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Architecturaal Ingenieur & Onderzoeker in Circulaire Gebouw Technieken

Afgestudeerd aan de Université libre de Bruxelles (ULB) in 2010

Meer dan 10 jaar ervaring in gebouwtechnieken en duurzaam bouwen in
Belgie en Nieuw-Zeeland

PhD van UCLouvain (2025) over de toepassing van circulaire economie
principes op gebouw technieken

Verbindt praktische expertise met innovatief onderzoek voor duurzamer
ontwerp en hergebruik



DOELSTELLINGEN VAN DE PRESENTATIE

* Aantonen dat de duurzaamheid van hergebruik sterk context afhankelijk
is

* Een nieuw kader en instrument presenteren die vroege, projectgerichte
beslissingen over hergebruik van gebouwtechnieken mogelijk maken

« Aantonen hoe het kader en instrument datagestuurde inzichten bieden ter
ondersteuning van circulair en duurzaam ontwerp
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Motivatie: Waarom circulariteit belangrijk is in de bouw

50% van het Z 30% van alle

hulpbronnenverbruik afvalstromen
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Hergebruik: Een sleutel tot de circulaire economie

ﬁ: & = A= @'&'ﬁ = a's
t @ Recycling J

Elke terugwinningsoperatie waarbij afvalmaterialen worden herverwerkt tot
producten, materialen of stoffen, hetzij voor het oorspronkelijke doel, hetzij
voor andere doelen

Sébastien Loreau
Slide 3/37



De uitdaging: Hergebruik van technische installaties is
onvoldoende onderzocht

|
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Wat zijn technische installaties?

Voorbeeld:
Warmtepompen

14X 98% komen

verschillende van buiten de
grondstoffen EU
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Belang van het aanpakken van projectspecifieke

omstandigheden

Onderdelenvervanging

Krasbehandeling

Milievoordeel

Sociaal ? ?
voordeel

Financieel ? ?
voordeel
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Hoofddoel van het onderzoek

Ontwikkeling en validatie van een praktisch kader en hulpmiddel
voor het duurzaam hergebruik van gebouwinstallatieproducten
onder project specifieke omstandigheden, ter ondersteuning van de
circulaire economie
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Een aanpak met gemengde methoden

Ontwikkeling van een Ontwikkeling van een

kader 00| Case studies
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Ontwikkeling van een kader

Ontwikkeling van een

kader

Sébastien Loreau
Slide 9/37



Kernstructuur van

het kader

Step 2b~ Identifying defects using.
the simplified procedure
* Type= scrol
4| CormosionType 1 71 Favourable, VF2 = Favaurable,
Leakage Type 1 UL= 15 years nuse
G o
Indicate the presence Select atype of companent,  score for each varatin factor
ofdefects, by component Specify a number of years in use, by category of component
« e - a0yers « «
. figure shows e S
e, ondition score - :
" butsteps 3and 4 Ao A
use the standard
Automted e Automated Automted Automated
prortization calulaton ofthe association of priortization
of defects condition score hypoth, defect of defects
7

Automated
proposal for

Indicate Automated Indicate
feasibilty, proposal for
remedial works by defect remedial works

K0 ) £ 12

Step 4 — Calculating environmental, social and financial performance

feasibility,
by defect

P U B (2 P A+

AN

Automated Indicate
proposal for
remedial works

feasibilty,
by defect

Automated calculation of lfe cycle stage

B e, o s miccca

4 e >
| Autamated clclation o reuse pathway | | Automated dentifcatio,charactei-
i tionand aalysis of uncertainy

Toestandbeoordeling

Levenscyclusanalyse

Beoordeling van herstelwerkzaamheden
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Details van het kader — Identificeren van gebreken

Step 1 - Collecting general information

Step 2a~ Identifying defects using Step 2b~ Identifying defects using

the standard procedure the simplified procedure
* Type= scrol
Corrosion Type 1 VL= Favourable, VF2 = Favourable, .
be | Leakame Typer UL= 15yearsinuse
n i
Indicate the presence Selectatype of companent,  score foreach variation factor,
ofdefects, by component Speciy 3 number of years in use, by category of component
v v
i- [ ot tharene *
ﬂw i figure shows
o | both procedures, e
n o | butsteps3and Al
© | use thestandara ‘
Adtomated e Astomated © Automated Astomated
priortzation | calulationofthe | | assodation of priortization
ofdefects condiion score | hypoth.defect | | of defects

@ 0 1
-
Y ™ ™ C} e | ™

Automated wdicate Automated Indicate Auomated Indicate
aropessl for feasbility, proposd for femibiity, proposal for Teastilty,
remedisl works by defect remedisl werks by defect remedial warks by defect

s
T
.
{ Automated calculation of e cyde stage nermated calculation of reuse pathuay | | Ausomated Identification, chareserl

.

