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E X

ECUTI VE SUMMARY

The

construction sector is confronted with the

makei sposeodo model to a circular economy to signi

C Cre
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t hr
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ma t
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eco
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The
con

rec

mi ssions. Tie baond&demti ailgf redef ines the existir
aluabl e materi al repository, represents a ce
4Re project addresses the cdtihéchadchuodl sys D
a on the materi al c o Mpo/s idteiven o@fi negx ias tciomg r kethie
kfl ow. This report summarizes the core findi
ee distinct pilotilsdthesHagu&Sv@bDbtach iNood) ¢ &

met hodol ogy applied in the p-Demelitiiocn bAausdei
As) according to DIN SPEC 91484, supported
DAX mobil e application, material -sidaé a awads
gguently transferred to the Concul ar anal ysi ¢
essment (LCA) was used to determine key perfo
formance | nkreexd u(c@R>)n, pO@enti al , andoft htthecon
erialsdriThhes daabhysis formed -4 phecibfaisec sUrflman di
cepts.

application of the workflow at the ©pilot S
| ogical and economic feasibility of the wurban

Nordic Pil otTh(eSvaanlad ayrsd)s: of the | ightweight t
a high potential for reuse (98% of the mass)
results in a savi kfgquwuifvad&8Zledt soameésr edl CDes an

material vallu®&0,000&Gppr ox.

Dutch Pilot Fdhet Haghedavy mineral constructic
guality recycling (77% of the mass)saviemglds ng

of 53.3 tonnes and a r e82.d7uani Imaitoenr ivael r ev ad eutee

Spanish Pil ot ([Buwen tSce baadsmiingins)t:r ati ve changes,
was conducted-bheerdabmi hédrag archetype. Thi s

potenti al of the -swvoarkde owcewvami on. dat a

findings demonstrate that the dDepiemeaentc bue
sistently positive. 1t is driven either by hi

overabl e materials (Dutch).
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Based on the insights gained from the pilot pr c

deri ved:

1. For ConstructThae iPmplceée meret atfiionstaf agppidiagiht d |
is fundamental. A hybrid circularity strateg
val uestnoatural components (e.g., technical
suppl ement edi ssbpye c imfait@r deconstructi on protoc
economic and ecologi cal benefits.

2. For FR®ducti on and Resolthrec edi Efefcitcireenucsye: of con
high embodied carbon (e.g., timber, technical
for F&€Woi dance. -bhsedni bei adi ngs, resource ef f
t hrough -guhael ihtiyghr ecycl ing of | arge material s
are cruci al to overcome the information asym
secondaryaimat e

3.For Policy anhad doalustupyp: urban mining, the po
strengthened, for instance, by mandating digi
procurement. The development of standards f or
reused componsartys tie mlwicled trust i n the marke

I n summary, it is demonstrated that a digitized
crucial prerequisite for unlocking the ecologica

stock and advancing the transimyion to a circular
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Terms, Abbreviations, and Acronyms

BGF: BrutGtaondfl 2che (Gross Floor Area)

BI M: Building I nformation Model ling

BRI BruRaaominhalt (Gross Vol ume)

C-Bl M: Circular Building Information Model l in
CEAP: Circular Economy Action Pl an

CEN/ TS: CEN Technical Specification

CPX: Circularity Performance | ndex

DI'N SPEC:

DMP:

DPP:

EPS:

FOS:

GPRECT:

GWP:

HOAI

i MMS:

KPI

LCA:

MB O:

MC I

MF A :

MP G:

NS:

Deut sches | nstiSpdaziffiirk atoiramung
Digital Materi al Passports

Digital Product Passports
Expandiertes Polystyrol (Polystyrene)
Fi bre Optic Sensing

Ground PenetiBltéeagr Rmagmeti ¢ Compati bi
Gl obWalk ming Potenti al

Honorarordnung f¢r Ar dreingeg¢teohedd! €énig

architects and engineers)

integrated Mobile Mapping Systems

I nformati on Delivery Specifications
Key Performance I ndicators

Life Cycle Assessment

Muster bau(foerdgn.unModel buil ding regul at.]
Madaster Circularity I ndicator
Materials Flow Anal ysi s
MilieuPrestatie Gebouwen (Environment a

Nor sk Standard (Norwegian Standard)
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NTA: Nederl ands Technische Afspraak (Dutch
PDA: Pr-bemol ition Audit

PV: Photovoltaic

RVS: Roestvr(igngs.t aSatla) nl ess st eel

UMI : Urban Mining I ndex

XRF: Xray Fluorescence
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1l ntroducti on

The construction i ndustry i s a primary gl obal
contriburfei ss® o@@® and waste gener atmadiwki sploes epg'r ev
mo d e | is increasingly wunsustainable in the face

creating an urgent need to transition towards a

A central strategy in this transition is the <co
buil dings as valuable " matteg i atl thhekestfidraft hehei
systematically recovering and reusing components
pathway to reduce environment al i mpact s, conser

economic value.

However, the widespread i mplementation of wurban
|l ack of systematic, reliable data on the materi e
unl ock the potenti al of these@i gniatt &Ir liweol rekif & bolkvnes di sa
required to identify, quantify, and assess the v

or deconstructi on.

The SUM4Re project directly addresses this cha
comprehensive digital workflow for urban mining.

the practical application of thisSwalthkalrdw(dord

pilot), The Hague (Dutch pilot), and-D8maintibn f
Audi t s (PDAs) and t he subsequent Buil ding Cir
foundati onal data for developi fi@rt @ialcdhr eldocldn b @
presenting these results, this work provides a
the environment al benefitdi gandl exodoimenvoadbili

practices.
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2Background and Framewor k

2. Circular Economy in the Built Environment

Circular economy principles in construction rep
"t dkka&kidi spose” model towards a regenerative syst
only consumers ofreesowuoices whfetealha®er i al s, C 0 My
products <circulate within c¢closed | oops rather

environment, circularity includes strategies S
constructi on, reuse of escy ¢ luicnignrgafimala leie Imdar tss ,wi & rhd
downcycling.

A growing body of research underscores the poten
that <circular construction can significantly re
generate new business opportunitieeassFt hamagba &e
Ol t @dambr ava., TPMW&4gcademic discourse hafse ey ved
areas of research WE&radmapit hloyw melaaueeést opol icies:c
di fferent | evels o062 @@2eandt,r if(exxeuds it ehgei ocnhsa,l | eetncg.es o
enabl ed desi gsnt aagse amme aesaurrley t o pr grhgtodg#di grufat o
di sassamdl| yeconstructi onodaunsdang r eesiigg thohel £onc
sustainability and sustainable devel opment as we
context of t heo(b2lOBAOBY hganfidg8hrgh on introduci:
met hodol ogi es for CE =eval paifen,CysuehLACEAY e sussnienn
(framework for evalwuating the quantifiable benef

associated costs, and materials flow analysis (N
the entirad dleia® @6HaNocrloeu z i Ch” fer, CabezaTodam@®Pne
t opi ¢cs ciurccu laasrr bcaint ime sdiidgg t ad @ mian atoem t he researc
reflecting both technol ogical advances and polic
|l mportantly, circularity is not only an environn
one. By extending the |ife of buildings and thei

resources, and creating new val ueulcahrai me®n sftorru crt

strengthens resilience and competitiveness acr

u
n

achieving systemic <circularity requires <coordin
cymakers, and materi al tsapgpdsiesss,ambs mendges
c

ator s acr oss scal es.
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2. Brban Mini n@e mmaldi tPireen Audi t s

Urban mining operationalises <circular economy p
stock as a "materi al baondki e Imgitledhidn @ a3 ewa nige
identi fies and e xtr dcstusc hv aalsu add rec areesseo, utr scteése | g
technical iforalrleautsieo nar recycl ién0gd. mMMilolmisoamf e s
construction and demolitionn2WaB8tandegetO8bed ghol
Paz, Arro@oevd@oaOe®dbi na &OjCada,l, tZaE23p)ot ent i al of
mining is enor mous.

Centr al to thRBAsprsycdsesnabre assessments of t he
recoverability of materials in a building before
essential data on which components can be di sman
reusedwhiaomld require recycling or safe disposal
Demolition Waste Ma(hEBwrempeean PCommicsosGeonne:r abDi rfeocrt
I nternal Mar k ete,c ogmuate. au@i024g) as a c oafnfeircit eomte
construction, supporting both regulatory compl i a
Urban mining also | inksadtdier eat | apnabsusiplbdhiensgc ocnicrecput |
reportBsy documenting the properties, l ocati on, a
instruments enhance transparency, traceability,

Advanced imendloddi ng 3D | aser scanning, MK A, and

further strengthen the precision and efficiency
Beyond technical aspects, urban mining has i mpor
economies by creating secondary material markets

demand f or virgin redgemicss onandssoweasedOwith

production. At the same time, it raises | ogisti

need for new busi-sestsomodel baberaftsison, and scal

match supply mandedewmamed fmat eri al s.

2.Bigitalisation and BI M for Circularity

|l mpl ementing circular practices at scale requir
properties. Building I nformation Modelling (Bl M)
representing component s, systemst a@afdCinatcad aal 8.
Bl M) extends BIM6és scope to deconstruction and
materi al composition, di sassembly potential, an
include Digital Material PagdpP®s)s @DMEMP8U] | Hi adu

which provide structured datasets to support mat
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Pr-eeconstruction audits already play a vital rol
materi al types, guantitiseadg,e amdpecnhdionisondg hesrei
datasets that can be directilcye,f @diisntod tceingiitnaslolr
manual inventories with technologies such as | as
vision, enabling t he creation of digital t win
documentation. This ptbeeascunoacygnbfy mampeoivaebk re
al so helps establish digital records that can be
Recent research and proj ectPDAaper ibeercoand ndjye marcg ter,
sophisticated through a combination of gualitat
approach typically begins with desk research,

practices on materi al bdemrsbsmeoaati dmi andsstfroldcpd
baseline requirements, addressing technical, |
influence data acquisition and grhetuss,e apod eart i pl
devel oped, empl oying advanced technologies such
systems)-r a¥XRFI UBr eskE@T c(eGr,o GPAR Pe nicktl reatt irognaRanced ri
Compatibility Testing), and FOSI|  Fiemrad | éOp tpir @ ¢
characterisation of materi al properties and str.
invisible.

The -sont e phase of the audit executes this scan r
sampling met hods, equi pment calibration, and d
processed and analysed to assess meatuesrei gplotewmaliiat
Crucially, the results are integrated into digit
whi ch ensure traceabdiplriofjectandseaadbmentcr oBasyond
benefits, these digitalised awditti vprtoyg e ase stalesaa
acquisition and automated analysis reduce ti me,
I n thiPDAaay, eesntarnyfpoidtgitising the existing bu
fragmented or analogue information into structu
into BI'M environment s; and all ow stakeholders to
scenaPbwves. ti me, t hese practices can establish ¢
urban materi al stocks, proviscdian@ arbamumi nfimgn & 4
2.8t andar ds, Il ndi cator s, and Policy Context

Sever al frameworks and indicators have been dev
including the Urban Rbiseinpng 2t02ed ¢ Ma d alsMl e r Circul a
(MCI{ Madaster, agdl8&)he DGNB (C(iDecwtlsacrh e y Ge snedlelxs ¢ h
Nachhaltiges . Badahese 204 evaluate parameters s

Funded by 1
the European Union



= SUM4Re Associated with docu

recycling potential, and the proportion of secon
as the Circular Economy Action Plan (CEAP), t h
Construction and Demolition Wa(sEwer odvVaenaang e@emmi SPsri
DireciGematral for I nternalreMaflete the alnfe@madtd
principles into national Dbuilding codes and st an
I n addition to these established framewor ks, em
The Concul ar pl atfor m, for exampl e, applies tr
(Concul atp Meé2a3ure and communicate the reuse p
building components acrofPDAgaodjae owtist.h BYP Xc cenvhail nu
Concul ar enables transparent reporting and comp
practical materi al recovery and policy requireme
The overarching ambition of the SUM4Raen gpirnogj efcrto nm
PDAso digital i nt eigarraet ifownl |fyr acooemvoa tkisbl e wi t h Eur
nati onal standards i n partici pdteivredq dourtiraited sv.e
remaining adaptable to nationBlil iregRdastoatyi &« o@e |

(MP G, Nor weagri akn StNSidtaadd ar d s, Spani sh framewor ks

cre
al i

t ow

ate replicabl e, scal abl e taccalos st lEautr opan bDéai
gnment ensures both policy compliance and i
ards a truly circular built environment.

