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Emissions = 821054,1 t x 0,66 
𝒕𝑪𝑶𝟐

𝒕
= 544.977,2 𝒕𝑪𝑶𝟐
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greenhouse gas emissions other than combustion emissions occurring as a result of intentional 

and unintentional reactions between substances or their transformation, for a primary purpose 

other than the generation of heat, including from the following processes:

(a)the chemical, electrolytic or pyrometallurgical reduction of metal compounds in ores, 

concentrates and secondary materials for a primary purpose other than the generation of 

heat; 

(b)the removal of impurities from metals and metal compounds for a primary purpose other than 

the generation of heat;

(c)the decomposition of carbonates, excluding those for flue gas scrubbing for a primary 

purpose other than the generation of heat;

(d)chemical syntheses of products and intermediate products where the carbon bearing material 

participates in the reaction, for a primary purpose other than the generation of heat; 

(e)the use of carbon containing additives or raw materials for a primary purpose other than the 

generation of heat;

(f)the chemical or electrolytic reduction of metalloid oxides or non-metal oxides such as 

silicon oxides and phosphate

1) Product Benchmark

2) Heat Benchmark

3) Fuel Benchmark

4) Process emissions

Order?

Processes Emissions

Reminder on process

benchmark 
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Process emissions sub-

installation

The preliminary annual number of 

emission allowances allocated 

free of charge for a given year 

shall correspond to the process-

related historical activity level 

multiplied by:

 0,97 for the years until 31 

December 2027

 0,91 for the years 2028 and 

onwards.

Reminder on process
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greenhouse gas emissions other than combustion emissions occurring as a result of intentional 

and unintentional reactions between substances or their transformation, for a primary purpose 

other than the generation of heat, including from the following processes:

(a)the chemical, electrolytic or pyrometallurgical reduction of metal compounds in ores, 

concentrates and secondary materials for a primary purpose other than the generation of 

heat; 

(b)the removal of impurities from metals and metal compounds for a primary purpose other than 

the generation of heat;

(c)the decomposition of carbonates, excluding those for flue gas scrubbing for a primary 

purpose other than the generation of heat;

(d)chemical syntheses of products and intermediate products where the carbon bearing material 

participates in the reaction, for a primary purpose other than the generation of heat; 

(e)the use of carbon containing additives or raw materials for a primary purpose other than the 

generation of heat;

(f)the chemical or electrolytic reduction of metalloid oxides or non-metal oxides such as 

silicon oxides and phosphate

Remember???

Prosses Emissions
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benchmark 

November 27th 2024



13

Or……..
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Aluminum: overview of product benchmarks

Product benchmarks on BDR

Definition and boundaries of production from electrolysis

From theory to actual implementation: ETS layout of an alluminium plant

From theory to actual implementation: production data on BDR (activity 
data, electricity, Prodcom codes, CN codes etc.) 

From theory to actual implementation: emissions at sub-installation level 
for benchmark update 

From theory to actual implementation: summary and calculation
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Aluminium is highly recyclable 

without any loss of quality, and 

recycling helps conserve energy 

and natural resources, reducing 

the demand for primary aluminium

production. 

Recycled aluminium accounts for 

60.3% of produced raw aluminium in 

Europe. 

Recycling rates in the automotive 

and building sectors are over 90%, 

while aluminium beverage cans have 

a recycling rate of 76%. 

Europe has the highest recycling 

efficiency rate of any region in 

the world, recycling 81% of the 

aluminium scrap potentially 

available in the region 

Aluminum: overview of 

product benchmarks

November 27th 2024
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Production of Primary aluminium

Aluminum: overview of 

product benchmarks

November 27th 2024
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Energy consumption Primary aluminium

Aluminum: overview of 

product benchmarks

November 27th 2024
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Primary aluminium production is conducted 

in basically two process steps:

1. production of the intermediate product 

aluminium oxide or alumina (Al2O3) in the 

Bayer chemical process

2. conversion to aluminium by electrolysis. 

Aluminum: overview of 

product benchmarks

November 27th 2024
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In the case of primary 

aluminium production, CO2
emissions are related to fuel 

combustion and anode 

consumption, and PFC emissions 

are related to anode effects. 

