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EXECUTIVE SUMMARY 

This paper assesses the impacts of carbon prices and anti-leakage policy measures in the 

European Union on the cement, steel and oil refining sectors in Spain, particularly considering 

the risk of leakage. The assessment is carried out by means of three engineering models 

developed for this purpose. Our results, in line with previous estimates, show some 

specificities, such as the high exposure to leakage of cement in coastal regions. The study also 

shows a significant risk of leakage for the oil refining sector, which is strengthened by the 

large diesel share of the European car fleet. However, small border tax adjustments could 

address this risk. 

 
Introduction 

The impact of the European Emissions Trading 

System (ETS) on the competitiveness of industrial 

sectors in Europe has been a concern since its 

inception. This concern has increased with respect to 

the third phase of the ETS, which will start in 2013, 

and which envisages moving from the initial 

grandfathering of carbon allowances to a larger share 

of auctioning. Auctioning will make more explicit the 

opportunity cost of carbon prices, and will also 

remove the financial compensation provided by 

grandfathering allowances. If there are no 

opportunities for passing through these costs, this 

induces a of competitiveness which in turn could 

result in the relocation of the European industry, and 

leakage of carbon emissions. Carbon leakage 

undermines the actual effectiveness and efficiency of 

the ETS. Although the evidence for a real effect of 

environmental regulations on industrial relocation is 

not clear (see e.g. Eskeland and Harrison, 2003; 

Levinson and Taylor, 2008), there is a risk that some 

of this might take place, as shown e.g. in Hourcade et 

al. (2007). 

This has prompted many studies about the expected 

impacts of the European ETS on the major industrial 

sectors in Europe (cement, steel, aluminum and 

others). Droege et al. (2009) and the Carbon Trust 

(2010) summarize key findings and 

recommendations regarding anti-leakage policies for 

each sector. The work presented in this paper adds 

to this topic in two relevant respects: first, how 

general results and recommendations about how to 

address potential leakage for the cement and steel 

sectors may be interpreted in the case of Spain (a 

coastal region, more exposed to imports, and also 

with a particular industry structure); and second, by 

studying the oil refining industry, which belongs to 

the sectors at risk of carbon leakage, but has not 

been studied intensively yet. Of the different leakage 

channels identified in Droege et al (2009), we focus 

on the industrial operation and investment effects 

induced by a carbon price, and in particular we look  

at the abatement potential within the sectors, rather 

than at their cost pass-through ability. 

The paper follows a different approach from previous 

analyses: instead of using European-wide, stylized 

models such as the CASE II (Monjon and Quirion, 

2009), or models which look at the potential pass-

through of carbon prices (e.g. de Bruyn, 2008) we 

have built sector-specific, engineering models, which 

allow us to have a more detailed view of the 

abatement options within each sector in an 

endogenous way.  

Indeed, our results are consistent with previous 

estimates, but also point out some specificities. For 

example, for cement, our study shows the large 

exposure of coastal areas to leakage risks due to 

imports which substitute domestic production of 

clinker. Demailly and Quirion (2006) already pointed 

out the higher exposure to import risk of the Spanish 

cement sector compared to other EU countries. Our 

results for steel, although in the same order of 

magnitude than previous ones (e.g, Monjon and 

Quirion, 2009), point to a higher risk of imports and 

related leakage. This is an unexpected result given 

that the Spanish industry should be less prone to it 

because of the large share of EAF technologies. This 

may be explained by the different modeling 

approach. In fact, Monjon and Quirion (2009) show 

that most of the carbon leakage identified stems 

from changes in world (not domestic) demand for 

steel. However, global demand is not considered in 

our model. Finally, the oil refining sector also has a 

non-negligible risk of leakage, although it is more 

difficult to determine given the complexities of this 

sector. 

The paper is structured as follows. First we describe 

the general modeling approach and how it has been 

applied to the cement, steel and oil refining sectors. 

Then we show the major results obtained in terms of 

changes in production and risk of leakage when a 

carbon price is introduced, and compare them with 

previous studies. We conclude with some policy 

implications.
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The modeling approach 

The modelling approach used for this study is a 

bottom-up, engineering representation of three 

sectors: cement, steel and oil refining. We explain 

first the general characteristics of the modelling 

approach, and then we proceed to describe how it 

has been implemented for each of the three sectors. 

 

General features 

We have developed partial equilibrium, linear 

optimization models for the three sectors considered. 

For each, we represent the production technologies in 

use, and also the alternatives available to reduce 

carbon emissions (including both changes in 

operation, in fuel used, and new investments or 

retrofittings). Each alternative option is represented 

by its operation and investment costs, its production 

efficiencies, its technological and capacity 

constraints, and of course, its CO2 emissions. 

The model combines the available options to satisfy a 

given, exogenously set demand at the minimum cost, 

subject to either a carbon price or an explicit carbon 

constraint. Imports are considered as an additional 

option to reduce emissions, if the price of imports is 

lower than the domestic production cost, subject to 

Armington elasticities of substitution between 

domestic and imported production, which represent 

to a certain extent the premium consumers are 

willing to pay for local goods. Elasticity data were 

obtained from GTAP5 database. 