2. Bnowl edge Gaps and Opportunities

Despite progress, chall enges remain. Barriers ir
par ameter s, and | imited interoperability across
met hods and indicators hinder codnipfafriadbull i y yl iaes
mi smatch between supply and demand ofDAmenaondary
urban mining can generate detailed information &
materials often | ack transphhiemcgr e atcad abntet ya
suppliers and buyers. Digitalisation offers a ke
digital pl atfor ms, materi al availability can be
new mar ket pled esonfotrr uetuison product s.

At the same ti me, regul atory harmonisation is a
challenges. The adio%pltdigml N fSHHEGOQ 90PZERCAE 2D A2h3i c h
standardi ses data requirements for selective den
A specification published by the German Institute for Standardiza
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a common European framework. This specification

t heh@&t he i dentification and documentation of reu

Building directly on this foundation, htolwet hext c
i mpl ement ation of a "DeconstructRigcrkb@akoeapgtept off
BestandsyebPNdIdEBPEC 9152whi ch02i4s) currently wunder
forthcoming DIN SPEC wil/ provide genPeDrAasint mr i nci
a bindinmpg,eswalvieng deconstruction plan. Il ts core
basi s #fvarl ukei shubsequent use of building componer

from waste to secondary produdosuyumamtdateincnuref | m

fl ows. By defining a structured process rather t
tdt the reuse potenti al identified during the
|l ogistical and organisational chall enges of Ur ba
The wider application of such interconnected st

fragmentation and creating consiratenbilcirti y,er anad
potential. Addressing these gaps through harr
infrastructures, and scal abl e pil ot demonstrat
functioning European mar ket f onr tsheec otnrdaanrsyi tmaotne rtic
construction economy.
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3Met hodol ogy

The met hodol ogy applied in this report combi ne
acquisition,f @anWsed rewdlauatiyon. |t i s structured
3. Material | nve-Demolyi minadn PAedi t s

PDAs form the foundation for assessing the rel
component s. Foll owing t-0®, Dd NdiStPECamd 48aen 2WRt3e d

T StagiePrlel i minary Assessment

o0 Desk research and bevi édiwogprienavaaiiloanbl (edr a

per mits, hi storical data).
0 Onsite inspectiomrtoadgicdems j fgt mag¢our al el
potenti al hazardous substances.

o First classification of product groups wi
1T StagieDe&t ai l ed Assessment

o lwWepth documentati on of product attribu

condition, contaminants).

o ldentification of dismantling methods and

o Structured storageeatiadbheafonmmash{ €8V, X

enabl e digital integration.

PDA Phase 1: Preliminary assessment

0

- general object- documen-
construction " ' - ) '
scope |1 information = oriented e evaluation tation and e
P gathering pre-check

inspection
defined
cline start Phase 1 end Phase 1

PDA Phase 2 Detailed testing
| building documen- 1.
3 ernaiF ota ; d -
= demolition { ) product-specific] | detailed [ _| 1] tation _O O_. econ

d information inspection and detailed struction
deconstruction study procurement ‘e E = concept
e start Phase 2 T T chiuk end Phase 2 dpprwf_l, P
scope set I————————I— ______ 1 ¥ P
person
S S
expert
analysis

FigufTehe -$tvage procbemoflfiori &meAudits (PDAs) according to DI
progression fromidepraslsiemisimamyt iBtage 1) to detailed data
(St ag(eDI2N SPEC 9-02842Q2R23B

Funded by 1!
the European Union



4 SUM4Re

Associated with docu
Digital tools play a key role in this process:

T Cl RDAX (MAlt ®c¢ kUsslesd})sscohe during the audit to cap
systematically. The app all ows gui ck and S
categories, quantities(Blaodk mamnarnitalonns 2025 )h

T Circul ar (LC&n dwAcfdtrer data coll ecti on, audit r
Concul ar , where the informatio@iliosupaoclisfse dC
Assessment (Cirmhulsarenla®A)es quantification of
potential, and br oade(rCoenncvuilraorn me2ndt2a5l) i mpact s .

I n this project, both applications are combine

capture in the field, while Concul ar provides

performance and align results with policy fram
Basic I nformation
Data field Dat a Obl i gati on
Building catejlaccording to shall
10. 2
Locati on street, town, |[shall
Construction/|selection fro|shal/l
construction
prefabricated
met hod, mi x ed
met hod
Year of manuf |year shall
Building clas|jaccordingAto |shalll
Par a. 3

BRI (Gross vojlaccording to shall

BGF (Gross fljaccording to shall

Type of wuse according to shall

10. 2

I nformation a|text shall

renovations

Buil ding cons|text shall

Type of buildjaccording tAmnnshall

10. 2
Hi story of us|text shall
Musterbau(enowred buildi)ng regul ations

SHonorarordnung f¢r

ArchiFedkteanhadudl ¢ nfgemi &g lei t(eatgs

and engineers

Funded by
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Associ ated

wi t h

docu

Rough access t ext shall
availabl e, sc

possi bl e)

Tabl-efabl-eRelguired data fields for basic building

SPEC 9(H8A SPEC 902842020233

informatic

Dat abd oi ncl uldwidl diemrrg

product

the European Union

Data field Dat a Obligati on
Viewing | evel |text shall
Designati on t ext shal l
Location 3d model refelshall
interface), G
Vi ewer , 2D dr
coordinate re
Connection ty|text shall
esti mat e)
Quantity number shall
Uni t t ext shall
Manufacturer t ext shall
Height (in mminumber shall
Width (in mm)|number shall
Length (in mminumber shall
Obvious suspi|text shall
poll utants
Phot os A precise des|shoul d
begi ven of owlh&a
represented b
Condition of
quality, inst
| ocati on
onditioRrRvoBult ext shoul d
Functoifonbbel dijSel ection fro|{shal/l
product in bu/-buildanwegl ope
structur e -t echniucal b L
services
-finishing par
-ot her s
Further infor|Continuous te|lcan
Potenti alguaolriijSel ection fro|shal/l
reutilization|-Yes
-No
-No concl usi ve
possi bl e
Funded by 2.
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Justification|text shoul d

assessment

Tab2-Mandatory ('"shall') and recommended (' should"'") data fi
building product, as sp(exliN i SRE M y9-0Ddl 8N4 2DPERBe9 4 &4 ds form th
for the initial classification of reuse potential.

3.€ircularity Assessment Parameters

Once the materi al stock is recorded, it is syst
This evaluation enables a ranking of building pr
value, forming the evidence brascrefovatsiomtamgdcde
pl anning. This <circularity evalwiatted o@audist niotts ep e
applied after ddatoancadlalredcst iCom,c wsdrandiCAamods | uch
the Circularity Pe(fConmahae, Urbtang )Mi R Xf)Rolsede x (|
2025)or DGNB CiMd®Oeluarsicthe IGedex | schaft f¢igrTWNayg hhal
can be applied to benchmark results and provide

parameters. Core parameters include:

T Reuse p otDeentteiradi:ni ng whet her component s (e.

structures, fa-ade panels) can be dismantl ed
include demountability, condition, and stand:
T Recycl alislsietsyp :me n't of materi al separability
indicating whether recycling can occur at hi ¢

T Embodied cCaldkaoahnati on of emi ssions saved by |

producing virgin materials. This provides a
T Other LCA parameters: ecotoxicity, resource ¢
3. Bata Processing and I ntegration
The dat a col PPéAtbed i wmicrivgarl e dl,at e d, and processe
consistency and reliability across al/l buil ding
identifying key opportunities for reuse, recycl
findings, 3D smahs usaireg peecdlomol ogi es such as
phot ogrammetry. These scans generate point cl ou

highly accmo @deolds dihgi thanld!l Dunbdi ng dompoonédets not
provide detainlf ed mae o ment hiu¢ ial so all ow a more pr
and condition of component s, supporting decisio

potenti al

Funded by 2.
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Once processed, the results are in(Bhboaekmdtent al
202&ndi rCcul éCobCAl agr ,whak2h5)ensure tracedlbioljietcy an
compari sons. Concul ar applies théCGhcalhagsi 29 2B3
a standardised metric for benchmarking circul ari
calcul #&sasi €®s and a materi al value indicator t
economic i mpaotmpafedeuseptrhemamugecohstrucTthieosne pr
additional indicators are cruci al for demonstra
circular strategies.

The combimMRA idoantcaif c ul arantslyc aina di3¢Dentd d eablsl ows f or t
creatidomgi oal t wins odndxbwsitli dign goluic g irdtp adgeanhvliisen s
stakehol der s to simulate wvarious reuse and rec
strategi es, and analyse the implications of sel

To support practical applicatioaoarnt d,hedagd b darmrdns,
deci-support tools that visualise materi al fl ows,
These outputs si mmpakiifnyg tphreoc@esci sainodn enabl e st a
transpar entbasad mhaesrssessment s, rcadsaur i sgr attlreati e < i

i mpl emented efficiently and effectively.

3.Wrban Mining Concept Devel opment

PDAresults heandubsequent circularity assessment
comprehensive UrbamhsManengsCgnmnedptwi th the exper
rel evant construction partners ( MOYUA, CTH, N OF
feasibility and-siat @ ge rRilphaetstews @ dpnrcoewpitdse concrete
constructi dmrstraathelpii éwtcasn tlke directl yA pmpltiied |
focus is placed on structur al el emerndtse ,s uasp haasl t
st édbeelamsand concr etTdh espernpdgumcsinutps represent the | a
and the highest potentikalptf oawh tda@rab arh es awiil gld nwh e

Withosettbrban MinindeCanmed ehpptdsol ogy goes beyond g
applies a priworilwuiesaaiteni af shi ghienti fying whi ch
for direct reuse, which require pmagedbei nmgegclhel e
wi t heugni fqiuadntt.y T hoisss process enabl es t he for
recommendations for the main materi al groups, p

met hods, potenti al reuse pathways, and opportuni

The Urban Mining Concept al fmedwctl udmrs amd emat ene
gains that can be achieved through reuse and r ec

not only illustrate the ecol ogical advantages o0f

Funded by 2.
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economic case, demonstrating how secondary mate

added value within | ocal mar ket s.