In secondary aluminium

productions CO2 emissions are 

related to fuel consumption.
PFC emissions: Gases to be 

taken into consideration 

are 𝐶𝐹4and 𝐶2𝐹6. 

Aluminum: overview of 

product benchmarks

November 27th 2024
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The Hall-Héroult process is the primary 

method used for the production of aluminium

metal from alumina
The main steps of the Hall-Héroult process are: 

1. the process takes place in an electrolytic cell. The cell is divided into two compartments by a carbon lining called the "cell cathode." 

2. the electrolyte used in the process is a molten salt mixture, mainly composed of cryolite (Na3AlF6) and aluminium fluoride (AlF3). 

This mixture reduces the melting point of alumina, making the process more energy-efficient.

3. Anodes and cathodes: carbon blocks, which act as anodes, are suspended above the cell cathode. Alumina is fed into the cell and 

settles on the cell cathode. As the alumina melts, it dissolves in the electrolyte. 

4. Electrolysis: when an electric current is passed through the cell, electrolysis takes place. 

At the anode (carbon), oxygen ions from the alumina combine with carbon to form carbon dioxide gas: 

2Al2 O3 → 4Al3 + 6𝑂2
3C + 3𝑂2 → 3CO2 + 6e

At the cathode (cell lining), aluminium ions from the alumina gain electrons and form molten aluminium: 

4Al3+ + 12e− → 4Al (molten) 

5.    Molten aluminium collection

Aluminum: overview of 

product benchmarks

November 27th 2024
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Anodes for aluminium electrolysis 

use consisting of petrol coke, 

pitch and normally recycled 

anodes, which are formed to shape 

specifically intended for a 

particular smelter and baked in 

anode baking ovens to a 

temperature of around 1150°C. 

Söderberg anodes are not covered 

by this product benchmark

The production of Söderberg anodes 

should be covered by fall-back

approaches.

No PPRDCOM code

Product benchmarks on BDR

November 27th 2024
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Unwrought non-alloy liquid 

aluminium from electrolysis. 

Expressed in tonnes measured 

between the electrolysis 

section and the holding 

furnace of the cast house, 

before alloys and secondary 

aluminium are addedAll processes directly or 

indirectly linked to the 

production step electrolysis are 

included. Emissions resulting 

from holding furnaces and 

casting, and emissions related 

anode productions are excluded

Product benchmarks on BDR

November 27th 2024
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Emissions included: 

- CO2 emissions resulting from the reaction 

between the carbon anode oxygen from the 

alumina 

- CO2 emissions resulting from the reaction 

of the carbon anode with other sources of 

oxygen, primarily from air 

- All formed carbon monoxide is assumed to 

be converted to CO2. 

- Two PFCs, CF4 and C2F6 emissions formed 

during brief upset conditions known as 

the “Anode Effect”, when aluminia levels 

drop to low and the electrolytic bath 

itself undergoes electrolysis.

The anode effect is a process upset condition, 

where an insufficient amount of alumina is 

dissolved in the electrolyte bath. This causes the 

voltage in the pot to be elevated above the normal 

operating range, resulting in the emission of gases 

containing the PFCs tetrafluoromethane (CF4) and 

hexafluoroethane (C2F6).

Product benchmarks on BDR

November 27th 2024
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For secondary aluminium production… 

There is no product benchmark

The activity level is related to the fuel use

Emissions are related with combustion of fuels and 

process emissions

Product benchmarks on BDR

November 27th 2024
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Heat and fuel sub-installations

Fuel sub-

installation

Focus on fall-back approaches

fuel benchmark

November 27th 2024

Remember?
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1. Product benchmark sub-installation means inputs, outputs and corresponding emissions

relating to the production of a product for which a benchmark has been set in Annex I;

2. Heat benchmark sub-installation means inputs, outputs and corresponding emissions not

covered by a product benchmark sub-installation relating to the production other than produced

from electricity, the import from an installation covered by the EU ETS, or both, of measurable

heat;

3. Fuel benchmark sub-installation means inputs, outputs and corresponding emissions not

covered by a product benchmark sub-installation, relating to the production of non-measurable

heat by fuel combustion consumed for the production of products, for the production of

mechanical energy other than used for the production of electricity, for heating or cooling with

the exception of the consumption for the production of electricity, including safety flaring.

