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The carbon and graphite producing sector is mainly concentrated in eight EEA Member States 
(Spain, Norway, Austria, Poland, France, Germany, the United Kingdom and Slovakia) but 
trading activities are present all over Europe. It is a multimillion added value generating sector, 
with a worldwide turnover volume of €3 to 5 billion annually. According to the sector, roughly 
40,000 people are employed either directly or indirectly through this industry.

The main downstream market of the sector is the electrode market, especially the steel industry, 
for which the recycling of scrap steel reduces the CO2-emissions of the sector. Electrodes for 
Electric Arc Furnaces make up the biggest revenue share and create considerable interdepen-
dencies between the two sectors. Other important downstream markets are refractories, the 
aluminium industry, electronics and Li-ion batteries. 

ECGA members are fully committed to complying with the EU energy policy and its decarboni-
sation strategy. However, carbon and graphite products are enablers of decarbonisation of many 
material value chains. 

The carbon and graphite industry and its raw materials are an integral part of any economy 
and society. Standing at the beginning of most value chains, the sector is a critical supplier of 
essential materials and products and therefore generates added value and growth through 
employment, economic growth, development, innovation and generating trade. To continue 
economic growth and demographic change as a modern society, extraction and production of 
commodities will remain essential. 

In past years the carbon and graphite industry has improved its productivity and energy efficien-
cy and is still implementing new solutions aiming at further reducing the energy consumption/
unit and improving CO2-intensive operations. As the world shifts to a low-CO2 future, companies 
explore its future contribution to reducing CO2 and to leveraging “decarbonisation” in other 
sectors in particular by supporting the circular economy and saving resources and by providing 
products for the energy transition. 

The global population is forecast to reach 9 billion by 2030, including 3 billion new middle-class 
consumers. This places unprecedented pressure on natural resources to meet future consumer 
demands. To meet the challenges caused by an increased, continuous demand for sustainably 
sourced raw materials, a shift towards more resource efficient production, increased recovery 
and reprocessing along the circular economy and sustainable development objectives is be-
coming more crucial than ever.

In November 2018 the European Commission - based on the Paris Agreement in 2016 - ad-
opted a strategic long-term vision for a prosperous, modern, competitive and climate-neutral 
economy by 2050 – A Clean Planet for all. This decarbonisation strategy shows how Europe may 
possibly lead the way to climate neutrality by investing into realistic technological solutions, em-
powering citizens and aligning action in key areas such as industrial policy, finance or research 
– while ensuring social fairness for a just transition. The document covers nearly all EU policies 
and tries to align them with the Paris Agreement objective to keep temperature increase to well 
below 2°C and pursue efforts to keep it to 1.5°C. According to the Commission, the EU to lead 
the world towards climate neutrality means achieving it by 2050. However, many EU Member 
States will have to rely on fossil fuels such as hard coal, lignite and gas as well as imported hard 
coal and gas till 2040 resp. 2050.

In Europe Carbon and graphite products today are used a large variety of applications, in 
particular in the

 › Production of aluminium
 › Recycling of steel
 › Foundries for a range of metals
 › Batteries
 › Light weight composites
 › A range of electrical applications.

Carbon and graphite products are an integral part of the production chain of a number 
of metals that guarantee longevity and light-weighting of products, it facilitates their 
recycling; it contributes to energy storage and is a crucial part of electric mobility in all 
forms.

Whilst globally and in Europe the forecasted energy demand is going to increase, the CO2 emis-
sions for Europe are forecasted to be reduced. However, it should be noted that for industrial 
supply chains, the overall energy/electricity input will have to rise.

This document aims to contribute to the international and European collaborative effort among 
all stakeholders, and to be a source of inspiration for international and national policy makers 
to support decisions and regulations concerning the sustainable transition of the carbon and 
graphite industry. The objective of the publication is to demonstrate the technology solutions 
that the carbon and graphite industry implements to reduce greenhouse gas footprint.

Executive Summary



E-MOBILITY
Lightweight structures on the basis of composite materials leading to higher fuel efficiency.

Graphite specialities for vacuum and cooling systems and pumps as well as leaf springs and 
high-performance carbon ceramic brake discs.

Graphite as anode material in lithium-ion-batteries.

The graphite industry’s contribution to a smarter world

AVIATION AND AEROSPACE
Carbon fibre reinforced components provide lightweight and high strength components to 
save fuel.