Ultimately, the outputs of the UrsappMi ni hgolCor

stakehol der s. They provide actionabl e gui dance
engagement, and policy alignment, ensurrkisngand mpeé
Eur opleaawne | objectives such as the Circul ar Econ
Wav e . By i nt egdfroactuisnegd mnaetceormineelndati ons with broad

the concept contributes to retatméhmgasaspomusihblod,
simultaneously advancing t-édfef i cd veaaltrobpome mw e noofv an é

practices.
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4 Pil ot Sites Overview

4. Mordic Pilot (Svalbard)

4. 1RPill.ot description

¥

L

Fi g@rPictur eNoofdiitdh®dne buil di ng ofbwielvekirrmds nmwidtuH arhe same b
(BMRe)

The Nordic pilot is situated in Longyearbyen, S
in the world and representative of more than 50
challenges in the coming decades dment al thiaswk $1ga
compounded by severe |l ogistical constraints, ir
wor kf orce, and equipment, which make resource ef
relevant but also economically necessary.

Arctic buildings are typically Il ightweight stru
insulation, wooden panel claddi ngf rvaimeyd wa md omwa

and doors, some of wduchbaléetmadat érotab |lds o Manly as
the existing buildings suffer from unstable fo
structural integrity, doors, windows, and piping

Funded by 2!
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Within SUM4Re, the pilot focuses dB0EmMpegaehndawi
be retained and wupgraded through the constructi
el ement s i n good technical condition. Thi s ap
refurbishment can extend the I|ifespan of wvulner

conditions.
Thgoal died itver a f r amnmehweo rlko ctaali,A icre idchtioso nct aesxet s , ad

1. Mapping of components and material s, and sel

increase recycling and reuse.

2. Data acquisition methods and struct uBrleM) wor k

mo de ltshexxfi st i ng stock.

3.Data processing aBIldMshiamd¢ Ingdiwng hi eauLe and r ep

building el ements and comparison of acquisitd.@i

4 . Guidelines -nfackrearadsdc psadmwrcsisi ngbuubialrdi ng practi ¢
per mafrost zones and remote | ocations, ensur

similar Arctic communities.

By combining material recovery strategies with d
circular approaches can help safeguard habitabl
resowmastrai nedSUMhRe xEasnsortium, 2023)

4. 102erview PDA

A detailedoPRDAcwasl for a representative " Cube B
in Sval bard. The resulting materi al i nventory

' i ght wei ¢hats,e dt icromesrt ructi on, which is typical f o

The material composition i-bBadedi mradcuwc by, wwiotdh aa

of approximately 59 mj. This comprehensive cat
(spr,uc@sB, particleboard (e.g., for Kkitchen unit
of i nsul ation materi al, cruci al for buil dings ir
29 mj. This conspertfsormamdeg wdoddafgihbr asahdt gbass
Techni cal install ations represent anot her signi
photovoltaic (PV) cells. While smaller in vol ume
al umi ni um) |, pl astics, and sancumenwtéedxtures are

A key finding of the audit is thd mairkl dp atse rPtrioal
Reuse@as specified for a majority of the catalogu

fixtures (toilets, showers), interior and exter]|

Funded by 2 |
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l' i ke PV cells and air conditioning units. Struct

carefully dismantl ed, aligning with the core ob

reso«wmanestrai ned environments.

Component Material(s) Approx. Assumed Reuse/Recycling

Group Volume (ms3) Potential

Wood & WgSpruce, Hardwo59.1 Hi gh (Product

Panel s OSB, Particle

Il nsul ati gdWood Fibre, Gl|29.5 Hi gh (Product
Pl R/ PUR

TechnicallPV CelCendiAiro~1.5 Hi gh (Product

Equi pment El ectrical

Met al s Stainless Steeg~1.3 Hi gh (Product
Al umi ni um, Chr Mat eri al Recyc

Sanitary |[Ceramic, GIlass~0.4 Hi gh (Product

Gl azing

Pl astics |[PVC, Rubbber, Ti¢~0.1 Low to Medium

Recycling)
FinishingPaint, Adhesiv~0.2 Low (Energy Re
Product s Di sposal)

Tab3ieNordi cARdibtresult sorted by volume grouped by compone

4. Butch Pilot (The Hague)

4. 2Pill.ot description

Fi g@fRi ct uDuet pahfl ot ( SUM4 Re)

The second pilot is |l ocatedcaheTheb&agusgadresvi ¢ hin:
Bi nck,hoa shilex® ar e industri al di strict cururseent |y I
residential and business atremam @Pvejretche @ppraeei m
housing units wild/l be added, al ongsi de Wixttleinmsi v

SUM4 Re, t he case study focuse-ar eMer t woi wsuk wadri tnig

representing complementary ap@trio@amhes to demol it
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o Building Sint Barbar awelgl 4bé3détoonssrult 889t m]
for urban mining. I|Its concrete structural el em
materi al fl ows, whi ch ar-gualeistiygnaée eylc Iman .l yT He
pl anned to beorcrsaifdfreed t(oconproduce recycled agagr

concrete ofhaase matsarbi al (materi al recycling).
processed, wi t h i ndividual bricks smoteetntt bkl )
component | evel, or the bulk materi al being r e
pat hways contrast with the potenti al for dire:

such as window frames and gl azi ngnd whdicrhs tcalnl eb

new projects without significant reprocessing.

o Building Polluxstraat 15 (2 floors, 5,092 mj|)
dwelling quarters, office, and workshop. I n co
undergo renovation, with a specificatarigelts of
sourced from the demolished building. l'ts prir
concrete structures and masonry wall s, making

recl ai med component s.

This pilot demonstrates the practical applicati
produetc®vered fr oam edidsinmmaencttlliyngr epur posed i nto r e
the same district. By Ilinking the two buildings,
mi ni mi se wast e, reduce embodi ed carbon, and

simultaneounsgl yt hseu pbprooratdier ur ban tr anhstosmathi gml o
the advantages of having dpnomj anddueiceg vi ngn & i
needs and further | ower(iSUMAReRVICOOSOenti alm, i 2289 .

4. 202erview PDA

Thée DA f the donor buil ding at the Dutch pilot

comprehensive materi al inventory, with quantitie
confirms that the building is a -thesed maotnertirallcd .i
The inventory is overwhel mingly characterized b
| argest fraction with a total volumeeafi appwakl &

fl oor sl abs (cionrcel usdianbgs )h o lalnodwif conuanld a4t li-soimjrs u @ ftAunr aarld ¢
concrete was identified in fa-adlearcdadtdi mgt emida lw
i's masonry, with over -128n® mj oetk hsiedk famd boamd s

| odbdaring wall s.

Ot her significant material streams identified in

Funded by 2
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f I'nsulation material s, primarily EPS (Polystyl

1T Roofing materials, such as asplgalatvednéandi bame
together accounting for over 70 mj

! Met al s, including steel profil es, reinforcen
small er volume but hold high value for recycl

Components with a high pot KRretuisal) ,f as dipreedctf i eeu :

i nclude aluminium window frames, wooden door s, S
el ements. This detailed breakdown allows for a t
materi al recover yovfaotri otnh ep raodjjeaccte n(tPorlelnuxstraat 1
Component Group Material(s) Approx. Reuse/Recycling Potential
Volume (m3) (from audit)
Structural Concrete 585.5 Material Recycling / Product
Concrete Reuse
Masonry Brick, Sand-Lime 284.1 Product Reuse / Material
Block Recycling
Insulation EPS, Foam Glass 88.8 Material Recycling (High Quality)
Roofing & Bitumen, Gravel, 72.8 Product Reuse / Material
Aggregates Basalt Recycling (Low Quality)
Non-Structural Concrete (Facade, 41.2 Product Reuse
Concrete Sills)
Wood Timber, Plywood, 18.9 Product Reuse
Components Particle Board
Steel & Stainless Steel, Stainless Steel | 5.0 Product Reuse / Material
Steel (RVS) Recycling
Windows & Doors | Aluminium, Glass, 4.8 Product Reuse / Material
Wood Recycling
Other Materials Aluminium, Lead, ~2.0 Mixed
Plastics, etc.

Tab4-©dut ch-Pod ot BwAuldditng esult sorted by volume grouped by

Funded by 2
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4. Spani sh(S&nl 8ébasti 8&n

FigdfRicture of a partSedomndtheh&planoshAPoétoa train station (

The Spanish pilot was originally designed around
San Bartolome school area in San Sebasti8n into
comprised two buildings, with the smainnt esgtrrautcetdu ri
the hillside. I n the planned redevel ophfeur, t hi
designated for retail and five underground for p

a combinat i onm nafe ndbevmaa li iotni. o n

Thexisting buildings contained a diverse mix of
wi ndows, masonry and concrete wall s, protective
beams and col umns, st eel beams, and asphalt on
identified typical concrete pat hol ogi es, inclu
effl orescence, excessive def ormati on i n struct
concrete ampdbnsetndesl. WM t hin SUM4Re, thrstpri dtoe Wwaw

digital tools and <circular practices could si mu
support the conservation of historical heritage
social wvalue. Planned tasks included:

1.Virtual replica generation of road and strucHt

2. Redali me monitoring using Fibre Optic Sensing

3. Application of inverse techniqgques for assess]

Funded by 3
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4 . XRbased virtual interaction for | mmersive ana
5.Decigna&kmng support systems.
6.l ntegration of results into a materi al bank.

(SUM4Re Consortium, 2023)
4. 3Sdani sh Pilot Description

As the original Spanish pilot site at the San
unf oreseen administrative chasgebli ashedw ctombposi
di stinct deconstruction sites in San Sebasti &n:
residenti al devediotpeneapgpr oféhd ks mrucaM i d ese cat iroenp r efs €

common material flrowst dfrmreomrmhdthuiilndirrmggtdemol i ti o

1 Anoet a Train STthaitss o i tSeé t d ocaucalse oinnflrarsde u

deconstruction. Key activities include the d
demol ition of the old station hall, and the r
as diaphragm wabkpeci plarzégdg wueschigi ques | i ke |
pri mary material flows generated are milled

of fering a prime opportunifvatiotymnaégygel isnga
constirawmme applications.

T Jol astokieta Resi dentThals Dseevceolnodp nse ntte Sintveo:l v e
of old buildings characterized by reinforced
the concrete provides another source for re
potenti al for directojcoenpowieht empbey adbeampc
techniques, such as Fibre Optic Sensing (FOS)
steel components during deconstructiom, with

di rect reuse in new structures.
4. 3C@&nsequent Methodol ogical Adaptation

This shift in the pilot site -preeeRDAdf ¢ hea exiercal
within the project's timefrdméeveromacguenal!l yi,nva

conducted for the Nordic ande®ufoh pheospeccbutod

To still meet the projectédés objectives and deve
Spanish context, the methodol ogical-bappdoaghawds
the concept wildl be devel oped balsegly omr @ \nied e ply ¥
Anoeta and Jolastokieta sites. This approach | e

create a robust and transferable framewor k:

Funded by 3.
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1 Baseline Data fromhMNMewaPerobhl Sdaéeéa: and decon
the Anoeta and Jolastokieta sites (reinforcect
as a realistic foundation for typical deconst

1 Analysis of bui ldAiggnanmralhiezgpemat eri al i nven
based on the common construction standards arl
sites, establishing a "typical" materi al com
projects.

T Cro#®s 1| ot benclmadkinmgg: and key performance |
detailed audits of the Nordic and Dutch pilo
potential recovery rates, challenges, and op]

1T Expert Knowhedge:from | ocal project partne
deconstruction practices, avail able technol o
enrich the strategic recommendati ons.

The resulting Urban Mining Concept wil/ theref or

a single building, but rather a strategic gui de

Spain. It wi || i dentvidlyu nieh eaviald shaet gpir iodbla bd ter éhd g,

their gener al potential for -peasetiaed recycling,
Funded by 3.
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5Buil ding Circularity Reports (pe

This chapter transl ates the foundational data g:
circularity asoedomentist efsor Tthiee go al is to move
inventory towards a gquantitative and qualitative
circular economy. By applying a standardized as
the evibdsecd or developing and validating the Ul

renovation strategies.