Step 2a — Identifying defects using

the standard procedure

' —
i- Corrosion Type 1
Leakage Type 1
#1

Indicate the presence
of defects, by component

Step 2b — Identifying defects using
the simplified procedure

Type = Scroll
VF1= Favourable, VF2 = Favourable, ...

UL=15yearsin use
All

Select a type of component, a score for each variation factor,
specify a number of years in use, by category of component

_________ Vo

v

| : ESL= 20 - =
H Note that the = chyears
v : figure shows UL/ESL =75%
' both procedures, Condition score = 3
#1 : but steps 3 and 4 Ne All > All
H use the standard
Automated : one Automated Automated Automated
prioritization calculation of the association of prioritization
of defects H condition score hypoth. defect of defects
[ ] — [ ]
— ey 3 = —
- L] By N=N
[ N4 ]
= CIBSE =
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Details van het kader — Bepalen van herstelwerkzaamheden

Step 1 - Callecting general information

—i
-

‘ Corrosion Trpe 1
P Leakape Type 1

u

ndicate the pasence
of delects, by component

Step 3 — Determining remedial works

e /= i
:@ Impossible : ﬁ' Impossible : S nfe!WE Z Possible

: #1 —> * #1 —> * —>
E Automated Indicate Automated Indicate : Automated Indicate
{ proposal for feasibility, proposal for feasibility, proposal for feasibility,
. remedial works by defect . remedial works by defect . remedial works by defect
Lececaa Lececaa Lececaa

F EQUANS

sstomated cakculation of ide cyce stage | | Automated cakculation.

N Jro—
| oo d sy o ey

Loreau, S., Stephan, A., & Cooper, D. (under review). A model for automating the determination Sébastien Loreau
of remedial works when reusing building services products. Journal of Building Engineering. Slide 12/37



etails van het kader — Berekenen van prestaties

Step 1 - Collecting general information

Step 2a~ Identifying defects using

Step 2b - Ident
‘the standard procedure

the simpliied procedure

. L Typw = Scrol
* | comcsion Troe 1 VFL= Favoursble, VF2 = Favoursble, .
P Leakape Type 1
u an

UL=15yearsinuse

Indicate the pmsence

Slct iy compemen, e for o i,
ol el b e iy b e s g ol oo
¥ 2
Mote that the L,y L
ey I
[Triphoret La
butsteps Jand 4 Ll AN
o e o
Jo— acned J— J—
ot ainier fosioniy Vi Rt
e preesifyie el i

0 ©
= Step 4 — Calculating environmental, social and financial performance

siniort Teasiiin, reposdior iy, Joraitirss feabtie,
remedial works. by defect remedisl works. by defect remedial works. by defect
c
= E. % RKD x MGE x C28° PIN, = €157 4 RL x (€287 + €38 4 487 4 C589 N .
Iculating en and financial performance oL ZUCK” RKD X MGE) + 1% x (2§ N - (E2"+ G374 O 052 <-54% interval
13 P =1 0,
— (€1 + c2V + €3 + call + c5iY) -69%
+ICTP" x (D5 + D% x FL) x M® >-88% of results
105, X (1= FS) x M¥ +ICL, x FLX M® =9 PEX, = C1%° 4 RL x (C28 + C3%° 4 C4%% 4 (529) )

— (C15% + C2E% + €357 + C4EX 4 C5EY)

Iife cycle stage

i Automated identification, characteri-
H d analysis of uncertainty

Automated calculation of life cycle stage
contribution by pathway and metric

Automated calculation of reuse pathway
performance by metric

Automated identification, characteri-
zation and analysis of uncertainty

Sébastien Loreau
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Details van het kader — Berekenen van prestaties

]
! Metric Unit
1 R :
! |
| — — _ — . Global warming potential kg CO; eq.
Reuse | ¢F0 - E4 T o 2D & =P P
in place | | Primary energy use MJ, net calorific value
1
1
! I Freshwater use m?
1 — :
Reuse ! o _ _ E B . | Contribution to economic CE med risk hours
g ' Bl — MM 4 L2 - Bl #®s = development
in situ |
. Goods produced by forced GFL med risk hours
! labour
_ e . _ | Migration flows MF med risk hours
Reuse sl - Ul ) & © My v &p -
ex situ \L J/ | Private costs Currency unit

tetem E Pi C Sébastien Loreau
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Details van het kader — Berekenen van prestaties