This modelling approach differs from others applied 

to the sectoral analysis of carbon leakage in a 

number of ways. Compared to the CASE II model 

(Monjon and Quirion, 2009), our approach generates 

an endogenous marginal abatement cost curve, 

which allows for a better representation of non-

linearities in production changes within the industry. 

The CASE II model instead uses a linear-quadratic, 

monotonous marginal abatement cost curve 

exogenous to the model (derived from the PRIMES 

model). Other studies take a different approach, 

looking at the possibility of pass-through of carbon 

prices, based on the characteristics of the product 

market, but without considering the internal 

abatement possibilities (e.g., de Bruyn et al, 2008). 

Again, our model explicitly represents these 

abatement alternatives, but does not consider the 

market environment. 

Our approach differs from other top-down analysis, 

based on CGE models, in that the detail of abatement 

alternatives is much higher. CGE models only allow 

for changes in the shares of constant-elasticity-of 

substitution functions, and also for changes in 

production levels. Other limitations of this group of 

models is that they do not typically account for 

existing capacities or technologies not included in the 

original calibration, and that they assume that the 

elasticities of substitution are valid for all the range 

of the study. 

However, there are also some limitations. First, it is a 

partial equilibrium model and therefore does not 

account for interactions with the rest of the economy. 

Given that cement, steel and refining, represent only 

a small part of the economy (in terms of GDP), we 

expect that the economic impacts from carbon 

pricing on the industrial output will not dominate the 

overall economic performance (as argued by Ghersi 

and Hourcade, 2006). The second limitation, which is 

more relevant, is that we are assuming a fixed 

exogenous demand. Of course one effect of higher 

carbon prices will be the reduction of demand, and 

therefore an additional reduction of emissions by 

reductions in output. This impact will however not be 

as relevant in sectors with an inelastic demand such 

as cement (Cook, 2011).  With a fixed demand 

hypothesis all reductions in domestic production will 

be attributed to leakage. This means that leakage 

effects from our calculations cannot be compared 

directly to leakage effects in models that allow for 

reductions in demand. 

The model does not include financial considerations, 

although it does include the possibility of 

investments. Finally, we are assuming perfect 

competition in the product markets (contrary to e.g. 

the CASE II model with Cournot competition). This 

again may be a strong assumption for e.g. the 

cement market which, according to most researchers 

(Monjon and Quirion, 2009; Cook, 2011), can be 

better described as a network of regional oligopolies. 

The engineering approach nevertheless complements 

previous approaches in that it provides a more 

detailed understanding of the abatement measures 

within sectors, as will be explained later in the results 

section. 

 

The cement sector 

The cement sector is the largest CO2 emitter of the 

industrial sector in Spain after the power sector, with 

around 6% of the total Spanish CO2 emissions. Its 

emissions grew until 2007, in which the housing 

crisis first and the financial crisis later took their toll. 

In the last years before the crisis, there was a large 

amount of imports of clinker, possibly due to the lack 

of capacity and as a hedge against long-term risky 

investments. The ETS apparently has not influenced 

this much, according to Cook (2011). The forecasts 

for the sector are not very promising - construction 

activity has already been reduced considerably in 

particular in the residential sector. 

Cement is produced in Spain mostly from dry 

technology, which represents 93% of all installed 

capacity (a higher share than in Europe, in which dry 

capacity accounts for 78%). Spain had 47 dry 

cement kilns, 5 semi-dry ones, and 5 that use wet 

technology (Ministry of Environment, 2003). In Spain 

the availability of low-moisture raw materials is very 
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high, and wet kilns are required only in the Northern 

part of the country. Although the cement sector is 

highly concentrated in Europe, with only a few large 

firms, entry barriers are probably lower in Spain than 

in central European countries because of its easier 

accessibility by sea (Cook, 2011). 

In our model, the Spanish cement sector (see Figure 

1) is represented by two types of facilities. One type 

is the integral cement plants, where clinker and 

cement are manufactured together, the other type 

are the cement mills, where only cement is produced 

from imported clinker. 

Integral cement plants are facilities that use raw 

materials such as limestone and clay and convert 

them into clinker in the furnaces. In order to achieve 

this process, different fuels can be used. The model 

considers petroleum coke, coal, natural gas, used 

oils and tires. Also, electricity is required. Regarding 

the production of clinker, the model considers wet 

(WET), semi-dry (SEMI) and three variants of dry 

technology, which are most used in Spain: long dry 

(DRYL), dry with pre-heater (DRYP) and dry with pre-

heater and pre-calciner (DRYPP). 

The model considers white clinker and grey clinker, 

and the energy requirements are different for each 

type. Once clinker is produced or imported, the 

process followed in integral plants and in cement 

mills is similar and the only difference is the cost 

structure. 

Clinker production is the most carbon-intensive 

phase of cement production. While clinker production 

generates on average 0.8 t CO2/t of clinker1, cement 

production has zero direct emissions. Indirect 

emissions are caused by electric mills, which grind 

the clinker and other additions such as slag and 

flying ashes. The indirect emissions are considered 

through an emission factor. We use the average 

emission factor for the power sector in Spain. 

  

                                                             

1 This factor is an estimation taking into account the 

average emission factors for grey and white clinker 

published by the European Commission and a 

representative share of demand of these two products in the 

Spanish industry. 