The analysis for each pil ot is structured arou

calculated using the Concular Circular Life Cycl

T Circularity Performance I ndexag € X)s:coAe hoh
guantifies the overal/l circular potenti al 0
provides a quick and comparable measure of hi
circu(@anowml ar, 2023)

1 Materi al FI ow Anal ysi s: A detailed breakdown
di sti mdti feendpat hways: dir-gqual prpdmaterkeabkeretb
final di sposal (e.g., incineration or |l andf il

f Environment al | mpact Reducti on: The cal cul a
measured i n ReagrunesalcecfetdO,( tacth® eved by i mpl eme
strategies compared to a |linear baseline of ¢
material s.

1 Economic Value Proposition: An estimation of

be recovered by reintroducing t he component

highlighting the economic case for urban mini
The followapgessgbwill apply this assessment fran
sites. By systematically presenting these KPI s,

hel ps to identify the specific opphrbiwinlidiireg tayf
and context . The overarching objective i s t o
assessments can-biarsfeadr ni-seeakisdheggmcaend unl ock the env

economic potenti al of the existing building stoc

5. Nordic(Pohgyear byen)

Based on t he mat eri @IDABnh@ededray | ¢édomi t el ari ty
performed wusing the Concul ar Circul ar Life Cyc

evaluated a tot al8.0tZdremexalf mMmamst od representati v

Funded by 3.
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The building achieved an overall X%orciuhadircati iPe

high potential for circularity.

Wiederverwendungspotential

Masse int Anteil in %
B Direkt einsetz- bzw. wiederverwendbar 57,23 7,33
B Einfache Aufbereitung notwendig (z.B.
racne bereitung notwendig | 257 38 32,99
Anstrich)
m Professionelle technische Aufbereitun
. , ®  oes 0,09
notwendig (z.B. durch Herstellerfirma)
H Wiederverwendung dk isch nicht
‘ g okonomisch nicl 13.47 173
I traghar
B Zeitintensive Aufbereitung notwendi
9 9 451,51 57 87

(z.B. Ersatzteile)

Fi gbrReuse pot éNmotrigadild ootf i n German. The possible reusabl e me
cat eg@PIPEND) X B

The analysis provides a <clear breakdowd i o t he
pat hways. The rneossutl tasth ethiimewi It dhiaig' s mass can be Kk

T Product 7TR6LSB8eNne&.%)8 of the materials are suite
components i n new or . ré@husbiisrmhceldudlesi ltdnengas

refur bi shment of 451.51 tonnes

1 Materi al R® 4tyocniniep): ( can be di rgeucatleidt yt or elciygh

streams.

1 Ther mal Val ori sati daBtlonncniengse¥fat ofont h®©Onimgt dr i al
di sposal through incineration, primar-ily col

recyclable plastics.

The i mplementation of this circular strategy yi
benefits compared to a t-badltienaehademol Theoanat
a total saving &#édqBdi7rvdl eonsesThifsCOeduction is p
of wood components, which avoids emissions from
and the incineration of the old ones. Furthermor
resi dataer imal 580 .ulep od@Biornat i ng the economic viab

mi ning approach for this pilot

A closer l ook at t he mater i al -bgarsoeudp sp rroedvuecatlss atrt
primary contributors to the positive outcome, a
reusabl e masBs aanidn gtsh.e T&€@@ hni cal componequal istug h
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sanitary fixtures also show excell ent potenti al
performance of the building.
Par ameters Amount Uni t Per s quar(eNFm
Total building m780, 27 t 2 16
Circularity Poteg33 %
COXavi imMmepdudiA3A1|-982. 830 k g @ g 2715
Resi dual Mat eri a U
580.163, 03 1.602, 66

Tab%ieNor di ¢ CRirlcat ar i t yi SAssmags ymdrat | e

5. RButch (PliheotHague)

Based on the Building Circularity Report, a circ
building (Sint Bar baraweg 4) at the Dutch pilot

Concular Circular LCA tool, covenes, aréeébtactctt mage
comprehensive inventory of-bdded bwonddti mgce tsi chre.avly
achieved an overall Circularity Performance | nde

Wiederverwendungspotential

Masse int Anteil in %
B Direkt einsetz- bzw. wiederverwandbar B65,30 464
W Ei i i B.
’ |nlfache Aufbereitung notwendig (z.B 416.23 293
. Anstrich)
h B Professionelle technische Aufbereitung ; ;
. , 276573 14,83
notwendig (z.B. durch Herstellerfirma)
B Wiederverwendung dkonomisch nicht 14.425.83 7734
tragbar
B Zeitinte nsll\re Aufbereitung notwendig 179.99 0,96
[z.B. Ersatzteile)
Fi gbrReuse potenti al of Dutch pilot in German | anguage. T h
appl icatbd g APIPEND() X A
The materi al fl ow analysis showsoadumebseamgtciahg

component reuse:

T Materi al Recycling: 14,426 tonnes (77.3%) of

processes. This fraction consists primarily ¢
foundation and structur e, whi ch are iemst.ended
An optimized approach to handle this | arge ar
6.
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T Product Reuse: 4,227 tonnes (22. 7 %) of c omp
potenti al for direct reuse, although this o
refurbi(shi@.ntThi s category represents a signi
component s.

T Ther mal Val ori sation/ |l ncineration: No signi fi

the revised analysis.

Despite the revised CPX, the circular strategy f
environmental and economic advantages. The analy
of FKeQuivalents compared to -hBuilideacedamiobi tilrba
assessment reveals an exceptionally high esti ma
This significant value is primaal g ahedamiandryalt h

materials destined for thecyompogenssppne meamtead f k

The updated results for the Dutch pilot confirm

constructions are highdvypylamteectkticyel i Whgi loé ftlach

cruci al for reducing |l andfil/ wea sd rea |l aynsdi ss anvoiwn g
highlights a significant potenti al for componen:
the overall circularity and economic performance
Par ameters Uni t Pesquar e (meRAe)
Total building ma t

18. 653, 0¢ LU, 22
Circularity Poten24 %
CO2Zavings (MA&gul k g CRe q

9.257.82C 207U
Resi dual Materi al a

2.745. 904 1.503, 78

Tab6ieDut chi i ftoul arityi Shgmmagymdamatl e

5.8panish Pilot (-YppolSebmsal S8RPtential Analy

As #®OAsould be conducted for the Spanish pilot
circularity potenti al analysis based on a repre:

defined -2a6ichanmudy public or commer ci alefHwicltdinmgg

the characteristics of the original San Bartol or
predomi nantdblagemi nsiali | ar to the Dutch pilot, wi t
masonry infild/l wal | s. The ufsdalrladwivreg elSRIlisnaaes t
demonstrate the applicabilityycaffctehesc@2UM4Re sf.r an
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Estimated Circularity Perf or ma nbcaes el dn dsetxr u(cCPuXr)
the CPX is expected to be in a simil65%range
The primary circularity pathway would be mat

reuse.

Projected Material FIl ow Anal ysi s: The- mater.i
volume recycling. It is estimated that over
concrete and masonry, woul d be destined for

smal | éhri gbautue f r ac-BPRoo tihhleelmass, woul d be s

product reuse, including wooden interior doo
some -itormuctural fa-ade el ements.

Esti mated Environment al and Ecoffoali culPatieon i i
not possi bl e, t he potenti al for emi ssions
proportional to the buil dgiunagl'ist ymasesc.y cBy ngn o
component s, substanti al virgin material extr

value proposition would similarly be driven
aggregates, supplemenned bwpl ubeohigbesapke c
Spani sh rryegcuolnatteox t , which includes national S
provides a supportive fr amgwdrMd Rfeor( ViITela |l iTHIUMA
SI NTEF, TECN, BLOCKM), 2025)

This typological analysis confirms that the SUM4

valuable strategic guidance-speenfiwecthodita dHeth
the key <challenge in the Spanish, cootexthei sneerd
systematically implement digital audits and fost
this potent(i3UM4 rRd o( SledMTER,y. RAFER), 2025)

Funded by 3
the European Union



= SUM4Re Associated with docu

6 Ur ban Mi ning Concept s -Spancd f iCGo

Strategi es

This chapter provides a detailed analysis of th
identified in the Nordic and Dutch pilot audits.
economic value, specific recommendatciomrsd rarce | bo
Ssubsequent reuse or recycli-speprbrcessesatépbeeses ¢t

of the Urban Mining Concepts developed for each

6. Nordic Pilot: Lightweight Timber Construct

The materi al inventory of the Norvdalcupidompadomse nto

making it an idealf cawmge dladier d wlirarai tryeuster ategy.
6. 1Wdod andBawedl Product s

Constituting the | argest materi al fraction by r
primary asset of this building type. This group
particleboard panels, and interior doors.

1T RecommendatA -dmeosnt ructi ve deconstruction appro

ti mber el ements should be carefully dis$smant]|
for pot-eatiiafi acaetion andemeusvng iap pShllidvmaRiEioards
(SI NTEF, BLOCKM, Woehoads cd2pPpaBel s and door s, i f
can be directly reused in the refurbishment

reducing both costs and the carbon footprint.

6. 1. sul ati on Materi al s

l nsul ation accounts for the | argest volume after
t her mal performance. The pilot contains both wooc
T RecommendatWher e accessibl e and dry, wo od f
carefully removed for di rect reuse, as it re
more challenging to reuse but can be sent t
avail able. rémoea t besatieonr,eusre str agtreagiee s f
applications should also be considered to avi(

6. 1Te8¢chni cal Equi pment (PV Cells & HVACQC)

Though small in mass, technical c o mpoarecittsi dnikreg

units hold a high economic and environmental val
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Recommendati on: These compdmddted Dlyowludh |l bd icca 1t
any structur al deconstruction. Their high pot e
candidates for resale on secondary maridatisngor

projects. A functional assessment is cruci al t
residual wvalue.

6. Butch Pilot: Heavy Miner al Construction
The Dutchchpairlaoctt eirs zmeacs sbyni hieg | component s, wh e

circularity strategyalievypl vescsyalriongds hppglhement ed

of valuable finishing components.

6. 2Milner al Components (Concrete & Masonry)
Accounting for over 98% of the building's total
significant materi al fl ows. This includes reinf
from infildl wal | s.

T Recommendabhieopri mary strategy is source sepa

to prevent cont-@unalniaty ome ¢ e | ifiSgJM4AnReo (aSgl g\ TeEgFa
BLOCKM, VTT) Howez®e)y , a more ambitiousk strate
saving potenti al should be explored: the dir
As outlined in the projec$SUMIRemalYBET,sCONC,stTaHh
TECN), ,20dégt ructive testing protocols can be

structur al integrity of concrete. This would
sl abs or beams, to be cut out and reused dir
maj orbeyepd conventional recycling.

6. 2Fi2ni shing and Fa-ade Components

This group includes concrete fa-ade el ements, al
and wooden doors. Although they represent only a
they hold significant potential for direct r euse
T Recommendadahieer: components were identified in
"Product Reuse" potenti al and shoul d be disn
demol ition begins. Their reuse i n t he renc

(Polluxstraat 15) tdi tdet Ilpyr o¢g @t r isb ugtoeasl of
secondary materi al s and ofFeawi nsgusbstampaméd
purchasing new el ements. The value I|lies in g

integrity of the components.
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6. 2M8&8t al |l ic Components

Structur al steel profil es, reinforcement bar s, a
fasteneinsienwerf é ed.