Reuse
ex situ

New
purchase

SZBR

ISO

p\ro g

[ e

C. (R)
End of life

15t LIFE CYCLE —>i«

T )
[}
'

International
Organization for
Standardization

~)

=4

2" LIFE CYCLE

oEl - B wl@) 1% &b de mpw |
(R.) (R.) [¢ E. c (w.) |
Key
Product stage Construction Use stage
! C. : Construction sector
‘ | E. : Energy supply sector
— — : P. : Manufacturing sector
L W W =
U 2 ! R. : Reconditioning sector
®.) ! C E. c W.) I W. : Waste management sector
Product stage Construction ~ Use stage End of life () : Work is sub-contracted

Life Cycle Initiative

interreg M

North-West Europe

FCRBE

[P ——

Yy
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Ontwikkeling van een tool

Ontwikkeling van een

tool
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Beschrijving van de tool

3

e
ﬁ

Databases Data processing
worksheets

User interaction worksheets

Project data Defect worksheets

worksheet (standard)

= D = I

Defect worksheets ; Remedial works

(simplified) worksheet

= D r—

3X 1X
Results summary Calculation
worksheet worksheets

i

1x | 3x

Vereisten

Eenvoudige, begeleide
invoer

Verbonden met
gestandaardiseerde
databases

Automatische berekening
van prestaties

Duidelijke visuele
vergelijkingen

Easy-to-use layout
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Beschrijving van de tool

ﬁ

]

Databases

Data processing
worksheets

= 0

User interaction worksheets

Project data
worksheet

1x

Defect worksheets
(simplified)

3x

Results summary
worksheet
N

1x

Defect worksheets
(standard)

2x

Remedial works
worksheet

W

1x

Calculation
worksheets

AN

3x

A e @O B DT

File Home Insert  Page Leyeul Fosmulas  Data  Review  View  Automate

Q35 v i fe

A 8 c o 3 3
1
2 Categary of aroduct Defect
3 = | Descrip = Type =|Code |- |severity
4 Chiller Operation {primary) 1 Severe
5 Chiller Excessiveibration  Opesation {primary} 1 Severe
3 Chiller Excessivewibrafion  Operation {primary) 1 Sevare
7 Chilles Excessive vibration  Besation {primary) 1 Severe
8 Chiller pesation {primary) 1 Sevare
9 Chilles 1 Severe
10 Chiller 1 Severe
1 hiler 1 Severe
12 Chiller pesation {primary) 1 severe
13 Chiller Prohibited madaim (P Basic qualitg 4 Severe
12 Chiller Energy efficiency is low Basic quality 4 Severe
15 Chiller Connection damaged  Matari 2 Sevorn
16 Chiller Cannection damaged  Mater 4 Severe
i Chiller Connection damaged 3 sevare
18 hiler Cannection damagod 1 Severe
19 Chiller Brittle parts 3 Severe
20 Chiler Carrasion 3 Severe
2 Chiller Corragion 3 sevare
2 ohiler Cormasion 3 sevare
73 Chiller Corrosion 3 Severe
24 Chiller Cormasien Matariad intrinsic 3 Sevare
25 Chiler Cormosion i 3 sevare
26 Chiller Corrasion Matarial intrinsic 3 sevare
27 Chller Cormasion Watarisl it 3 Severe
28 Chiller Corragion Matarial intri 3 sevare
29 Chiller Cormosn Matariad intrinsic 3 Severe
30 Chiller Corragion Matariad intringic 3 Sevare
k) | Chiller COMmoskn Matariad intrinsic 3 Severe
32 Chiller Corrosion Material intrinsic 3 Severe
3| Chiler Cormosion Material intrinsic 3 severe

©oo s (WA (WRAWR) (hERwa) (wawil (mewn | DBt

Taokrechxem g s Saved v

v 1% Accessiblity: Investigate.

