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ANNEX 12 
 
 

The CO2 price and electricity efficiency benchmarks: two of the five variables 
used to determine the maximum aid amount  

 
The CO2 price  
 
The CO2 price variable related to the maximum aid amount should be distinguished from the 
CO2 price used to calculate sector gross value added and thereby sector eligibility (for the latter 
eligibility-related CO2 price see 4.6 Section of the main report).  
 
The CO2 price which forms part of the formula determining the maximum aid amount should be 
fixed in relation to the period in respect of which the State aid is granted.  
 
The future CO2 price can be assumed to reflect companies' planning horizon better than the spot 
price. One possibility would therefore be to use – in respect of the period in which the aid will be 
granted - the average of the future prices observed over a reference period (e.g. a number of 
months or a year). 
 
Such an approach could have two benefits. First, future prices would already be known ex ante 
for the aid amount calculation (i.e. the average of observed prices over a period in respect of the 
period during which the aid will granted). Second, the CO2 price used would be based on the 
type of price information business normally take into account in this context (e.g. decisions on 
investment).  
 
The higher the value of this variable (the CO2 price in the period for which aid is paid), the 
higher the maximum aid amount.  
 
The product-specific electricity efficiency benchmarks  
 
Article 10a(6) of the ETS Directive requires that product benchmarks corresponding to the most 
electricity efficient methods of production be established. If a particular installation's efficiency 
in terms of use of electricity (MWh/tonne of the product concerned) meets the benchmark there 
will be no reduction of the aid. Conversely, if the actual efficiency is below the benchmark the 
aid level will fall by a corresponding amount.  
 
At the time of writing the work on the product benchmarks (in terms of MWh/tonne of each 
product in question) is still ongoing. It is therefore premature to set out outright options in 
relation to what is likely to be a proposal of a very technical nature. The legal requirement in 
Article 10a(6) is that the benchmarks should correspond to the most electricity efficient 
techniques. It may be presumed that that there will be two categories of benchmarks: primary 
and fallback benchmarks.  
 
Such primary electricity benchmarks could in the first place be developed for products 
manufactured through particularly electro-intensive processes with a sufficient number of 
installations to derive an average from a benchmark curves (see example in figure below). 
Primary benchmarks could also rely on reference documents on "Best Available Techniques" 
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('BREFs')1 (e.g. if the number of installations in the sector is insufficient to draw up a benchmark 
curve).  
  
Figure: Electricity benchmarking curve for primary aluminum (2007) (primary smelting process – 
electrolysis) (he average electricity consumption of the 10 % most efficient plants) 
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Source: EEA, 2009 

As regards compensation for direct CO2 costs 52 primary product benchmarks were established 
in the 2011 Benchmarking Decision, accounting for around 75% of direct emissions of all 
products entitled to compensation under the 2010 Carbon Leakage Decision. The benchmarks are 
expressed in terms of EUAs (i.e. free allocation of permits) per tonne of production.  
 
These 52 benchmarks relate to 'products' (not necessarily corresponding to Prodcom product 
definitions).2 The boundaries of the production processes are precisely defined3.  For 14 of the 52 
primary benchmarks the boundaries include not only use of fuel but also electricity (fuel and 
electricity substitutability). But as mentioned compensation is only given for fuel use. 
 
Second, as in the case of the 2011 Benchmarking Decision, the ETS Guidelines would have to 
establish so-called fallback benchmarks applicable to all other products which fall within 
eligible sectors or subsectors to be defined by the ETS Guidelines. The secondary benchmarks 
may involve dividing the installation's electricity consumption over a period time by its 
production in tonnes over the same period (MWh/tonnes of the product) A correction factor (0.X) 
could also be envisaged to ensure that products subject to fall-back benchmarks are neither 
favoured nor disadvantaged compared to products subject to the primary benchmarks. Some 
stakeholders have recommended a correction factor which is as low as 0.5 (i.e. 50%). Others 
recommend a factor of 100% or close to 100%. 
 

