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Research paper

An investigation of the potential of dematerialization
to reduce the life cycle embodied energy of buildings

Waclaw Celadyn1

Abstract: One of the basic requirements of the paradigm of sustainable architecture is the use of materials
and building systems characterized by low embodied energy. The aim of this paper is to examine the problem
of rational design for lower embodied energy of building components and details. To raise the suitable
competence of building professionals and stakeholders, the paper recommends some ways of approach to
these issues. The reduction in the quantity of applied materials, so called dematerialization, the use of low
energy materials for construction, reduced maintenance works, less frequent exchange of components and
materials during the building operation, and their higher durability lead to better results in this regard. Some
exemplary practical applications of such approach to design of contemporary buildings using the state-of-the
art technologies, which strive to be in line with the requirements for sustainability, as well as some other
being contradictory to them, have been covered in this paper.
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1. Introduction

A basic principle of the paradigm of ecological construction is the use of adequate methods
for planning and erection of low energy buildings. Mostly considered are the construction
technologies as well as the operational performance of buildings. The majority of published
research works in the field have focused on the latter issue [1, 2], whereas the concept of
addressing embodied energy, some- times called also “grey energy” [3], is not as advanced
within the industry [4]. This encourages to further research enhancing the body of knowledge
in this area. The embodied energy used in a building’s construction is called initial embodied
energy (IEE), whereas the energy embodied in the recur-ring process ofmaintenance, repair, and
replacement is termed recurrent embodied energy (REE). To effectively optimize a building’s
life cycle embodied energy, both the REE and IEE must be evaluated collectively [5]. Building
energy research has concentratedmore on operating energy than embodied energy [6]. Focusing
research on embodied energy instead can be justified due to many authors, who claim that
the environmental impact of a building will presumably shift from the operation phase to the
construction,maintenance and return of buildingmaterials to thematerial cycle, in the future [7].

External building facades, internal partitions and suspended ceiling, which form an integral
part of building structures, are currently characterized by a very high embodied energy [8].
Regardless of the project type and location, many previous studies have highlighted the signifi-
cance of material phase impacts [9]. In particular, they emphasized the importance of building
frame and envelope design to help reduce initial embodied energy consumption [4]. This com-
plex problem refers not only to the recommended application of low embodied energymaterials,
but also to low energy methods of their installation in buildings [3], dismantling, and eventually
recycling and utilization.

There are efficient methodologies for calculating embodied energy and carbon of build-
ings [10–12]. Every methodology has its own advantages and limitations, so it is very hard
to suggest the one superior and suitable to assess embodied energy [13]. The users should
understand uncertainty and imperfection of their evaluation, if they follow a certain methodol-
ogy [13–15]. The need for a reliable assessment is tied to the development of high performance
buildings that integrate and optimize energy efficiency and life cycle performance; shifting the
focus to the reduction of building operational energy makes embodied energy a significant part
of a building’s life cycle [16, 17]. It is also important to evaluate the operational lifetime and
maintenance requirements of buildingmaterials to enable the construction of true low embodied
energy and carbon buildings [18]. However, there are some obstacles in a reliable assessment
of embodied energy in materials. Some sources indicate that it is important to remain skeptical
about what is published concerning figures in embodied energy databases [19]. In this regard,
design choices made by architects are not a simple and easy task. A very high initial embodied
energy may not be crucial in the case of a material, which is extremely durable and will not
need replacing for many years. Its use would be preferred comparing to other materials that
have lower initial embodied energy values, but may need to be replaced much earlier [20]. The
durability of building materials have a significant impact on the buildings’ service life and on
its embodied energy [21]. Increasing building service life can reduce embodied energy by up
to 29% [22]. The problem is of high importance, as this form of energy is responsible for about
20% of the total energy used in facilities in their life cycle [20,23]. It is very difficult to predict
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long-term energy costs. Also the calculation of a whole-life cost is difficult to predict accurately
and leads to skepticism [24].

The guideline for designing teams leading towards the lowering of the quantity of embodied
energy can be implemented in many ways. The simplest method for reducing it in buildings
is a careful choice of building materials based on the lowest possible value of this parameter.
Preferable in this regard are regrowable resources, which should substitute abiotic materials.
One of the rules of thumb indicates that the higher the cost, in general, the greater the embodied
energy [25]. Another possibility offers the product optimization. It consists in an alternative use
of better quality materials featuring, for instance, higher load-bearing capacity, or are lighter
than conventional [7]. A good choice is the use of written sources featuring green building
materials. A relatively easy and recommendable option is the use of building materials in lower
quantities, and manufactured or sourced close to building sites. This procedure is defined as
dematerialization [26]. The term comprises also an indication as to the choice of materials,
which will ensure their maximum possible durability, as well as that of the construction systems
which they form. Thiswould reduce the frequency of their necessary substitution, and as a result,
it would lead to a frugal use of building materials in the buildings’ life cycles. The maintenance
works carried out only sporadically would also contribute to the effective saving of preservative
compounds. It is, then, another method of dematerialization and the reduction in energy used
during the process of construction and operation of buildings.

