey clinker annual production capacity, a new plant receives the EU ETS 
benchmark (0.766 tonne CO2/tonne clinker). 

4. EU ETS: new entrants reserve as in NER plus a lump-sum allowance transfer for existing plants. 
This lump-sum transfer has no economic impact except that it reduces public revenues from carbon 
pricing and increases firms’ profits: since it is not linked to firms decisions, it does not change 
production, price, investment or abatement. We assume in this scenario that the closure rules (see 
above) are not effective. 

5. OBA (Output-Based Allocation): for every tonne of grey clinker produced in the EU in a respective 
year, firms receive a number of allowances determined by the EU ETS benchmark, i.e. 0.766 t CO2/t 
clinker. 

6. Border Adjustment with full auctioning, no revenue recycling. Following Monjon and Quirion 
(2010), the border adjustment is set at the level of the EU benchmark (0.766 t CO2/t clinker). That 
is, for every tonne of clinker, importers must pay the CO2 price multiplied by the benchmark. 

 
Calibration and parameter values in the central scenario 

 
Table 1 below presents the parameters and the value of key variables in the No-Policy scenario. We take 
2007 as the high demand case and 2009 as the low demand case. We estimate clinker production from the 
cement production data provided by the Cembureau (2007, 2009) activity reports and the clinker/cement 
ratio of the WBCSD CSI GNR database13. Unfortunately, there is no publicly available clinker price data. To 
overcome this problem, we compute a clinker unit value from the UN Comtrade database14 by dividing the 
value of EU imports by their volume. This database also provides the volume of imports.  
 
The slope of the demand curve is set at 2 Mt/ (€/t) which brings a price elasticity of demand between -0.5 
and -1, i.e. in the range of published estimates, whatever the state of demand and the policy scenario15. 
Below we will present the results of a sensitivity analysis of this parameter. 
 
A more difficult parameter to estimate is the production from new plants. Firstly, there is no published 
estimate of new clinker capacities16. Secondly, the amount of “new” clinker production capacity obviously 
depends on the length of the period considered: how new is new? Hence, the figure retained (20 Mt 
production capacity) should be taken as illustrative and we will present the results of a sensitivity analysis of 
this parameter.  
 
With these data, we run the model backwards with a zero CO2 price, in order to find the parameters that are 
consistent with the above-mentioned data. The values of the (calibrated) fixed cost may seem high in 
comparison to some estimates in the grey literature (e.g. BCG, 2008, or Exane BNP Paribas, 2006) but they 

                                                                                                                                                                  
12  Admittedly, some plants emit more than others, with specific emissions in the EU ranging from ca. 750 to ca. 1150 kg CO2/t (Ecofys 

et al., 2009). However, accounting for this heterogeneity in our model would have required heroic assumptions about the 
correlation between specific emissions and production cost, since no such information is publicly available at our knowledge. 

13  http://www.wbcsdcement.org/index.php?option=com_content&task=view&id=57&Itemid=118 
14  http://comtrade.un.org/db/ 
15  Röller and Steen (2006) estimate a short-run elasticity of -0.46 and a long-run elasticity of -1.47, based on Norwegian data. 
16  Admittedly, the US Geological survey (2011) publishes end-year clinker capacities for France, Germany, Italy and Spain, but they 

cannot be directly used for two reasons. Firstly, we have some doubts on their accuracy because they do not match Cembureau 
capacity data which were published until 2002, but unfortunately not since then. Secondly, the US Geological survey publishes only 
end-year capacity, which is increased by plant creation but reduced by plant closure, with no possibility to disentangle these two 
effects. 
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implicitly include labour costs17, a profit margin and all the administrative costs incurred by the authorization 
procedure to operate a new clinker plant in Europe.  
 
The last parameters, described in the last section of Table 1, are linked to emissions and abatement. As 
mentioned above, the benchmark is the one decided by the EU (European Commission, 2010). Average 
specific emissions in the EU are taken from the cement sector report which served as a basis to set this 
benchmark (Ecofys et al., 2009). Average specific emissions in the rest of the world are taken from the 
WBCSD CSI database, and slightly corrected to be more consistent with our figure for EU emissions. The 
CO2 price is 20 €/t CO2 in line with forecasts for 2020 if the EU GHG target remains at -20% compared to 
1990 (Grubb and Cooper, 2011) and the parameter of the MAC curve is such that this price reduces specific 
emissions by ca. 10%. We will present the results of a sensitivity analysis of this parameter. 
 