                                                 
1 BREFs are established in accordance with Directive 2008/1/EC of the European Parliament and of the
 Council of 15 January 2008 concerning integrated pollution prevention and control has been used to derive
 benchmark values. Some 30 BREFs have been adopted (Bergmann et al (2007)).  
2 See recital 4 of the 2011 Benchmarking Decision.  
3 See recital 4 of the 2011 Benchmarking Decision ("In principle, for each product one benchmark should be
 defined. Where a product is a direct substitute of another product, both should be covered by the same 
 product benchmark and the related product definition"). 
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ANNEX 13 
 
 

The CO2 factor, the merit curve and modelling to determine pass-on of CO2 
 
 
4.5.1 The impact of the CO2 on the "merit curve"  
 
As mentioned in section 4.5 it is the "marginal production" which sets the wholesale price for 
all consumers (such as manufacturing industry) which buy electricity at the wholesale level (i.e. 
directly from the electricity grid).  
 
The "marginal production" at any given hour of the day in the relevant geographic area ("price-
setting area") is the most expensive production which is in operation at that hour. Some hours of 
the day are "peak" hours when demand is particularly high. In many cases (although this will 
vary across areas) the marginal production consists of gas-fired electricity production. This 
means that the marginal electricity produced during the day is often gas (which can be used more 
flexibly even if it is more expensive than coal). During night-time (so-called constant "base-load" 
demand) it may not be necessary to resort to gas production and the marginal production is often 
made up of coal.  
 
Thus at any point in time there is a range of electricity generating installations (e.g. hydropower, 
nuclear power, gas and coal) in operation which are ordered accordance to their relative variable 
production costs, starting with the cheapest production and ending with the most expensive – i.e. 
"marginal" - production. Accordingly, in any given geographic area, for any particular hour 
during a particular day a so-called "merit curve" can be established (see example in figure 
below).  
 
Figure: Merit curve in the Nordic countries  
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Source: Reply to questionnaire by the Confederation of Swedish Enterprise  
 
The marginal production de facto sets the price for all buyers in the price-setting area.  
 
In practice the merit curve for each hour results from a daily round of bids to sell (by electricity 
generators) and offers to buy (by large electricity consumers or traders) at the electricity 
exchanges. Matching the bids and offers, the electricity exchanges will establish the price each 
hour the next day ("day ahead" or "spot" prices).4 The bid corresponding to the marginal 
production thus becomes price-setting.5  
 
The introduction of the ETS in 2005 had a significant impact on the "merit order" in EU 
electricity markets.6 Whereas in the pre-ETS era, gas would often have constituted the price-
setting marginal production during peak hours (daytime) due to the cost of producing electricity 
from gas being more expensive than other forms of electricity production. But as coal is roughly 
twice as CO2 intensive compared to gas the introduction of a CO2 price via the ETS would often 
lead to a reversal of the merit order resulting coal-fired production shifting to the right along the 
merit order (see figures below), thereby de facto setting the price for the whole area.7  
 
The price increase borne by e.g. industrial installations in that area would thus not correspond to 
the price difference between coal production before and after the introduction of the ETS 
but to the difference between the gas-based price before ETS and the coal-based price 
following the introduction of the ETS. The figures below illustrate a shift along the merit curve 
from coal to gas production using CCGT.8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
4  Electricity futures are also traded on the EU exchanges (as in the case of the CO2 trading exchanges). 
5 See e.g. reply to questionnaire by Germany (defining the marginal production as the "Grenzgebot". 
6 Pype (2011). 
7 See e.g. reply to questionnaire by the European Aluminium Association.  
8 CCGT stands for "Combined Cycle Gas Technology" and is one of the more CO2 efficient forms of gas-
 fired gas production.  
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Figure: Expected reversals of the merit order at different CO2 prices 
 
 

 
 
Source: IFIEC (2008) 
 
An additional challenge in attempting to determine the precise impact of CO2 pricing on 
electricity prices is that the impact would moreover have to be assessed at EU level  Indeed, 
Article 10a(6) requires that the CO2 factor correspond to "the CO2 emissions of the relevant 
European electricity mix"9.  
 
