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Abstract: Transitioning the built environment to a circular economy (CE) is vital to achieve
sustainability goals but requ o Life cycle assessment (LCA) can analyse the environmental
performance of CE. However, conventional LCA methods assess individual products and single
life cycles whereas circular assessment requines a systems perspective as bulldings, components
and materials potentially have multiple use and life cycles. How should benefits and burdens be
d between life cycles? This study compares four different LCA allocation approaches: (a) the
cut-off approach, (b) the Circular Footprint Formula (CFF), (c) the 50:50 approach,
and (d) the linearly degressive (LD) approach. The environmental impacts of four ‘circular buildi
components’ is calculated: (1) a concrete column and (2) ber column both designed for direct
reuse, (3) a recyclable roof felt and (4) a window with a reusable frame. Notable differences in impact
distributions between the allocation approaches were found, thus incentivising different CE principles.
The LD approach v ising for open and closed-loop systems within a closed loop
supply chain (such as the ones assessed here). A CE LD approach was developed to enhance the LD
approach's applicability, to closer align it with the CE concept, and to ci
the industry




MANY CIRCULAR STRATEGIES EXISTS

WHAT ARE THE BENEFITS?

' Disassembly

Prefabrication

Material selection Secondary materials

Adaptability

| 1 |
.---. Standardization

Component and
material optimisations

Reuse buildings,

‘_._,‘ components and

materials

Optimized shapes
and dimensions

Accessibility

‘ Layer independence

Material storage

Leonora Charlotte Malabi Eberhardt, Morten Birkved & Harpa Birgisdottir (2022) Building design and construction strategies for a circular economy, Architectural Engineering and

Design Management, 18:2, 93-113, DOI: 10.1080/17452007.2020.1781588



https://doi.org/10.1080/17452007.2020.1781588

MANY CIRCULAR STRATEGIES TARGETING DIFFERENT SOLUTIONS
AND TIMESCALES
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CICULAR STRATEGIES
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ENVIRONMENTAL BENEFITS OF DESIGN FOR DISASSEMBLY
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Recycling 3x20 years
Abstract: T i the built to a circular economy (CE) is vital to achieve
sustainability goals but requires metrics. Life cycle assessment (LCA) can analyse the environmental

performance of CE. However, conventional LCA methods assess individual products and single

life cycles whereas circular assessment requires a systems perspective as buildings, compo
and materials potentially have multiple use and life cycles. How should benefits and burdens be V = Production
allocated between life cycles? This study compares four different LCA allocation approaches: (a) the B )
EN 15804/15978 cut-off spproach, (b) the Circular Footprint Formula (CFF), (c) the 50:50 approach, R = Reuse/recycling
and (d) the linearly degressive (1.D) approach. The environmental impacts of four ‘circular building D = Disposal

components” is calculated: (1) a concrete column and (2) a timber column both designed for direct
reuse, (3) a recyclable roof felt and (4) a window with a reusable frame. Notable differences in impact
distributions between the allocation approaches were found, thus incentivising different CE principles
The LD approach was found to be promising for open and closed-loop systems within a closed loop
supply chain (such as the ones assessed here). A CE LD approach was developed to enhance the LD
approach’s applicability, to closer align it with the CE concept, and to create an incentive for CE in
the industry.
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Upcycle House | Location: Nyborg, Denmark | 140 m2 house | Built: 2011-2013
' - e —

"




e

e

Lcndancr Upcycle House
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Lcndancr Upcycle House




Lcndancr

Facedebekledning

UPM Profi-facade

Genbrugsaluminium

Lofter og vaegge

Brugtgips
Isolering

Ciaading rom recycled sheets -
Thermal mass wol, from reused plastic boltkes -

Bathreom Sles of recycied gloss

R

aiasey

« Comugated panels of recycied aluminkm

+ Poper-wool Insulation from oid newspapass.

+ 45x 195 mm beoms from recycied wood

+ Focode panels rom recycied post-Consumers poper

* Reused steel beoms.
= Patio Boards of recycled plastic ond wood gronuiate

+ Stem of recycled post-consumer popar

- Recycled windows
« Insudation chips from recycled glas:
* Poperwool Insulation from oid newspapen.

