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9R Framework

Strategies to achieve circular economy

Reduce

Recover

Remanufacture

Repurpose

Source: (Gray & Charter, n.d.)
icons from noun project

) Not applied to Building products
on a large scale




Remanufacturing (Reman)

from literature review
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REMANUFACTURING AS A STRATEGY
FOR A CIRCULAR BUILT ENVIRONMENT

An investigation into the potential of remanufacturing of EoL
facade elements of De Satelliet, DNB Complex.




Research Question

How can remanufacturing of building products be implemented as a
strategy to accelerate the progress towards a Circular Built Environment?
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Order

Chapters of the presentation

Literature Review Design for Reman De Satelliet - Live Assessing value Discussion &
& Case study Canvas Case study of Reman Conclusion







Core

from literature review

66

Reman process cannot
exist without a “core” , ,

Xerox refers to its core
components as ‘Hulk’

Source: Nick Morley (2006) , (Gray &
Charter, n.d.) icons from Flaticon.com

Extracted from
an EoL product

Retained

Re-introduced

Composed of high value
materials, DfX
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Product
Strategy

Product
Design

Design Product

guides Specifications

Source: Nick Morley (2006) , (Gray &
Charter, n.d.) icons from Flaticon.com

Business
Model

Collect cores
at EoL
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Design for remanufacturing

from literature review




Design for remanufacturing

from literature review
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20 examples

Successful reman in other industries




20 examples

Successful reman in other industries

. ................................................................... ... ..................................................................... .
Product Standardized & Material
Complexity High Volumes intensive

of production
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Key problems & solution

with respect to remanufacturing

Problem Solution

8

. ............................................................................................. .., ............................................

Ensure return

of core Core Deposit

Key criteria

Business model
for core collection




Key problems & solution

with respect to remanufacturing

Problem Solution Key criteria

Business model
for core collection

Reverse Logistics

Brand value

Design for X

CAT
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Desi r
- Remanufacturing

canvas



Design for remanufacturing

from literature review

Source: (Gray & Charter, n.d.)
icons from noun project

Design for Reman canvas




Design for remanufacturing

from literature review

Embedded Value

Technology

Upgrade Potential

Knowledge

Process

Remediation Gmmmn o




Design for remanufacturing

from literature review

Business model for
core collection

Closed-loop
supply chain

Reverse Logistics

Application of digital
workflows

Brand Value

Business model to
slow product loops

Design for Reman canvas
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Design for remanufacturing

from literature review

Cost Grmmmmnnnd e > Demand
Structure '

Evolution rate
Legislation

Design for Reman canvas




Design for remanufacturing

from literature re
Embedded Value

Evolution rate -
Technology

Evolution rate -
Upgrade Potential

Re-constructability
Knowledge

Re-constructability
Process

Re-constructability
Remediation

View

-
-
(------

.
-
.
-
-
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Design for Reman canvas

Cost
Structure

P I > Demand

Evolution rate
Legislation

Business model for
core collection

Closed-loop
supply chain

Reverse Logistics

Application of digital
workflows

Brand Value

Business model to
slow product loops
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De Satelliet was
disassembled for reuse W=

Give a second life to
its Facade elements



De Satelliet

Facade Andalysts

Designed as an extension
by Jelle Abma

Built in 1921

Garden has replaced
the tower

No. of floors = 14
Total area = 8,000 sq.m
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De Satelliet

from literature review

-~

: 95 transports over the water
(electric)

420 facade elements

210 collumns

395 wall elements

615 floor elements

140 concrete stair elements

Source: Alkondor




De Satelliet

from literature review

 Placed horizontally on
unequal wooden pegs

« Many units have been
damaged
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Risks

Observations from on-site assessment
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Potentials

Observations from on-site assessment
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Advice on disassembly

Lessons from De Satelliet

£ & E <5

e B
r]n

o lift, transport & store facade elements
vertically

e transport vertically on 1-side

® Placing beam under elements -
lifting with straps

e 100 % flat & stored in a crate

e Innovative sprays - glass protection
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How can this damage be minimized in the future projects?