Dematerialization, being one of the basic strategies in sustainable design, can be then
considered in three ways: through the reduction in quantity of materials used in construction,
suggestions concerning the design for more rational maintenance of building components, and
through the less frequent substitution of installed materials in building.

The issue of embodied energy in building materials and technologies is usually not explored
extensively, and the research results are not taken into account by the majority of designers.
It is rather seen as a theoretical and not a practical problem. The scientific and professional
literature covers mostly the first aspect of energy in buildings, and only marginally that of
embodied energy [3, 27, 28]. The significance of this issue is ignored intentionally in some
sources, which claim that embodied energy is responsible only for 10%, or in some cases 2%
of the total energy consumption, so this number is incomparable with the operational (energy
in use) used in buildings [19]. A similar approach to this issue can be found within the most
popular building certification systems, which usually are mutually incompatible [29, 30]. As
opposed to that, other sources indicate that in recent time the operational energy has been
reduced (in dwellings) and the relative impact of embodied energy has increased [31]. Given
these uncertainties, this research is in favor of the latter opinion, as it is more recent. Many
published sources emphasize that it is embodied energy which represents the highest energy
consumption in all variations [32].

2. Methods

The relations between the implemented technology and relevant embodied energy is usually
not considered in an everyday design practice. As a result, defects and faulty energy-related
solutions can be easily found in buildings. There are some general indications and recommen-
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dations in this regard [33]. However, a good practice should also be based on the learning from
constructed buildings of low performance due to faulty details and technical solutions. It is
hardly possible to predict an acceptable performance of every detail of a building at the design
stage on the basis of meeting general rules for sustainable solutions [34]. Therefore, every case
of a relevant building offers a very good opportunity to enhance the knowledge of designers in
this regard.

The research method used and described in this paper is based on an ex post evaluation
of designs and buildings through participatory observations [35]. They consist in descriptive
analyses of various aspects [36] of the issue of embodied energy in materials and elements of
selected buildings. On the basis of “in situ” observations, it was possible to use deduction and
logical interpretation of the obtained results thereafter. The research was also intended to find
out whether the “state-of-the-art” technologies applied in some buildings feature underlying
conscious design choices in view of embodied energy-related ideas. In order to analyze this
problem, the case study method was applied, as it is a proper and highly evaluated technique
used in architecture. As R. Foque claims, case study research can contribute to the elaboration
of architectural design theory, which in turn can stimulate adequate effective design choices
to avoid faults [37]. Assumptions had been made that the analyzed cases should take into
account a possibly wide scope of diverse building functions, locations and building cultures.
Qualitative research methods allow to check the extent to which an examined building meets
the requirements set in terms of specific qualitative criteria.

The work does not analyze quantitative aspects or building components related to the values
of embodied energy, except for some comparative cases. It has been assumed, that given the
everyday architectonic practice, the issue is as a rule not yet analyzed by architects, concerning
the building’s particular components, especially building details. Therefore, the research does
not concentrate on the quantities of embodied energy in the analyzed building parts, just as
it is in everyday architectural practice. It suggests that it would be a good practice to analyze
building details and components in view of energy problems, even without producing suitable
calculations, as they would be very difficult to carry out with no specialized professional
assistance. Such an approach based on simple deduction is presented in this research.

A case study method was applied separately to the three following dematerialization prob-
lems:

1) reduction in the quantities of installed materials associated with initial embodied energy,
2) reduction in the frequency of maintenance works impacting the recurring embodied

energy,
3) reduction in the frequency of replacements of materials determining recurring embodied

energy [38].
There are 3 cases of analysed buildings in each of the 3 groups, with 2 exceptions. It is

not intended to compare the analysed buildings in their every technical aspect in this research,
but rather to indicate their building solutions in relation to embodied energy. Therefore, both
their functions and locations, as well their building components are not interrelated, and they
do not exhibit a defined pattern. The locations of considered buildings in the moderate climate
zone have been randomly chosen in Europe to show that the identified building faults, or
rightful solutions, can be found anywhere, and the particular characteristics of their locations
are irrelevant in this regard. The method used comprises a careful observation of details and
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combined building systems, as well as a later in-depth analysis of damaged or deteriorated
materials, their neighboring areas, discolorations, fixing systems, etc. This procedure was
intended to reveal the deduced causes of negative processes that had taken place in particular
buildings.The exemplary buildings or their components are characterized by:

– untypical materials and solutions in the cases of the first group concerning the demate-
rialization through the reduction in quantities of materials,

– conventional materials and technologies in the second and third group concerning the
dematerialization through the reduction in maintenance works and frequency of replace-
ment of materials.