As mentioned in section 4.5.2 the type of EU-wide modelling that would be required to 
determine the difference between an ETS scenario and a non-ETS scenario at EU level has not 
been carried out. Indeed, for the same reason it is not possible to state whether the compensation 
of direct CO2 costs (via the 2010 Carbon Leakage Decision and the 2011 Benchmarking 

                                                 
9 While the Finnish and French versions uses the term "average" the clearly majority of the language versions 
 use the term relevant" (Slavic, Baltic, Greek languages to be verified). 
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Decision) overcompensates or under-compensates the installations receiving free allowances for 
their direct CO2 emissions.   
 
Calculating the cost impact of the ETS on electricity prices would be relatively straightforward if 
there were no reversals in the merit order and if it were assumed that electricity markets were 
perfectly competitive (resulting in a 100% pass on of cost increases). Given these two (heroic) 
assumptions it would be possible to add the CO2 cost component to the marginal production cost 
of the marginal production (typically gas without the ETS) which would remain the same before 
and after any cost increase. 
 
But as mentioned it is likely that that the introduction of the ETS has led to reversals in the merit 
order: typically (from gas in a non-ETS world to coal in an ETS world) given that the CO2 cost 
affects coal significantly more than gas. The likelihood, precise nature and extent of such 
reversals of the merit order across the different price-setting areas in the EU over time may vary 
considerably, further complicating the task of estimating the effect of the reversals at an EU level.  
 
4.5.2 Modelling to assess the impact of the CO2 price on electricity prices   
 
The cost impact of ETS has been estimated in respect of certain parts of the EU. A study using 
one particular model ("BID") finds that have found that the impact in Norway has been around 
0.6 (i.e. for each rise in the CO2 price by 1€ the electricity was found to have risen by 0.6€).10 
The estimated transfer factors for other Member States are all found to be in the within the 
interval  between 0.4 and 0.8-0.9; for example, the factor for Germany is around 0.7.11  
 
As the ETS Guidelines must define a CO2 factor in respect of all Member States it does not 
appear feasible, based on the available information, to develop one single model that would 
capture the entirety of the current state of EU electricity markets.12 The model referred to above 
in fact only captures the two most integrated regional entities in Europe: the Central Western 
area and the Nordic area. Elsewhere in Europe markets are mostly national in scope which 
would require that the same or similar model is developed in respect of more than a dozen 
Member States13. Recourse to the 'transfer factor' as the CO2 factor as described above is 
not considered feasible given time and resource constraints.   
 
But it is still possible to set out meaningful options regarding the CO2 factor. A higher rather a 
lower CO2 factor will mean a higher maximum aid ceiling. Thus a factor based on the marginal 
production will tend to be higher than the average CO2 emissions of electricity in the EU. 
Different alternatives may also have bearing on incentives to use particular electricity generating 
technologies. This is confirmed by the abovementioned recent modelling regarding Norway and 
other Member States which found that the transfer factor can be expected to fall within a range 
defined by the CO2 factors of the two most common forms of marginal production (gas and coal) 
(i.e. between around 0.4 to around 0.9 CO2t/MWh) (see figure below).14 
 

                                                 
10 Pöyry (2011). 
11 Pöyry (2011). 
12 See non-paper by the European Commission entitled "The Internal Energy Market – Time to Switch into 
 Higher Gear".  
13 Pype (2011). 
14 Pöyry (2011).  
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Figure: Estimated CO2 transfer factors for six Member States in 2013 in range between 
CO2 factors for gas and coal  
  

 
Source: Pöyry (2011) 
 
Indeed, gas-fired plants tend – depending on their efficiency – to have a CO2 factor roughly in 
the region of 0.4 CO2t/MWh. The most efficient gas-fired plans do not consume more than 
around 0.35 CO2t/MWh. Black (or “hard”) coal (hereafter "coal") has a CO2 factor of around 
0.8-0.9. The CO2 factor of oil fired electricity generation plants is somewhere in-between the 
coal and gas CO2 emission factors. This type of electricity is sometimes described as “grey” as 
opposed (CO2-free) “green” electricity (see Article 10a(6)). 
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