Guidelines for reman
for Architects, facade designers & builders

e e
Guides every step Assists in
of reman decision-making

Estimation to
check feasibility
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Guidelines for Reman

of EoL facade elements

{e}gom

=32

Preliminary Planning

Phase
/

N

\

Design & Examination

\ Phase /

/

N

K

Destructive testing
Phase

~

/
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T2

Final Disassembly
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~

/

-
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B

S

Remanufacturing
phase

\

/
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Guidelines for Reman

of EoL facade elements

o=

Preliminary Planning
Phase

Identification of an
EoL facade

R

Development of pre-
hmmary reman plan
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Guidelines for Reman

of EoL facade elements

Design & Examination
Phase

Develop list of risk &
potentlals

_______________________________________________________________

...............................................................

Estabhsh expected
quality after
disassembly

No-Go
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Guidelines for Reman

of EoL facade elements

/

I BECEGREEEE >
'

N\
Destructive testing
Phase

Execute disassembly
of <10 elements

Execute reman pro-
cess <10 elements

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

.

Is the expected quality
achieved?

No-Go

~
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Guidelines for Reman

of EoL facade elements

T2

Final Disassembly
Phase

Execute revised
disassembly plan

________________________________________________________________

Is the expected quality
achieved? :

43



Guidelines for Reman

of EoL facade elements

Execute revised

d1sassembly plan
~ Isthe éiéﬁé&édﬁﬁéﬁ{j} """
E@ ach1eved>
4

Remanufacturing
phase

__________________________________




Challenges to reman

of EoL facade elements

o= >
=z 2
Preliminary Planning Design & Examination
\ Phase / l\ Phase /
40 40
(Lack of Product data> @ack of product data)

~ )

N\
Destructive testing
Phase

15

Quality inspection &
assessment

/

N

T2

Final Disassembly
Phase

. .

B \

' I
e

Ve

N

35

&

Remanufacturing
phase

~

\

(Monitoring the producD [

Information on
remanufacturing

)
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Proposed Solution - Lack of Product data

Conceptual solution through integration of digital workflows

/

~

w
i Development of pre-
. liminary reman plan

No-Go

Laser Scanning
Photogrammetry

oeeeed

——————————

Packaging &

.........

handling instructions ;

03

.........

.........

Arrangement of
components &
sub-assemblies
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Proposed Solution - Lack of Product data

Conceptual solution through integration of digital workflows

______ ; Packaging &

handling instructions ;

.......................................

Arrangement of
components &
sub-assemblies

i Materials Passport | | e
....................................... 5 : i~ Disassembly Plan i~
Laser Scanning % ; SRS S st
Photogrammetry T si B
. otogrammetr Y i Reman product " Remann frctur o
i profile i b emanufacturing :
..................................... plan
------- i Life Cycle Analysis -
_0.8[Cleaning _0.8[Cleaning |
 Bronze . Aluminium ;
-------------------- O.Sclcaning ‘"--------- LR A s s L ad
Steel
( .........................................................................................
1 |Downcycle "1 Landfill 1 [Landfill [1 [Landfill
Glass Rockwool Sealants Gaskets
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Proposed Solution - Lack of Product data

Reman product profile

0.5/Cleaning

............................

Steel
1 Downcycle | 1 [Landfill 1 |Landfill 1 [Landfill
Glass Rockwool Sealants Gaskets

e oeeeee-> Amount of work to-do
Value from 0-1

............. > Type of work

Single life components

Multiple life components
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Limitations in proposed solution

Conceptual solution

. ............................................................. . .............................................................. . .............................................................. .
Lacks proof of Complex and needs Does not take into integration of
concept simplification account type of workflows not
product explored
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Development of Water tightness & air permeability

A conceptual solution

Aluminium profiles
inserted to hold rubbers

Design & Examination
Phase

51



Proposed Solution - Water tightness & air permeability

Conceptual solution

Set 1: Aluminium profiles
inserted to hold rubbers

- 5
/ \
Set 2: Aluminium profiles
] Ha B "’\_"/"" 1t ettt ettt ettt .
] = : — inserted to hold rubbers
C IZEI o i rj:l I;CW
) a-) > e
\-F M C\_,. N ——— ¢ | o




Proposed Solution - Water tightness & air permeability

Conceptual solution

@ Horizontal rubber

%_% . Vertical rubber

The overlap of rubbers
key to seal the facade.
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Limitations - Water tightness & air permeability