Table 1  Model parameters and key values in the No-Policy scenario  

Parameter/variable Value Source 

Data used for calibration 

Demand curve slope 2 Mt/(€/t) Own estimation (sensitivity analysis) 

Clinker price (high demand) 80 €/t UN Comtrade (2007) 

Clinker price (low demand) 60 €/t UN Comtrade (2009) 

Production from existing plants (h. d.) 220 Mt/yr. Cembureau activity report (2007) 

Production from existing plants (l. d.) 140 Mt/yr. Cembureau activity report (2009) 

Production from new plants 20 Mt/yr. Own estimation (sensitivity analysis) 

Imports (h. d.) 30 Mt/yr. UN Comtrade (2007) 

Imports (l. d.) 10 Mt/yr. UN Comtrade (2009) 

Parameters calibrated 

Demand curve intercept (h. d.) 430 Mt/yr. Calibrated 

Demand curve intercept (l. d.) 290 Mt/yr. Calibrated  

Fixed cost (including profit margin) 45 €/t Calibrated 
Operational cost of new plants and of 
the least costly existing plant 25 €/t Calibrated 

Price of the cheapest import 50 €/t Calibrated 

Slope of existing plants supply curve 4 Mt/(€/t) Calibrated 

Slope of the import supply curve 1 Mt/(€/t) Calibrated 

Other parameters 

CO2 price 20 €/t CO2 Grubb (2011) 

Benchmark for OBA and NER 766 kg CO2/t  European Commission 

Specific emissions, EU27 858 kg CO2/t  European Commission 

Specific emissions, Rest of the world 852 kg CO2/t  WBCSD + European Commission 

MAC curve slope 
0.2 €/ additional kg 

CO2 abated Own estimation (sensitivity analysis) 

Source:  authors 

                                                 
17  In this context, labour costs cannot be considered as variable costs since specific qualifications are required to operate a clinker 

plant. Hence firms cannot simply fire workers when demand is low and hire them again when demand recovers. 
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Results 

 
Figure 2 below presents high-demand and low-demand equilibria for every scenario. The downward-sloping 
curves are the demand curves in the high state of demand (upper curve, in blue) and in the low state of 
demand (lower curve, in green). The blue upward-sloping curve is the supply curve from existing plants, the 
red one is the supply curve from foreign plants and the yellow one is the total supply curve. The kink in the 
latter is the point at which foreign firms start selling clinker in the EU. Supply from new plants is the 
difference between the blue and the yellow supply curves in the left part of each graph (i.e. when the price 
is so low that no foreign producer sells in the EU). Horizontal lines indicate the clinker quantity sold in the 
EU market for the low and high demand states. 
 

Figure 2  High-demand and low-demand equilibria in the different scenarios 
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When comparing ‘Auctioning’ to ‘No-Policy’, we see that investment in new plants is not profitable anymore: 
total supply equals supply from existing plants for a price low enough that imports do not enter the market. 
Moreover, supply from existing plants is shifted to the right: for a given clinker price, a lower quantity is 
supplied, mostly because firms must buy emission allowances and, less importantly, because abatement 
increases operational production cost. In both equilibria, the clinker price is higher and the quantity sold is 
lower, while imports rise.  
 
The New Entrants Reserve, present in both ‘NER’ and ‘EU ETS’ scenarios, brings a very different outcome. 
The supply curve from existing plants is the same as under ‘Auctioning’ since operators of these plants 
receive no allowance in the ‘NER’ scenario and only a lump-sum transfer (which does not increase 
production) in the ‘EU-ETS’ scenario. However, supply from new plants is now higher than in ‘No-Policy’: for 
these plants, the value of the NER approximately compensates the cost increase due to the climate policy. 
Hence it becomes profitable to replace the most costly existing plants by some new plants. Note that it 
would not be the case if the closure rule was effective, because in this case closing a plant would entail a 
cost in terms of foregone allowances.  
 