£ search

Deeloper  Help

- | Categary f componer + |Extert
Compressar

- |intensity

General
Pump General
Fan Ganeral
Compressor General
Pump Ganeral
Fan Ganeral
Comprassar Ganeral
Pump Ganeral
Fan Ganeral
Chillar Ganeral
Chillor Ganeral
Comprassar Lacal -
i Local

Lacal

Lacal

Ganaral

Local

cantrol unit

Battary Regulas
Battery Reaular  Final
Battery =
Battery Ganoral  Initial
Rattery Genaral
Battary Ganaral  Final
Matal striscture Local Final
Matal structure Regular
Matal striscture Regulsr  Final
Matal structure Corsiarasle

Matal striscture. General  Initlal
Matal structure General  Advanced
Matal structure General  Final

D2 DE3 +

Fuzzy Lookup  Inguire  Acrobat

Condition scare Risk aspect Remedial warks

= " = - |cade [+
Perception/acsthetics  Remedy imbalance 4
Ferceptionfacsthetics  Remedy imbalance s
Parception/assthetics  Remady imbalance [
5 Percegtion/aesthetics  Remedy imbalance [
Porception/assthetics  Remady imbalance 8
5 Percoption/assthetics  Remedyimbalance  Adjusting 4

& Perception/assthetics
6 Perception/aesthetics
& Parception/ansthetics

Replace entircly
Replace entirely
Replace entircly

6 Usa and business process Reglace compressars, « Replacemant of part
6 Use and business process Add frequency drive  Addition of parts

Reglacs connectors
Reglace connectors
Replacs connectons
Reglacs connectors

afotyfhealth
Fetyfhealth
* safaryfnealth
Fatyfhealth
* safaryfnealth
3 Tachaical consequential d Traat comosion
3 Techaical consequential d Treat comosion
4

Replace entircly

Tachaical consaquential d Traat comasion

Techaical consequential d Treat comrasion
4 Tochaical consoquential d Traat cormosion
5 Techaical consequential d Traat corrosion
& Tochaical consaquentlal d Reglace entircly
3 Tachaical consequential d Traat comosion
3 Tachalcal consaguential d Traat corrosion
4 Techaical consequential d Traat comrosion
* Tachalcal consaquential d Traat corrosion
4 Tachalcal consequential dTrest corrasion
5 Tachalcal conseguential dTreat corrosion
6 Tachaical consequential dReplace entirely

© Commants

Comglete replacome
Comalets replaceme
Comgleta replacome

Roplacomant of part
foplacemant of part
Haplacomant of part
Roplacomant of part
Comaleta replacame
Follow-
Follow-up
Follow-#)
Follow-up
Follow- )
Follow-p
comalera replaceme
Follow-
Follow-p
Follow-
Follow-p
Follow-s)
Follow-up
Comgleta replaceme
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Beschrijving van de tool

)

Rl

]
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Data processing
worksheets

Databases

Project data
worksheet

Defect worksheets
(standard)

Defect worksheets Remedial works

worksheet

(simplified)

Calculation
worksheets

Results summary
worksheet

W oo @) B D P T Tooksm & v

Fle Home Insert Pagelayeul Fommulas Dala Rewew View Automate  Developer

Search

Help  Fuzzy Lookup

Rerobat

o x

o -
5 Commenrs | (EEEEE

a

Pa3 ~ i fe

:
&

A 8 < [} 3 F

1

2 Maretle Dissction Value

3 Praduct category Catagory of praduct Chilles

4 | Prosuctsubcatesory Subcategoryof oroduct 1000 kW Productiinfor mation

5 Installation country  Country of instaliation Balgium

6 \Puciogme  Nomo ofpraduct i

& ((Pracesue Frecedure o GRTrmIning ramedial works Smalted

g (Umenemu Uncartairtyin lifa cycle parameter lﬂL) Assessment preferences
10

n Masa of the existingproduct, in ke AR

12 Mass of efrigarant of the existing product, in kg and 401 Existing product details
13 Nature of refrigerartof the existing roduct Rz

14

15 Mass of the recenditioned preduct, in kg, 7518

16 Mass of refrigarantof the raconditioned product, in kg 64

i7 | Retrgaranch Nature of refrigeram af the recondiicned produst Ria Reconditioned product details
18] = Ratio of the recanditianed product's faspanto that of a new praduct; and 0.75

19 RP= Ratio of the reconditonad product's input power 10 thatof a new product. 1.05

20

2| M Mass of the new product, in kg 7157

2 Me~ Mass of refrigarant of the new oroduct, in ke /L

21| Rafrgaranthl Nature of refrigerant af the new prochuct A1t

24| b= It pewer of the rew priduct, in KW of the chisen energyvestar; 254

25 Manulact.country  Counteyof manufactura Ghina

2%

27

28

23

30

£

o (6N (60 () (G () oo (D R D D

B T3 Acesuibilly: Investigate

Wiiels Seting:

