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Abstract: There is the challenge to use materials in a more sustainable way. Even though cork has an interesting
eco-profile as a material, other aspects contributing to an enhanced sustainable use of the resource are discussed:
addressing the life-span of products, materials substitution, and the trend of materials development identified.
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0 Introduction

There is the challenge to use materials in a more sus-
tainable way, namely by using less and cleaner materi-
als, and to recycle them. As designers, we have been
mainly selecting materials, and the end goal is applica-
tion. It is proposed that taking the perspective of the
materials instead, enables the identification of ways to
contribute to a more sustainable use and balance of the
resources in the long term. This is explored with cork,
the bark of the cork oak tree.

From the above, there is a research question — how
to use cork in a more sustainable way?

1 Problematic — Design, Materials and
Sustainability

It is already generally acknowledged that the use
of materials is not sustainable'"2l. Large amounts of
materials are used, mainly since the last century, and
there has been a shift from renewable to non-renewable
onesl3h48. In a general way it is acknowledged that
renewable resources and materials have a significant
contribution towards sustainability!®®. On the other
hand, since circa 1900 the number of materials available
proliferated; the number of existing materials is unlim-
ited, as are also the possible combinations of them in
composite materials[”42. A more profound, intense and
precise manipulation of matter is observed; although,
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the materials produced as such are more difficult to
reintegrate in the natural cycles, in the end of their use-
ful life, and composites are combined in an extremely
difficult way to dissociatel749,

There are some proposals on how to use materials in a
more sustainable way, such as cradle to cradle (C2C)!®!,
but these are not straightforward or universal solutions;
exemplifying, while C2C may be interesting for a lo-
cal context, if applied in a global market emissions can
double. Additionally, with regard to recycling, even
though it can be technically feasible for many materi-
als, recycling rates are relatively low even for common
polymers such as polyethylene (PE) and polypropylene
(PP) (w(PE) = 7.5%—9.5%, and w(PP) = 5.1%—
6.0%)4. Recycling needs to be economically feasible,
and which requires scalel473-76:[91233-234 " How can this
be accomplished if the number of materials continues
to proliferate?

Considering that the purpose of the activity of de-
signers is application, there is established knowledge in
materials selection, and more recently including envi-
ronmental aspects!?); although, the materials perspec-
tive, and the effects of choices and developments in
these resources are generally not acknowledged. Ex-
emplifying, new materials proliferate and enable more
specific applications, but then there are many more ma-
terials and it’s more difficult to foster recycling, which
needs scale for economical feasibility.

From this problematic, it is proposed to look at mate-
rials from a resource perspective, trying to identify the
aspects contributing to the long term sustainable bal-
ance, and how to use them in a more sustainable way
(by enhancing the long term balance of the resource).
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2 Cork Applications and Sustainability
— Characterizing the Case

2.1 Cork Oak Forest Systems — Origin of the
Material Resource

Cork is a renewable resource, the outer bark of the
cork oak tree, and can be removed periodically from the
tree stem without endangering vitality. The cork oak
forests occur in the Mediterranean region and provide
multiple important functions, such as preventing soil
erosion and the protection of biodiversity9-14.

The cork oak can be found in two kinds of forest
systems: (D a multifunctional system, where the for-
est areas are combined with some agriculture and cat-
tle raising, designated “montado de sobro” in Portugal,
and where it represents 70% of cork oak forests; @) a
mono-functional system, focused on the forest use, and
characterized by higher forest density. In our days, cork
oaks are explored for the production of cork[0117-19.
The multifunctional ecosystem was developed since the
end of the nineteenth century, and due to the increas-
ing valorisation of cork and socio-economical changes,
these became one of the richest in biodiversity, and with
economical sustainability[1030-33

The cork oak is a slow growing tree, and with a high
longevity, up to 250—300 years. The economical ex-
ploration of the tree occurs between 40 and 150—200
years, corresponding to approximately 12—14 consecu-
tive removals of cork, every 9 years. Yearly cork growth
thickness varies between 2 and 5 mm, more intensely in
the first years, and for most regions of Portugal, cork
thickness reaches 3.5 to 4.0 cm after 9-year cycle!10126-27,

Costa et al.['?] assessed the cork oak landscape dy-
namics, in an area considered representative of the
“montado” in Portugal, for the period 1958—2005.
While some land use changes were observed, overall,
the cork oak woodlands were stable during the 47-year
study period, regarding area and dynamics. The au-
thors considered this to be indicative of the basic sus-
tainability of the “montado” system.

