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Abstract 
In a world with increasing importance of global competitiveness due to saturated as well as 
emerging markets, especially the orientation towards energy and resource efficiency is a key 
driver for future competitive advantages. By reason of rising energy and material prices, state-of-
the-art manufacturing processes have to be improved regarding efficiency in order to remain 
profitable. Therefore actual consumptions have to be transparent for the deduction of saving 
potentials. This paper presents a clear methodology to evaluate the ecological impacts of process 
chains in manufacturing caused by energy and material consumptions. Due to the complexity of 
these consumptions throughout the life cycle of products it is necessary to assess the ecological 
impacts from a life cycle perspective. Therefore the procedure is aligned to the methodology of a 
life cycle assessment. Additionally the evaluation of the ecological outcome has to be adapted to 
the industrial environment. Not all the impact categories of life cycle assessments are suitable for 
the direct evaluation of manufacturing processes and chains. Companies need a detailed overview 
about the actual energy and material flows and their origins within manufacturing which is not yet 
available. With this knowledge main consumers can be identified and specific strategies for the 
reduction of resource consumption can be derived. Moreover, the paper presents industrial case 
studies which demonstrate the explained methodology and its benefit 
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1 INTRODUCTION 

Public discussions about ecological performance of 
products as well as rising prices for materials and 
energy urge companies towards higher awareness 
of their ecological impact and efficiency. The 
automotive industry takes up an important role in 
this development and adapts manifold measures to 
reduce the ecological impacts on the environment of 
their products in both the manufacturing and the use 
phase. 

Whereas the fuel consumption and the connected 
carbon dioxide emissions are established as 
decisive selling argument, the activities aiming to 
reduce the ecological impact of the manufacturing 
phase are not as visible but equally important in 
reducing the overall impact along the entire life cycle 
of a product. However, the environmental 
performance of products having a high impact 
during the use phase is significantly influenced by 
the manufacturing. Hence, manufacturing 
technologies are a suitable lever for the overall 
reduction of ecological impact. [1] 

For the suitable assessment of a given product, the 
entire life cycle needs to be considered. Either a 
holistic life cycle assessment needs to be carried 
out or the results of the assessment of the phases 
production, use and recycling/disposal need to be 
aggregated. It might be worthwhile, for example, to 

add another manufacturing step to the technology 
chain of a product, worsening the impact in the 
production phase, but improving the impact in the 
use phase. The surface treatment of the cranked 
shaft of an automobile, which requires additional 
effort in manufacturing, may lead to a reduction of 
fuel consumption during use phase 
overcompensating the negative effect of the extra 
treatment. [2] Therefore conclusions must not be 
drawn unless the entire life cycle is accounted for. 
[3, 4] 

The extensive procedure of the life cycle 
assessment according to the ISO 14040 standard 
prevents companies from assessing their products. 
Especially the time consuming data acquisition and 
little knowledge about the appropriate scope of the 
study is a barrier for companies. Within this paper 
three case studies of the automotive sector are 
presented and compared. As part of public funded 
projects, the three products have been investigated 
with a high level of detail in order to derive which 
data is highly relevant or negligible for the outcome 
of the study. The case studies offer a good 
opportunity to conduct this analysis because 
although all of them are located in the automotive 
industry, the investigated products differ significantly 
in terms of annual production volume, material and 
size. 
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Regarding the data acquisition all three case studies 
essentially provided the same level of detail. All 
necessary and measureable energy and material 
flows have been acquired, assessed and were 
linked to the production of one final piece. Electrical 
energy, pressurized air, heating energy, cooling, 
detergents and lubricoolants are only a few of the 
measured flows. For the injection nozzle and the 
gear wheel also the central supply units such as 
pressurized air, technical heat and ventilation were 
assessed separately in order to provide specific 
data. This data basically links the consumptions of 
central units to the supplied media and 
subsequently allows to assign these consumptions 
to the production process. For the forming tool the 
central units have also been considered by using 
already available data for the supplied media. 

Another important step in a life cycle assessment is 
the determination of the evaluation methodology to 
be used. Regarding the actual industrial practice, a 
whole life cycle assessment may demand too much 
specific knowledge of the final user in order to 
interpret the results properly. Simple and 
representative figures are needed in order to 
provide easy-to-understand and viable key 
indicators which can be used for initial assessments 
as well as the trace over longer periods of time. 
Therefore, in this paper not the total life cycle 
assessment is used for the interpretation of the 
results. Only the global warming potential (GWP, kg 
CO2-equivalent) and the primary energy depletion 
(PED, MJ) are provided. These values have been 
created by using the life cycle software Gabi 5 by 
PE International AG. [9] Both of these impact 
categories are common and can be used to unify all 
energy and material consumptions of the technology 
chains. Due to the diversity of the consumed media 
this unification is one of the essential steps of 
industrial application. Although the other ecological 
impact categories available from the LCA will not be 
used, the representativeness of the global warming 
potential and primary energy depletion has been 
confirmed by analyzing the whole life cycle 
assessment. The GWP and PED have consequently 
been linked to one piece during the analyses in 
order to provide summarizing data for the product. 