B W B
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Beschrijving van de tool
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File
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2 search
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A B C 4] E F G H ]
VHIMUrI.UHIWﬂEI‘“ Detect Hor sebected defect Freasitiity L 1 Feasibility 2 1
Fampressor 41 3G 1 Treat carrosian Impossible |- Aeplace entirely Easy
#1 1- Leak {redrige) ol I
flubing system &1 5-Scratches-T1 Treat sciatch Fisk of d
[an#l 8- No replacement parts Prepare 8 stock of repl. parts Passible
Components First proposal Second proposal Third proposal
where defects for remedial for remedial for remedial
occur and nature works and works and works
of defect feasibility feasibility
assessment assessment
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Beschrijving van de too
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User interaction worksheets

Project data

worksheet
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Results summary
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File
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1

2 (e r———— ) Esmert cantrals

3 The

4 - aqui 1ot Preqare a stock of regl. partz onthe Fan #1, Replace entiredy on the Campressor 1. Ganerate rapart
5 - Reusingthe product in situ |ex siul resuts ina savings of 426 af )

L]

8 3 procedure, occur ¥1,the the Fan#1.

9 The inspector judged be il ¢ ¥
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1
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1z Export
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Hoe de tool besluitvorming ondersteunt

Remedial | Remedial

works - works -
Proposal 2 | Proposal 1

Globalwarming potential (kg CO, eq.)

1000000
900 000
800 000
700 000
600 000
500 000
400 000
300 000
200 000
100 000

0

New purchase

-4%
&

Reuse ex situ

m Second end-of-life stage (C5)

W Use stage (C4)

B Construction process stage (C3)
M Product stage (C2)

M Firstend of life stage (C1)

<1% interval

-4% }
>-9% of results
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Case studies

Case studies
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Case studies

Mechanisch | Ventilatie- Elektrisch ec%inve nt
systeem systeem systeem
[
Hergebruik Case study 2 n -_ n
ter plaatse Luminaire -
[
PsiLca )
Hergebruik Case study 3
in situ Air duct
W=
Case study 1 N
Hergebruik ase study ’ A
ex situ Chiller SPON S CIBSE

Sébastien Loreau
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Case study 1: Hergebruik ex situ — Lucht-water koelmachine

& e
Herstelwerkzaamheden Belangrijke parameters
* Verboden medium(R12) * Vervanging van * Levensduurverhouding = 1
» Excessieve trilling van compressoren, regelunit * Ingangsvermogenverhouding = 1.1

en koelmiddel (R134a)

» Vervanging van Ventilator
#1

» Oppervlaktebehandeling
van Pijpensysteem #1

Ventilator #1

* Oppervlaktekrassen op
Pijpensysteem #1

Sébastien Loreau
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Case study 2: Hergebruik ter plaatse — inbouwarmatuur

[@ %@] = E@@

Herstelwerkzaamheden Belangrijke parameters

Gedecentraliseerde
onderdelen (fluorescent
tubes)

Vervanging van * Levensduurverhouding = 0.75
lichtbronnen door LED,
nieuwe elektrische
componenten en interne
bedrading

» Ingangsvermogenverhouding = 1.05

Sébastien Loreau
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Case study 3: Hergebruik in situ — circulaire luchtkanaal

irh [@* %%] @ E e

Herstelwerkzaamheden Belangrijke parameters

+ Significante scheuren of » Volledige bekleding van * Levensduurverhouding = 0.75
gaten interne opperviakken * Ingangsvermogenverhouding = 1

» Opperviaktekrassen » Standaard technische

* Vervuiling reiniging

Sébastien Loreau
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Belangrijke bevindingen: vergelijkende uitkomsten,
afwegingen

Case study 1: Case study 2: Case study 3:

Hergebruik ex situ — Lucht-water koelmachine Hergebruik ter plaatse — inbouwarmatuur Hergebruik in situ — circulaire luchtkanaal
Environmental | Globalwarming
performance | potential (GWP) Reuse adds 8% comparedtonew purchase i.e., 71957 kgCO,eq Reusesaves 6% comparedtoreplacement i.e 10 kg CO, eq. Reusesaves 5% comparedtoreplacement i.e., 0.3 kg CO, eq.
Primary energy use
(PEV) Reuse adds 7% comparedtonew purchase i.e., 2313234 MJ, netcalorific value Reuse adds 1% compared to replacement ie., 63 MJ, netcalorific value Reuse saves 5% compared to replacement ie., 23 MJ, netcalorific value
Freshwater use N N N
(FWU) Reuseadds  10% comparedto new purchase i.e., 23515 m® Reuse saves 53% comparedtoreplacement i.e 97 m’ Reuse saves 5% compared to replacement .e., 0.002 m*
Social Contribution to
performance  economic dev (CE) Reuse saves 11% compared to new purchase i.e., 8086 CEmedriskhours Reuse saves 53% comparedtoreplacement i.e. 27 CEmedrisk hours Reuse adds 4% comparedtoreplacement i.e., 1 CEmedrisk hours
Goods produced by
forced labour (FL) Reuse saves 10% compared tonew purchase i.e., 568 GFLmedrisk hours Reuse saves 43% comparedtoreplacement i.e 2 GFLmedrisk hours Reuse adds 9% comparedtoreplacement ie., 0.1 GFLmed risk hours
Migration flows (MF)
Reuse saves 10% compared to new purchase i.e., 32633 MF med risk hours Reuse saves 14% comparedtoreplacement i.e., 18 MF med risk hours Reuse adds 6% comparedtoreplacement i.e., 4 MF med risk hours
Financial Private costs (PC)
performance Reuse saves 7% comparedtonew purchase i.e 75517 EUR (2024) Reusesaves 21% comparedtoreplacement i.e 86 EUR (2024) Reuseadds  84% comparedtoreplacement i.e., 52 EUR (2024)

