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Background

Wood based materials represent a reliable way of
storing carbon above ground.
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Background

The increased use of wood in buildings can help
store sequestered atmospheric carbon...
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Background

...but could also generate a trade-off affecting
biomass availability, etc.
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Background
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‘UPSTREAM’
STRATEGIES

Recirculating wood | |
(design for disassembly)
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Research approach

The study adopted a qualitative approach with a focus on designers’ experience.

RESEARCH QUESTIONS

a) What are the design implications of using ‘upstream’ and ‘downstream’ strategies? <
b) How do wood construction types affect the reuse potential of ‘upstream’ and ‘downstream’ strategies?
c) What are the perceived benefits and challenges of ‘upstream’ and ‘downstream’ strategies?

I I I

SELECTION OF INTERVIEWS TO INTERPRETATION OF
REAL-LIFE CASE STUDIES DESIGNERS FINDINGS

PATTERNS

Source of the figure: Piccardo, C. & Hughes, M. (2022). Design strategies to increase the reuse of wood materials in buildings: Lessons from architectural
practice, Journal of Cleaner Production, Vol. 368, 133083. doi: https://doi.org/10.1016/].jclepro.2022.133083
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Case studies
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[] upstream, loadbearing elements
] downstream, loadbearing elements

["] not relevant

] upstream, non-loadbearing elements
. - downstream, non-loadbearing elements

6 residential buildings, 2 cultural buildings,
and 1 office building

3 different construction types: platform
frame, post&beam, solid timber (CLT)

6 different countries in Europe

Source of the figure: Piccardo, C. & Hughes, M. (2022). Design strategies to increase
the reuse of wood materials in buildings: Lessons from architectural practice, Journal of
Cleaner Production, Vol. 368, 133083. doi: https://doi.org/10.1016/j.jclepro.2022.133083
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‘Upstream’ strategies: patterns

Joint configuration
- Reversible joints = customized fastenings

= Durable joints = standard fastenings

Samples of wood waste.
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‘Upstream’ strategies: patterns

Joint configuration
Reversible joints = customized fastenings

Durable joints = standard fastenings

Relational dependency
Separation of parts and sub-parts

Independent building services

Durmisevic, E. (2010). Green Design and Assembly of Buildings and Systems: Design
for Disassembly a Key to Life Cycle Design of Buildings and Building Products. VDM
Verlag Dr. Muller Aktiengesellschaft & Co. KG, Saarbriken (Germany).
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‘Upstream’ strategies: patterns

Joint configuration
Reversible joints = customized fastenings

Durable joints = standard fastenings

Relational dependency
Separation of parts and sub-parts

Independent building services

Level of prefabrication
Highly-prefabricated structure

Modular design
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‘Upstream’ strategies

Loadbearing elements

Post&beam Platform frame Solid timber

BRIC LISB BRIC MAI  MULT
Joint configuration
Reversible joints X X
Durable joints X X
Relational dependency
Separation of parts and sub-parts X
Independent building services X X X X
Level of prefabrication
Highly-prefabricated structure X X X
3D modular design X

Source of the table: Piccardo, C. & Hughes, M. (2022). Design strategies to increase the reuse of wood materials in buildings: Lessons from architectural
practice, Journal of Cleaner Production, Vol. 368, 133083. doi: https://doi.org/10.1016/].jclepro.2022.133083
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‘Downstream’ strategies: patterns

Recovery of salvaged wood
= Loadbearing or non-loadbearing elements
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‘Downstream’ strategies: patterns

Recovery of salvaged wood
= Loadbearing or non-loadbearing elements

- Single elements or components (e.g. windows)

Adaptable building layout
> During the design phase

- According to an iterative design process.
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‘Downstream’ strategies

Loadbearing elements Non-loadbearing elements
Platform frame Solid timber
BRIC SVAR WASH MAI CHIA CIRC LIAN
Recovery of salvaged wood X X X X X X X
Adaptable building layout X X X

Source of the table: Piccardo, C. & Hughes, M. (2022). Design strategies to increase the reuse of wood materials in buildings: Lessons from architectural
practice, Journal of Cleaner Production, Vol. 368, 133083. doi: https://doi.org/10.1016/].jclepro.2022.133083
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Challenges

Extra costs due to customized design and manufacturing of fastenings and uncertain
cost benefits from the reuse of disassembled wood in future.

Poor quality of salvaged wood (e.g. high moisture content of salvaged wood, the
presence of metal residues, etc.).

Increased construction time due to re-manufacturing operations of salvaged wood
compared to new wood products.

Difficulties to combine certain existing standards (related to e.g. energy efficiency and
acoustic comfort) with ‘upstream’ and ‘downstream’ strategies in new buildings.
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More information

Published in the Journal of Cleaner Production, Vol. 368, 2022.