 

4 RESULTS 

Within this section of this paper, the results of the 
three technology chains will be presented. Based on 
the findings a comparison between the studies will 
be conducted in order to draw conclusions which 
can be adapted to further technology chains in the 
industrial manufacturing of metal parts. The 
presentation will take place in three steps. Firstly the 
distribution of the consumptions caused by 
workpiece material and the processes will be 
elaborated in the manufacturing phase, secondly  
the main consumers within the processes of 
manufacturing will be highlighted and discussed, 

thirdly the process steps within manufacturing will 
be presented regarding their primary energy 
consumptions. 

First results of the three manufacturing case studies 
are presented in Figure 2. For each case the global 
warming potential as well as the primary energy 
depletion are shown divided into processes and 
material per product. For the forming tool 
manufacturing also auxiliary material has been 
included. This material originates from the tryout-
parts which have to be consumed to take the 
forming tool into operation. Since this material can 
neither be assigned to material nor the processes 
and also the tryout-material is more valuable than 
the forming tool material itself, the authors decided 
to implement a single category in this case to assure 
comparability. 

 
Figure 2: Manufacturing phase PED and GWP distribution 
of the three case studies 

It can be observed that the share of the material is 
decreasing with lower part size and weight. This 
finding can be lead back to the material itself, but 
also to long machining times performed on machine 
tools. Therefore the smaller the parts are, the bigger 
the influence of idle time power consumptions are. 
This direct connection consequently is obvious in 
the whole analysis. It is inappropriate to transfer this 
finding into different branches other than metal 
manufacturing, but for the manufacturing of metal 
parts in respect to machining, heat treatment and 
washing processes the trend seems to be legit. 

In addition to the previous illustration, in Figure 3 the 
contribution of the main consumers to the primary 
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energy depletion of the manufacturing phase per 
part is presented. The workpiece material itself is 
not included into the consideration for the purpose 
of determining the main consumers. For every 
assessed technology chain these consumers are 
compared. Regarding the findings of the figure, it is 
necessary to point out several special attributes in 
order to be able to compare the different outcomes 
accordingly. Within auxiliary materials several 
materials, such as water, natural gas or 
lubricoolants are included. 

 
Figure 3: Shares of consumption types during 
manufacturing of the three case studies based on primary 
energy depletion (PED) 

The first obvious result is that the electrical energy 
in all cases is the main contributor to the primary 
energy depletion. This fact can easily be underlined 
by regarding the technology chain and the used 
machines for manufacturing the products. Most of 
the used machines operate on electrical energy and 
only use other energies and materials for additional 
tasks, such as pressurized air for sealing, 
lubricoolants or thermal energy for heating and 
cooling purposes. Also in the metal manufacturing 
area, especially regarding machining, machine tools 

feature high idle power consumptions in comparison 
to the process itself and therefore are highly 
depending on the operating time. 

Pressurized air accounts for only a small share of 
the total consumption profile of manufacturing the 
considered metal parts, except for the injector 
nozzle. In this specific case the pressurized air is 
used to transfer and clean the workpieces during the 
process, whereas in the other cases it is only used 
as additional medium for machine tools. Because of 
the small size of the injection nozzle this 
consumption can be observed in the given overview 
of the consumers.  

Another specialty of the injection nozzle 
manufacturing is the significantly lower 
infrastructural consumption (lighting and heating) 
per part. This can be explained by shorter cycle 
times and therefore the smaller share of the plant 
lighting and heating which is assigned to a single 
piece.  

The thermal energy covers direct heating energy as 
well as cooling energy. In these cases only the 
additional centrally supplied thermal energy which is 
not produced directly at the machines is considered. 
It can be observed that the share of these thermal 
energies has an influence between 7 % and 14 % 
on the total primary energy consumption per part.  

For the gear wheel the consumption of natural gas 
has been presented separately, because of a heat 
treatment process based on natural gas inside the 
technology chain. The contribution of this consumer 
is not significantly high, but still cannot be neglected. 
In the technology chain of the injection nozzle the 
heat treatment is performed with electrical energy by 
induction. 

In Figure 4 the shares of primary energy 
consumption per part for every process step for all 
three case studies are illustrated. Focusing on the 
manufacturing processes, the material has not been 
included. Hence, the machining including grinding is 
one of the most consuming processes. Naturally in 
metal manufacturing, most processes in a 
technology chain include chip removal and therefore 
can be assigned to machining and grinding. But 
despite the number of machining and other 
processes, the influence of washing and heat 
treatment is not dominant.  

Regarding the forming tool manufacturing, 
machining is responsible for almost half of the 
primary energy consumption. In this case the large 
workpiece surface and extensive machining times 
due to complex geometries lead to high 
consumptions of electrical energy. In this technology 
chain the specialty of including the iron melting in 
the foundry process offers a direct comparison. Not 
including the work piece raw material and tryout-
parts, the single melting process is even outweighed 
by the mentioned machining expenses.  
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