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Forging and the Climate Path – 
 Routes to CO2-free Components
Forgings, in particular, have a large carbon footprint due to the production of  

the starting material and due to heating processes before forging as well as during  

heat treatment. Superior strength components for powertrain, chassis, and body will  

continue to be needed in the future, and so the production process must be sustainably  

aligned. In the NOCARBforging 2050 project, the  German Forging Association and  

prosimalys therefore present a CO2 calculation tool in a first phase.
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g Forging is the production tech
nology that provides superior strength 
 components for automotive applications 
in the powertrain, chassis and, increas
ingly, in the body of a passenger car. 
Materials deformed several times, usually 
under compressive stress, are fine
grained, with inclusions that are either 
shattered or that follow the direction  
of the load. This results in highstrength 
and, at the same time, very ductile com
ponents with high toughness. A range of 
current and future parts in the automo
tive industry (rotor shafts with splines or 

gears, transmission parts, antifriction 
bearing components,  safetyrelevant 
chassis components) are only conceivable 
with forging. This is also true of applica
tions in other industries like rail, avia
tion, and energy.

Since the starting material – in passen
ger cars mostly steel and aluminum – is 
produced from ore or scrap and since it 
needs to undergo one or more heating 
processes depending on the forging, ma 
terial and heat treatment technology, 
these parts are energyintensive, and, 
according to the current state of the art, 

have higher CO2 emissions. However,  
the German forging industry is embrac
ing its responsibility and proactively 
addressing the issue of minimizing  
CO2 emissions.

INITIAL SITUATION AND  
SOLUTION APPROACH

The German forging industry is an ener
gyintensive sector with an estimated 
energy demand of 3 TWh in the form 
of natural gas and electric power, not  
taking into account the starting mate
rial used [1]. Depending on the forging 
method, the typical process sequence 
might consist of the following substeps, 
each of which may be carried out more 
than once: production and supply of the 
input material (steel, aluminum, tita
nium, magnesium, brass), cutting, pre
coating, heating, multistage singlestep 
or incremental forging, heat treatment, 
and machining.

Today, energy supply is invariably asso
ciated with CO2 emissions. The “ climate” 
measure of the European Green Deal 
specifies a reduction of net greenhouse 
gas emissions of at least 55 % by 2030 
compared to 1990 levels and calls for cli
mate neutrality by 2050 [2]. Carbon pric
ing is already making CO2 emissions eco
nomically relevant to a small extent and 
will do so to an even greater degree in the 
future. In the medium term, however, 
avoidance of this issue will be completely 
unacceptable to stakeholders. The auto
motive industry, in particular, is currently 
already spurring the supply chain to 
address the topic of CO2 emissions in pro
duction. On the one hand, the de  mands 
include quantifying the Product Carbon 
Footprint (PCF) of supplied components; 
on the other hand, continuous measures 
for reducing the PCF are being called for, 
FIGURE 1.
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The forging industry in Germany  
is proactively addressing these chal
lenges together with its partner indus
tries. Thus, in December 2020, the  
German Forging Association started the  
NOCARBforging 2050 project. During  
the initial phase, a webbased software 
calculation tool was created and further 
developed by the engineering service 
provider prosimalys together with the 
partners GreenDelta and Herlanco.

TOOL FOR CALCULATING 
THE ECOLOGICAL FOOTPRINT

In the first phase of the NOCARBforging 
2050 project, the FRED software tool 
is being developed. This stands for Forg
ing Footprint Reduction Tool and is used 
to calculate the PCFs for forged parts. 
50 companies both from the forging 
 sector as well as partner industries 
are participating in this. The software 
tool is  designed as a web application. 
To  calculate a PCF, some basic data is 
needed: component mass, power mix 
used, PCF of the starting material, and 
some other information. Further on, 
the individual process sequence of the 
product is entered. For these processes, 
the specific consumptions of electrical 
energy, gas, and other materials are 
derived from a database. In addition, 
the unavoidable material losses are 

 specified for the individual processes. 
This information is then used to calcu
late the amount of CO2 emitted for the 
end product.