Figure 1. Cement production process 
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The cement model minimizes the cost of producing 

seven types of cement, divided into two groups, grey 

cements and white cements. They differ mainly in the 

content of clinker per ton of cement. Demand in the 

cement sector is classified by the cement type, 35.4 

Mt of grey cement and 1.08 Mt of white cement 

(Oficemen, 2011), and is considered as a constant 

input for the model.  

The prices considered for imported clinker and 

cement are shown in Table 1. These prices have been 

adjusted and computed according to the content of 

clinker in each type. The costs in this study do not 

take into account transport costs, but several studies 

(Szabo et al., 2006) explain that transport by road of 

clinker is only profitable for distances shorter than 

200 km. Although Spain has good access to sea, the 

biggest historical demand is inland, 400km away 

from the coast. Transport cost of clinker up to this 

point is estimated in 32€ per ton of clinker, which 

means an increase of around 50% over the final cost. 

 

Table 1.  Import price of clinker and cement  

  Clinker Cement 

   I II III IV V 

Price 

[€/ton] 

Grey 45 59 51 42 45 37 

White 55 72 69 - - - 

 

The maximum capacity of producing clinker and 

cement in Spanish facilities can be seen in Table 2. 

Because of the low moisture of raw materials in 

Spain, wet technology is almost disused. 

 

 

Table 2.  Production capacities for clinker and cement in the Spanish industry  

 Clinker Cement 

Technology  WET SEMI DRYL DRYP DRYPP 
Cement 

plant 

Cement 

mill 

Capacity 

[Mton] 

Grey 0.9 0.9 7 10 10 30 10 

White 0.1 0.1 0.5 2 2 1 1 

 

 

The steel sector 

There are two ways of producing crude steel: from 

iron ore, usually melted in blast furnaces and basic 

oxygen furnaces (BOF), and from scrap, which is 

mostly used in electric arc furnaces (EAF), but can 

also be used in BOF. Unlike in the rest of the EU, EAF 

technology is widely used in Spain, which means a 

significantly lower share of direct emissions 

compared to the blast furnace procedure. However, 

the electricity consumption of EAF is much higher. 

As can be seen in Figure 2, most European countries 

produce steel with BOF facilities, except Italy and 

Spain, where EAF facilities predominate. Production 

in Greece, Portugal, Luxembourg and Slovenia (EAF-

based), altogether amounts only to 3% of the EU 

production. 64% of European steel is produced in 

Germany (23%), Italy (15%), Spain (10%), France 

(9%) and the UK (7%) (EUROFER, 2011a). The 

different trend for Spain and Italy in steel production 

is caused by the availability of scrap and the easy 

access to the sea, which is the main way of importing 

this raw material2. EAF facilities are able to use other 

raw materials such as direct reduced iron (DRI), but 

this is not as profitable as using scrap. 

                                                             

2 Another explanation is that the steel sector in Spain was 

subject to a strong transformation process directed and 

partly funded by the Government in the 1980s. 
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Figure 2. European steel production map (Eurofer, 2011a) 

 
 

The steel industry has high investment costs and the 

current situation makes the investment decisions a 

very sensitive issue. Actually, nowadays the Spanish 

steel production is growing mainly because of 

exports, not because an increase in domestic 

demand. 

The steel sector in Spain has been modelled taking 

into account the two types of existing furnaces: basic 

oxygen furnaces (BOF) and electric arc furnaces 

(EAF).  

Regarding the two types of technologies (Figure 3), 

both can use pig iron and scrap as raw materials. Pig 

iron is produced from iron ore (as sinter or pellets), 

which is reduced with coke from coal. The process 

takes place in a blast furnace, and is the most energy 

intensive process in steelmaking. The iron ore can 

also be reduced without coke, in what is called DRI, 

direct reduced iron.  

Then pig iron is further processed into steel by 

blowing oxygen through it, in blast oxygen furnaces 

(BOF) or electric arc furnaces (EAF). EAF are however 

designed to use scrap rather than pig iron (although 

they can use both). Each technology has different 

efficiencies, because of its different design 

parameters. That is the reason why some constraints 

of mixing raw materials to feed the furnace have also 

been included. This inclusion of technological 

constraints illustrates the capabilities of engineering 

models in representing detailed abatement options. 
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Figure 3. Steel production process 

 
 

 

 

As for other sectors, we have assumed an 

exogenously determined demand for steel. If this 

demand cannot be met with domestic production, 

imports are assumed to fill the supply gap. The total 

demand for the steel sector in Spain has been set at 

14.36 Mt of steel per year (UNESID, 2011).  

Purchase prices of steel and scrap are assumed to be 

380 €/ton of steel and 240 €/ton of scrap 

respectively (UNESID, 2011). As far as power 

consumption is concerned, BOF technology is 

assumed to use an average of 0.128 MWh per ton of 

steel produced while EAF technology uses 0.544 

MWh per ton of steel (Meyers & Buen, 1993). Fuel 

consumption is considered necessary only in BOF 

production and has been included as a variable cost 

in the cost structure of this technology. 

The model takes into account the main sources of 

direct emissions, which are pig iron, coke, sinter and 

pellets production processes and the indirect source 

of emissions, electricity consumption. The emission 

factors involved in the different steel production 

processes are taken from the guide of best available 

techniques (European Commission, 2001), shown in 

Table 3. 