It is the building envelopes, and in particular facades, which are analysed in this study because
their constructionmethods are basically responsible for the durability and technical performance
of buildings – including initial, and recurring embodied energy, as well as operational energy.

3. Dematerialization through the reduction in the quantities
of materials

Dematerialization should be considered at the design stage, if it is to be implemented
through the reduction in quantity of materials used in construction. Façade technologies should
be a primary target in this regard, as they require a major material input during construction
works. The quantities of materials in buildings can be reduced in various ways, like:

A) replacement of some components made with traditional materials and conventional
thicknesses, with thinner structures, if possible;

B) use of modified technologies that allow for resignation from some layers within com-
bined elevation systems;

C) use of unconventional solutions permitting to eliminate certain building elements, e.g.
fixing anchors.

The following examples give ideas about how such solutions can be employed opening thereby
new perspectives for the application of low material building systems. These experimental
technologies usually bring positive dematerialization effects. However, some of them display
negative unpredicted outcomes playing thereby a significant educational role.

Case A1. A good example of the first method is the Unilever headquarters in Hamburg,
the building in which the glass of the outer leaf of double facades, being usually a standard
situation, has been replaced with ETFE foil. As being lighter (thinner) than glass, this material
permitted to make the steel frame support of the outer leaf of double facade less robust, and
using lower quantity of structural steel (Fig. 1). The use of membrane material potentially
reduces the weight of a building structure per square meter. This applies to roofs, but also
to the building envelope, i.e. facades [39]. The ETFE system weighs between 10% and 50%
of the conventional glass façade structure including aluminium connection and steel frame
support [40]. Embodied energy value of the ETFE foil per weight of material (210 MJ/kg) is
more than ten times that of the glass (18.6 MJ/kg) [41]. Comparing the two materials, that is
6 mm-thick float glass panel, which is characterized by the 300 MJ/m2 [40] embodied non-
renewable primary energy [40], to the employed ETFE foil with the value of 27 MJ/m2 [40], it
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can be clearly seen, that the latter features much lower embodied energy value offering relatively
long useful life expectancy [27,39]. Moreover, the steel structural system supporting the lighter
outer leaf and fixing [3] is also lower in embodied energy than it would have been in the case
of glass applied. This is the reason for which the ideas for dematerialization should be analysed
not only from the point of view of embodied energy in a given material or system, but also
through the comparison of the quantities of alternative materials used within a given building
technology. The analysis of this case has indicated differences in the values of built-in energy
parameters drawn from various databases for the analysed materials. Such discrepancies can
substantially impact the final results. Therefore, these values should be carefully considered
and consulted in several sources prioritizing the recent ones.

Case A1

Building Unilever Headquarters, Hamburg, Germany

Conventional technical solution
unused

6–10 mm exterior glass panel glazing;
Steel framing supporting external structure;
Aluminium framing or stainless steel spiders and fixing bolts;

Alternative implemented solu-
tion in analyzed building

ETFE foil;
Economical thin steel supporting structure

Dematerialization effect Reduction in quantity of overall initial embodied energy through
elimination of high embodied energy materials

Reported faults None

Fig. 1. Unconventional façade technology for dematerialization. Unilever Headquarters,
Hamburg, Germany

Case A2. Another approach to the problem has been exemplified in a youth culture centre in
Amsterdam. A two-layer wall structure with a sprayed polyurethane foam insulation, as exterior
finish, make the system (Fig. 2). It eliminates the need for the installation of a third protective
layer which, depending on the system, usually entails a necessity for an energy consuming steel
or aluminium substructure to support a finish panel material. Such a ventilated façade would
employ a mineral wool layer that would be almost twice as thick as the applied material to
display a comparable U-value. A similar situation would occur with an alternative conventional
solution with the rendered Styrofoam panels. The method applied undoubtedly reduces the
amount of materials used. However, the embodied energy of polyurethane foam is higher than
that of each alternative material, as proves the comparison of recalculated values of embodied
energy, allowing for one square meter of wall surface, based on the following data: 130 MJ/kg
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