Data on electric power and gas con
sumption as well as on the typical mate
rial losses were obtained during the first 
phase from the numerous participating 
companies and stored in the software 
tool. Although there will certainly al 
ways be potential for refining the data, 

FRED currently already provides more 
exact and more detailed analyses for 
metalworking processes than other data
bases used for PCF calculations. FIGURE 2 
shows the login internet page, the input 
of basic data and of the process se 
quence as well as an example PCF  
calculation result for the quenched and 
tempered cardan yoke. The result for 
this typical closeddie forging part 
reflects the basic characteristics of 

FIGURE 2 Inputs and 
 example result for 
the CO2 footprint of 
a cardan yoke in 
the FRED  software 
tool (© prosimalys)

FIGURE 1 Stakeholders’ demands on the manufacturing industry in order to reduce  
CO2 emissions (translated by the author) (© prosimalys)
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many forged components. The starting 
material used makes up the largest 
 proportion of the PCF. In second place 
comes heat treatment (for example 
quenching and tempering), followed  
by heating to  forging temperature.

A factor influencing the proportions  
is whether the steel comes from the 
crude or electric steel route, or whether, 
for example, aluminum is used. Other 
 influencing variables include the forg
ing  temperature and whether any heat 
treatment is carried out at all after forg
ing. However, the various potential con
stellations mean that it is impossible 
to establish a general rule of thumb. 
Instead, the calculation based on indus
trial data is  absolutely essential in order 
to identify potential ways of reducing 
the carbon footprint.

DEVELOPING IDEAS FOR  
REDUCING CO2 EMISSIONS

The path to reducing or even avoiding 
CO2 emissions involves green, that 
means sustainably generated, electric 
power. This makes it possible to pro
duce steel without CO2 emissions via 
the direct reduction route using green 
hydrogen, via the scrap electric route, 
or by adopting completely new 
approaches [3]. Also conceivable are 

electrical (re)heating processes, for 
example for opendie forging and roll
ing, or for heat treatments in the forge 
or steel mill. Alternatively, hydrogen [4] 
can be used, or else methane, which is 
synthetically produced from electricity. 
Similarly, heating processes in closed
die forges are now mostly inductive, so 
green electricity could avoid CO2 emis
sions here, too. However, it is also clear 
that completely moving away from fos
sil energy sources for material produc
tion will entail significant investment 
and operating costs. Likewise, convert
ing today’s gasbased heating or heat 
treatment processes to hydrogen or 
electric power will also in  cur high 
costs. Consequently, it makes  
a lot of sense to develop additional 
ideas for increasing material and 
energy efficiency. This will make it pos
sible, at least in part, to offset the 
higher energy costs of the future, 
thereby rendering the transition to CO2
free manufacturing more economical.

By being able to calculate CO2 emis
sions for various forging process 
chains, the groundwork is laid for eval
uating ideas on how to reduce emis
sions. Accordingly, the workshop 
“EMMA – Emissionfree Manufacturing 
of Forgings” was held in November 
2021 in which 60 participants from 43 

companies and 13 research institutes 
developed ideas for reducing CO2 emis
sions using example components. 
During this kickoff workshop, 51 ini
tial ideas were generated for reducing 
CO2 emissions in forging. These ideas 
are classified according to the following 
criteria: percentage of CO2 savings 
potential, maturity horizon (can be 
implemented directly, can be developed 
in a ZIM (Central Innovation Pro
gramme for Small and Mediumsized 
Enterprises) project, can be developed 
in a BMBF (German Federal Ministry of 
Education and Research) project, or in 
a BMWi (German Federal Ministry for 
Economic Affairs and Climate Action) 
project), realization timescale, and 
implementation costs. In addition, the 
ideas are sorted according to their topic 
area: material production, material 
properties, heat treatment, forging pro
cess, infrastructure optimization, and 
other  processes, FIGURE 3.