 

Table 3.  Emission factors used in the steel model  

Process Emission Factor Unit 

Sinter 0.2 [ton CO2 / ton produced] 

Pellet 0.03 [ton CO2 / ton produced] 

DRI 0.7 [ton CO2 / ton produced] 

Coke 0.56 [ton CO2 / ton produced] 

Pig Iron 1.35 [ton CO2 / ton produced] 

Scrap 0.1 [ton CO2 / ton produced] 

Electricity 0.394 [ton CO2 / MWh consumed] 
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DRI can be produced domestically - with the 

corresponding carbon emissions; but it can also be 

imported at 314 €/ton. In this case there is no direct 

emission factor associated (SOTN, 2011). Likewise, 

since pellets and sinter are subproducts obtained 

from iron ore there are no emissions associated to 

them. The costs for the rest of raw materials 

(UNESID, 2011; SOTN, 2011) are 103€/ton for iron 

ore and 157€/ton for coking coal. 

 

Oil refining 

Oil refining is probably the most difficult sector to 

model, due to the fact that all ten refineries in Spain 

are different, and also that there is a large number of 

different refining products.  

Refineries can be classified according to their level of 

complexity: topping, hydroskimming, conversion and 

deep conversion schemes. Today, most refineries in 

the world belong to the conversion and deep 

conversion schemes, they present similar features, 

and although there are differences, they have the 

same modules and systems. The difference between 

conversion and deep conversion schemes lies in their 

type of cracking units. The cracking units are the 

fluid catalytic cracking system (FCC), the 

hydrocracker (HC) and the coker. Those refineries 

that have an FCC module belong to the conversion 

scheme. If a refinery has an HC or a coker it belongs 

to the deep conversion classification. In Spain, most 

refineries follow a conversion scheme and only 30% 

include a HC or a coker. 

Typically, refineries are designed to produce a certain 

balance of gasoline and diesel (among other 

products), with some flexibility. However, the 

increasing dieselization of the car fleet in Europe has 

led to undersupply of diesel (refineries are not able to 

produce that much), and a surplus in gasoline 

production. For example, Spain is a net importer of 

diesel with more than 40% of imports mainly coming 

from Italy, Russia, Holland, United States and India. 

Nevertheless, Spain exports gasoline to the United 

States and Mexico. This same pattern holds for 

Europe (with a large diesel fleet) and the US (with 

most of the demand corresponding to gasoline). 

Given the diversity of the ten different refineries in 

Spain, we opted for a composite refinery that 

includes all the modules that a real refinery might 

have. The interaction of these modules is shown in 

Figure 4. 

 

 

Figure 4. Oil refining process 
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First of all, the module shared by all refineries is the 

atmospheric distillation tower. The crude oil enters 

this module for a first division in the main fractions 

of the crude: fuel gas, propane, butane, naphtha and 

some heavier extractions. Then, subsequent systems 

use these fractions to refine the final products. As 

shown in Figure 4, the catalytic reforming module 

converts naphtha into the main component of 

commercial gasoline. This module is aimed to 

increase the octane index of the crude. Moreover, 

there are other important modules devoted to 

extracting sulphur from medium distilled fractions 

(HDS). Regarding diesel production, these modules 

have to extract enough sulphur from crude oil 

fractions to reach the levels allowed under the 

European norm. 

The next four modules (vacuum distillation tower, 

FCC, HC and coker) are complex modules designed 

to increase the performance of the refineries. These 

modules are devoted to breaking the big molecules 

present in the heaviest fraction of the crude oil to 

increase diesel and gasoline production. 

The vacuum distillation tower works similar to the 

atmospheric one. It uses the fuel oil coming from the 

first distillation in the atmospheric tower, and 

converts part of it into lighter fraction fluids and 

gases, therefore increasing their production. The FCC 

module can be fed from many sources within the 

refinery. Its objective is to increase the naphtha 

proportion (as one of the fractions from crude oil) to 

increase mainly gasoline production. The hydro 

cracker (HC) is usually the alternative to the FCC in a 

refinery. The HC is aimed to increase mainly diesel 

production. Finally, the coker is used to reduce fuel 

oil production and increase the refinery performance. 

Our model has the objective of meeting a 

predetermined demand for diesel, gasoline and jet 

fuel, which are the most valuable products, as 

presented in Table 4. Requirements of sulphur 

content, density and octane level are considered but 

some linear approximations and simplifications have 

been made. 

 

Table 4.  Demand for refined oil products in Spain (CORES, 2011)  

Gasoline 9 [Mton / year] 

Jet fuel 6 [Mton / year] 

Diesel 23 [Mton / year] 

Fuel oil 9 [Mton / year] 

 

 

The capacity of the refining sector is 67.8 Mt of 

crude oil (Ministry of Environment, 2004) including: 

atmospheric distillation, vacuum distillation, catalytic 

reforming, hydro desulfurizators, FCC, HC and coker. 

Prices for imported goods are considered fixed and 

their values are shown in Table 5. The net margin 

assumed is 4.25$/bbl (AOP, 2011). 