2.2 General Cork Context and Applications

Portugal is the main cork producing country, with
52.5% — over 150 thousand tonnes per year, and about
90% of the cork transformed is exported. This repre-
sents 0.7% of the gross domestic product (GDP), and
2.3% of the exports. Portugal is also the major im-
porter of cork. About 40% of cork is used for the pro-
duction of stoppers, and these account for 69% of the
sales!13121-26,31 At the moment the market for cork
stoppers is unstable due to substitution by alternative
sealants!'314 Succinctly, this originated on the quality
and technical performance of some stoppers, concern-
ing the appearance of trichloroanisole (TCA) in some
wines, and which triggered the initial development of
substitutes. During the last decade the problem was
generally corrected by the cork industry, but the ex-
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pansion of substitutes allowed more competitive prices.

Besides use as a sealant, cork is also found in a variety
of applications: floating devices, shock absorbers, insu-
lation and aeronautic. And among several properties,
cork is light, rather impermeable, resistant to wear, and
has high friction'>-1%]. More recently there has been re-
search in using cork for pharmaceuticals, and its prop-
erties are still considered interesting and with potential
for new applications!'®17l. Also in design several cork
products have been developed in the last years, e.g. by
Daniel Michalik, and one recent project, Design Cork,
was organized by Mestre in 2008[18],

Concluding, cork is an important resource for Por-
tugal, relevant to export, and besides its use in stop-
pers there are already several applications, and others
are being explored. With regard to the substitution of
stoppers, taking into account that other substitutions
of cork have also happened in the past — inner layer of
capsules for pharmaceutical industry'®, it seems im-
portant to acknowledge aspects that have an influence
in the market, such as quality.

2.3 Life Cycle Assessment — The Environmen-
tal Impact of Cork Products

In general, life cycle assessment (LCA) studies of
cork products are scarce. Two detailed studies have
been performed on stoppers: one comparing cork and
alternative sealants!*?, in which the cork stoppers were
found to have in general a lower environmental bur-
den; the other study covered the entire life cycle of
a natural cork stopper®?). A few other examples of
LCA or other cork environmental related information
were identified in the construction sector, for flooring
and insulation, e.g. Ref. [21]. In Ref. [22] the eco-costs
value ratio (EVR) model is applied to assess and im-
prove several cork products, recently developed within
the Design Cork project!!8], but detail on environmen-
tal information is not available yet. Concluding, even
though a comprehensive overview is not presented, this
is already indicative of the need to perform more LCA
studies.

3 Specific Aspects Identified as Rele-
vant in the Cork Context

Considering the importance of using materials in a
more sustainable way, and the specific cork context,
some issues were identified which may enhance the sus-
tainable use of this resource.

3.1 Identifying Cork Applications with Higher
Benefits, by Exploring Material Alterna-
tives in Substitution

From a materials substitution perspective, and con-
sidering that cork is a relatively clean material, an im-
portant observation emerged acknowledging that the
benefits of using cork are not just in using it — they
depend on where and how the material is used. In other
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words, those different applications can have differenti-
ated environmental benefits, by taking the alternative
materials avoided into account. This could be investi-
gated by exploring alternatives in substitution, and is
relevant for sustainability, since knowledge and devel-
opment focus in the applications with higher benefits

would enable to enhance or optimize the positive im-

pact of using the material.