Slide 28/37



Environmental performance: Primary energy use

Case study 1: Case study 2: Case study 3:
Hergebruik ex situ — Lucht-water koelmachine Hergebruik ter plaatse — inbouwarmatuur Hergebruik in situ — circulaire luchtkanaal

Environmental Global warming

performance  potenti Reuse adds 8% compared to purchase Reuse saves mpared to replacement Reuse saves 59 ment
Primarn
(PEU) Reuse adds 7% compared tonew purchase i.e., 2313234 MJ, netcalorific value Reuse adds 1% comparedtoreplacement i.e., 63 MJ, netcalorific value Reusesaves 5% comparedtoreplacement ie., 23 MJ, net calorific value
Fres!
(FWU) Reuse adds 10% compared to new purchase Reuse saves compared to replacement Reuse saves 5% compared to replacement
Social Contribution to
performance | economic dev (CE) 11% edto new purchase Reuse saves ompared to replacement Reuse adds 4% compared to replacement
Goods produced by
forced labour (FL) Reuse saves 10% compared to new purchase Reuse saves 43% compared to replacement Reuse adds 9% compared to replacement
Migration flows (MF)
10% comparedtor purchase Reuse saves 14% compared to replacement Reuse adds B9
Financial Private costs [PC)
performance Reuse saves 7% compared to new purchase Reuse saves  21% compared to replacement Reuseadds  84% comparedto replacement
35000 000 8000 + 1% 500 -
7%
ES 7000 4 k3 450 4 v
30000 000 m Second end-of-life stage (C5) | Second end-of-life stage (C5) 400 5% m Second end-of-life stage (C5)
T - (
m Use stage (C4) © 6000 4 m Use stage (C4) o) m Use stage (C4)
EE 25000 000 b % ) 2 % 350 - .
% % m Construction process stage (C3) i 3 5000 4 m Construction process stage (C3) i 3 300 | Construction process stage (C3)
2> 0= oo = 1
23 20000 000 W Product stage (C2) 2 s 4000 B Product stage (C2) 2 5 250 W Product stage (C2)
29 o= 7] S = 7]
2% 15000000 W First end of life stage (C1) >3 W Firstend of life stage (C1) 23 200 4 W Firstend of life stage (C1)
E o g% 3000 A gt
£ £< ES o/
10000 000 a g 2000 4 a g
. . 100 4 .
5000000 7% 8% interval 1000 . <1% } interval o ™ <4% } interval
>7% of results >0% of results >-14% of results
0 0 - 0 -
New purchase Reuse ex situ Replace Reuse in place Replace Reuse in situ
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Social performance: Goods produced by forced labour

Environmental | Global warming
performanc potential (G

Primary ener

(PEU)

Case study 1:

Hergebruik ex situ — Lucht-water koelmachine
Reuse adds

Reuse adds

Reuse adds

b comparedt
compa purchase
, compared to new purchase
compared to new purchase

Case study 2:
Hergebruik ter plaatse — inbouwarmatuur

se saves

Reuse adds

Reuse sa

mpared to replacement

ompared to replacement

mpared to

ement

Case study 3:
Hergebruik in situ — circulaire luchtkanaal

Reuse saves

Reuse sa

Reuse

Reuse adds

ed to replacement

5% comparedto replacement

compared to replacement

4% comparedto replacement

Goads produ

forced labour (FL) Reusesaves 10% compared to new purchase i.c., 568 GFL med risk hours Reuse saves 43% comparedtoreplacement i.e., 2 GFL med risk hours Reuse adds 9% comparedtoreplacement  i.e., 0.1 GFLmed risk hours
Migration floy
compared to new purchase 14% compared to replacement Reuse adds BY pared to replacement
Financial Private cos!
arforr N Reuse saves 7% compared to new purchase Reuse saves 21% compared to replacement Reuse adds 849% compared to replacement
performance
6000 7 9%