 

 

Table 5.  Price of imported refined oil products (CORES, 2011)  

Gasoline 696 [€/ton] 

Jet fuel 625 [€/ton] 

Diesel 662 [€/ton] 
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Results: Carbon price impacts on 

leakage 

In this section, we present the potential carbon price 

impacts on leakage, and also the impact of leakage-

reduction policies. Given that we consider a fixed 

demand for all the sectors, and that we are focusing 

the model on the Spanish market, we assume that 

leakage will occur whenever domestic production 

becomes less competitive than imports because of 

carbon prices 3 . Since demand has to be met, 

importing more to cover the same demand implies 

that the related emissions are shifted to other 

countries. This does not mean that all domestic 

reductions are caused by imports: our model allows 

changing production processes and raw materials, 

and investing in new technologies, in order to reduce 

domestic emissions. The leakage rate will be the 

share of total reductions that are due to shifts in 

production to other territories. 

According to the options to reduce leakage described 

in Droege et al. (2009), the scenarios considered are: 

 Full auctioning scenario (FA). In this scenario the 

industries have to pay the carbon price assumed and 

no anti-leakage policy is applied. The cost of buying 

allowances for direct and indirect emissions has to 

be incorporated in the cost structure of each sector, 

and will result in different degrees of imports (and 

leakage) depending on the carbon price assumed. 

 Output-based scenario (OB). In this scenario we 

assume that free allowances are handed out ex ante 

to industry so that the cost impact of carbon pricing 

is reduced. The amount of free allowances received 

will depend on the production (output) level, be it 

historical or benchmarked. We assume a certain 

carbon price (different for each sector to account for 

the sensitivity of each sector to carbon prices4), and 

then calculate the amount of free allowances (as a 

share of the total output) that would be required ex-

ante to avoid leakage, according to the cost 

assumptions in the model. Output-based allocation 

may or may not keep the price signal contained in 

the carbon price, depending on whether the 

allocation is updated or not, and whether it is based 

on historical or benchmarked emissions. Here we 

leave these options open, and will comment on their 

effects when describing the results of each sector.) 

 Border adjustment scenario (BA). In this scenario, a 

special case of border adjustment, the full carbon 

cost is paid as in the FA scenario, but now the price 

of imports is adjusted by a border tax in € per ton of 

the imported product, so that imports now become 

                                                             

3 Of course, it may happen that imported products have a 

lower carbon emissions rate than domestic ones, in which 

case there would be no leakage at all. However, given the 

characteristics of the sectors analyzed this is unlikely to 

happen. 
4 We have used 35€/tCO2 for cement and steel, but for oil 

refining 35€/t was too low a price to show the effects of an 

output-based allocation. 

less competitive. As in the previous scenario, and 

given that we consider an exogenous carbon price, 

we show the border tax as the level required to avoid 

leakage for a given carbon price. 

 

For each sector we present first the results assuming 

perfect elasticity between domestic and imported 

production, and then we show the results obtained 

when using Armington elasticities. 

 

Cement 

The most relevant impact of carbon prices on the 

competitiveness of the cement sector has to do with 

the production of clinker. This is the most carbon 

intensive process of this industry and the element 

that makes this sector subject to leakage risk. The 

cement production phase (mixing clinker with 

additions in an electric mill) does not have direct 

emissions. Figure 5 shows the potential level of 

imports (and therefore, carbon emissions that would 

take place elsewhere, assuming a fixed demand) that 

could take place in the cement sector if the CO2 

costs, direct and indirect, are included into the cost 

structure of the sector (FA scenario) at different 

carbon prices (the figure also shows the effect of anti-

leakage policies, which will be addressed later). 
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Figure 5. Imports of clinker 

 

 

The availability of dry raw materials in Spain allows 

for producing clinker and cement from the most 

efficient technologies. However, in Figure 5 it can be 

seen how only at very low prices of CO2 the industry 

is able to keep its competitiveness. If CO2 prices 

increase over 4€/ton, around 28% of the clinker 

demand is served by imports. When CO2 prices are 

around 15€/ton the share of imported clinker 

increases and prices over 18€/ton lead to full supply 

of clinker from imports. These values can be slightly 

altered if the cement demand changes in its 

composition between cement types.  

The abatement options considered in the model 

(similar to those proposed by Cook, 2009) are to 

improve the fuel mix used to feed the kilns and to 

improve existing technologies to increase their 

performance. Following Cook (2011) we assume that 

retrofitting is cheaper than greenfield facilities. The 

possible use of substitutes for limestone, or the 

increase of the share of additions, does not seem to 

be a realistic alternative yet (Oficemen, 2011). We do 

not consider the possibility of carbon capture and 

sequestration either. 

Regarding technology improvements, there are two 

ways to increase the performance of the Spanish 

cement industry up to the levels defined in the guide 

of best available techniques from the European 

Commission. One way is to change the traditional 

cooler used in some facilities in Spain by a more 

efficient cooler (19 facilities in Spain in 2011; 

Oficemen, 2011), and, secondly, installing pre 

calciners in those facilities that only have pre heaters 

(29 facilities in Spain in 2011; Oficemen, 2011). This 

measure is a significant investment for the sector 

that would only be profitable if the CO2 allowance 

price was over 107€/tCO2. 

Finally, the other key factor to reduce emissions from 

the cement industry is the fuel mix. One feature of 

the clinker production process is that almost 

everything can be burned in their kilns. It is usual to 

burn used oils, plastics, tires, etc. and also biomass. 