Our materials and products provide solutions to key strategies: sustainable mobility, energy, digitisation and Artificial Intelligence. 



E-MOBILITY FOR PUBLIC TRANSPORT
Carbon and graphite technology for charging stations for electric public transport.

ENERGY STORAGE
Synthetic graphite as anode material in lithium-ion batteries, battery felts in stationary energy 
storage systems, special graphite solutions in lead-acid-batteries as well as the gas diffusion layer 
in fuel cells contribute to efficiency and performance of energy storage systems. 

The graphite industry’s contribution to a smarter world



SOLAR ENERGY
High-purity graphite, carbon fibres reinforced materials and felts are used for the production 
process of multi- and monocrystalline silicon for solar panels.

DIGITALISATION
Digitalisation enables and increases speed for data management and transmission: specialty 
graphites are used in the production of semi-conductors for high performance computer chips 
and silicon carbide coated wafer carriers.

The graphite industry’s contribution to a smarter world



WIND ENERGY
Innovative graphite speciality products are used in the production of rotor-blades with en-
hanced performance and longevity as well as in the electric brushes that increase energy 
transmission.

LED-PRODUCTION
LEDs generate the light in semi-conductors.

Isostatic graphite is the basic materials for the production of semi-conductor layers. Only very 
pure and homogenous graphite can provide these coatings.

The graphite industry’s contribution to a smarter world

Other applications can be found in more than 30 applications (e.g. process technologies, chemis-
try, mechanical engineering, high temperature applications, construction, medicine technology).
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STEEL PRODUCTION – ELECTRODES
Recycling steel is carried out in Electric Arc furnaces (EAF) which are using graphite electrodes to 
obtain the temperatures to melt the steel scrap and to ensure the steel qualities of the recycled steel.

Graphite electrodes are an integral part of the latest steel recycling technology and given the 
increased use of steel in infrastructure around the world, graphite electrodes will continue to be 
required to save resources for the future. 

Compared to Basic Oxygen Furnace (BOF) steelmaking, graphite electrodes used in EAFs con-
tribute to  84 million mt reduction in CO2 emissions per year in the EU, equivalent to emissions 
from 28 million passenger cars.

Leveraging Europe’s and the world’s circular economy goals and leveraging CO2 savings

EU EAF steel production 67,500,000 MT

Quantity of EAF CO2 generated per year * 33,750,000 MT

Quantity of CO2 generated per year should the same steel amount  
be produced at BOF

118,125,000 MT

CO2 emissions savings by using EAF vs BOF 84,375,000 MT

China and ROW: Historical and forecast production of graphite compared with crude 
steel output, 2007-2027
Source: Roskill



China and ROW: Historical and forecast production of synthetic graphite (SG) 
compared with EAF steel output, 2007-2027

EU28 Crude Steel Production by Process. Source: World Steel Association
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The graphite industry could support the development of EAF steel in Europe to a much larger 
degree in the future..
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Natural graphite and to a certain extent also synthetic graphite are used in these refractories.

World: Consumption of graphite in refractories and 
production of refractories, 2007–2017

World: Forecast consumption of graphite in refractories and 
production of refractories, 2017–2027

NATURAL GRAPHITE AND REFRACTORIES
Refractories are vital products in the production of many metals and the processing of industrial 
minerals. Typical applications: graphite and in bricks, monolithics, and crucibles.
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FUTURE ENABLING TECHNOLOGIES FOR CARBON NEUTRALITY

The energy transition and its products – batteries
Energy storage in all forms will be crucial in the future and it will not only secure the energy sup-
ply but it will also enable electric mobility. The lithium-ion battery is one such example where 
carbon and graphite are crucial and where both natural and synthetic graphite are being used.

 › Primary batteries: Alkaline, Zn-C, etc.
 › Rechargeable batteries: Li-ion, NiCd, NiMH, Lead-acid, etc.
 › Fuel Cells
 › Super-Capacitors

Lithium-ion battery materials value chain

Today the estimated consumption of active materials in battery anode manufacturing are esti-
mated to be in the order of 117kt. 



