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PREFACE iv

Preface

Topics such as material depletion, the growing garbage mountains and the e�ects of air,
water, and soil pollution are indispensable in our current society. One of the main con-
tributors to these environmental issues is the building sector. Therefore, it is important
that we, as future engineer-architects, endeavor for a shift from the traditional to a more
sustainable building industry. Currently, di�erent sustainable building strategies are being
studied and developed for practical use. One of the strategies is the use of circular building
elements. In this master’s thesis, I was given the opportunity to research this topic. I hope
that the results of this master’s thesis can contribute to the shift to a more sustainable
building sector in the future.

First and foremost, I would like to thank my research supervisor, dr. ir.-arch Marijke
Steeman, to stir up my interest in sustainable building techniques and Life Cycle Analysis
during her college classes and to allow me to extend this knowledge in this master’s thesis.
In my future career, I will expand my knowledge about this topic and strive for a more
sustainable building industry. Thanks for the guidance and support during last year.
I would like to extend my sincere thanks to my counselor, drs. ir-arch Lisa Van Gulck.
She was always there for me whenever I ran into a trouble spot or had a question about
my research. Additionally, she consistently allowed this master’s thesis to be my own work
but was there to guide me in the right direction whenever she thought I needed it. Thanks
for all the valuable assistance and insights leading to this �nal result.

Then, I would like to express my deepest appreciation to architect and project manager
Gwen Verlinden. Her passion and belief in a circular and sustainable building industry are
endless. Although, her passion goes further than just a belief. She tries to contribute
to the sustainable shift in Belgium by participating in research projects such as ’Circular
Building, A�ordable Housing’. Thank you, Gwen, for all your enthusiasm and valuable



discussions about my research and to expand my knowledge about circular building strate-
gies with the CBBW project in Berchem. But most of all, for giving me the opportunity
to present my research together with your project in Ghent and Hasselt. I hope that our
paths will cross again in the future.
Also special thanks to Xavier Huyghe from JUUNOO for the interview, all the received
information and the quick responses to all my questions about JUUNOO.

Furthermore, I would like to express my endless gratitude to my dearest partner and
friend, Jarne Verhaeghe. He listened endless hours to my enthusiasm and struggles about
my research topic. He has been my support and refuge when I lost courage in my research.
He was the �rst one who saw my results and with whom I discussed them. His critical
view, his feedback on my research, and our endless discussions, widened my view on this
topic and brought my master dissertation e�ectively to a higher level. Thanks, Jarne, for
being such a lovely person and to make my life much easier with your support!

Of course, I would also like to thank my parents for their constant support throughout
my �ve years at the University of Ghent, especially during this crowning achievement of
my studies. I will never truly be able to express my sincere appreciation to both of them.
They have inspired me to continue to strive to become the best version of myself every
day and to pursue my dreams. A special thanks to my father for proofreading my master’s
thesis. It is not obvious to proofread a master thesis on a topic where you don’t have
expertise in. Last but not least, I must also thank my friend, Arne Decadt. His door
was always open when I had problems with my software packages, such as Excel and the
text editor Overleaf. Thank you for the support, Arne! With this, I’m immortalizing our
agreement.

Thank you very much to everyone, and also to you reader. I hope that this master’s
thesis provides you new insights.

Jade Claes, 3 June 2022
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\The author gives permission to make this master dissertation available for consultation

and to copy parts of this master dissertation for personal use. In all cases of other use, the
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\This master’s dissertation is part of an exam. Any comments formulated by the assess-

ment committee during the oral presentation of the master’s dissertation are not included

in this text."