‘OBA’ brings an outcome very close to ‘No-Policy’, since allowance allocation mitigates the impact of the CO2 
price on product price and production. Still, supply from existing plants is slightly shifted to the right, 
because abatement increases operational production cost (by €1/t clinker with the parameters presented 
above).  
 
Finally, under ‘Border Adjustment’, the outcome is the same as under ‘Auctioning’ except that foreign firms 
have to buy allowances so the foreign supply curve is shifted to the right. As a consequence, the clinker 
price is higher and the quantity sold is lower than under ‘Auctioning’. 
 
Table 2 presents the investment level and the values of the main output variables, averaged over the two 
demand states (results for the low and the high-demand states are presented separately below, in Table 3). 
We can see that under ‘Auctioning’, the leakage-to-reduction ratio reaches 22%. This is lower than the 
values obtained by Demailly and Quirion (2006) as well as by Ponssard and Walker (2008) but higher than 
those obtained by Monjon and Quirion (2011a, 2011b) for the cement sector. This ratio is much lower under 
the ‘NER’, ‘EU ETS’ and ‘OBA’ scenarios (3%) and negative (-2%) under ‘Border Adjustment’. This negative 
leakage rate also appears in many other simulations of border adjustments (e.g. Demailly and Quirion, 2008, 
Manders and Veenendaal, 2008, Mathiesen and Maestad, 2004 and Monjon and Quirion, 2011a).  
 
The fact that the leakage-to-reduction ratio under ‘NER’ and ‘EU ETS’ is as low as under ‘OBA’ may come as 
a surprise: one could have expected a ratio lower than under ‘Auctioning’ but higher than under ‘OBA’, 
consistent with the idea brought by Neuhoff, Matthes et al. (2008) or Ellerman (2008) that capacity-based 
allocation tackles only a part of leakage18 compared to OBA. This is not the case here because we assume 
that new plants, which have a lower operational cost than existing plants, always produce at full capacity. 
Thus, under ‘EU ETS’/’NER’, even though existing plants produce less than under ‘OBA’ (197-79=118 under 
EU ETS/NER vs. 197-17=180 under OBA), this is compensated by a higher production from new plants. 
 

                                                 
18  More precisely, to quote Neuhoff, Matthes et al. (2008), capacity-based allocation tackles only “operational leakage” (a result of 

relocation of production from existing installations) but not “investment leakage” (relocation of production linked to investment 
decisions for new facilities). On the opposite, OBA tackles also operational leakage. 
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Table 2  Main results for values averaged over the two demand states 

  
No-
Policy 

Auctioning NER 
EU-
ETS 

OBA 
Border 
Adjust. 

Prod. from new plants (Mt/yr.) 20 0 79 17 0 

Average values 

Leakage-to-reduction-ratio   22% 3% 3% -2% 

Imports (Mt/yr.) 20 32 21 21 19 

Imports market share 8% 16% 9% 9% 9% 

Price (€/t) 70 82 71 71 84 

Production (Mt/yr.) 200 164 197 197 172 

Consumption (Mt/yr.) 220 196 218 218 191 

Profits (M€/yr.) 4250 3551 1962 3781 4250 3919 

Public revenues (M€/yr.) 0 2482 1787 -32 -32 2905 

Free allocation (M€/yr.) 0 0 1207 3025 2758 0 

Emissions from prod. (Mt CO2) 172 124 150 150 131 

Emissions from imports (Mt CO2) 17 27 18 18 16 

Emissions from cons. (Mt CO2) 189 151 167 167 147 

World welfare (M€/yr.) 13452 13780 13208 13678 13903 

EU welfare (M€/yr.) 13202 13215 12941 13410 13673 

EU welfare w/o foreign emissions 13543 13762 13296 13766 13996 

Source:  authors 

To limit the increase in imports and in import market shares, ‘NER’ and ‘EU ETS’ are as effective as ‘OBA’ but 
less than ‘Border Adjustment’, which is consistent with our findings on leakage. As regards the impact on 
clinker price, consumption and production, ‘NER’ and ‘EU ETS’ bring once again the same results as ‘OBA’, 
while with ‘Border Adjustment’, clinker price increases more and consumption decreases more than under 
‘Auctioning’. However, under ‘Border Adjustment’, production is less impacted than under ‘Auctioning’ 
because the EU producers do not lose market shares, or much less so.  
 