2017 20232020 20262018 20242021 20272019 20252022

1,600 2,000

1,800

1,600

1,400

Lithium
-ion battery m

arket (G
W

h)

1,200

1,400

1,200
1,000

800 1,000

800

0 0

200
200

400

600

400

600

Graphite consumption (low case)

Lithium-ion battery market (low case)

Graphite consumption (base case)

Lithium-ion battery market (base case)

Graphite consumption (high case)

Lithium-ion battery market (high case)

G
ra

ph
ite

 c
on

su
m

pt
io

n 
in

 li
th

iu
m

-io
n 

ba
tt

er
ie

s 
(k

t)
page 12Chapter I.

The world forecast scenarios for natural graphite consumption and lithium-ion battery market 
between 2017-2027 shows considerable increases.
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World: Consumption of graphite by type and battery application compared with the 
market for lithium-ion batteries, 2007–2017

Market share of anode chemistries in all vehicles, 2005–2017 (% by weight)

Today the lithium-ion battery is considered a major contributor to an increased electric mobility 
in Europe. The growth rates per European country are expected to be considerable and this 
means that graphite in all its forms will contribute to substantial CO2 savings.

Lithium-ion automotive battery use (passenger & commercial)  
by European country, 2017 (GWh)
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Whilst the role of natural graphite mostly sourced from outside of Europe continues the share 
of synthetic graphite is expected to grow. However, this will only be possible if the European 
synthetic graphite production will be cost-competitive on the world market.  The European 
graphite industry finds itself squeezed between high electricity and CO2 costs in Europe and 
a lower energy consuming competing material from China (natural graphite), but Europe will 
find itself in complete dependency on Chinese raw materials and eventually the whole battery 
chain, if it does not counteract.

GENERAL ELECTRIFICATION: ENGINEERING MATERIALS 
Graphite specialities find many different applications in carbon brushes, powder metallurgy & 
hard metals, friction, foils, lubricants, catalysts, synthetic diamonds, pencils, and ceramics.

Electro-mobility
The increased electrification of our mobility is dependent on high performance of motors: 

Improved and new applications are being developed whether it is for the exhaust system, the 
powertrain, sealing materials for motor vehicles,  the traditional lead acid batteries, brake tech-
nology , electric motors,  chassis components, fuel and water pumps, lithium-Ion batteries or 
hydrogen based technology for trucks and heavy vehicles.. 

Today, composites and graphite-based solutions are playing a key role in the automotive 
industry and will continue to do so in the future.  Specialty graphite solutions help to increase 
efficiency and reduce CO2 emissions for vehicles with both alternative drives and standard 
combustion engines.  Applications include bearings for cooling water pumps and exhaust gas 
management, rotors and vanes in vacuum pumps or sealing rings for seals.

Increased public transportation by trams and trains will increase the demand for synthetic 
graphite for electric conductors.

SAVING CO2: GRAPHITE AS THE KEY TO EPS HIGH PERFORMANCE
Grey Expanded Polystyrene (EPS) has one crucial difference to white EPS: simply adding graphite 
to the mixture. Graphite significantly improves the performance of the polystyrene. A thickness 
of 90 mm in grey EPS is needed to achieve the same performance as an 120 mm block of white 
EPS, which is a significant improvement after such a small change in the mixture.

Enabled CO2 Reduction – 2018

Application Net CO2 Reduction (tons) Technology / Product

Engineering 43.5 million
Thermal Barrier Coatings & 

Turbocharger Wheel Castings

Titanium Alloys & Coating 5.0 million Titanium Aluminides

Vanadium 1.2 million Steel Alloying / Light weighting

Graphite 1.0 million Graphite Insulation

Total net CO2 reduction (2018): 50.7 million tons
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World: Forecast nuclear power energy generation by country, 2010–2027 (billion kWh), 
source: IEA 2018

ALTERNATIVE ENERGY GENERATION TECHNOLOGIES

Solar energy
Graphite is a vital material for the production of high-purity silicon and during the process steps 
of the production of solar panels. Without high-purity graphite there would be no solar panels.

Wind turbines
In many wind turbines today, carbon fiber-based composites are used due to their high strength 
and stiffness combined with their low density. New innovative specialty products are facilitating 
a generation of rotor blades that set new standards for performance efficiency, service life, and 
rotor dynamics.

New types of for carbon brushes are also important functional components in wind turbine 
generators.

Nuclear power
Last but not least graphite is also used in the production of nuclear power which is still a major 
energy source in the EU. In this respect graphite also contributes to CO2 neutrality at the stage of 
energy generation.