Journal of Cleaner Production 368 (202

153083

Canteniz livtz available 2t ScienceDirect

Journal of Cleaner Production

ELSEVIER joumal homepage: www. elsever.com/locate jclepro

Design strategies to increase the reuse of wood materials in buildings:
Lessons from architectural practice

Chiara Piccarde ', Mark Hughes

Deparmnen of Buoprodces and Biosyseens, School of Chemital Technokgy, Aske Universiy, Epoo, Fiakmd

ARTICLEINFO ABSTRACT

Handling Editee Prof. Tiri Jaromis Kiemes The use of wood-based products might i to the mitigation of climate changs and depletion in
the huilding sector. Hawever, the increasing demand for wood-based products might generate o made-off

Heywords: affecting hismass svailshility, forest scogystam sarvicas, and the <limate change mitigarian potantial of far.

Wond ests. Therefore, it is important to couple the use of wood-based products with the adoption of circular economy

Dascaiing strategies Upstresm strategies enn facilitste the Future reuse of weod elsments in new buildings, whilss dewn.

o bl stream strategies aim at the rense wood slements originating from demolished or disassembled buildings, in new

Dms:n PR—— buildings. The aim of this srudy was to identify pattems describing upstresm and dowmstresm strategies

Cirenlur ssmsmy currently adopted in architecnumal practice. A sample of real world case-study buildings was ientified and the
Parpective dasigners were interviewsd The itarviews identifisd thres partsrns for upstasm serategies, namely
the rewersibility of joints, indeperdence of different building camponents and prefabricatian, and we pattems
far downstream strategies, namely the recovery of sshvaged wood and adspenbility of the building layous. Several
challemges were alio highlightsd. The use of upstream and downstream strategies can incresse the time (and
coste) in the design and manufscturing phase. Downstresm srategies can alss be infuenced by the qualiy of
salvaged woad. Upstream strategies showed difficulries to comply with current building standards (e.g. acoustic
standards). Finally, metrics and indicatars are naadsd in order to measnme the e ciency of wood recireulation in
upstream and downstream strategies, as well as to suppart their implementation.

1. Introduction depletion caused by construction activities. However, the increasing
demand for woodbased producs might ale generate tadeoffs,

The building sector i responsible for about 23% of global energy-
selated CO, emizsions, rising to about 403 if CO emimions from the

affecting biomass availability, forest ecosystem services, and the
d.nmne ch:ngzm:ugmm potential of forests (Jomsson =t al | 2021)

mamfacture of building materials are inclsded (International Energy
AgencylUnited Natione Environment Programme, 2015). Therefore,
materials are key to mitigating the embodied emizsiona of buildings
(Pompani =t sl 2020). Recantly, thare has been much rpeculation shout
the potential for wood products used in construction to help chift the
bailding sector from a source of carbon emizszions to a net gink. Several
studies have highlighted that increasing the amount of wood-based
bailding materials iz one of the moat important and effective ways of
storing carbon above ground (Archar: et al | 2021). Furthermare, by
increasing the we of wood buildings, more carbon-intensive amd
non-renewakle materials are displaced (Amisi et sl 2
ways, the use of wood in construction might mﬂmup]younmhme
to both the mitigation of climate changs, and reducing resource

* Comresponding author.

Email address: chiara.piccardod?lndeuven.be (C. Piccando).

'hui]djn@:jnuﬂuumu by 2050, noting that to preserve forest sus-
tainability it iz important to couple the we of new wood-based products
with the design of durable wood constructions and reuzable wood ale-
ments_ In this way, adopting measures that improve resource efficiency
in wood buildings can not only help store zequestered asmospheric
carbon effectively, but also help reduce pressure on primary resources.

The principal objective of the circular economy in this context is to
reduce the comumption of primary material resources by adopting 2
holistic approach (Mair and St . The Buropean Directive an
wante (European Parlisment and Council, 2015) sncourages the recov-
ery of all wasts for material purposes, ie. reuse and recycling, a0 a kay
way of reducing the we of primary resources. A Europe-wide study (Vis

! Present address: KU Leuven, Technology Campus Ghent, Department of Civil Engineering, 83004 Lewven, Belgium.
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Thank you for your attention

Chiara Piccardo

chiara.piccardo@kuleuven.be

The presentation might include images and tables protected by copyright whose use has not been authorized by the
respective owners. This presentation is not for profit but for research dissemination purposes. The images and tables
are part of a critical elaboration. The author believes that, for these reasons, the use of images falls under the so-
called fair use. Anyone wishing to use the material contained in this publication for purposes that go beyond fair use
must obtain permission from the copyright holders.
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