The impact of capacity-based allocation on profits is more surprising. With NER, profits19 (averaged over the 
two demand states) are reduced by 54% vs. a drop by only 16% under ‘Auctioning’. Why are profits 
reduced by the new entrant reserve, which constitutes a subsidy to firms? The reason is that this subsidy 
triggers new investments – this is its very purpose – and these investments reduce the clinker price. Existing 
plants still have to pay for their emissions, but while with ‘Auctioning’ the clinker price surges from €70 to 
€82/t, it only reaches €71/t under ‘NER’ and ‘EU ETS’. In other words, the application of a new entrant 
reserve prevents firms from passing the majority of the allowance cost on to consumers. However, under 
‘EU ETS’, the lump-sum transfer to existing plants20 compensates the main part of the negative impact of the 
NER on profits: profits decrease compared to ‘No-policy’, but less than under ‘Auctioning’. Note that a lump-
sum transfer of the same amount without the NER would increase profits compared to ‘No-Policy’, a result in 
line with previous assessments of lump-sum transfers, e.g. by Demailly and Quirion (2006). 
 
Public revenues are the highest under ‘Border Adjustment’ (since importers now have to buy allowances), 
followed by ‘Auctioning’ and ‘NER’, while ‘OBA’ and ‘EU ETS’ (by construction in the latter case) provide only 
a tiny amount of public revenues, corresponding to the difference between average specific emissions and 
the benchmark, multiplied by EU production. 
 
                                                 
19  As explained above, profits for new plants are nil when averaged over the two demand states, since investment is driven by a zero-

profit condition. Hence, on average, total profits equal profits from existing plants. 
20  This lump-sum transfer is exogenously set to generate the same public revenues as OBA (averaged over the two demand states) in 

order to ease the comparison between these two scenarios. 
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Emissions from EU production are strictly proportional to production (since the CO2 price hence specific 
emissions are the same in every scenario except under ‘No-policy’) and emissions from imports are strictly 
proportional to imports. More interesting is the sum of these two elements, which we label ‘emissions from 
EU consumption’. This is the lowest under ‘Border Adjustment’, followed by ‘Auctioning’, NER/EU ETS/OBA 
and (since the leakage-to-reduction ratio is always below 100%) the highest under ‘No-policy’. This means 
that although free allocation reduces leakage compared to ‘Auctioning’, this is not enough to compensate for 
the higher domestic production (hence emissions) they generate. Thus, the leakage-to-reduction ratio alone 
is not a good proxy for the evolution of world emissions, when scenarios are compared for a given CO2 price 
rather than for a given level of EU emissions. 
 
Let us now turn to indicators of welfare, which are presented both on Table 2 and on Figure 3. ‘World 
welfare’ is the sum of the variation of six elements, compared to ‘No-Policy’: consumer surplus, public 
revenues, profits made by European firms, profits made by foreign firms, value of CO2 emissions abated in 
the EU (i.e. emissions abated multiplied by the CO2 price), value of CO2 emissions increase in the rest of the 
world (leakage, which enters negatively in this welfare indicator). It is the highest under ‘Border 
Adjustment’, followed by ‘Auctioning’, ‘OBA’ and ‘NER’/’EU ETS’, ‘No-Policy’ being the least efficient. The 
superiority of ‘Border Adjustment’ is not surprising since this policy prevents a distortion in favour of foreign 
firms, while keeping the full impact of auctioning on emissions. OBA also prevents this distortion almost 
entirely, but since the CO2 price is not fully reflected in the clinker price, too much clinker is produced and 
thus emissions are higher. Again, this is in line with previous analyses of OBA, e.g. Demailly and Quirion 
(2006). However, the result for ‘NER’/’EU ETS’ is new and deserves more attention. Why does this tool 
perform so badly? The reason is that it generates a distortion between new plants, which are subsidised, 
and existing plants, so investments in new plants are too high. Some existing plants, whose operational 
costs are lower than total (investment + operational, without NER) unsubsidised cost of new plants, are 
driven out of the market by new plants because of the subsidy. 
 