Forecasts predict a steady increase in nuclear power generation worldwide for the next decades.
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In terms of applications the main markets have evolved considerably over the last 10 years, in 
particular with respect to the developments in the energy storage and battery field. When look-
ing at the forecasts going further than 2027 continued increases are expected.

The current supply 
situation could 
be an issue of 
security of supply 
for European 
value chains China 
massively domi-
nates the supply 
for natural and 
synthetic graphite 
today.

Carbon and graphite markets and supply situation
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THE ORIGIN OF SYNTHETIC GRAPHITETHE ORIGIN OF NATURAL GRAPHITE

The supply situation for natural graphite is going to change in the next 10 years, but the Chinese 
dominance will continue. 

Supply situation for the synthetic graphite is also going to change with more suppliers  
getting on board.
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Graphite ore

Crushing, grinding, flotation

Thermal / chemical purification

Conditioning, grinding, classifying,  
mechanical / chemical treatment

Final graphite product

Raw purified graphite (max. 99.98 % C)

Raw graphite (max. 99 % C)

Graphite is being produced either from mined natural graphite or from needle coke (mostly 
coming from the petroleum industry) and coal tar pitch, a by- product of the petroleum indus-
try. The production of synthetic graphite requires considerable more energy, but then leverages 
CO2 savings in its applications.

Whether the natural or the synthetic graphite is being used in each application is currently 
determined by quality, cost aspects and security of supply. 

Basically natural graphite is imported into Europe from Canada, Brazil or China. It requires less 
energy in processing, and has often very high quality specifications in terms of purity and is 
often used as a material added in products to achieve certain functionality.

Synthetic graphite is produced in large quantities in many countries around the world, USA, Eu-
rope and China for example. Its purity depends on the amount of energy intensive processing.

For most applications natural graphite could be replaced by synthetic graphite and it is the cur-
rent lower-cost availability of natural graphite and the cost of production of synthetic graphite 
that determines the rate of substitution.

NATURAL GRAPHITE MANUFACTURING PROCESS

Synthetic graphite makes use of high quality needle coke and a by-product of the petroleum in-
dustry that otherwise would be discarded. However, in order to convert the mixture of coke and 
pitch into graphite considerable energy is required which is currently sourced from the national 
electricity grid. 

Therefore the production of graphite and its indirect CO2 emission reduction s depend on the 
“greening” of electricity.

For the remainder of the direct CO2 emissions arising from the actual conversion in furnaces 
carbon capture and storage or utilisation will be required since the CO2 arises from the chemical 
composition of the material.

The production inputs used are natural and artificial graphite, needle and other cokes, and 
anthracite. In the first step, these raw materials are ground to a fine powder, and subsequently 
mixed with a liquid binder (e.g. pitch). In the next step, the homogeneous mixture is shaped 
using extrusion, vibration moulding, die moulding or isostatic pressure processes. After the 
material has been formed, the next process step is the baking and impregnation (~300° C) of 
the blanks in the carbonizing step. In this step, the blanks are heated to temperatures of 1,000° C 
according to a precise time specification in electrically controlled ovens with the use of fuels. In 
this process, the pitch is converted into a solid coke. For very fine-grained graphite, this step can 
take up to two months. Process emissions are set free during baking. There is a small time-de-
pendence of the emission rates which is, to a large extent, a result of the long baking time of the 
semi-finished products and the character of the furnace heating curve.

 The output of the baking process is a high-strength, hard and abrasive burned carbon with low 
thermal and electrical conductivity. This procedure is common industry practice and therefore 
applied in Emission Trading Scheme (ETS) installations, as well as non-ETS installations with 
similar inputs and outputs. Finally, the graphitising step (2,600-3,000° C) moves the carbon into 
its desired hexagonal molecular arrangement through electrical resistance heating. This process 
consumes a high amount of electricity. During this process, the properties of the material 
change to a synthetic graphite with high thermal and electrical conductivity.

Carbon and graphite products – natural or synthetic?
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SYNTHETIC GRAPHITE FROM NEEDLE COKE – 
MANUFACTURING PROCESS 

It is therefore not surprising from the chart above that when the trade intensity of European 
carbon and graphite products was assessed in 2015 and in 2017  the figures ranged between 
52 -72 % depending on the NACE code and the degree of processing of the products.

The availability of natural graphite is dependent on trade and access to graphite mines in Eu-
rope. 