Biomass or waste to produce clinker represents only 

6.4% of the fuel mix in Spain, while the European 

average is three times higher. The investments 

required to achieve a fuel mix with 24% of biomass, 

which is the objective presented in the Spanish Plan 

of Renewable Energies for 2020 (IDAE, 2011) would 

be profitable at a CO2 price over 14€/ton. However, 

this option is not available because of the challenges 

faced by industries when obtaining the licenses 

necessary to build facilities to manage the biomass. 

As a result, there are no possibilities of changing the 

fuel mix in order to reduce emissions in this sector. 

However, these estimations do not consider transport 

costs, and therefore are relevant only to coastal 

regions. For inland regions, the added cost of 

transport (around 30€/ton of clinker) would make 

imports not competitive (indeed, transport costs act 

as a 60% tax over the import price).  

As expected, the inclusion of Armington elasticities 

provides different results than without. CO2 prices 

over 15€ per ton of CO2 make the risk of leakage for 

this industry to be between 88% and 100%. Again, 

the caveat regarding transport costs applies. 
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Figure 6. Imports with Armington elasticities for the Spanish cement industry 

 

 

To summarize: in coastal regions a CO2 price higher 

than 18€/ton would result in imports of around 90% 

of demand, which can be interpreted as carbon 

leakage, but in inland regions the risk of leakage 

would be almost nil for a CO2 price of 35€/ton. 

Depending on the balance between inland and 

coastal demand we may have different leakage rates. 

Assuming that (before the crisis) most of the demand 

was inland, earlier results from Monjon and Quirion 

(2009) of 30% reduction in domestic production for a 

carbon price of 14€/t CO2, would be in line with our 

estimations. 

Now, which would be the options to reduce leakage in 

the exposed (coastal) regions? It can be seen in 

Figure 6 that at a CO2 price of 35€/ton, full 

importation of clinker occurs. Cement production is 

not affected, since its emissions are indirect from 

electricity use, and Spain has a rather clean 

electricity mix.  

In an output-based scenario, in order to compensate 

the cost effect of the carbon price and therefore 

reduce imports and leakage, more than 50% of the 

total allowances (valued at 35€/tCO2) should be 

given for free in order to start reducing the leakage 

effect, and almost 85% of allowances should be given 

for free to keep the whole production with the dry 

technology facilities. However, this must be 

interpreted carefully for the cement sector. Since 

there are no domestic abatement options, all 

attempts to reduce leakage must be directed at 

improving the cost competitiveness vis-à-vis imports. 

And, given the cost structure of this industry, 

maintaining the carbon signal does not improve the 

competitiveness (see Monjon and Quirion, 2009). 

Therefore, to achieve an impact on imports and 

leakage, the carbon price signal must be removed by 

updating the allocation and basing it on historical 

emissions. Of course, this will come at the expense of 

eliminating the carbon signal and therefore the 

incentive for further abatement measures. 

For the emissions in the BA scenario, we have 

assumed an average ratio of emissions of 0.8 tons of 

CO2 per ton of clinker. This factor is an estimation 

taking into account the average emission factors for 

grey and white clinker published by the European 

Commission and a representative share of demand of 

these two products in the Spanish industry. Figure 6 

shows that border taxes between 14€/ton of clinker 

and 28€/ton of clinker would be required to reduce 

the risk of leakage in the Spanish cement industry 

(that is, between 29 and 58% of the current imported 

clinker price). As mentioned before, it may also be 

observed that these taxes are still lower than the 

transport cost to inland regions, which therefore acts 

as a very powerful trade barrier. 

 

Steel 

Assuming a “full auctioning” scenario, Figure 7 

shows how the CO2 price affects the production from 

both BOF and EAF technologies. It can be seen how 

BOF production stops being profitable when CO2 

price reaches around 12€/tn of CO2. EAF production, 

according to its lower level of emissions, continues 

being a suitable and profitable alternative up to CO2 

prices of 20€ /t of CO2. 
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Figure 7. Steelmaking evolution under different scenarios 

 

 

 

If we incorporate Armington elasticities for this 

industry, Figure 7 shows that at a low CO2 price 

(<10€/ton CO2) around 15% of demand might be 

imported (the current net import in Spain is 2%). If 

CO2 price increases over 20€ per ton of CO2 then 

most of steel is imported, although the share of 

imports is lower than in the infinite elasticity case. 

 

Figure 8. Imports with Armington elasticity for the Spanish steel industry 

 

 

In our model, the BOF route is clearly facing strong 

import competition and thus is exposed to leakage 

because all the processes behind are emissions-

intensive. That is the reason why domestic BOF 

production stops being profitable from 13€ per ton of 

CO2. When CO2 prices reach 10€/t, pig iron 

production, which is the most carbon-intensive 

process, decreases. The reduction in pig iron 

production is firstly caused by increasing the 

proportion of scrap used in BOF furnaces, but there 

is a technical limit for the scrap used in this route, so 

BOF has to be abandoned eventually. Thus, it is 

necessary to increase imports up to 25% to meet 

demand. While with a CO2 price below 20€/t, a small 

share of the total demand is imported and only EAF 

facilities produce steel. If the CO2 price increases 

further, both EAF and BOF alternatives become more 

expensive options than imports.  

The low emission factor for the Spanish electricity 

sector reduces the risk of leakage from import 

competition for the EAF-based steel production 

compared to other European countries such as 

Germany, where the BOF route is widely installed. 