S 5000 I m Second end-of-life stage (C5) 3  Second end-of-life stage (C5) 3 1 i m Second end-of-life stage (C5)
> a 2

g _ -10% m Use stage (C4) % - m Use stage (C4) % = * m Use stage (C4)

@ IS 4

S g 4000 m Construction process stage (C3) g 2 | Construction process stage (C3) g E 4 m Construction process stage (C3)
= =

o - —

< g 3000 = Product stage (C2) 29 ® Product stage (C2) 29 ® Product stage (C2)

a2 - = 470, T 5 7

B 3 ® Firstend of life stage (C1) 3 g 43% W Firstend of life stage (C1) 5] E ® Firstend of life stage (C1)

o =] 3 4

25 2000 gz =

o 530 2o

a O P > = 1

T : 3 9 : g <259 ¢

3 1000 <-2% interval S <-31% interval 8 <25% interval
s -10% } 8 -43% } 3 1 9% }

. >-18% of results >-61% of results >-8% of results
New purchase Reuse ex situ Replace Reusein place Replace Reuse in situ
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Financial performance: Private costs

Environmental
performance

Social
performa

Financial

performance

1200000

1000000

2z 800 000

7

88

@ S 600000
T
2S
A W

&= 400000

200 000

0

Global warming

potential (GWP)

Primaryen
(PEU)

Frest
(FWU)

Contributio
economic

v(CE)

Goads produce:

forced labour (FL)

Migration floy

New purchase

Case study 1:

Reuse adds 8%

Reuse adds

Reuseadds 10

Reuse saves 10

Reuse

comparedtor

b comparedtor

11% compared f¢

b compared to new pu

10% comparedtor

purchase

chase

by compared to new purchase

purchase

rchase

purchase

Case study 2:
Hergebruik ex situ — Lucht-water koelmachine Hergebruik ter plaatse — inbouwarmatuur

Reuse saves

Reuse adds

Reuse saves

Reuse saves

Reuse saves

mpared tore|

mpared to replacement

compared to replacement

mpared to replacement

compared to replacement

ompared to replacement

Case study 3:
Hergebruik in situ — circulaire luchtkanaal

Reuse saves

Reuse saves

Reuse saves

Reuse adds

Reuse adds

Reuse adds

69

compared to replacement

compared to rep

6 compared to replacement

b compared to replacement

edto replacement

Reusesaves 7% comparedtonew purchase i.c., 75517 EUR(2024) Reusesaves 21% comparedtoreplacement i.e., 86 EUR (2024) Reuseadds  84% compared to replacement 52 EUR (2024)
450 120 4 84%
T 400
7% m Second end-of-life stage (C5) | Second end-of-life stage (C5) 100 o m Second end-of-life stage (C5)
- 0
350
m Use stage (C4) m Use stage (C4) W Use stage (C4)
W Construction process stage (C3) g § 300 -21% m Construction process stage (C3) g § 80 1 W Construction process stage (C3)
38 250 38
(=] o
W Product stage (C2) ; & m Product stage (C2) g & o0 W Product stage (C2)
m Firstend of life stage (C1) sy 200 m First end of life stage (C1) sy m First end of life stage (C1)
oy oy
150 40 +
3% 1 110%
=-3% interval <-18% interval 20 4 s interval
7% } 50 -21% } 84% }
>.9% of results >-30% J ofresults >58% of results
0 o — e e
Reuse ex situ Replace Reusein place Replace Reuse in situ
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Vier kritieke parameters

Input power ratio

Impact of reuse compared to new purchase

Impact of reuse compared to new purchase

25% -
20% - FWU
Basecase PEU
15% - GWp
10% -
5% PC
0% = ‘ ‘
10(( 105% 110% %
5% - FL
/ .
- 0, 4
10% / CE
-15% - /
-20% - Savings zone
_250/0 J
Local electricity mix
12% -
Basecase
10% - :