We have also computed welfare without profits from foreign plants (‘EU welfare’), because foreign profits 
are unlikely to matter for EU policy makers. Policy ranking remains almost the same except that ‘OBA’ 
performs better than ‘Auctioning’. The explanation is that OBA generates a transfer from foreign producers 
to European consumers, since the clinker price is lower. However, Border Adjustment still generates the 
highest welfare, because it also generates a transfer from foreign producers, in this case to the public 
budget. Finally, we have computed EU welfare without foreign emissions, which may matter for an EU policy 
maker who would want to fulfil a domestic emission target in a cost-efficient way, without considering 
leakage. The ranking remains the same, but the difference between Auctioning and OBA is narrower than 
with the previous indicator. 
 
To sum up, whatever the welfare indicator considered, Border Adjustment delivers the highest welfare while 
NER and EU-ETS keep welfare low, and OBA and Auctioning has an intermediate impact on welfare. This 
being said, the difference in welfare across scenarios is very low, expressed in variation percentage 
compared to No-Policy: from +2.4% (world welfare, Border Adjustment) to -2% (EU Welfare, EUETS/NER). 
Although the variations in some of the components of welfare are significant (e.g. Border adjustment 
reduces consumer surplus and increases public revenues by almost 3 billion euros), these variations largely 
cancel out and the net effect is always below 500 million euros. Thus, from a political economy perspective, 
the chance of a given scenario to survive the policy process may depend more on its distributional impact 
than on its overall welfare impact. In this respect, the EU ETS scenario presents the advantage of sheltering 
both consumers and domestic producers, compared to Auctioning, and of limiting the wealth transfer to 
foreign producers. 
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Figure 3 Variation of welfare components and welfare indicators vis-à-vis No-policy 

 

Source:  authors 

 
So far we have presented results for the average value of the output variables. Yet, separating low and high 
demand also brings interesting insights (Table 3). In particular, it is worth comparing the two scenarios with 
a large free allocation, i.e. EU-ETS and OBA: in the former, the amount of free allocation is fixed while in the 
latter, it is bigger in the high demand state, since it is proportional to current output. In both demand states, 
firms are net allowance sellers (but with a very low amount) under OBA, as indicated by the negative value 
of public revenues. Under EU ETS, they are significant net sellers (21% of their allocation) in the low 
demand state and significant buyers (19% of their allocation) in the high demand state. Consequently, one 
could expect profit variability to be lower under EU ETS than under OBA, since free allocation constitutes a 
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kind of built-in insurance against an economic downturn (Quirion, 2009). To assess this idea, we compute 
the coefficient of variation of profits (i.e. the ratio of standard deviation to mean). As expected, it is lower 
for EU ETS than for the other scenario, if one considers only profits from existing plants (penultimate line of 
Table 3) but it is higher under EU ETS than under OBA if one considers total profits (from existing and new 
plants). The reason for this counterintuitive result is that new plants (the production of which is much higher 
in NER and EU ETS) generate massive (net) profit losses in the low demand state and symmetrically massive 
profit gains in the high demand state. As a consequence, the NER alone brings the highest profit variability 
of all scenarios. 
 

Table 3  Main results for low and high demand states 

  
No-
policy 

Auction
. 

NER EU-ETS OBA 
Border 
Adjust. 