Nevertheless, the EAF technology is constraint by the 

availability and cost of scrap. From this point of view, 

Spain has a favorable geographical situation due to 

the easy access to the sea, which makes the 

transport cheaper.  

This would point to lower leakage rates in our study 

compared to previous estimates. However, for the 

prices resulting in Monjon and Quirion (2009) 

auctioning scenario (around 14€/t CO2), our model 
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Figure 9. Net margin in the oil refining sector 

 

 

predicts a reduction in domestic production higher 

than theirs (30% compared to less than 10%), and 

also higher imports (30% vs. 5%). This divergence 

might be explained by the differences in the modeling 

approach5. 

Again, since with the carbon prices considered there 

are no domestic reduction otpions, leakage can only 

be mitigated by compensating the cost increase 

induced by carbon prices. Adressing import 

competition with an output-based allocation, we find 

that at 35€ per ton of CO2, 50% of allowances should 

be given for free to compensate the extra cost of 

carbon and therefore reduce the risk of leakage in the 

EAF industry. The higher emissions of BOF facilities 

and hence their higher exposure to carbon prices 

require that the amount of allowances to be freely 

given increases to 75% of the total emissions. 

A border tax would need to be set at a level around 

34€ per ton of imported steel to avoid the leakage 

effect in the Spanish steel sector. This tax represents 

an increment in the import price of around 9% for 

the whole industry. If we only look at the EAF plants, 

the border tax required would be 17€ per ton of steel, 

4.5% of the import price.  

Finally, some 

assumptions made for 

the steel sector must be 

explained in more detail. 

There are many 

products obtained from 

crude steel such as hot 

and cold rolled steel, 

steel wire rod, medium 

steel sections, etc. This 

study considers crude 

steel as a homogeneous 

product. The sequential 

processes increase 

significantly the value of 

the product, and also 

the risk of leakage in this 

sector due to the 

reduction of the margin 

between production 

costs and price in the 

market and the increase 

in emissions. Wooders 

(2009) estimates that 

long products show higher price increases when a 

carbon price is used. However, although the leakage 

ratio might increase (leakage would occur at a lower 

cost of CO2), taking into account this fact would 

involve including new and more complex modules in 

the model. Countering this argument one needs to 

consider as well that the steel products market is 

                                                             

5 As mentioned earlier, their methology is quite different: 

carbon prices are endogenous, demand is not fixed, and 

international trade is explicitly represented in the CASE 

model. 

much more local, and therefore less prone to 

leakage. 

Oil refining 

The approach followed to analyze this sector is 

different from the others presented in this study, 

firstly because of the complexity of the sector, and 

secondly because there are different products that 

have to be considered. The products include: 

gasoline, jet fuel, diesel and fuel oil. Moreover, all the 

refined products considered cannot be analyzed 

separately due to the features of a refinery. When one 

ton of crude oil enters a refinery, the proportion of 

products that can be obtained is limited by several 

technical constraints. In addition, prices of crude oils 

and refined products change on a daily basis. There 

are so many factors responsible for  price  changes 

that it is almost impossible to find a correlation or a 

good approach to estimate their behavior. 

Taking all these elements into account, we consider it 

more illustrative to represent the impact of carbon 

prices on the competitiveness of refineries by means 

of the net margin, that is, the price of the refined 

product minus the cost of the crude material, the 

costs of production and the costs of emissions. 

Figure 9 shows the evolution of net margin when CO2 

price increases. 
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Again, when Armington elasticities are introduced, 

results are mitigated, but here the elasticity of 

substitution is higher and therefore the final impact 

is considerably closer to the original one than for the 

other two sectors. 

 

Figure 10. Net margin in the oil refining sector with Armington elasticity 

 

 

Results show that prices over 19€/ton CO2 would 

make the margin decrease dramatically and a CO2 

price over 40 €/ton would involve net losses. 

Therefore, the risk of leakage seems to be highly 

relevant in this sector, similarly to what Morgenstern 

et al. (2004) pointed out based on the impact of 

carbon prices on refined oil product prices. 

Regarding the refined products, the simulation shows 

that gasoline would not be imported due to the wide 

margin between the cost of production and the 

market price selected. Jet fuel is a peculiar product, 

used by refineries as an element to adjust benefits. 

Jet fuel usually does not have a very high price in the 

international market, nor does it in the domestic 

market, and its chemical properties allow to use it as 

a component of diesel with no need of forward 

processes. That is why the jet fuel produced is used 

to increase diesel production, and the demand of jet 

fuel is actually met from imports. Although 

simulations show high import ratios of jet fuel, this 

product cannot be considered as a good indicator of 

leakage effects from carbon pricing. 

Finally, diesel is probably the most critical product in 

the Spanish refining industry. Spain imports more 

than 40% of the diesel demand but this is a historic 

trend that could not be associated with carbon 

leakage in this sector. However, the demand used in 

our simulations is already computed taking into 

account this trend and the products really obtained 

in domestic refineries. Results from the model show 

that prices over 38€/ton of CO2 produce an increase 

in diesel imports of 7.3%. 