FAR – Definitions

Focus on fall-back approaches: 

fuel benchmark

November 27th 2024
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Fuel sub-installation

The secondary aluminium production is typically counted in a 

fuel sub-installation

November 27th 2024

Focus on fall-back approaches: 

fuel benchmark
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Where: 

 𝑭𝒇,𝒌 Preliminary annual allocation for the sub-installation in year k 

(expressed in EUAs/yr); 

 𝑩𝑴𝒇 Fuel benchmark; set at XX EUAs / TJ; 

 𝑯𝑨𝑳𝒇 Historical activity level, i.e., the median annual consumption of 

energy of the sub-installation in the baseline period as determined and 

verified in the baseline data collection (expressed in TJ/yr); 

 𝑪𝑬𝑳𝑭𝒇,𝒌 Carbon Leakage Exposure Factor for the fuel sub-installation in year 

k. 

 𝑪𝑩𝑨𝑴𝒇,𝒌 Carbon Border Adjustment Mechanism Factor for the fuel sub-

installation in year k, if relevant.

𝐹𝑓,𝑘 = 𝐵𝑀𝑓 x 𝐻𝐴𝐿𝑓 x 𝐶𝐿𝐸𝐹𝑓,𝑘 x 

𝐶𝐵𝐴𝑀𝑓,𝑘

November 27th 2024

Focus on fall-back approaches: 
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Information of “combustion 

of fuels” (not fuel 

benchmark) published a week 

ago… 

Combustion of fuels

November 27th 2024
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Primary aluminium cell systems vary according to the type of anode used…

Production from electrolysis

November 27th 2024
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The ‘Pre-baked’ electrolytic cell uses multiple pre-baked carbon anodes that must 

be regularly replaced. 

The ‘Søderberg’ electrolytic cell uses a single continuous carbon anode, which is 

self baked in situ within the cell by means of the heat released during the 

electrolytic process within the smelter; ‘green’ anode paste briquettes are added 

at the top while the anode is consumed at the bottom. 

Production from electrolysis

November 27th 2024
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The anode effect

During the 1990s, the industry came to realise that perfluorocarbon gases formed during anode effects

(primarily CF4 and to a lesser extent C2F6) were potent and detrimental greenhouse gases.

There are several causes of anode effects, including:

1. Accumulation of Impurities: Accumulation of impurities, such as metals or oxides, on the 

surface of the anode can interfere with the normal reaction and lead to reduced current 

efficiency.

2. Variations in Electrolyte Composition: Changes in the composition of the electrolyte, such as 

an excess of alumina or other impurities, can disrupt the anode reaction and trigger an anode 

effect.

3. Variations in Voltage: Rapid fluctuations in cell voltage, often due to operational changes, 

can induce anode effects.

4. Electrode Configuration: In Söderberg cells, where anodes are made in the own smelter from a 

pastelike mixture, variations in the paste composition can lead to localised anode effects.

5. Electrode Wear: Gradual wear of the anode surface over time can expose new areas of carbon, 

leading to local variations in reaction rates and potential anode effects.

Production from electrolysis

November 27th 2024
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Aspect Søderberg (Self-Baking) Pre-Baked

Anode Type
Continuous; baked in situ by heat from the 

process.
Pre-baked before installation.

Replacement Continuous; green paste added at the top.
Periodic; requires process

interruption.

Advantages More cost-effective and continuous. Better process control.

Disadvantages Higher risk of emissions and anode effect. Higher operational costs.

Inert anodes could reduce almost all emissions arising from the 

smelting process and increase the smelting efficiency by 25%. 

Production from electrolysis

November 27th 2024
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Secondary aluminium

Secondary aluminium production involves the recycling of used aluminium products and scrap to create new

aluminium alloys and products. 