Low demand 

profits from existing plants 2450 1914 775 2593 2450 2194 

profits from new plants -200 0 -788 -788 -175 0 

total profits 2250 1914 -13 1806 2275 2194 

public revenues 0 1876 1181 -638 -25 2146 

free allocation 0 0 1207 3025 2145 0 

High demand 

profits from existing plants 6050 5188 3149 4968 6050 5643 

profits from new plants 200 0 788 788 175 0 

total profits 6250 5188 3937 5755 6225 5643 

public revenues 0 3088 2394 575 -38 3665 

free allocation 0 0 1207 3025 3370 0 

Coefficient of variation (std. dev./mean) 

profits from existing plants 0.42 0.46 0.61 0.31 0.42 0.44 

total profits 0.47 0.46 1.01 0.52 0.46 0.44 

Source:  authors 
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Sensitivity analysis 

 
Table 4 below shows the values of the parameters used in the sensitivity analysis. We changed the 
parameters one by one, halved them in the low value case and doubled them in the high value case.  

Table 4  Values of the parameters subject to the sensitivity analysis 

 Unit Low 
value 

Central 
Scenario 

High 
value 

Slope of the demand curve  Mt/(€/t) 1 2 4 
Production from new plants Mt/yr. 10 20 40 
Marginal abatement cost curve slope €/additional kg CO2 

abated 0.1 0.2 0.4 
CO2 price €/t CO2 10 20 40 

Source:  authors 

 
Figure 4 below indicates the leakage-to-reduction ratio, which ranges from 14% to 29% under Auctioning, -
1% to 9% under NER, EU-ETS and OBA (those three scenarios always generate the same leakage-to-
reduction ratio) and from -8% to 2% under Border Adjustment. Whatever the scenario, it is higher for a low 
demand slope and for a high MACC slope, because under these variants, less reduction takes place in the 
EU: a flatter demand curve reduces emission reduction through clinker production decrease (and implicitly 
product substitution in favour of less polluting materials like substitutes in cement production or wood in 
buildings) while a steeper MACC reduces abatement per tonne of clinker. Leakage is fairly robust to the 
investment in new plants. Finally a higher CO2 price reduces the leakage-to-reduction ratio: although more 
leakage takes place in absolute terms, there is also more abatement in the EU, and in this particular model, 
the latter effect dominates. However, the effect is pretty small for Auctioning, and different models generate 
a different outcome on this point; in particular, a convex rather than linear MACC curve may lead to the 
opposite result. 
 
The negative leakage-to-reduction ratio obtained in the central scenario is not robust since for some values 
of the parameters, it becomes positive. However it never goes above 3% and Border Adjustment always 
brings the lowest leakage-to-reduction ratio of all policy scenarios. Thus, our results support the conclusion 
of e.g. Demailly and Quirion (2008) and The Carbon Trust (2010) that Border Adjustment constitutes an 
effective tool against leakage in the cement sector. 
 
The robustness of the fact that NER and EU ETS bring the same leakage-to-reduction ratio as OBA for all the 
variants presented in  
Figure 4 deserves some more comments. It is true only insofar as some investment in new capacities takes 
place in all these scenarios. If this is not the case, for example if we modify the central scenario by setting 
production from new plants at 2 Mt/yr. or below, then OBA generates a lower leakage-to-reduction ratio 
than EU-ETS and NER. In this case, the higher investment generated by the New Entrants Reserve does not 
suffice to compensate for the absence of incentive to increase production in existing plants, which OBA 
provides. Thus OBA does present an advantage over EU-ETS and NER due to its capacity to deter 
‘operational leakage’ and not only ‘investment leakage’, as explained, in a less formal framework, by Neuhoff 
and Matthes (2008) as well as Ellerman (2008). However, this potential advantage does not materialise with 
the sets of parameters used in this sensitivity analysis. 
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Figure 4 Leakage-to-reduction ratio sensitivity analysis 

 

Source:  authors 

 
Figures 5 to 12 in the Appendix display the results regarding the components of welfare and the various 
welfare indicators that we have described above. Although the quantitative impact of the various climate 
policies is very sensitive to some of the parameters (especially the demand slope – see  
Figure 4 and 5), the ranking of these climate policies is rather robust.   
 
Border Adjustment is always the best option for maximising world welfare, whatever the indicator used. 
Auctioning is always the second best option regarding world welfare, except for a low demand slope, in 
which case OBA performs slightly better. Indeed, under a flatter demand curve the main drawback of OBA 
(the fact that it does not induce a decrease in the production of GHG-intensive materials and implicitly 
product substitution) is less important.  
 