The availability of synthetic graphite depends on availability of the two raw materials needle 
coke and coal tar pitch as well as the electricity costs for conversion.
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Machined carbon  
and graphite 
0.11 MWh/t

Magnesia 
0.12 MWh/t

Primary Aluminium 
14.3 MWh/t

Zinc electrolysis 
4 MWh/t

Chlorine 
2.461 MWh/t

Basic oxygen steel 
0.036 MWh/t

Alumina (refining) 
0.225 MWh/t

Carbon and graphite feedstock 
3.2 MWh/t

Non-ferrous metal ores 
1.1 MWh/t

Carbonised product

In terms of emission intensity the share of process emissions in the total emissions from carbon 
and graphite production has a ratio of 40% process emissions and 60% indirect emissions.

Table 11 Emissions intensity assessment (as a ratio of GVA)

Product Direct emissions 
intensity (kgCO2/€)

Indirect emissions 
intensity (kgCO2/€) 

Emissions intensity 
(kgCO2/€)

Carbon and graphite 
feedstock 1.66 2.53 4.19 

Machined carbon 
and graphite 0.02 0.23 0.25 

Ecofys 2015, figures 2011-2013

Figures for an updated study for the Carbon Leakage Assessment for the period 2013-2015 show 
that the total emission intensity for ETS and non-ETS installations for the carbon and graphite 
feedstock has come down to 3.353 kgCO2/€ (-20%) out of which direct emissions intensity is at 
1.452 kgCO2/€ (-12,5%) and indirect at 1.901 kgCO2/€ (-25%). Source: Navigant 2018.

Measures that have been introduced to achieve energy efficiency and reduce CO2 emissions are 

 › Furnace design, 
 › Choice of quality input products,
 › Improved insulation,
 › Improved systems using recycling of heat. cooling and compressed air,
 › Internal scrap recycling.

These measures are now an integral part of the production processes and have led to CO2 
reductions of about 7% in the past 4 years.

Due to the relatively high energy consumption and its high trade intensity, also reflected in some 
EU anti-dumping and anti-subsidy measures against other non-European producers, energy 
savings have always been a key factor in maintaining a competitive cost structure in the sector. 

However, with its high share of indirect emissions the European carbon and graphite industry is 
highly dependent on CO2 neutral electricity supply.  60% of indirect emissions are depending on 
the electricity grid’s performance. 

Comparison of electricity intensity of ECGA products to the benchmark electricity 
intensities of products eligible for State Aid (not to scale) (Ecofys 2015)



ESTABLISHING ENERGY MANAGEMENT SYSTEMS
Energy use is a major cost factor in the production of synthetic graphite. At the same time high 
temperature processing ensures the quality of the products and leads to the longevity, the 
performance and the energy reductions in the downstream industry. 

Most operators in the European graphite industry have therefore established energy manage-
ment systems and are also certified accordingly under ISO 50001.

INVESTMENT IN LATEST TECHNOLOGIES AND PRACTICES:  
APPLYING BEST AVAILABLE TECHNOLOGY
The graphite industry is continuously upgrading its technology when such technology becomes 
available and within the technical feasibility of existing installations. In particular with regard to 
retro-fitting, additional environmental protection installations and reuse of parts and recycling of 
chemicals, the industry is making all efforts to exercise the utmost attention to energy. However, 
it should be noted that of course in many cases additional environmental protection measures, 
such as filter plants and water treatment plants will lead to additional energy consumption.

SHARING HEAT WITH LOCAL COMMUNITIES
The production of synthetic graphite requires high amounts of electricity and will lead to heat 
that can be used in the production process. In some cases excess heat is already shared with the 
local communities to reduce their energy/heating costs.

ECGA efforts in improving its own energy efficiency and reducing CO2

INVESTING IN RTD WITH THE DOWNSTREAM INDUSTRIES
When it comes to RTD (Research and Technology Development) and innovation by current 
downstream users, the dialogue between suppliers and users on their performance of the car-
bon and graphite products is vital. New developments in these industries are closely monitored 
by the sector and the companies are engaging actively in a series of such projects.

CARBON CAPTURE STORAGE AND UTILISATION
Due to the fact that for a number of industrial processes carbon products are still the best 
option and cannot be completely eliminated, not only because it is currently the best and most 
efficient energy carrier, but also because it provides a chemical component that adds to the final 
products properties research and investment in some carbon capture storage and utilisation will 
be required. The companies are exploring the currently available options.
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