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Abstract. Responsible for significant energy demand and emissions, the building sector has an
opportunity to contribute to global sustainability efforts. In creating resilient and sustainable
human settlements, alternative design approaches that address life cycle energy requirements are
needed. Design for Dematerialisation is one such approach that aims to lower life cycle energy
requirements by reducing material and resource inputs. Yet, despite its conceptual simplicity,
the application of the approach within the building sector and its effect on life cycle energy
demand is poorly understood. This study seeks to briefly outline the approach from the
perspective of the building sector and examine the effect of dematerialisation actions on the life
cycle energy requirements of a multi-residential building in Melbourne, Australia. This study
demonstrates that while an effect is observed — most notably in recurrent embodied energy — a
partial rebound effect exists. Savings from the reduction of key materials and components are
partially negated by the energy intensity of alternative materials introduced, and/or additional
elements required to maintain the building’s fitness-for-purpose. The assessment highlights the
need for designers to address energy performance holistically, by taking into account the effect
of actions on multiple life cycle stages concurrently. By employing this considered approach,
dematerialisation has the potential to be an accessible strategy for designers tasked with creating
sustainable, resilient urban settlements.

1. Introduction
Sustainable Development Goal (SDG) 11 calls for the development of resilient and sustainable urban
settlements. In pursuit of this goal, the core fabric of urban settlements — buildings — cannot be
overlooked. Building construction and operation is responsible for approximately 32% of global final
energy use and 17% of direct CO; emissions [1]. Furthermore, 50-year forecasts demonstrate that the
sector is expected to add 230 billion m* of new floor area and global energy demand will increase by
50% if no efficiency measures are implemented [1,2]. Driving much of this increase is the residential
building sector, which is growing to accommodate rising populations and accelerating global affluence.
To address the negative environmental effects of buildings, a range of different solutions have been
proposed, including eco-technologies, regulations, assessment tools, and design approaches. Design for
Dematerialisation (DfD) is one such design approach. DfD seeks to lower material and resource inputs
while not negatively impacting the buildings’ original functional intent. Although the approach has been
historically applied in the manufacturing and industrial design fields, little evidence of its application to
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buildings exists. Furthermore, it is unknown if DfD positively or negatively affects life cycle energy
requirements. As such, this study adds to the growing body of academic literature that explores DfD by
clarifying its definition from the perspective of the building sector and aims to investigate — at a high
level using select DfD actions — the potential for the approach to reduce life cycle energy requirements.

2. Defining design for dematerialisation
From the perspective of the building sector, DfD is designing for reduced material and resource inputs,
while not impeding the buildings functional purpose [3—5]. DfD application — which primarily occurs
during the design phase — is guided by a series of principles that direct DfD actions (Figure 1). Some
practical examples of DfD actions include: the removal of secondary internal finishes, elimination of
excess functions (e.g. car-parking, second bathrooms, etc), and lowering dependence on non-renewable
resources through high-efficiency appliances and/or on-site energy production. Actions by building
users — such as transport choices, non-fixed elements — are not considered part of the approach, as
personal values and behaviours around consumption are inconsistent and difficult to predict [6].
Importantly, DfD requires more than just incremental improvements in material efficiency. Due to
projected significant increases in global demand for building materials and associated raw resources,
the implementation of material efficiencies alone may not yield significant benefits for society as a
whole [5]. Effective use of DfD requires a re-evaluation of the entire building design at the conceptual
phase. It is hypothesised that DfD may reduce life cycle energy demand. However, due to a lack of
research examining the approach, this hypothesis has not been tested. Verification of the effect of DfD
on building performance is thus required to understand its potential benefits.

* Designing for reuse, recyclability; * Designing for end-of-life - e.g. simple disassembly,

* Removal/replacement of components; Diversion from landfill via reuse/adaptation;
* Eliminating excess function; recycle materials back into supply chain;

e v
Designi'} | Production Processes Use/Operation End-of-life

« Efficient and renewable resource use in production;
* Prioritise use of closed loop systems;

* Use local materials/products, minimising transport;
* Recycling/waste reduction;

« Highly efficient appliances and fixtures;
¢ Renewable energy supply;

« Pooling of common resources;

« Incentivize consumption reduction;

Figure 1. Guiding principles for DfD actions and their relevant life cycle stage

3. Method for quantifying life cycle energy demand

Quantification of the life cycle energy requirements of a building employing DfD actions was conducted
to understand the effect of the approach on building energy demand. A life cycle energy analysis
(LCEA) was used to quantify the life cycle energy requirements of two generic, hypothetical multi-
residential buildings demonstrating typical practice and limited DfD actions, over a 75-year period. DfD
actions considered include no second bathrooms, minimal internal linings/finishes, and removal of
mechanical cooling in favour of passive design strategies (i.e. improved insulation/glazing). For the
typical building, characteristics were informed by an inspection of recent, local, multi-residential
projects, and the dematerialised building was informed by local existing buildings demonstrating DfD
actions. More detailed characteristics of the hypothetical buildings are published online [7].