Earlier studies (de Bruyn et al, 2008; Hourcade et al, 

2007; Droege et al., 2009) have pointed out some 

elements that might reduce leakage in the oil refining 

sector, e.g. if refining capacity is tight, producers 

may be able to pass through the cost of carbon, a 

strict regulation of sulfur content in Europe helps 

protect domestic markets, and not least the evidence 

of migration of refineries is scarce. However, the 

markets for refined products change dynamically. 

Recent investments have created a significant excess 

capacity in refining, particularly in Asian and Arab 

countries, which is starting to affect European 

refineries in spite of the apparently strict regulation 

on sulfur. The volatility of refining margins probably 

reflects the uncertainty in the market for refined oil 

products, and CO2 costs may become crucial in this 

context. 

In addition, the high diesel demand in Europe also 

poses some problems: currently, more than 40% of 

the demand is already covered by imports. In our 

calculations this is increased when CO2 prices reach 

36€/ton. The imbalance between gasoline and diesel 

demand is also increasing the grade of conversion, or 

complexity, of most refineries in Europe. The current 

trend in Spain is that new investments are taking 

place, even during the economic crisis, in order to 

increase the proportion of diesel produced. This 

means that new investments are focused on 

increasing the capacity of hydrocracker and cokers, 

which are the most complex and advanced modules 

that allow for improving the performance of a refinery 

a bit more. At the same time, the efficiency of the 

plant decreases and the emissions ratios increase. 

This fact exposes the oil refining industry more and 

more to the risk of leakage. 

Our model results show that under an OB scenario of 

50€ per ton of CO2, refineries should receive around 

25% of their emission allowances for free to keep the 

net margin of benefits at zero. This would be an 

unstable situation and the industry would probably 

require more free allowances. If the option is to set 

import taxes, we have assumed an average emission 
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factor of 0.24 tons of CO2 per ton of processed crude 

oil (AOP, 2011). This factor depends on the 

complexity and the grade of conversion of each 

refinery. The simplest refineries have an average 

emission factor of 0.21 ton CO2/t crude oil, while the 

most complex ones (those who include cokers and 

hydrocrackers) can reach 0.28 ton of CO2/t of crude 

oil. With the emission factor of 0.24, the border tax 

for which the net margin is zero is 3€/ton of 

imported crude oil (0.5% of the imported price) 

Nevertheless it is difficult to draw conclusions for this 

sector. Prices of refined products are volatile and the 

profit margin is so thin that it is very difficult to 

predict future trends for this industry. 

 

Conclusions 

This paper has studied, from the particular point of 

view of the Spanish industry, the impact that carbon 

pricing under the EU ETS may have on three energy-

intensive industrial sectors: cement, steel, and oil 

refining. The analysis has been carried out with three 

specific, bottom-up, engineering models, which 

simulate the change in production technologies, fuels 

and processes, and imports, when carbon prices are 

introduced. The results obtained show some 

particular elements that should be highlighted 

For cement, our estimates show that coastal regions 

are very much exposed to leakage for rather low 

carbon prices (18€/tCO2). Given that free allocation 

will probably not be effective (Droege et al., 2009; 

Carbon Trust, 2010), and that the amount of 

allowances to be given for free would need to be 

different for coastal and inland markets 6 , thus 

creating an added complexity to the policy, border 

tax adjustments seem an effective and more practical 

solution to reduce leakage effects. We find, however, 

that the level of the tax that could compensate the 

loss of competitiveness is very significant, starting 

from 30% of the price of imported clinker.  

The analysis needs to be discussed in the light of the 

European crisis, in particular the cement market in 

Spain. Demand is constantly decreasing. It seems 

that, for the time being, there is no interest in 

importing given the large overcapacity of the industry 

(contrary to what was observed in the years previous 

to the crisis), and therefore leakage is not a concern 

right now. 

In the steel sector, the results are similar: the 

Spanish steel industry seems to be clearly exposed to 

risk of leakage due to import competition, as other 

industries do, but the big share of EAF facilities in 

Spain makes that risk smaller than in other European 

countries. BOF plants would suffer from prices higher 

                                                             

6 Inland markets are well protected from trade by transport 

costs and therefore need no further cost compensation, as 

carbon prices could be passed-through. 

than 12€/t CO2, but EAF plants are more resilient 

given their higher efficiency and their easier access to 

scrap. Here, given the higher elasticity of steel 

demand, our results (which assume a fixed demand) 

are less comparable with previous estimates, 

although they are of the same order of magnitude. In 

this sector free allocation or an import tax would 

eliminate leakage almost completely. However, 

although the amount of free allocation would need to 

be significant (around 50%), the border tax would be 

quite small (5%), so the second approach seems 

more sensible. 

Regarding oil refining, our results point to a 

significant risk of leakage, contrary to earlier studies 

(Hourcade et al, 2007; Droege et al, 2009). This may 

be strengthened by the current situation in the 

refining market, with a large amount of excess 

capacity in some Asian countries, and increasing 

costs in European refineries due to the large share of 

diesel in the car fleet. Indeed, the threats to the 

European refining industry do not seem to come from 

the ETS but are instead based on other parameters 

in the market. This may change significantly the 

prospect of this industry, something that should be 

considered in the definition of baselines and policies. 

Anyway, addressing the risk of leakage in the refining 

industry does not seem to be that complicated: the 

import tax required to protect the industry in this 

regard is around 1.5%). 
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