Lifecycle Assessment of Hard Porcelain for Tableware Production
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ustainable, resource-saving and environment-friendly production is an increasingly important topic for
companies. On the one hand, because of the finite nature of numerous raw materials and, on the other
hand, on account of the growing social acceptance with regard to environmental awareness and the de-
mand for environmentally friendly produced products. This can be seen above all with the issue of climate
change. Methods such as lifecycle assessment are increasingly important instruments in industrial practice
to identify the environmental impact generated by the production or the entire lifecycle of a product.
These studies are becoming more and more important in many different industrial sectors such as the
automotive industry, energy generation or even tableware production to meet demands in existing mar-
kets and access new markets. Often the careful and selective use of raw materials and resources entails
possibilities for financial savings. In addition, it offers a possibility for comparison of different products
and manufacturing processes in respect of their environmental impact. Against this background, in this
case, a lifecycle assessment was compiled at the porcelain manufacturer BHS tabletop AG (Fig. 1) based

in Selb/DE.

A lifecycle assessment can, depending on
the preceding definition, cover the complete
lifecycle or also only a part of the lifecycle,
like, for example, production. The framework
for the compilation of a lifecycle assess-
ment is defined by DIN EN 1SO 14040 and
14044. 1t includes four components: Defi-
nition of the goal and scope of the study,
inventory, impact assessment and inter-
pretation.
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Manufacturing steps in the
production of tableware from
hard porcelain

The manufacturing steps involved in the
production of tableware from hard por-
celain are roughly outlined in Fig. 1. De-
pending on the article manufactured and
production method, additional intermediate
steps may be necessary.

The manufacture of decorated tableware
also requires additional processing steps.
Waste products produced in the course of
the manufacturing process can often, fol-
lowing special processing steps, be reused
directly in production and therefore re-
cycled. As a result, it is possible to save on
raw materials and resources. But even sup-
posed waste like broken tableware is used,
for example, in road construction. Numer-
ous materials are therefore recycled instead
of being disposed of as waste.

Compiling and performing the
lifecycle assessment

The goal of the lifecycle assessment is to
obtain an overview of the environmental
impact caused by the production of table-
ware from hard porcelain. Consequently,
the scope of the study is a gate-to-gate
analysis (within the factory). It is therefore
not an analysis of the complete lifecycle but

Fig. 1 Typical product from the BHS tabletop AG
assortment (Source: BHS tabletop AG)

only the processes that take place within
the factory. The system boundaries encom-
pass all relevant manufacturing processes
as shown in Fig. 2. Here only the input and
output streams are shown that could be de-
termined and used in the assessment.
These can vary depending on the manufac-
turing or shaping process. In the inventory,
all material streams and their quantities
that are within the system boundaries are
determined, like, for example, raw materials,
electricity, water, natural gas, compressed
air and others. In the impact assessment,
the impact categories to be analysed, like
greenhouse effect, acidification, eutrophica-
tion, are defined. Moreover, the pollutants
formed in the processes are classified into
individual impact categories.
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Fig. 2 Simplified overview of the system boundaries in the production of porcelain tableware (Source: BHS tabletop AG)

All substances that belong to one impact
category have different values and related
to a reference value. In the case of the
greenhouse effect or climate change, car-
bon dioxide (CO,) is the reference value,
which is referred to as the CO, equivalents.
In addition, in this project, the ozone de-
pletion potential (stratospheric) [kg R11-
equivalents], the photochemical ozone
creation potential (low-lying) [kg ethylene
equivalents], acidification potential [kg SO,
equivalents], the eutrophication potential
[kg phosphate equivalents] and the human
toxicity potential [kg DCB-equivalents] are
analysed. These environmental impacts
were studied for differently applied shap-
ing processes and production lines like 1SO
presses, jiggering and jollying and high-
pressure casting, and decoration. There

are production lines in which, for example,
only flatware or cups are made and such
in which a wide range of different types of
articles is produced. By way of example, in
the following only the greenhouse potential
is discussed.

To compile the lifecycle assessment, GaBi
software from thinkstep AG was used. For
interpretation, the values according to the
LCIA-CML 2001 method were used.

Results of the
lifecycle assessment

The interpretation of the greenhouse effect
for the production of tableware from hard
porcelain can be seen in Fig. 3. In this, the
greenhouse potentials caused by the indi-
vidual process units are plotted relative to
1 kg produced white tableware. It shows

323

i 0,66
) l .
0,00
total

shaping initial firing

.04
—

0,03

glaza grinding and sort

ghost firing

Fig. 3 Average greenhouse potential in the

production of tableware relative to 1 kg of

saleable white tableware (Source: BHS tabletop AG)
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that primarily from the processes in which
firing is performed, the largest potential
with around 79 % of the overall green-
house potential of 3,23 kg CO, equivalents
is derived. This is down to the large quan-
tities of combustion gases caused by the
fuels used (generally natural gas).

But the extraction of the natural gas used,
and the pollutants formed that affect the
greenhouse potential are also taken into
consideration. However, shaping with
18,9 % also accounts for a non-negligible
part of the greenhouse potential. This can
be attributed to the high consumption of
electricity and compressed air. In the gener-
ation of these, materials are used that con-
tribute to the greenhouse potential. Under
shaping come also the production and in-
factory preparation of plastic bodies and
slips from which the articles are moulded.
Moreover, natural gas consumption from
drying processes, which are necessary after
many shaping processes for further process-
ing, and the associated pollutants contrib-
ute to the greenhouse potential.

The comparison of the different production
lines shows that the environmental impacts
for production lines on which, for example,
only flatware is produced, are lower than
for the production lines on which wider
ranges of articles are manufactured. That is
attributed to the fact that for the production
of just one sort of article the process param-
eters can be better optimised and adjusted.
If the white tableware undergoes decor-
ation, as a result further greenhouse poten-
tial is released.
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Fig. 4 The greenhouse potential (100) years for the production of white tableware and
decoration, both relative to 1 kg saleable tableware (Source: BHS tabletop AG)
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The greenhouse potential caused addition-
ally by the decoration and that caused in
the manufacturing of the white tableware
are listed for comparison in Fig. 4. Both are
based on the manufacture of 1kg. In the
figure it can be seen that for the production
of decorated tableware around 65,4 % of
the greenhouse potential caused is attribut-
ed to the production of the white tableware.
The decoration is responsible for 34,6 % of
the resulting greenhouse potential. In the
decoration, the firing process and the com-
bustion gases formed are the main cause of
the greenhouse potential.

The interpretation shows that the produc-
tion of decorated tableware has a higher
greenhouse potential than the manufac-
ture of white tableware. In addition, it is
important to analyse all relevant processes
as even supposedly low emittents can have
considerable effects on the environment.
The duration of use of the products must
be taken into consideration. Porcelain prod-
ucts, with more than 2000 washing pro-
cesses depending on the application, boast
a very long lifetime, especially in compari-
son with single-use tableware.

Lifecycle assessment is an important instru-
ment to identify the environmental impacts
caused during the lifecycle of a product, es-
pecially the process stages in which large
quantities or especially environmentally
harmful pollutants are formed.

This gives the companies the possibility to
specifically analyse the individual processes
and develop minimization solutions, to
make a contribution to the reduction of pol-
lutant input and the resulting environmen-
tal impact.
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