T RecommendAti ometallic elements should be rigc¢
high recycling value. Larger structur al st e
potenti al for direct structur al reuse, whi ch

demonstm aDet3 t his phej eat hway for reusing st

supported by existing national standards (e.
technical specificati2®dril@9SUMiRe ,( VCTEIN/CTOINC1 0 9TH
TECN), .20nh5)s provides a clear, standardi zed
t esti ngc eratnidf ireeat i on, which builds the necess
into ndwalroad structures. All other metals sh

recling streams.
6. Spanish Pilot: StrategBas€dndgpdl bgy a Min

Given the absempeei foifc aauwditte, the recommendati on
based on the representat i ¥V tcheun tludriyn-g ansiendehrpatilp p e c

building. The strategies are therleafrorbeuitlrdainnsgfserii
regi on.

6. 3Milner al Components (Concrete & Masonry)

This group is assumed to represent the | argest 1

the transiviabonef bamkIf-gpuvd liintgy troe chyi gglhi ng.

T Recommendati on: | mpl ement selective decon s
reinforced concrete from masonry, avoiding
materi al s. This enables the production of C €
used i n newvwppboncaeli ens, a practice support
regul at$WMsRe (VTT, THUAS, SI NTEF, . TEECHN Bl
deconstructions should be performedbrnioclasses:

which offers an even higher circularity pot el
6. 3Mt allic and Finishing Components (Steel, Win

This category represents the highest potential f
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1

Recommend&tiroatur al steel el ementdeshoutdi be
testing and potenti al reuse. As highlighted
(SUM4Re (VTT, CONC, THUAe&st AlEICIN9he ® 0f2r5g mewor ks
t he mechanical properties of reclai med stee
requirements f orNonsetw wacptpurialateloennsent s | i ke wo
wi ndow fr ames, and sanitary fixtures shoul d
creation of a digital inventory for these cor
making them avarl|l alat @ ooal |l oeake platfor ms, t

bet ween supply and demaaldl emndeé c hn(iSlhM4d Riea @ iwao r
(SINTEF, RAFER), 2025)
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7Cro#s 1l ot Analysis dmadi@hmpar at i v

This chapter synthesizes the findings from the

insights and transferable Il essons for circular <c¢
t he Nordi c, Dut ch, and Spani sh croonnt eg hal | erg ess
highlights shared opportunities, and evaluates t

mi ning methodol ogy.

7. Common challenges and opportunities across
Despite their significant differences in climat

the pilot sites revealed a set of recurring c¢hi
i mpl ementing urban mining in practice.

7. 1CHal l enges

The practical work across the pilot sites confi
identified in tRe)5 idemanwutrreat(iSreqcttitbpen gap bet wee
and-tdwer ound i mpl A memitmdriyonchal |l enge across all f
of reliable and complete dat a. This was mo st (
unf oreseen site chawdge epraeident eedntamelown, necess
met hodol ogy biarsg daroanh ebtuyi d es . Even where audits

Nordic and Dutch pilots, significant wuncertaint:i
in older structur es-btubhdtt afrtaewvi nlgasc. k Whri d cei saed vaasn c e
l i ke dGrRPhamet rati ngEeCRadamd( GPRre Optic Sensing (I

i nspect hidden el ements such as reinf-ecakeent

application remains tomepihex veand Thriessohi gél i ght
uncertai mrypan mining: the true condition and qu:
only be fully verified during the deconstructi on
This <challenge of data wuncertainty is compound
deconstruction process. Both the | ightweight ti

heavy nbianseerdalstructure of the Dut checpoinlsottr uucntd eorns

inherently more-commpulmé mgandatni me adi ti onal demol i
are easier to di sassemble for reuse, chall enges
damage and dealing with compawsy tmatmariealial lsi keo
concrete require specialized equipmenqqualnidt ypr o
recycling, posing | ogistical and financi al hur o
significant challengeibihed ornstebendar ketompboeegn

t heme was the wuncertainty regarding the demand
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pl atforms provide a marketplace, the broader con
secohmadnd components. Establishing trust in the o
stable demand remain significantf rhoumm dil recsi viiodru asl c

projects to a mainstream practice.
7. 10@portunities

Converselypitbe anabgsis revealed sever al signi f
foremost among therditghe avadyi kdifali vwemaefaakey enabl
mi ni ng. For both the Nordic andf Domcibtng i d odasni
and the ClIRDAX app to the €6wansulkamcasbedoment am
building from a poteéemwicalurleidabigluiamy i fmntadl e mat e
digitalization makesi g¢thiengdg nrvea ssd Wbrl cee sv atl aureg iobf|l ee xa r

data foundat i-nankifrog. deci si on

This digital f oundati on, in turn, all owed for a
and economic viability of a circular approach. D
pilots proved t hat ur ban mi ni ndge di shilgédneQiirca wll
Performance I ndex (CPX) scor Bsavwainmdg g e(su7.tledt iinn s

pil503t.;3 in the Dutch pilot) alongsi de5&016Bb®Ht3ant
and2,0745,300despectivel xyponsTheeatitgsdlemoanstrate t
constitutes a viable business case, driven eithe
(Nordi c) or by the sheer volume of recoverabl e

consistentlypaightulbgat edppoivtal miet yr eiurs et nd t umioanlh

components. | tems such as sanitary fixtures, doo
PV panels) showed high potential for direct reus
components offers a reliable and economically a
regardless of the primary building structure.

7.BRBiLfferences due to Geography, Building Typ

While the pilots shared common goals, their dis:
the focus and outcomes of their circularity straea

mi ning issinbéalal ocampepr oach but lmeatlt kenaddaptoed .t o
7. 2Gdographical and Economic Drivers

The most striking contrast exists between the N
remote Arctic | ocation of the Svalbard pilot i m
costs for importing new materialcsrcOQdmsequyenmnts| e,

necessity, -sfiatveo uorri n go coanl produsufféeagsency. mari mD
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Dutch pilot in The Hague is situateed aibrnl ias hdeedn swea s
management and recycling infrastructures. Her e,
of mi-mesead materials, where the mai Dug-gddlgiway n

materi al recycling of concrete and masonry into
7. 2l.%2f 1l uence of Building Typology on Circularity

These geographical factors ar e directly l'inked
Il ight weight ti mbe&s8oO0ftdame s()t dtsali nmheess:ntly suited
is reflected B88&nidt § thsi dloc@QRBRX omf component reuse.
a heavy -bmisreer aslt ruct ur @65 d»onek) masaturally has a

for direct »22%dafctmasu)s,e r(esul t2i4dn gdoiwe vae rl,o wetrs GFb

Crsavings are substantially higher due to the ir
from | andfil|l into recycling streams, demonstrat
di fferent, circularity benefits.

7. 2l.@Apact of Regul atory and Administrative Fr ame

Finall vy, the regulatory and administrative cont
pil ot exemplifies how administrative hurdles can
a shift fdrromwean daautda t t o a mocdheelt ybpaesse.d Tohni sb uhiilgdhil
need for flexible methodol ogies that can adapt
context, with its <clear regulatory incentives |
provides a more stabl &ifnrga menvdo rekc ofncormi iceap bh & mg nu s t
urban mining and recycling initiatives, thus fo

materi al s.

7. Bessons Learned on Urban Mining Applicabil
The collective experiences from the SUM4Re pil ot
practical applicability and scalamdabdliead wdr kufrlboay
no-negotiabl e. The success of b ot ghe dt hcen Ntohred i &b ialn
systematically captur e, assess, and manage mat e
structured "material bank," the economic and en
remains | argely invisibrategdci dacoessrbkcéej omakr
Secondl vy, the business <case tdoerpewnrdleaart riurti ncgo niss
positive. The pilots demonstrate that economic
pat hway. In remote regions | i ke Swalshharadv,oitdhaen ch
through the reuse of component s, circumventing
dense urban areas | i ke The Hague, viabilkrty 1is
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v ol
fra
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At
fav
ach
rec
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wi t
equ
ret
Fin
dev
by
for
t o
sup
dec

ume recycling of mi ner al aggregat es, support
mewor ks. This proves that urban mining <can
ditions, provided the strategy is tailored to
hird |l esson is the iIimportance of a hybrid cir
our either reuse (lightweight timber) or rec
ieved by pursuing both pathwaydespimue tanheob s
ycling, -vdeoei tompdgoheghs for direct reuse. Si
recycling for materials not suitable for reu
h t heangilogw fr wiat’'u @asfom bdctghr al component s (e
i pment, sanitary ware), is most effective for
urns.

al |y, t he project under scores t he need for
el opment. The Spanish -wordlod p@mremoanctty adra o fhtd
i mperfect conditions. A robust ur bamatme qii e g
-ladrace scenarios, such as the wuse of buildin
scale beyond individual project s, the techni

ported by broader markemngdavekiopimedt woi hkfcdbude
onstruction and fostering trust and demand f o
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8 Recommendati ons and Strategies

The insights gaipedoftramat psei crdDbesm the basis
recommendations designed t o accelerate t he adc

construction practices. These strategieddang ai
owner s, contractors, pl anner s, and policymaker s
|l essons | earned into actionable guidelines for n
efficiency, and shaping a supportive policy and
8. Gui delines for Maximizing Materi al Reuse a
The successful transition from a |inear to a cir

systemat ider i arech dchagptpa oach to deconstruction an
findings from the pilot projects, ttohenafxaImi @zwi g

recovery and reuse of building components.
8.1PLioriti-FeratDP®PALt al

A comprehensive di gietgalt i RDAei sttahéeéi ngnpoint for

mining project. As demonstrated in both the Nor
inventory transforms a building fradmramlunkamdkwn'
process should go beyond simple materi al i sts &

foll owing estallSiUMiAdRe tvamdamMHVUAS, SI NTEE, TECN,
The use of mobile applicaittendatae®. gapt i1 &DAIKXI uif e
and prepares the data for seamless integration i
a -BI'M environment. This creates”" aforel adbl subse:
pl anning, addressing key challenges ¢SUNMARa st a
(VTT, CONC, THUAS, TECN), 2025)

8. 1. @Apl ement a Hybrid Circwlad Qeimpo8Senasegyrstarg

While the overal!l building typology dictates t hi
ti mber, recycling for heavy mineral), a hybrid

pragmatic and economically eftf endt@ilhue-sappooacil i

component s, as these often offer the highest re
deconstruction. The audits consistently i1identifi
exterior door s,ontse Vi paln eilss t &HIVIALt uni t s) , and n
window frames) as ideal <candidat es -hfammrgidiigr efatuirte

a project can secure early economic gains that
theorme complex dismantli @Q8UNM4I4RstfBCNTER,. RARER)N,t
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8. 1ABopt Mapeciifalc Deconstruction and Quality As

Maximi zing the value of recover ed emadtfarciAablasn drl @ n
demonstrated with the timber € o Inp bamnedn t tsh ei nmi tnhee
components i n téhe . ,Rugerherpicl odemol i ti on must be
deconst puotio®mlis.ti mber cdblmpdnentpsi | ot ) , this m
documenting and -bdeiasrmanngt |sitnrgu cltouardes t o preserve t
reertifi cmaitnernal Fcodmpkenecnotnscr et e and masonry ( Du

mu st be on avoiding congquaali intayi opcyol iem@pbil et dii«

rather -vabuoel bwckfilling. Crucially, a systemat:i
part of tbhesauddocypmenti ng not | uasntt itttye ratt e rail &
condition, di mensi ons, and connection typ-es, as

worl d reuse pot ent(iSUMARred (Bd INKTEtFa b IBIL IQICSKUIMI4 RET T)
(SINTEF, RAFER), 2025)

8. ircul ar materi al strategies for demolitio

8. 2l.Mpact of <circular material strategies on denm

Conventdieomoali ti on approaches are typectdikyenday.v

Buil dings are dismantled rapidly wusing bulk proc
materi al streams. This results in high olsandoffi | |
embedded environment al and economic value. Il n ¢

selective deconstructi o-bemagluiitdieadn bAu diytss e(mMDA) |
Digital Materi al Passports (DMPs)qguaTllhiet yo ba nedc t mas>x
reuse potential, th-ed elby buahsdiogmi nqitendnat er i ¢

waste sour ces.