Jade Claes, 3 June 2022
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Summary
The construction industry puts an enormous pressure on the environment. The transition
towards a circular economy (CE) is essential to reduce emissions, resource consumption,
and waste generation. Nevertheless, an insu�cient number of quantitative studies currently
exists to prove the potential ‘positive’ environmental e�ect and cost of circular building
elements. Furthermore a consistent and governmental recognised CE-assessment frame-
work is also non-existent. Therefore, this study proposes the R-LCA method, based on
the Life Cycle Analysis framework in the European standard NBN EN 15804(2019). In
this method, the reuse bene�ts of the circular building elements within the same building
are evaluated by adding a refurbishment module to this standard. Supplementary, the
R-LCC method is proposed for the �nancial assessment. The suggested CE-framework
is then applied to the case house of ‘Circular Building, A�ordable Housing’ in Berchem
to compare the environmental impact and �nancial cost of the circular JUUNOO walls
to the traditional wall assemblies considering future refurbishment scenarios. The analy-
sis shows that the circular JUUNOO walls have in general a slightly lower �nancial cost
and environmental impact than the traditional walls when refurbishment scenarios take
place. However, the traditional metal stud wall is a better environmental alternative in
the situation without refurbishments. In other words, the added value of using circular
instead of traditional building elements is in
uenced by the refurbishment frequency, the
refurbished wall surface, and the assumptions in both methods. The case study shows that
the proposed CE-framework can be used to compare the results of circular with traditional
building elements with the chosen material properties for any assumed future refurbishment
scenario.
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Circular building elements, circularity metrics, LCA & LCC, JUUNOO walls
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Abstract— The construction industry puts an enormous
pressure on the environment. The transition towards a cir-
cular economy (CE) is essential to reduce emissions, re-
source consumption, and waste generation. Nevertheless,
an insufficient number of quantitative studies currently ex-
ists to prove the potential ‘positive’ environmental effect
and cost of circular building elements. Furthermore a con-
sistent and governmental recognised CE-assessment frame-
work is also non-existent. Therefore, this study proposes
the R-LCA method, based on the Life Cycle Analysis frame-
work in the European standard NBN EN 15804(2019). In
this method, the reuse benefits of the circular building el-
ements within the same building are evaluated by adding
a refurbishment module to this standard. Supplementary,
the R-LCC method is proposed for the financial assessment.
The suggested CE-framework is then applied to the case
house of ‘Circular Building, Affordable Housing’ in Berchem
to compare the environmental impact and financial cost of
the circular JUUNOO walls to the traditional wall assem-
blies considering future refurbishment scenarios. The anal-
ysis shows that the circular JUUNOO walls have in gen-
eral a slightly lower financial cost and environmental impact
than the traditional walls when refurbishment scenarios take
place. However, the traditional metal stud wall is a better
environmental alternative in the situation without refurbish-
ments. In other words, the added value of using circular in-
stead of traditional building elements is influenced by the re-
furbishment frequency, the refurbished wall surface, and the
assumptions in both methods. The case study shows that
the proposed CE-framework can be used to compare the
results of circular with traditional building elements with
the chosen material properties for any assumed future re-
furbishment scenario.

Keywords—Circular building elements, circularity metrics,
LCA & LCC, JUUNOO walls

I. Introduction

Currently, the building sector is responsible for 40 per-
cent of the energy consumption, 36 percent for the emis-
sions of greenhouse gasses, 40 percent for the extracted raw
materials, and 60 percent for the waste streams in Europe
[3] [7] [10]. To reduce the negative impact of the construc-
tion industry on the natural environment, it is necessary to
develop a more sustainable built environment with higher
resource efficiency, less waste generation, and lower carbon
emissions. One strategy is to shift from a linear to a circu-
lar building practice with the focus on the reuse of building
materials and elements [11]. The long-term improvement
in environmental impact by using circular instead of tradi-
tional building elements should be researched to stimulate
and accelerate this shift in the current society [19]. Ad-
ditionally, the financial aspect regarding the adoption of
circular building elements may not be disregarded [14].

An insufficient number of quantitative studies currently ex-
ists to prove the potential ‘positive’ environmental effect
and cost of circular building elements [6]. Furthermore, to
prove the benefits of the reuse potential of building ele-
ments in the same building, clear decision support to as-
sess the total environmental performance and financial cost
is required. However, the literature lacks a consistent and
governmental recognized method to credit the reuse poten-
tial [12]. Previous studies identified the Life Cycle Analy-
sis (LCA) framework as an important methodology for the
assessment of the environmental performance of a circu-
lar building element [16] [17]. Additionally, the Life Cycle
Costing (LCC) framework, using the same assumptions and
boundary conditions as the LCA framework, can be used to
assess the total cost. Nevertheless, the current European
standards NBN EN 15804(2019) and 159785(2011) for the
LCA of building products focus on assessing the impact of
a product system for a single life cycle, from raw material
acquisition through production, use, and end-of-life pro-
cesses [9]. As a result, questions arise about how to use this
framework to model and calculate the impact of reusable
building elements over multiple life cycles [12]. The end-
of-life stage for reusable building elements is by nature a
multi-output process: it delivers the waste management of
a product, but also creates the new reused product. Ac-
cording to the cut-off allocation approach used in the Eu-
ropean standards, the reuse benefits fall outside the system
boundaries. This is known as a methodological issue in the
conventional LCA framework for assessing circularity [4].

The European standard NBN EN 15804(2019) proposes
to quantify the reuse benefits at the end of the systems
lifespan in module D [5]. However, the method described
in the standard is not easy to interpret and leaves room
for multiple hypotheses and scenarios. Additionally, the
determination of the end-of-waste stage of building prod-
ucts is debatable and the functional equivalence is not easy
to define by the uncertainty of reuse scenarios [22]. Fur-
thermore, a CE-assessment tool is investigated to asses the
circular benefits and burdens of reusable building elements
during the life cycle of the building. Therefore, the ob-
jective of this paper is twofold. In the first part, a consis-
tent and simplified CE-assessment framework is developed,
based on the conventional LCA and LCC method, to com-
pare the environmental impact and financial cost of circular
to traditional building elements during a buildings lifespan.
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