8%

6%

4%

2%

0%

-2%

-4%

-6%

GWP
7 PEU
BE BE-1/3*(BE-NO) BE-2/3*(BE-NO) NO
Savings zone
i FWU

Impact of reuse compared to replacement

Impact of reuse compared to replacement

Lifespan ratio

Key

GWP : Global warming potential
PEU : Primary energy use

FWU : Freshwater use

CE : Contribution to economic
development

FL: Goods produced by forced labour
MF : Migration flows

PC: Private costs

NO : Norway
BE : Belgium

100% -
80%
60% -
PC
40%
20% FL
MF
9 | | CE
0% AN \)
25% 50% 7 %
-20%
Savings zone
Basecase FWU
_40% J GWP
PFI 1
Lifespan of new product
100% +
80% A
60% -
40% A
20% A
0% t
40- 20-yea 10-years
-20% -
PC
-40% 4 =)
Basecase
-60% ME
CE
-80% Savings zone FWU
-100% - PEU

Sébastien Loreau
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Wat het kader toevoegt aan het vakgebied

Onderdelenvervanging

Krasbehandeling

Milievoordeel -8% +2%
Sociaal +10% +20%
voordeel
Financieel +7% +17%
voordeel

Sébastien Loreau
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Hoe de tool de kloof tussen theorie en praktijk overbrugt

)

Databases Data processing
worksheets

User interaction worksheets

Project data Defect worksheets
worksheet (standard)

Defect worksheets Remedial works
(simplified) worksheet

Results summary Calculation
worksheet worksheets

3 Remedial works

Overview

works are o plet of the chiler

The defect that leads to this anclusion is the cerresion on the first compressor, for which the user
considered the two propased remedial werks, .e., treating the corrasion and replacing the component, to
beimpossitte.

Recommendations
The complete replacement of the chiller is the least desirable situation from a reuse perspective,

Piease, verify your assumption regarding the impossib#ty ta repiace the compressor, Consider reaching out

to the original manufacturer or 3 maintenance company to assist i this assessment.
Note that defects could be sccepted a5 they ave (provided that the cient sgrees), and that compenents
could be reused individualy as seperate pans.

Figure

3

PDF

Sébastien Loreau
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Beperkingen

Kadergerelateerd

Tool gerelateerd

1. Deeltelijke
automatisering van de
beoordeling van de staat
en herstelstappen

2. Beperkt scala aan
milieukundige en sociale
impactmetingen

1.

Beperkte schaalbaarheid
in de huidige Excel-
gebaseerde versie

Case study gerelateerd

1. Is afhankelijk van
subjectieve of onvolledige
invoergegevens

Sébastien Loreau
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Future Work

Kadergerelateerd

Tool gerelateerd

Case study gerelateerd

1. Automatiseer de
beoordeling van de staat
en herstelmaatregelen
(bijv. Machine Learning)

2. Breid de meetindicatoren
uit (bijv. EN 15804,
UNEP S-LCA)

1.

Migreren naar
schaalbare platforms
(bijv.Python)

Verzamel gegevens uit

de praktijk van

herconditioneringssites

Sébastien Loreau
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Conclusie & Belangrijkste Punten

Step 2b - Identifying defects using

. De duurzaamheid van hergebruik is sterk

e e * Type = Scroll
contextarhankedli e ormrns
Leakage Type 1 UL=15years in use
#1 All
Indicate the presence Select a type of component, a score for each variation factor,
of defects, by component specify a number of years in use, by category of component

y v

. Het ontwikkelde kader en de tool maken vroege, SalliEE R
projectspecifieke beslissingen over het hergebruik == &5 o s

van gebouw technische mogelijk

. De uitkomsten ondersteunen circulair ontwerp -
met duidelijke, datagestuurde
hergebruikinzichten.

Sébastien Loreau
sebastien.loreau@uclouvain.be Dank U e

DOO Vragen?

Automated Indicate Automated Indicate Automated Indicate
proposal for feasibility, proposal for feasibility, proposal for feasibility,
remedial works by defect remedial works by defect remedial works by defect

Step 4 — Calculating environmental, social and financial performance

= 3w, o oet) 0t PIN, = CIEP + RLx (1P + C3P + CHEF
. N — (U + C2Y + C3Y + o+ 51
I

165, (1= ) ME 4 1L,  FLx ME

PER, = C1E° 4 RLx (€287 + C37 + CAP + C5%)
— (157 4 285 # O35 + A +.C587)

Automated identification, characteri-
zation and analysis of uncertainty



mailto:sebastien.loreau@uclouvain.be

CONTACT

Sébastien Loreau

Research associate

+32 483 49 56 96
sebastien.loreau@uclouvain.be

Université catholique de Louvain

https://www.uclouvain.be/en/research-institutes/lab/

bruxelles
environnement
.brussels &2

Il UCLouvain
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