To achieve this, several key measures are requir
Pr-bemol ition Audits serve as t he i c et nearpsptroonaec,h
documentation capturing material type, condition
create a reliable foundation for ciocst @au c tdieanmo

strategi es.

The prioritization odfecdtc empten ermoelseu Iptl aiys @ str at e
di smantlvadueHiagh easily r-ewaacveraasb!| vwei ned oewrse,ntdo o

beams, HVAGasestrem®ved first, before progressinc
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Howeve

saving

ent material categories albasdeé maatdetiaal ©r
crete, contamination must beguptevgntredyto
and metals, on the other reaedyver edeireia
use.

hout thei peogasad, tynassessments and trac

aGoynti nuous monitoring during deconstruct:i
afety and quality requirements. Certificat

ents to be classified as secondary product

y, effective circular demolition depends o
pl aces and materi al banks, which makes it

s t hatenmeatrerlioxclad rvemal ue chai ns.

ed t o conventircmuuddaorndsdl meailti trieognu,i r € s | onger

ns and more complex execution compared t

|l i zed skill s, dedi cated equi pment , and c
r, it yields substaptiralt ebenBdnrgdn $rfd shawgrheeeC
s , reduced | andfil/l di sposal and associate

8. 2l.@pact of <circul arr enadwatimdmgsglraan egi es on

I n the
di mens
new pr
renova
enabl e

as ma t

To emb
rel eva
modul a

to fac

Digita
( DMPs)

the in

cont ext of renovation, Ciadeduiltairo nnadt eprli aan
i ons. The first is the systematic integra
oducts, thereby reducing the reliance on v
tions with future reuse in mind, ensuring
future circularity. Thaiss rre@mrigs dmtwsara ss hri

eri al recirculation.

ed circular strategies effectivelyA both

nt planning maxi me i s Design for Disassemb
rity and reversible connections, for examrg
ilitate, fueduvei dgsmast!l and potenti al damag
l'ization also supports a reuse friendly re
and Circular Buil @dilmMg Ipmooi thatsi on akeadl |l i
tegration of secondary materials into desi
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The standardization of dimensions and component s

materials interchangeable and simplifying their
specifications increases theirpaepplicability acr
Foll owing qualieytahdcaafenypretocols are also

reused components meet performance and regul at c

among both practitioners and clients.

I n practice, many projects adopt hybrid strategi
bal ance technical -efpfeedtoirvnamess, carsd aesthetic

ensuring that adequate supply is availabl e.

concl usi on, t hestacdamtgii @rs dfa secaigrddi nlgd rii arip afcar o

ovation process: Architects and planners must

_1
- O S
=}

PDAs already in the design phase, whi ch may
mpensation mooal p.r oRemdwvatwi | | increasingly de
mol ition contractors and suppliers of secondar
ailability of reclias medudiesladta@eé s onTloifs cshicutl
df fraotelt ol ogi cal as waedVvamtsage:noimi cenhances th

< 9 9 o O O

l uabl e materi alcsa,r blomwe rr £ dauncbecsd ioevce r a |l | cost s, ¢

® 9 S5 < @™ O

sowenfde ci ent and sustainable built environment

-

8. 8trategi &#Emf ®s8i €®®s Reduction and Resource

The quantitative results from the pilot assess
signifiFsant ng€®, but the most effective strategi e
by building typology. The key to maximizing both

tailor the approach to the specific materi al con
8. 3Fdcus on Component Reuse to Avoid Embodied Ca

A primary sthratdegy ifoor i €0t he direct reuse of <co
carbon. The Nordic pilot exemplifies this appr o
panel s, and other technical equi pment directly
manufaogunew products (-AGBWP. oThinso dsutl reast eAglyF of f er s
saving per kilogram of materi alf famd emdprcdsemnutlsar
Pursuing the-beauseagok!| emadtys tasmmds telcdwnlid atl her ef ¢

main priority in |ightwei ght -vcaol nuset rcuocripioonnesn tosr. b u
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8. 3Lver ag¥olHimdh Recycl iBmg efdorStMiurcd ruale s

For buildings dominated by miner al material s, s
resource efficiency is achieveadl umeouwmah erhal man
Whil e FshaeviClOgs per tonne from recycling concrete
direct component reuse, the immense scale of the
substanti al overall emi ssi on reductions. The

deonstruction processes that rpeteeveanrtd tnhaes ocnornyt,a ne
their us-gu alsi thyy ghhecondary aggregates and signif
virgin raw materialSUMARe ¢$8hdTERdDd BLr@Q@CEM, VTT),

8. 3ULBILLIize Digital Materi al Passports to Enabl e

Botsh rategies are fundamentally dependent on the
of digital materi al inventories and Building Ci
effectively serves as a "materiwrledadastporits drouc
resource efficiency, as it provides planner s, a
information to confidently specify secondary m:
processes. By bridging téretliynflhirmadern snt lgea p md rhilae
component s, this digital mat chmaking is the key
CGsavings and enhance(dSUM&sRa r(c\eT B,fGONMNG,e NTCHUAS, TI
(SUM4Re (SINTEF,. RAFER), 2025)

8. RBRolicy and I ndustry Recommendati ons

To scale the benefits observed in the pilot proj
foll owing recommendati ons are ai med at policymalk
transition to a circular built environment.

8. 4Stlrengt hen and Har moni ze Regul atory FrameworKk

Policy is a key driver for circularity. 't 1 s 1 ¢
PDASor al | maj or renovation and demolition pr o]
traction but needs to bé¢ SUMamRean( ¥iTAed T THdIASss SENT
BLOCKM) ,. 2B@2iBt)her mor e, setting clear targets fo
public tenders (Green Public Procurement) woul c
components. Financial incentives, such as reduce
seective deconstruction, can help offset higher

virgin materials, as discysdavdt Rien (vA g, r egUA&TL 0 IS
TECN, BLOCKMISUM2Z®R25)Y SI NTEF, . RAFER) , 2025)
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8. dF st er Mar ket Development and Build Trust

A significant barrier to reuse is the | ack of a
buil di ng c(o9ripMinRent(sSI NTEF, . RAEER)s, r2@C25mMmended t |
associati ons, in coll aboration wi t h research |

assurance and certification processes for recl al
pl anners and clientsanmnecgamhidngs atflee y porf f orrerus e o
Establishing regdmntal dnadgietralal plhaitbfsor ms @&@nd phy:
can further professionalize the market by conso

simplifying | opgpilsiteircss afnodr bbuoytehr ss.u

8. 4PBdomote Digitalization and I nteroperability S
The full potenti al of urban mining can only be
Policymakers and industry bodies should actively
data standards for circularity diimcuher-BIBMMt ( €En
frameworks and I nformation Delivery $maJM4ifRiecat i
(VTT, CONC, THUAS,. TIENGNe)gr azd2y) digital materi al
requirement in building permits and | ogbooks wo
preserved throughout a building's I|ifecycle. Thi

but al soc amperadee masriiveehh cdaadastre of t he ulrédovaenl mi n e

resource planning.
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9Concl usi on

The SUM4Re project set out to address a critica

environment: the | adkiofenawoyktfématifor dat @acki ng
existing buil dipgact iTcharlougmp Itihceat i on of a comp
met hodol ogy across three distinct European pil o
di gftasét approach i s not onl vy feasi bl e but al
compelling. cohéifmndhagsexisting buildings repr e
banks," whose resources can be systematically id

val ue chai n.

9. RPrincipal Findings

The core achievement of the SUM4Re project is 1t
di gi-emddlyed wor kfl ow for wurbanDemol ngi ofhAudipps i
c

according to DIN SPEC 91484, combenéd€l RDAXK) dagd
circularity assessment (Concul ar), provided a r ¢
effectively transformed complex building struct
inventories, forming the tesgiemntdmkiismigirdence base
A key finding across al/l pilots is that wurban m
The quantitative analyses consi stenRAdmi srsdweal e
reduction (dé&eg.in3fhéd NoCODi cFRemi limt tehred Du3d .ch tpi CC
recovery of consi der ald2 £, kc@2harmd 5c, Yv0ad ,u er e sep egc. t,i v
demonstrates that circul ar construction is not
business case. The é6¢tooomaxwesitddnwead si vargmote |
revenue generation idrbudenshe wprotsdn i mer loauttsc ome r e |
Further mor epi Itohte acnraolsyssi s hi ghlighted the profou
and geographical cont ext on the opti mal circul a
ti mber constructi on -fporcouvseedd iadpeparilmajcora, laa ayhei ueSe X o f
I n contrast, the Dutch pilotés heavy -fmicruesreal S

strategy (77.3% of mass) with a | ower FEBRBXiofs24%

and economic returns duceorteos ia scrsuccailael. iiTnhsiisg hutn:d
"best ™ circularity pathway. Success |lies in ad
composition and | ocal conditions of the building
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9. Rimitations of the Study

Despite t he successful out comewsor |l dhechpt bjeagtes
constitute important i mitations. The most sig
change at the Spanish pil otspdadief,i cowhR A taantde dneeact ec
met hodol ogi cal shift to a typological anal ysi s.
SUM4Re framewor k, it al so highlighted the vul n
administrative hurdles andinigeai Whereent diofmpiac @l
for Spain.

A second I imitation is the persistent uncert ai
advanced digital t ool s, concealed component s, un
precise condition of embedded materliake @GBRecai:
reduce this uncertainty, a compl et e picture c
deconstruction itself. This wunderlines that PD.
probabilistic assessment of a building's materi a
Finally, while the projecttefstuicatessisdalldnyd qrueacmytd Ifii
did not extend to tracking theoflée¢evearsdi mat éoin
successful mar ket reintegration of these mater.i
demand, client a c ceexpitsatnecrec,e aonfd a henat ur e mar k e
compomndecnotnsdi ti ons which are still developing acr
9. Buture Outl ook and Scalability

The findings of the SUM4Re project provide a cl
rban mining. The demonstrated wor kfl ow, ground
91484 and the forthcoming DIN SPEC onl edemomdelit ru
for the construction i ndustry. To realize this
necessary.

First, the regulatory |l andscape must continue t
renovation and demolition projects and integrat:i
procurement would create the nepcEssapgamastandapn
are essential to overcome national fragmentati on
Second, the industry must i nvest in building ca
skilled workforce for selective deconstruction
certification processes for secoamthanreyct mastueprpil ayl s
demand wi l |l be crucial, but t hey must be suppo
regi onal materi al hubs, to manage | ogistics and
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Ultimately, the sSUMbRangtbjeectr ansition to a cirdc

within reach. By embracing digitalization, adapt
a supportive policy and market ecosystem, the <cc
|l egacegyxiosfting buildings from a potenti al wast e

sustainable future.
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SUM4Re (SI NTEF, REBBER) Rep2a625)o.f scientific cha
dealing effectively with current challenges
and CDW wupcycling.
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APPENDIKuiAl ding Circularity Report Dutch Pil

Concular 10.9.2025

Building Circularity Report

SUM4Re_Pilot_NL

Adresse Erstelltvon  Erstelltam
Sint Barbaraweg 4 Den Haag 2516 BT ~ Concular 10.9.2025
10.9.2025 /
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Concular Building Circularity Report | SUM4Re_Pilot_NL

Gebaude als Materiallager der Zukunft

Fur den langfristigen Werterhalt und die Steigerung des Immobilienwerts ist eine transparente
Dokumentation von Ressourcen unverzichtbar. Sie erleichtert die Umsetzung von
Effizienzstrategien wie Urban Mining und sichert die Zukunftsfahigkeit des Gebaudes.