OBA is always the second best option regarding EU welfare and, except in case of high demand slope, for 
EU welfare without foreign emissions. The explanation of this exception is that under a steeper demand 
curve, the above-mentioned drawback of OBA is magnified.  
 
Finally, NER and EU ETS are always the worst options regarding world welfare and EU welfare without 
foreign emissions. For the last indicator, EU welfare, it outperforms Auctioning only in two cases out of 
seven, i.e. for a low demand slope and for a high investment. This poor performance of NER and EU ETS is 
due to the distortion between new and old plants: the New Entrant Reserve, present in the NER and EU ETS 
scenarios, generates too much investment and leads to an excessive decrease in the production of existing 
plants. 
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Conclusions 

 
The allowance allocation method of the EU ETS differs significantly from those applied in the other emissions 
trading systems, e.g. in the US SO2 cap-and-trade system (Boemare and Quirion, 2002) but up to now, its 
specificities have not been properly introduced in applied models – a gap in the literature that the present 
reports aims to fill.  
 
Our modelling results indicate that in the case of grey clinker production: 

• The EU-ETS allocation method is efficient to tackle leakage: the leakage-to-reduction ratio in the 
central scenario is only 3% vs. 22% under pure auctioning. On this respect, it is as efficient as OBA 
and only slightly less efficient than auctioning with border adjustment, which yields a negative 
leakage-to-reduction ratio (-2%).  

• However, the economic cost for a given CO2 price is higher than that of the other scenarios. In 
particular, for the same emissions and leakage, OBA yields a lower cost, because the EU ETS 
allocation method generates a distortion between existing plants and new plants.  

• Moreover, the EU ETS allocation method does not mitigate the negative impact of economic crises 
compared to OBA. 

• Quantitatively, welfare does not differ widely across policy scenarios. Moreover the EU ETS scenario 
generates less distributional impact than most others, which may explain why it has been adopted. 

 
The model on which the present report is based suffers from some limitations, as any other, which should 
be kept in mind when interpreting its results.  
 
Firstly, we assume the same specific emissions for all EU plants, new and existing. In reality, new plants, 
which use state-of-the-art techniques, are more energy-efficient and have lower specific emissions than the 
oldest plants, some of which use older techniques. Therefore climate policies could induce more investment 
than modelled here, in order to replace some of these plants. However including this feature in the model 
would require unavailable data, such as the correlation between specific emissions and operational costs of 
existing plants. It would also require a modelling of plant retrofitting.  
 
Secondly, we assume the same investment cost for all new plants, while this cost is likely to vary across 
locations. Including this feature would make investment in the model less sensitive to climate policies, but, 
again, would require assumptions about the distribution of investment costs, which cannot be based on 
publicly available data, at our knowledge. 
 
Thirdly, we consider that the closure rules will not be effective. This choice is based on the fact that these 
rules will apply only if a plant production drops below 50% of the initial activity level and that a cement firm 
will have an incentive to spread a production decrease across its plants so that all of them will stay above 
this threshold. Would the closure rule work, it would reduce the incentive to replace old plants by new ones, 
thus the above-mentioned distortion generated by the New Entrants Reserve would not occur. As a 
consequence, the welfare impact of the NER and EU-ETS scenarios would be closer to that of OBA. 
 
In spite of these limitations, we consider that the present analysis can improve the understanding of the 
allocation method of the EU ETS, which has been recognised as the main weakness of EU ETS even before 
the adoption of the system (e.g. Boemare and Quirion, 2002). 
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Appendix: Results of the sensitivity analysis on welfare components and welfare indicators 

 

Figure 5  Low demand slope 

 

Source:  authors 
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Figure 6  High demand slope 

 

Source:  authors 
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Figure 7  Low investment 

 

Source:  authors 
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Figure 8  High investment 

 

Source:  authors 
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Figure 9  Low MAC curve slope 

 

Source:  authors 
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Figure 10  High MAC curve slope 

 

Source:  authors 
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Figure 11  Low CO2 price   

 

Source:  authors 
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Figure 12  High CO2 price   

 

Source:  authors 
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