+ Table-top of reused floor-boards
+ Reused Hichen cabinets
- Recycled bricks

- Recovered gypsum
- Glueless OS8-boaras rom excess Industrial wood

+ 45 x 50 mm stucts from recycled wood

45 x 95 mm joists from recycied wood

+ 4D4oot high-cube shipping container

« naulation from granuioted styrofoom frut boxes

« Peint founcations fiom reused screw-pokes

Upcycle House



CO2-udledningen fra Upcycle House's materialeforbrug fil
konstruktfionen er 86 pct. mindre end Referencehusets.
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Lcndancr

HUSETS CO2-PROFIL

CO2-udledning for hhv. referencehuset og
Upcycle House fordelt pa materialer
CO,-REDUKTION

4,0 B Andet

3,5 — . m Gipsmaterialer

3,0 Malervarer
g 2,5 m Glas
= 20 m Plastik
o=T_
= 15 m Fliser og tegl
=
< 1.0 m Isoleringsmaterialer

0.5 m Metal

0,0 m Cementbaserede materialer

-0,5 m Tre og treebaserede materialer

REFERENCEHUSET UPCYCLE HOUSE
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Upcycle House
Nyborg, Denmark

Upcycle Studios | Location: @restad, Kgbenhavn | 3,909 m2 housing | Built: 2015-2018

Ressourcerakkerne
Ejler Billes Allé 11, Copenhagen
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Lcndancr Upcycle Studios




Upcycle Studios

Lcndancr



100%

Recycled wood
Dinesen Offcuts
by Lendager

Lcndancr

45%

Reuse
UP concrete

50-85%

Reuse
Krone UP Windows
by Lendager

Upcycle Studios



UP Product development | Krone UP Windows by Lendager

Lcndancr Krone UP Windows by Lendager



Lcndancr

POTENTIALET ER EN CO2-BESPARELSE PA 79%

120

100

80

40

40

20

kgco, Konventionel

Trelagsrude
Trce-alu ramme

66%
73%
79 %
Ambition Realitet Fremtid
Dobbelf traekarm Dobbelt traskarm Deobbelt treekarm Deobbelt treekarm
To lag tolagsruder To lag tolagsruder To lag tolagsruder To lag tolagsruder
80 % genbrugsruder 50 % genbrugsruder 90 % genbrugsruder 100 % genbrugsruder
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LENDAGER GROUP

Upcycle House
Nyborg, Denmark

Upcycle Studios LI:I'I:l:II'II:r

@restad, Copenhagen

! S
" 5 e i $ L it

Resource Rows| Location: @restad, Copenhagen | 9,148 m2 housing | built: 2015-2019



Resource Rows

Lcndancr
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Lcndancr Resource Rows




Reused wood
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Resource Rows




Lcndancr Resource Rows




Resource Rows

Lcndancr



EN TRADITIONAL SKALMUR UDLEDER
CA. 200 KG CO2 PER KVADRATMETER

200
o)
45 %
150
(o)
70 %
110kg CO,

100

57 kg CO,
50
0

kgco, Konventionel
Betonbagmur Treebagmur Treebagm
Skalmur Udskarme murfelter Udskarne murfelte

125 mm beton



Resource Rows

100%
Genbrugstree
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Lcndancr Resource Rows
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Project Ressourceblokken

Upcycling af 60°erne og 70’ernes
almene byggeri
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Project Ressourceblokken

Upcycling af 60°erne og 70’ernes
almene byggeri

95% of the homes in the area are
social housing

1.300.000 m?

To be Demolished

40% rule.
Housing mass maximum 40%
general construction in the areas.