Der Building Circularity Report (Gebduderessourcenpass) bietet eine umfassende Dokumentation
der Nachhaltigkeit und Kreislauffahigkeit von Gebaudebestandteilen — sowohl auf Material - als
auch auf Bauteilebene. Er bewertet wirtschaftlich und 6kologisch die Potenziale fiir einen
kreislaufgerechten Umbau oder Riickbau und bildet eine entscheidende Datengrundlage fur
zukiinftige Wiederverwendungs- und Recyclingstrategien.

Haftungsausschluss

Dieser Building Circularity Report wurde ohne Mitwirkung von der Concular GmbH erstellt. Er
basiert ausschlieBlich auf den von Benutzenden bereitgesteliten und importierten Daten. Die
importierten Daten umfassen Informationen zu den enthaltenen Bauteilen, Materialien, Mengen
und Dimensionen. Samtliche Angaben im Building Circularity Report, einschlieBlich der
Auswertungen und Exporte, beruhen zu 100 % auf diesen Daten. Die Qualitat des
Gebauderessourcenpasses hangt von folgenden Punkten ab: Genauigkeit und Vollstandigkeit der
importierten Daten, Vollstandigkeit und Sinnhaftigkeit der Produktverknlipfung und die
Genauigkeit und Sinnhaftigkeit der verknipften Produkte. Benutzende sind allein verantwortlich
die genannten Punkte sicherzustellen. Daher tbernimmt Concular keinerlei Haftung fiir ungenaue,
unvollstéandige oder fehlerhafte Eingaben der Nutzenden.

10.9.2025
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Concular Building Circularity Report | SUM4Re_Pilot_NL

Gebaudeangaben

Baujahr

Nicht verfligbar

Flachen

Bruttogeschossfliche Nettoraumflache
2.029,00 m%gcF 1.826,00 m?nge

10.9.2025 -
/
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Concular Building Circularity Report | SUM4Re_Pilot_NL

Quelldateien & Methodik

Dieser Building Circularity Report enthalt ausschlieBlich Bauteile (folgend Objekte genannt), die in
den hier aufgelisteten Dateien enthalten sind. Ausschlaggebend fiir die Qualitét des Passes sind
die Produktverknipfungen und die Dimensionen der Objekte. Die Kombination aus beidem
ermoglicht das Anreichemn von Massen, Kategorisierungen, Umwelteinfllissen, Materialwerten,
Zirkularitadtsbewertungen und Aufzeigen von Materialstromen.

1Dateien

Konforme Tabelle CircularLCA DE (1) xIsx

Konform verkniipfte Objekte Objekte mit Dimensionen
2412 [ 2412 2409 [ 2412
100,00 % 99,88 %

Konform verkniipfte Objekte mit passender Dimension

2229 [ 2412
92,41%

Berechnungsmethodik

Nicht verfligbar

Nicht verfugbar

Zugrundeliegende Methodik

DIN EN 15804 / DIN EN 15978

Nicht verfligbar

Nicht verfugbar

— : -z

10.9.2025 Seitm
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Massenauswertung
Gesamtmasse Masse pro Quadratmeter (NRF)

18653,08t 10,22 t/m2ygrr

Massenauswertung nach DGNB Materialkategorien

14k
12k
=
S 10k
c
c
2 sk
£
Q
@ 6k
©
=
4k
2k
130,99t 55,06 t 203,85t 2,92t
& G A, A
/((/07/}7 . /5’5‘ %% > ‘//76‘;& 8,79
Ose A 0 o%
7S, /?Mr
C\/7(//7 e S,
ey, ’offe

DGNB Materialkategorien

T
10.9.2025 )

Building Circularity Report | SUM4Re_Pilot_NL
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Concular Building Circularity Report | SUM4Re_Pilot_NL

Massenauswertung

Massenauswertung nach DIN 276 Kostengruppen

480 Gebaude- und Anlagenautomation

470 Nutzungsspezifische und verfahrenstechnische Anlagen 2,81t
410 Abwasser-, Wasser-, Gasanlagen 3961t
380 Baukonstruktive Einbauten 12,61t

360 Décher | 21312t

DIN 276 Level 2

350 Decken/Horizontale Baukonstruktionen l262,10 t

340 Innenwande/Vertikale Baukonstruktionen, innen 4.31513 t

330 AuBenwande/Vertikale Baukonstruktionen, auBen

320 Griindung, Unterbau

ot Skt 10k t

Masse in Tonnen (t)

[— .
10.9.2025 :
/ .
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Zirkularitatsbewertung (CPX)

n

Pre-Use

\
14

Post-Use

\
16

85

[—
10.9.2025
/

Building Circularity Report | SUM4Re_Pilot_NL

Der Circularity Performance Index (CPX) von Concular bewertet zwei zentrale

Lebenszyklusphasen eines Bauteils: die Materialherkunft (Pre-Use) und die

Verwertung (Post-Use). Dadurch wird sowohl die Zirkularitdt wahrend der Nutzung

eines Bauteils als auch dessen Riickflihrung in den Ressourcenkreislauf umfassend

bericksichtigt. Mehr Informationen zum CPX unter concular.de/cpx

Materialherkunft

Die Materialherkunft eines Bauteils wird grundsatzlich auf materieller Ebene bewertet, auBer

im Falle der gleichwertigen Wiederverwendung.

Demontierbarkeit

Der Faktor Demontage evaluiert
in qualitativer Weise die
Perspektive, das entsprechende
Bauteil im Gebaude
zurtickzubauen. Einbauweise
und bendtigtes Werkzeug fiir
den Rickbau sind hierbei
ausschlaggebende Aspekte fir
die Bewertung.

Trennbarkeit

Trennbarkeit beschreibt die
Méglichkeit, Materialien eines
Bauteils zur Weiterverwertung in
Stoffstrome zu separieren.
Entscheidend sind dabei
Reinheit sowie der 6konomische
und praktische Aufwand zur
Gewinnung neuer Rohstoffe.

\

34

18

Reziklierbarkeit

Der Faktor Recycling wird
anhand aktueller
Recyclingquoten und
verfligbarer Datenlage
dynamisch bewertet. Mit
zunehmender Detailtiefe wird
die Recyclingart (z. B. thermische
Verwertung, Downcycling)
berlicksichtigt. Bei
Materialmischungen erfolgt die
Berechnung pro Material.

Wiederverwendungs-
potential

Der Faktor Wiederverwendung
bewertet den Aufwand fir die
Wiederinstandsetzung eines
Bauteils, einschlieBlich aller
MaBnahmen, um es fliirden
Einsatz in einem anderen
Bauprojekt nutzbar zu machen.

Funded by
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Concular Building Circularity Report | SUM4Re_Pilot_NL

Massen-Zirkularitatsbewertung (CPX)

Pre-Use

Materialherkunft

Masse int Anteilin %

M Primarrohstoff 18.653,08 100,00
Wiederverwendet 0,00 0,00
Rezyklat verwendet (>50%) 0,00 0,00
Rezyklat verwendet (<50%) 0,00 0,00

Post-Use
Demontierbarkeit
Masse int Anteil in %

B Betoniert 14.331,16 76,83
B Geklebt 58,05 0,31
B Gemértelt 668,20 3,58
B Geschraubt 3.390,06 1817
GeschweiBt 5118 0,27
Klemmverschluss 0,00 0,00
Lose Auflage 23,44 013
. B Warmnietung 130,99 0,70

——
Druckverschluss 0,00 0,00
Reissverschluss 0,00 0,00
Drehverschluss 0,00 0,00
Magnet 0,00 0,00
Klettverschluss 0,00 0,00
Spannverschluss 0,00 0,00
Schnappverschluss 0,00 0,00
Genagelt 0,00 0,00
Gelotet 0,00 0,00
Kaltnietung 0,00 0,00
T 2 "

-

10.9.2025 2 ‘-
/ .
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Massen-Zirkularitatsbewertung (CPX)

Post-Use

Reziklierbarkeit

Trennbarkeit

O

Wiederverwendungspotential

r.\

10.9.2025 >-

B 0-25% Anteil an Abfall der recycled
wird

B 25-50% Anteil an Abfall der recycled
wird

B 50-75% Anteil an Abfall der recycled
wird

B 75-100% Anteil an Abfall der recycled
wird

kompostierbar

75-100% Anteil an Abfall der recycled
wird

B Chemische Trennung madglich

B Kein Werkzeug notwendig oder keine
maschinelle Trennung

B Maschinelle Trennung mit festverbauten
Maschinen (im Werk)

B Maschinelle Trennung mit tragbaren
Geraten (Handwerkzeug)

M Verlustfreie Trennung unmdglich

B Direkt einsetz- bzw. wiederverwendbar

m Einfache Aufbereitung notwendig (z.B.
Anstrich)

B Professionelle technische Aufbereitung
notwendig (z.B. durch Herstellerfirma)

m Wiederverwendung 6konomisch nicht
tragbar

W Zeitintensive Aufbereitung notwendig
(z.B. Ersatzteile)

Masse int

394,30

14.598,90

452,59

3.207,29

0,00

0,00

Masse int

348

15.115,48

578,58

387,53

2.537,30

Masse int

865,30

416,23

276573

14.425,83

179,99

Anteil in %

2M

78,27

2,43

1719

0,00

0,00

Anteil in %

0,18

81,03

Anteil in %

4,64

2,23

14,83

77,34

0,96

Funded by
the European Union



4 SUM4Re

Associ ated

wi t h

docu

Concular

Umwelteinfluss

Building Circularity Report | SUM4Re_Pilot_NL

Graue Emissionen (GWP) iiber den gesamten Lebenszyklus

100

101,40
kg CO2e/m2*a
80
©
»
w 60
z
N
=
[5) 40
o~
(@]
O
2 2
a.
=
0] 0
-20

A1-A3

31,31
kg CO2e/m2*a Y
kg CO2e/m2*a

B1-B4 C3

Module

Weitere Umweltindikatoren

ADPE
0,00 kg Sbe/m?\ge * a

FW
0,45 m’/mZNRF *a

ODP
0,00 kg CFC-Tle/m?yge * a

PERT
296,18 kKWh/m?yge * a

10.9.2025 >

AP
0,43 kg SO,e/m?\re * @

GWP
128,02 kg COe/m?\ge * @

PE
663,97 kWh/mzNRF *3

POCP
0,36 kg C,Ha.e/m2\gr * a

0,52
kg CO2e/m2*a

-29,20
kg CO2e/m2*a

C4 D

EP
0,00 kg PO4e/m2NRF *a

GWP fossil
125,98 kg CO,e/m%\ge * @

PENRT
367,79 KWh/m2yge * a

- Funded by
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Concular Building Circularity Report | SUM4Re_Pilot_NL
Materialwert
Total Pro Quadratmeter (NRF)
2.745.904,30 € 1.503,78 €/m2\gre
1.8M 1.841.812,05 €
1.6M
1.4M

1.2M

Wert in Euro (€)
z

0.8M
0.6M
538.462,24 €
0.4M
327.278,23 €
0.2M
35.082,01€ 3.269,77 €
0
Glas Holz und Holzwerkstoffe = Kunststoffe Metalle Mineralische Baustoffi

DGNB Materialkategorien
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APPENDIBUIiB cCiimgul arity Report Nordic Pil ot

Concular 1.9.2025

Building Circularity Report

| g

SUM4Re_Pilot_NOR

Adresse Erstellt von Erstelltam
Longyearbyen 9170  Concular 1.9.2025
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Concular Building Circularity Report | SUM4Re_Pilot_NOR

Gebaude als Materiallager der Zukunft

Fur den langfristigen Werterhalt und die Steigerung des Immobilienwerts ist eine transparente
Dokumentation von Ressourcen unverzichtbar. Sie erleichtert die Umsetzung von
Effizienzstrategien wie Urban Mining und sichert die Zukunftsfahigkeit des Gebaudes.

