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Abstract. Modular and prefabricated construction is increasingly regarded
as a cost-effective and time-saving alternative to traditional construction
methods; and is more than just a trend of the last few years. It is often
described with the characteristics "fast and cheap" which gives the
appearance of standing in great contrast with sustainability. However,
modular construction and sustainability are more strongly correlated than
one might think. The notion of sustainability in the life cycle of modular
construction will be elucidated in this article. First, it is necessary to
recognise the fundamental changes and possibilities that arise through
modular construction in every phase of the building life cycle. Key
differences are both the increased emphasis on early project stages with the
need for obligatory statements and changing parameters for maintenance,
repair, and renovation work. Likewise, there are differences between the
possible types of modularisation, e. g. between MEP racks and ceiling
panels. The more extensive and detailed the structure and degree of
prefabrication of a module, the higher the potential of sustainable aspects.
To evaluate the individual types of modularisation, categories, and subject
areas from the certification systems BREEAM, LEED and DGNB were
used. The result is presented in a matrix that shows the potential of each
modularisation type for the defined subject area of sustainability. Based on
this, the matrix has been refined for each party involved in the building life
cycle. The result illustrates the existing potential between modular
construction and the various aspects of sustainability and provides an
overview on how much influence can be exerted by every individual
stakeholder in the life cycle phases of a building.

1 Introduction
Modular and prefabricated construction is increasingly regarded as a cost-effective and timesaving alternative to traditional construction methods; and is more than just a trend of the last
few years. As it is often described with the characteristics "fast and cheap" it could give the
appearance of standing in great contrast to sustainability. However, modular construction and
sustainability are strong correlated than one might think. The notion of sustainability in the
life cycle of modular construction will be illustrated in this paper.
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The three-pillar model of sustainability, on which common certification systems such as
DGNB, LEED or BREEAM are based, addresses the three principles of environmental,
economic, and social issues [1]. The aim is to provide future generations an intact living
space with an environmental, economic, and social balance. In the construction industry, the
pillars of sustainability are affected in all life cycle phases of buildings.
Component assemblies as basic elements of modular construction offer the possibility of
creating new buildings according to one’s construction kit. In case current requirements are
met no longer, component by component can be removed which makes both site and
components available again. Alternatively, additional elements can be added vertically or
horizontally. The basic idea of modular construction is to adapt to the current needs and
trends without wasting valuable resources. Modules can be not only various types of
prefabricated elements, e.g., component groups such as MEP modules and facade elements,
but also large volumetric elements such as bathroom pots, which all differ significantly in
terms of the degree of prefabrication. The decisive difference to site-built construction
methods is frontloading, meaning shifting decisions from the construction phase to the design
phases by also reducing time due to the repetition effect [2].

2 Modular construction and its advantages
Based on literature research, the most common types of modular construction and their
advantages were first identified. In addition, the advantages were utilized and combined to
compare different degrees of modularisation within selected phases of the building life cycle
[3-6]. The definition of the life cycle phases is based on the literature comparison of
Schwerdtner [14].
The design phases are reduced using standardised component groups according to the degree
of modularisation (figure 1) which results in considerable advantages, especially when using
volumetric modules. Furthermore, due to the repetition effect, the production costs can be
recorded more accurate. With a higher degree of prefabrication, the duration of the
construction phase can also be reduced, which, among other things, reduces the general
construction site costs [7]. The stationary prefabrication of the modules also achieves a better,
homogeneous quality. Although the modularisation of components simplifies many
processes in the construction phase, it restricts requests for changes to a certain extent [6].

2

E3S Web of Conferences 349, 04006 (2022)
LCM 2021

https://doi.org/10.1051/e3sconf/202234904006

Fig. 1. Advantages in the building life cycle through modular construction

From the perspective of users, a modular building does not have a significant advantage for
the operation phase. However, by contrast it can have an enormous impact on maintenance
and repair work depending on the type of measures. Especially complex measures within the
operation and maintenance phase benefit from a higher degree of modularisation. A high
degree of modularisation can not only enable time advantages in the renovation phase, but
also creates conditions that limit flexibility. For example, larger component groups may have
to be dismantled even though only small parts have to be replaced. Likewise, design limits
are set by the existing grid size, which count especially for a high degree of modularisation
and larger modules.