3.2 Trend in the Development of Cork Mate-
rials

A trend has been identified concerning the devel-
opment of cork materials: cork is not just one ma-
terial, there is already a portfolio of cork materials,
and more are being developed. Among the materials
are: white agglomerates, black agglomerates, rubber-
cork, cork gel, cork polymer composite (CPC), cork
wool, cork paper, cork textile/ skin!*6-18:23] This trend
is consistent with general developments on materials,
and cork is namely being mixed with others to form
composites. This pattern is similar to developments in
wood (24,

On this issue a dilemma is noticed: in one hand,
this development enables new and diversified applica-
tions; but on the other, these cork materials become
more complex, more distant from the natural mate-
rial, and eventually more difficult to recycle and less
environmentally friendly. Therefore, it seems relevant
to further understand and characterize this trend in
materials, and additional environmental information is
necessary to clarify the dilemma.

3.3 Life-Span of Cork Products

Long life-span products are generally acknowledged
as environmentally desirablel>2®, In the case of cork,
this appears as a key issue to address for several rea-
sons. The resource itself is limited — there is slow
growth only in a specific region; as such, long life-span
products contribute to the conservation of the resource.
Considering the localized production and transforma-
tion of cork, there is an economical interest in export-
ing the products. It is already generally known that the
transport of materials or products over long distances
can significantly contribute to increase the environmen-
tal impact of products, as mentioned in Ref. [26]. If
the products have a long life-span, this impact is di-
luted or distributed through the years. On the other
hand, products with a long life are also associated with
high quality, which is relevant to users, and may be re-
garded as enhancing the overall value and use of the
material. From the above, it is relevant to investigate
their longevity, influencing aspects, and how to extend
it.

3.4 Systems Thinking Approach — Exploring
Influences and Repercussions of Use in the
Forests

The use of the material in products can have impor-
tant repercussions in the forest systems — the lack of
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quality in stoppers reduced the value of the material
in market, endangering the forests. As such, a specific
study of these influences would be useful from a systems
thinking approach.

As observed in Ref. [10], since cork oak mono-
functional systems presented higher cork productivity,
development policy and incentives have been mainly
addressing these; but this may compromise the tradi-
tional “montado”, which offers higher ecological and so-
cial values. At the moment it is important to increase
the value of the material, which has been affected by
substitution in stoppers. Additionally, it is proposed in
Ref. [27] that the reduced production diversity of cork
products (a contraction stimulated by the emergence
of agglomerated cork) reflected by the specialization on
stoppers, does not favors the preservation of cork oak
trees. From the above, we may suggest that a more
representative and diversified portfolio of cork applica-
tions could contribute to an increased sustenance of the
ecosystem.

3.5 “Appropriate Use” of the Material — A
Concept for Sustainability

Taking the aspects mentioned above into account, it
is proposed that an “appropriate use” of the material is
a way to accomplish more sustainable solutions. Suc-
cinctly, the concept of “appropriate use” could be char-
acterized as an utilization in which the properties of
the material suit naturally (without much transforma-
tion — trend), in which the material in product with-
stands use through time (enabling long life-spans), and
in which the products are appreciated and valued by
users (technically and aesthetically). Additionally, ap-
plications in which these aspects are more clearly dis-
tinguished from solutions accomplished with other ma-
terials, and including environmental information about
the products, could be regarded as offering a higher
positive differentiation (substitution — benefits).

4 Conclusion

The utilization of materials has a substantial burden
on the environment, and there are several possibilities
on how to use them in a more sustainable way; their
effectiveness may vary from case to case. It is proposed
that as designers, a broadening or shift of thinking from
exclusively the applications as the end goal towards the
material, by addressing the repercussions of use from a
resource perspective, may contribute to enhance our
understanding on how to use materials in a more sus-
tainable way.

As a resource, cork can be considered to have in
general an eco-profile; although, few LCA studies can
be found to clarify how this is reflected in products.
Cork has interesting properties, multiple applications
are possible, and it seems important to address aspects
such as quality.



J. Shanghai Jiaotong Univ. (Sci.), 2012, 17(3): 360-363

From the specific cork context, several aspects were
identified with potential to contribute to a more sus-
tainable use of the resource (research question — how
to use cork in a more sustainable way?): identifying the
applications with higher benefits by exploring alterna-
tives in substitution; investigating the trend concerning
the development of cork materials; addressing the life-
span of cork products; exploring the influences and
repercussions of use in the forests through systems
thinking; and, focus on applications enabling an “ap-
propriate use” of the material.
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