Der Building Circularity Report (Gebauderessourcenpass) bietet eine umfassende Dokumentation
der Nachhaltigkeit und Kreislauffahigkeit von Gebaudebestandteilen — sowohl auf Material - als
auch auf Bauteilebene. Er bewertet wirtschaftlich und 6kologisch die Potenziale fir einen
kreislaufgerechten Umbau oder Riickbau und bildet eine entscheidende Datengrundlage fur
zukiinftige Wiederverwendungs- und Recyclingstrategien.

Haftungsausschluss

Dieser Building Circularity Report wurde ohne Mitwirkung von der Concular GmbH erstellt. Er
basiert ausschlieBlich auf den von Benutzenden bereitgestellten und importierten Daten. Die
importierten Daten umfassen Informationen zu den enthaltenen Bauteilen, Materialien, Mengen
und Dimensionen. Samtliche Angaben im Building Circularity Report, einschlieBlich der
Auswertungen und Exporte, beruhen zu 100 % auf diesen Daten. Die Qualitat des
Gebauderessourcenpasses hangt von folgenden Punkten ab: Genauigkeit und Vollstandigkeit der
importierten Daten, Vollstéandigkeit und Sinnhaftigkeit der Produktverkniipfung und die
Genauigkeit und Sinnhaftigkeit der verkniipften Produkte. Benutzende sind allein verantwortlich
die genannten Punkte sicherzustellen. Daher tbernimmt Concular keinerlei Haftung flir ungenaue,
unvollstandige oder fehlerhafte Eingaben der Nutzenden.

11.9.2025
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Concular Building Circularity Report | SUM4Re_Pilot_NOR

Gebaudeangaben

Baujahr

Nicht verfligbar

Flachen

Bruttogeschossflache Nettoraumflache
398,00 mZBGF 362,00 mZNRF

. N
™
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Concular Building Circularity Report | SUM4Re_Pilot_NOR

Quelldateien & Methodik

Dieser Building Circularity Report enthalt ausschlieBlich Bauteile (folgend Objekte genannt), die in
den hier aufgelisteten Dateien enthalten sind. Ausschlaggebend fiir die Qualitat des Passes sind
die Produktverknlipfungen und die Dimensionen der Objekte. Die Kombination aus beidem
ermoglicht das Anreichermn von Massen, Kategorisierungen, Umwelteinflissen, Materialwerten,
Zirkularitaétsbewertungen und Aufzeigen von Materialstromen.

1Dateien

NOR_Sum4Re_Konforme Tabelle CircularLCA DE 2.0.csv

Konform verkniipfte Objekte Objekte mit Dimensionen
1387 /1387 1387 /1387
100,00 % 100,00 %

Konform verkniipfte Objekte mit passender Dimension

1307 /1387
94,23 %
Berechnungsmethodik

Regelwerk nach DGNB

ENV 11 - Klimaschutz und Energie - Version 2023

Zugrundeliegende Methodik

DIN EN 15804 / DIN EN 15978

Datenbasis

OBD_2024-I1 (+ optional spezifische EPDs)

192025 Seiteﬂ
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Concular Building Circularity Report | SUM4Re_Pilot_NOR

Massenauswertung

Gesamtmasse Masse pro Quadratmeter (NRF)

780,27t 216 t/m?\ge

Massenauswertung nach DGNB Materialkategorien

764,31t

700

600

500

400

300

Masse in Tonnen (t)

200

100

13,72t 0,21t 013t

e%% & O, %o, ki, Yey,,

DGNB Materialkategorien

% . —
N N\
.

T—
92025
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Massenauswertung

Massenauswertung nach DIN 276 Kostengruppen

470 Nutzungsspezifische und verfahrenstechnische Anlagen 0,05t
440 Elektrische Anlagen 010t

430 Raumlufttechnische Anlagen

410 Abwasser-, Wasser-, Gasanlagen 0,24t

360 Dacher 0,91t

DIN 276 Level 2

350 Decken/Horizontale Baukonstruktionen 134,40t

340 Innenwande/Vertikale Baukonstruktionen, innen 123,24 t

330 AuBenwande/Vertikale Baukonstruktionen, auBen 521,32t

320 Griindung, Unterbau

ot 200t 400t

Masse in Tonnen (t)
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Zirkularitatsbewertung (CPX)

Der Circularity Performance Index (CPX) von Concular bewertet zwei zentrale
Lebenszyklusphasen eines Bauteils: die Materialherkunft (Pre-Use) und die

33 Verwertung (Post-Use). Dadurch wird sowohl die Zirkularitat wahrend der Nutzung
eines Bauteils als auch dessen Rickfihrung in den Ressourcenkreislauf umfassend
bericksichtigt. Mehr Informationen zum CPX unter concular.de/cpx

Pre-Use
Materialherkunft
0 Die Materialherkunft eines Bauteils wird grundsatzlich auf materieller Ebene bewertet, auBer
im Falle der gleichwertigen Wiederverwendung.
Post-Use
Demontierbarkeit Reziklierbarkeit

73 Der Faktor Demontage evaluiert 0 Der Faktor Recycling wird
in qualitativer Weise die anhand aktueller
Perspektive, das entsprechende Recyclingquoten und
Bauteil im Gebaude verfligbarer Datenlage
zurlickzubauen. Einbauweise dynamisch bewertet. Mit
und bendtigtes Werkzeug fir zunehmender Detailtiefe wird
den Riickbau sind hierbei die Recyclingart (z. B. thermische
ausschlaggebende Aspekte fir Verwertung, Downcycling)
die Bewertung. berlcksichtigt. Bei

Materialmischungen erfolgt die
Berechnung pro Material.
Trennbarkeit Wiederverwendungs-
97 Trennbarkeit beschreibt die 83 pOten“al

—
92025

Méglichkeit, Materialien eines
Bauteils zur Weiterverwertung in
Stoffstrome zu separieren.
Entscheidend sind dabei
Reinheit sowie der 8konomische
und praktische Aufwand zur
Gewinnung neuer Rohstoffe.

Der Faktor Wiederverwendung
bewertet den Aufwand fir die
Wiederinstandsetzung eines
Bauteils, einschlieBlich aller
MaBnahmen, um es flirden
Einsatz in einem anderen
Bauprojekt nutzbar zu machen.
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Massen-Zirkularitatsbewertung (CPX)

Pre-Use

Materialherkunft

Masse int Anteilin %
M Primarrohstoff 780,22 99,99
B Wiederverwendet 0,04 0,01
Rezyklat verwendet (>50%) 0,00 0,00
Rezyklat verwendet (<50%) 0,00 0,00
Post-Use
Demontierbarkeit
Masse int Anteilin %
m Betoniert 0,09 0,01
B Geklebt 130,78 16,76
B Gemortelt 0,27 0,04
B Genagelt 0,23 0,03
B Geschraubt 648,89 83,16
= Lose Auflage 0,02 0,00
’ Druckverschluss 0,00 0,00
Reissverschluss 0,00 0,00
Drehverschluss 0,00 0,00
Magnet 0,00 0,00
Klettverschluss 0,00 0,00
Spannverschluss 0,00 0,00
Schnappverschluss 0,00 0,00
Klemmyverschluss 0,00 0,00
Geldtet 0,00 0,00
GeschweiBt 0,00 0,00
Kaltnietung 0,00 0,00
Warmnietung 0,00 0,00
b '.\ 3 ‘4\‘\
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Massen-Zirkularitatsbewertung (CPX)

Post-Use
Reziklierbarkeit
Masse int Anteil in %
m 0-25% i
.0 25% Anteil an Abfall der recycled 778.74 99.80
wird
| | 'S °o i
.25 50% Anteil an Abfall der recycled 139 018
wird
| -1009 i
.75 100% Anteil an Abfall der recycled 014 0,02
wird
o Invalid 0,00 0,00
kompostierbar 0,00 0,00
.75-100/oAnte|I an Abfall der recycled 0,00 0,00
wird
- 0, H
.50 75% Anteil an Abfall der recycled 0,00 0,00
wird
Trennbarkeit

Masse int Anteilin %

\' B Chemische Trennung méglich 15,24 195

B Kein Werkzeug notwendig oder keine

704,53 90,29
maschinelle Trennung
B Maschinelle Trennung mit festverbauten
0,00 0,00
Maschinen (im Werk) . 2
- . .
N.I‘aschlnelle Trennung mit tragbaren 60,06 7.70
Geraten (Handwerkzeug)
B Verlustfreie Trennung unmdéglich 0,43 0,06
Wiederverwendungspotential
Masse int Anteil in %
B Direkt einsetz- bzw. wiederverwendbar 57.23 7.33
| Ei i ig (z.B.
Emfache Aufbereitung notwendig (z.B 25738 32,99
Anstrich)
W Professionelle technische Aufbereitung 068 009
notwendig (z.B. durch Herstellerfirma) d !
Wi ok isch nich
iederverwendung 6konomisch nicht 13,47 173
tragbar
B Zeiti : 8 :
Zeltlnten5|-ve Aufbereitung notwendig 45151 57,87
(z.B. Ersatzteile)
TS - ey e
arA Annr L ~_
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Umwelteinfluss

Graue Emissionen (GWP) iiber den gesamten Lebenszyklus

72,59
60 kg CO2e/m2*a

©
* 40

w

o
N2
£ 20 23,35

by kg CO2e/m2*a 426
o kg CO2e/m2*a
O 0
2 -17,03
Z kg CO2e/m2*a
= -20

o

=40 -54,30
kg CO2e/m2*a
-60
A1-A3 B1-B4 c3 ca D
Module

Weitere Umweltindikatoren

ADPE AP EP

0,00 kg Sbe/mZyge * a 0,12 kg SO,e/m?\pe * @ 0,00 kg PO,e/m2\ge * @
FW GWP GWP fossil

0,20 m*/m?yge * a 43,92 kg COe/m?\gr * a 44,69 kg COe/m?\gr * a
ODP PE PENRT

0,00 kg CFC-Tle/m2ygs * a 331,01 KWh/m2yge * a 153,69 KWh/m2yge * a
PERT POCP

177,32 KWh/m2yge * a 0,18 kg CoHae/m2ygs * @

. -\\
11.9.2025 >— N\
b
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Materialwert
Total Pro Quadratmeter (NRF)
580.163,03 € 1.602,66 €/m2NRF
500k 520.649,61€

400k
@
o
5 300k
[
£
5
= 200k
100k
55.932,49 €
3.202,75€ 37818 €
0
Glas Holz und Holzwerkstoffe Kunststoffe Metalle

DGNB Materialkategorien
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