The EMMA workshop has led to  
a very broad spectrum of ideas. Based  
on the exhibition components, the ideas 
indicate a CO2 savings potential of be 
tween 3 and 50 %. In some cases, it 
would be possible to apply several of  
the ideas to one component at the same 
time, thereby adding to the savings 
potential. The timeframe relating to the 

FIGURE 3 Impressions from the EMMA workshop and overview of results for 
the developed ideas (© prosimalys)
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maturity of the ideas ranges from imme
diately practicable to a development 
period of more than six years. However, 
several years’ implementation time must 
certainly be added before the idea can be 
fully applied in practice. The implemen
tation costs for the generated ideas like
wise vary greatly. From this initial snap
shot of potential solutions for mitigating 
CO2 emissions, it is clear that a sound 
assessment of CO2 savings, for example 
using FRED, is necessary for prioritizing 
the most efficient ideas.

PRIORITIZATION OF THE  
MOST EFFICIENT IDEAS –  
FROM MATERIAL PRODUCTION  
TO INFRASTRUCTURE

The material contributes most to the 
 carbon footprint of forged products. 
Accordingly, efforts to use materials 
with a lower PCF are a highly effective 
measure for reducing the CO2 emissions 
of forged components. Here, there are 
already some solutions on the market 
that can be taken advantage of. For 
example, a Swedish steel manufacturer 

is offering the option of CO2free long 
steel from the beginning of 2022. CO2
free refers to scopes 1 and 2, FIGURE 2, 
whereby a part of the reduction is 
achieved through carbon offsets. How
ever, the use of such offsets is expected 
to decrease significantly in the coming 
years through appropriate infrastruc
tural measures [5].

A German steel manufacturer offers  
a green steel, which is melted in an elec
tricarc furnace using electricity from 
renewable energy sources. As a result, 
the PCF (scopes 1 and 2, FIGURE 2) of 
unalloyed engineering steel and also of 
highalloy steels falls to around 50 % 
[6, 7]. Other long steel producers are 
likewise working intensively on lower
ing the carbon footprint of their prod
ucts [8].

As can be seen in FIGURE 2 with the 
“quenching and tempering” part of the 
pie chart, the heat treatment of compo
nents is the second strongest driver of 
CO2 emissions. With regard to forging 
materials, there have been numerous 
developments in the past 20 years 
aimed at replacing quenching and tem

pering processes with cooling from the 
forging heat. Improved dispersion hard
ening steels, bainitic steels [9], or even 
airhardening martensites [10] are avail
able for this purpose. With these new 
forging materials, CO2 emissions and,  
in most cases, costs can be reduced in 
production.

Furthermore, the PCF can be opti
mized if forging companies, too, use 
regenerative electrical energy with better 
efficiency [11], or if input material sav
ings are achieved through a preforming 
operation or through a more finely tuned 
forging process.

FIGURE 4 shows how the input vari
ables or technical possibilities that were 
mentioned before and that are already 
available can lead to a significant reduc
tion in the CO2 footprint. This is demon
strated again using the cardan yoke 
component as an example. A reduction 
to 27 % becomes possible. In the context 
of this precompetitive cooperation in 
the industry, it is clear that no costs may 
be discussed. Chiefly, CO2 reduction is 
reliant on the availability of climate 
neutral electrical energy and sufficient 

FIGURE 4 Impact of CO2 mitigation ideas on the carbon footprint of a cardan yoke made of steel (© prosimalys)
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steel scrap or directly reduced iron. 
 Similar relationships would be valid for 
aluminum – albeit with different ratios to 
each other. Also crucial to the imple
mentation of these ideas, however, is con
sistent technical cooperation among all 
parties involved along the entire supply 
chain during product development.

SUMMARY AND OUTLOOK

It is already possible today to significantly 
reduce the product carbon footprint of 
forged components using the options and 
technical possibilities offered on the market. 
This can be achieved primarily through CO2
free electrical energy, al  though this is cur
rently not available in the volumes re  quired 
to bring about a complete transition in the 
materials and in the forging industry. Major 
investments in power generation and other 
infrastructure, particularly in the raw mate
rials industry, are needed to significantly 
mitigate CO2 emissions. From today’s per
spective, it is not possible to specify an exact 
timeline for this. Further ideas for improv
ing material and energy efficiency are there
fore necessary and currently available for 
achieving considerable reductions in CO2 

emissions as quickly as  possible and in an 
economically viable way. The forging indus
tries are proactively addressing these re 
quirements. After all, by doing so they want 
to and can ensure that value creation in 
materials production and processing will 
continue to take place in Germany and 
Europe in the future.
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