700.000 m?
To be build



Vollsmose -Birkeparken
Birkeparken 68-80, Blok 45




Rexnource Wokken | Dult Aesource Mokken | Azlyoe

Birkeparken

Der er udfort en LCA pa bolighlokken Birkeparken 65. Beregningen er
repriesentativ, dvs. at det er beregenet hvad et tilsvarende byggeri ville
have af CO,-pavirking hvis det skulle opfores i dag.
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Project Ressourceblokken



Testing of concrete structures

Project Ressourceblokken



Existing stage

Project Ressourceblokken
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Material bank
mapping

Project Ressourceblokken
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Designsprint

6 tegnestue

NYT
! Kossthnonn
AN PR !
\ o g Al Stangirdsve) 10-14 1 Lemsning af injer by stk skaber D Tyngde og skiver
J fra 0 og struktur, rum imelkern velumer. fremhEvies | iy Strukie.
Shebet ol bt T cadganse

2 %
Dmrereuvmgge  Sehicbers
af beton haanage vege

: 2. a.

Rahus i beton Preefabrikeret Bebyggelsens

Direkte genbrug klimaskasrm kantzone
Tilfajede elementer Upcycling

Becesiements

Tewegm

Genanvendte byggekomponenter

Project Ressourceblokken
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6 tegnestue

Rossaurce Blokan | Dol il

Grundlaget for designsprints

Der er udfort byggetekniske analyser af bygningerne pd Stengirdsvej
i Esbjerg og Birkeparken i Vollsmose for at finde frem til den bedste
strategi for nedtagningen af bygningerne med henblik pd genbrug
af bygningernes betonelementer. P baggrund heraf er bygningerne
blevet digitalt dissekeret, hvilket har dannet udgangspunktet for
designforslagene pa de felgende sider.

Eotaring med rectagning af betomalemener som 50 v on Eadiionel necrvning (31 Heroter coshmees

Forbe-ertense 31 ge-brug o1 Teget tegrEme verden cvar
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Designsprint

6 tegnestue - Panum & Kappel

et Ry oo
Montagerzaekkerne
g er et bud pd en ny bolj shabt
drivaing af Blok 45 | Birk hen, Vollsmose.
grundprincipper, der kendetegner omridet,
d metodik til op af den nye

Project Ressourceblokken
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(P)RECAST

Reuse of Precast Concrete Elements

Fond: MUDP under the Danish Photo: DTI
Environmental Agency

Project period: 2022-2024
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(P)RECAST

Reuse of Precast Concrete Elements

Reuse of precast concrete elements as load bearing
structures in new buildings

Aims to develop methods that are generic and can be
repeated

Works throughout the entire value chain and focuses
on challenges related specific to reuse of precast
concrete elements

Focuses on hollow core slabs, walls and TT-elements
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Flooring from (G
window frame
production waste wood
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Tysto

Glass partition wall
from used thermo
glass units




a:gain

Tysta

Glass partition wall
from used thermo
glass units

Our Tysto Design Tool

Tysto

Create modules from waste glass

!

Group preview

Pick color @

a:gain
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a:gain

Fusg
Tabletop

Viddg

Glass facade from
discarded insulated
glass unit

Tyste

Glass partition wall
from used thermo
glass units
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Tabletop [‘

Tyste

Glass partition wall
from used thermo
glass units

Hjeelma

Flooring from
window frame
production waste wood
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Vidde

Glass facade from
discarded insulated
glass unit
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Tyste

Glass partition wall
from used thermo
glass units
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Glgss*facard‘e__,from Flooring from
discarded insulated window frame
glass unit production waste wood
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Fusg

Tabletop
from worn out DM kegs




Fusg

Tabletop
from worn
out DM kegs

a:gain

Fuso + RUM + Flarg + Fundero

Bella Group, The Brewery meeting room

Building Owner. Bella Group

Architect: Bella Group

Contractor: flemming Schroder A/S and
Temrerfirmaet Thomas Harboe




Funderg + Hjselmo +
Dybo + Viddo

Building Owner: Kilden & Hindoy / PFA
Architect: Lendager , *
Ceontroctor. Kaj Ove Madsen o-mln

a:gain

Hjzelma

Flooring from &
window frame
production waste wood



Bronseg + Tysteg + Fundero

CF Mellers Have, Copenhagen S, 2.500 m2 Bronse

Building Owner: Skanska

Architect SWECO

Contractor: Nordstem with sub-contractors o) NCP Temverfirma on
fagode and b) Wenge Gulve on flooring jinstollation is ongoingl

a:gain

a:gain

Hjeelma

Flooring from
window frame
production waste wood
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