3 Potential impacts of sustainability goals
To further specify the potentials of modular construction, subject areas were derived to assess
the sustainability within the selected life cycle phases design, construction, maintenance and
renovation. Therefore, common certification systems DGNB, LEED and BREEM were
analysed, compared and correlations between them were identified [1, 8-13]. Subsequently,
the main categories of the three certification systems were compared and combined to an
overall list of subject areas. Table 1 shows the subject areas on the left and the main life cycle
phases in the subsequent columns. Additionally, the involved parties of each life cycle phase
were assigned.
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Tab. 1. Influence of modular construction on defined subject areas of sustainability within building life
cycle phases

subject area
involved
stakeholders

design and
quality for
urban
development
health and
wellbeing
waste and
pollution
location and
space
requirement
quality
materials and
resources
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and efficiency
water
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transport
innovation
process quality
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management
flexibility and
potential of
reutilization
life cycle costs
and
marketability
legend
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+
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----

+
+
+
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-

-
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--

+

very low (--), low (-), high (+), very high (++) influence

As shown in table 1, the influence of modular construction on each subject area is different
according to the involved party. During the design phase, the influence is high, but not all
involved parties are already part of the project team. Furthermore, the overall influence and
the amount of addressable subject areas is diminishing in the later construction, maintenance
and renovation phase. Thus, the number of involved parties and the impact possibilities of
the new subject areas are reciprocal. To identify the correlation potential between the
advantages of modular construction and sustainable goals, each life cycle phase of modular
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construction methods was evaluated due to its suggestibility of the new categories. The main
findings are presented in the discussion.

4 Discussion
A direct link exists between the principles of modular construction and the aspects of
sustainability. Reasons for the connection of modular construction to sustainability are
especially the serial off-site production, the subsequent shorten assembly time on the
construction site, and the recyclability of each individual module [6]. The relocation of the
manufacturing process to a weather-protected factory not only means considerable efficiency
gains, but also extensive and sustainable alternatives for individual components and
processes. Flow-oriented production processes enable the sustainable usage of resources such
as materials and labour, both environmentally and ecologically [6, 15]. Moreover, it improves
the social interests of society through improved working conditions. The assembly on the
construction site has environmental benefits due to both a significantly shorter and more
stable construction process and through a low-waste and low-emission construction site [7].
Economic potentials can be found by the reduced construction time due to the singular
assembly of the modules. Finally, the opportunity to exchange single modules, to separate
materials by type and to simply deconstruct individual components or entire parts of the
building enable the return of used materials and resources to a closed material cycle. This
means that these materials and resources can be used as efficiently as possible from an
environmental, economic, and social point of view [16, 17].
In the conceptual and detailed design phase, the influence to change to modular construction
methods is the highest. In the construction phase, modular alternatives can still be used to
some extent for several component groups, whereas during the operating phase there are no
possibilities without maintenance measures, as the building has already been completed [18].
In the renovation phase, the possibilities to apply modular construction methods increase
again. This clearly demonstrates that stakeholders such as architects and other specialised
engineers who are involved in the conceptual and detailed design phase, have a decisive
influence on the choice of construction method. In comparison, the influence of executing
construction companies is much smaller if alternative construction methods are contractually
not possible. Likewise, there are no opportunities for facility managers and users to influence
the construction of the building if they were not already involved in the design phases [19].
As the operation phase is responsible for a significant proportion of the complete duration of
the building's life cycle, maintenance measures are even more important for customers and
users of the buildings. Figure 2 illustrates the influence of each party involved for every life
cycle phase.
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Fig. 2. Influence over the building life cycle by each party involved

5 Conclusion
Modular construction methods will not affect the life cycle phases of buildings dramatically,
but will change, the length ratio and will further entail a clear separation of the individual
phases. Furthermore, advantages and correlations between modular construction and
sustainability exist in every life cycle phase. However, as figure 1 shows, the full potential
of the subsequent phases can only be exploited when general conditions were already aligned
in the design phases. The problem is, as figure 2 shows, the participants of the design phases
are currently only involved to a limited extent in the further life cycle. In addition,
participants in the maintenance phase are not yet involved in the early phases.
Due to various benefits, modular construction methods can have a great impact towards an
earlier involvement of stakeholders during design and construction. To reach environmental,
economic, and social goals through modular construction, integrated and holistic project
approaches are needed.
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