1

5
of the global aluminium

supply today

5 

% 

of the energy required for primary 

aluminium production

35 

% 

global recycling 

rate

Although it varies a lot by region –

60.3% in Europe, 60.1% in South 

America, 58.4% in North America, 

55.9% in Asia (ex. China), 24.7% in 

China

Secondary aluminium

November 27th 2024
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Recycling rate of 60.3% 

in Europe

Scrap and post-consumer scrap… 

30.7% was new scrap, 

while

69.3% was post-consumer 

scrap

In 

2021

New scrap refers to aluminum waste or scrap generated during the 

manufacturing process before the product reaches the consumer.

Advantages: 

- characteristics that facilitate efficient processing and segregation.

- easily separated into their respective alloy types

- they typically lack attachments or contaminants

- reducing the risk of introducing impurities into the recycling process

Post-consumer scrap refers to aluminum products that have already been used 

by consumers and are then discarded after their life cycle. It is also known 

as "end-of-life" scrap.

varying lifespans: ranging from as short as a few weeks for used beverage 

cans to approximately 12 years for sources like automotive parts. In some 

cases, such as construction materials, the life span can extend beyond 30 

years. 

Secondary aluminium

November 27th 2024
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Secondary aluminium
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Secondary aluminium
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ETS layout of an alluminium

plant
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Measurement-based approaches

This is difficult in installations with many emission points (stacks) or indeed 

impossible where fugitive emissions have to be taken into account. 

On the other hand, the strength of the measurement-based methodologies is the 

independence of the number of different fuels and materials used (e.g. where 

many different waste types are combusted), and their independence of 

stoichiometric relationships (this is why N2O emissions have to be monitored in 

this way).

Measurement-based

approaches

November 27th 2024
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The application of CEMS (Continuous Emission Measurement 

Systems) always requires two elements: 

 Measurement of the GHG concentration

 Volumetric flow of the gas stream where the measurement 

takes place.

According to Article 43 of the MRR: << the emissions are first to be 

determined for each hour of measurement from the hourly average 

concentration and the hourly average flow rate>>

 The measurement-based emissions must be corroborated using a 

calculation-based approach. However, no specific tiers are required 

for this calculation. 

 Due to the non-stoichiometric nature of N2O emissions from nitric 

acid production, no corroborating calculation is required for those 

emissions.

 Carbon monoxide (CO) emitted to the atmosphere shall be treated as 

the molar equivalent amount of CO2 (Article 43(1)). 

 The operator must ensure that the measurement equipment is suitable 

for the environment in which it is to be used, and regularly 

maintained and calibrated. 

Measurement-based

approaches

November 27th 2024
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Operators must apply EN 14181 (“Stationary source emissions –

Quality assurance of automated measuring systems”) for quality 

assurance. This standard requires several activities: 

 QAL 1: Testing whether the CEMS is meeting the specified 

requirements. For this purpose, EN ISO 14956 (“Air quality. 

Evaluation of the suitability of a measurement procedure by 

comparison with a required uncertainty measurement”) is to be 

used.

 QAL 2: Calibration and validation of the CEM; 

 QAL 3: Ongoing quality assurance during operation; 

 AST: Annual surveillance test

According to the standard, QAL 2 and AST are to be performed by 

accredited laboratories, QAL 3 is performed by the operator. 

Competence of the personnel carrying out the tests must be ensured. 

This standard does not cover quality assurance of any data 

collection or processing system (i.e. IT systems). For those the 

operator has to ensure appropriate quality assurance by separate 

means. 

Measurement-based

approaches

November 27th 2024
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Other two standards to be applied:  

 EN 15259 (“Air quality – Measurement of stationary source emissions –

Requirements for measurement sections and sites and for the measurement 

objective, plan and report”) 

 EN ISO 16911-2 (“Stationary source emissions – Manual and automatic 

determination of velocity and volume flow rate in ducts”)

The operator shall ensure that laboratories carrying out measurements, 

calibrations and relevant equipment assessments for CEMS shall be accredited in 

accordance with EN ISO/IEC 17025 for the relevant analytical methods or 

calibration activities. 

Measurement-based

approaches

November 27th 2024
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In the example given, 
the GHG emission
intensity was about 56 
(t CO2 / TJ) in 

average for the 

years 2016 –

2017. 

Remember 

the main 

fuel used?

Emissions at sub-installation 
level for benchmark update

November 27th 2024
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