Although dematerialisation actions may affect all life cycle stages, the system boundary for the
LCEA in this study encompasses modules A1-A5, B1, B4 and B6 of EN15978:2011 [8]. As the floor
area between the hypothetical buildings varies, the functional unit used for comparison between each
building was gigajoules per m” of habitable space. Equations used for the quantification of initial and
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recurrent embodied energy can be found in [9]. As a brief summary, hybrid coefficients developed using
a Path Exchange method and published in the recently released EPiC Database [10] were used for the
quantification of embodied energy. In the calculation of recurrent embodied energy, material service
lives for different elements ranged from 10 years for water-based paint [11] to 75 years for structural
steel [12]. Material replacement and building cost were calculated using a local cost guide [13] and the
operational energy for each building was quantified using the Passive House Planning Package v9.6.

4. Results and discussion
Total embodied and operational energy demand for each of the hypothetical buildings is summarised in
Figure 2. The total life cycle energy requirement for the stages examined is 67 GJ/m? for the typical
building, and 59 GJ/m? for the dematerialised building, representing a reduction of 12.1%. Reduction in
initial embodied energy in the dematerialised building was minimal and savings in other stages were
moderate. From the result, it is apparent that a partial rebound effect occurred — embodied energy savings
from the reduction of key materials or components were partially offset by additional embodied energy
of alternative materials introduced, and/or additional elements required to maintain the building’s
fitness-for-purpose. For example, in the dematerialised building, the removal of mechanical cooling
necessitated a more energy intensive window assembly and more insulation to ensure that operationally,
the building maintained a comfortable indoor temperature (between 19-26°C). This finding is in line
with similar findings by Crawford and Stephan [14]. The finding demonstrates that achieving a balance
between embodied and operational energy is a key challenge for designers employing DfD. When using
DfD, the initial embodied energy of a material and/or component must be considered along with the
possible direct and indirect consequences of that material across the entire life cycle of the building.
The dematerialised building also used materials that had a longer service life (e.g. timber flooring
instead of carpet) and limited internal finishes (e.g. paint), resulting in savings in recurrent embodied
energy (43.1%). This result highlights the importance of considering durability and material/building
service life when designing low-energy housing. Operationally, savings were modest (10.9% saving in
the dematerialised building). However, this modest result is likely due to the operational aspects of the
dematerialised building having very minor changes (omission of mechanical cooling only). It is
anticipated that further reductions in operational energy could be achieved if all mechanical systems
were eliminated, and appliances/fixtures were high-efficiency and accounted for in the analysis.

o ) Typical
Initial Emlgl(]):rl‘eyd 15.1 Gl/m? Building
8y 14.9 GJ/m? Dematerialised
Building
Recurrent 7 GJ/m?
Embodied Energy 4 GJ/m?
Operational Energy 45 GJ/m?
(Primary) 40 GJ/m?
Total Energy — 67 GI/m?
Requirement 59 GJ/m?

0 10 20 30 40 50 60 70
Energy Requirement per m? (GJ)

Figure 2. Summary of life cycle energy demand, by stage and building

5. Conclusion

This study demonstrated that the life cycle energy demand of a building can be affected by
dematerialisation actions, with the greatest savings found to be in a building’s recurrent embodied
energy. The results demonstrate that designers must use caution when using DfD and consider the



BEYOND 2020 — World Sustainable Built Environment conference IOP Publishing
IOP Conf. Series: Earth and Environmental Science 588 (2020) 032049  doi:10.1088/1755-1315/588/3/032049

building’s entire life cycle, as a single DfD action may have unintended rebound effects that partially
negate energy savings attained. Furthermore, as select DfD actions may require additional or more
energy intensive materials to maintain a building’s fitness-for-purpose, a systems-based perspective to
applying DfD in building design that considers trade-offs between materials and performance is critical.

The core limitations of this analysis are its focus on one environmental flow and use of generic,
hypothetical buildings, including one with very limited dematerialisation actions. While efforts were
made to ensure that the generic buildings represented reality, an infinite number of variations were
possible. DfD actions were intentionally limited in modelling, due to the restricted length of this paper.

This study is a demonstration case prior to a larger, post-occupancy study — incorporating multiple
environmental flows and existing buildings — being undertaken. Further research will examine flows in
a post-occupancy context, improving our understanding of interactions between material requirements
and energy demand in a real-world situation. Furthermore, as SDG11 also considers human wellbeing,
an analysis of the effect of DfD on occupant comfort is also crucial to understanding its whole potential.
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