Conceptual solution

(ke) g

. ............................................................. . .............................................................. . ..............................................
Disregards the assumes same Tolerances &
Movements

original angle sectionon | & ---

Will be tested and developed further by Alkondor

TEST

==
[ T

Conceptual &
Not tested
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Assessments - Critically evaluate reman

to understand value of reman

: (2} 3
L : S
cOcol
. ............................................................................................. . ............................................................................................... ..
Thermal Cost Embodied Carbon
performance Analysis calculations
A hypothesis
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Assessments - Critically evaluate reman

to understand value of reman

Thermal
performance
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Assessments - Thermal performance
Results

Comparison of properties

Uf value of frame

System U value 1.61
Dimensions

1.7

28x3.75 3.0x4.0

The calculated U value is
acceptable according to
Building Standards

b

The EoL elements of De Satelliet, Schuco AF UDC 80 (Aluminium Fagade Unitized Dynamic
Source: Author Construction). Source: Schuco
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Limitations - Thermal performance
Scope for future work

C: Steady-State Thermal
Temperature

Type: Temperature

Unit: °C

Time: 1

17/05/2022 17:07

21,497 Max
E 19,244
16,991

14,738

r3780 Exact line of Assumed Exaggerated results
32191 e condensation not measurements observed
mapped from drawings

0,250 0,500 (m)

0,125 0,375
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Assessments - Critically evaluate reman

to understand value of reman

Cost
Analysis
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Assessments - Cost Estimation

Mapping costs from each phase of the guidelines

N

Preliminary Planning
Phase

/

2

/

-

~

-u
.

Design & Examination

Phase /

2

-

-

\
Destructive testing
Phase

/

2

-

-

T2

Final Disassembly
Phase

\

/

2

/

\

o
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Remanufacturing
phase

~

/
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Assessments - Cost Estimation

Mapping costs from each phase of the guidelines

Comparison in Phases

€ 9.000,00

]_ Preliminary Planning
€ 8.000,00 Phase
€ 7.000,00
90 Design & Examination
€ 6.000,00 Phase
€ 5.000,00
Destructive testing
€ 4.000,00 3 Phase
€ 3.000,00
€ 2.000,00 4 Final Disassembly
Phase
€ 1.000,00 . .
€- 5 Remanufacturing
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 phase

W Labour cost ™ Material cost



Assessments - Cost Estimation

Mapping costs from each phase of the guidelines

Material v/s Labour Cost

B Labour ™ Material
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Assessments - Cost Estimation

Mapping costs from each phase of the guidelines

Reman v/s new

W Average price per square meter price: New

B Average price per square meter price: Remanufactured
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Limitations in cost estimation

Scope for future work

costs are
approximate

TEST
*

.............................. ...............................................................................................................................
Labour for changes with every Lack of
disassembly not project predecessor to
mapped evaluate
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How can remanufacturing of building products be implemented as a
strategy to accelerate the progress towards a Circular Built
Environment?
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On Reman for the building industry

Answering RQ

BUSINESS V — . . .
MODEL & | = — f]ombmatloon.s to build
STRATEGY — Circular building product

Checklist X

Design for Reman canvas
& criteria

Discussion & Conclusion 68



On Reman for the building industry

Answering RQ

e

Optimize Transform  Trade-in

Introduction of
product portfolio

e Close to assets

e Understands flaws in
design w.r.t Reman

® New revenue streams
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On Reman for the building industry

Answering RQ

Core
(at product level)

High value
materials

Re-introduced

DfD & Inspection

Business model
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On Reman for the building industry

Answering RQ

e Single use - design
® Reverse logistics

® Reman not
undestood

e Service life >> Ownership
e Many stakeholders

e Environmental benefits
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On Reman for the building industry

Discussion

. White Lioness technologies - developers of Packhunt.io

Client Story | Packhunt.io x MRPI

Would you like to calculate the environmental impact of your building?

MPG (Milieu Prestatie Gebouwen)

Indicates the environmental impact of
materials used in a building. More MPG =
More sustainable materials

Calculate the environmental

impact of your building!

aboration be 1 MRP| and Packhunt.io

MRPI-MPG tool by White Lioness & MRPI
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On Reman of other building products

Discussion

e B B @
Fewer Materials of
Layers similar lifespan

73



On De Satelliet

Discussion

High value
materials

Making Reman
feasible

A special case

Valuable to recover
than recycling
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e Core & Business model

e Robust material |easy to clean

e Wear & tear | corrosion resistant
e Minimal connections

e Monitoring & tracking systems

e Follow guidelines to reman at EoL
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On barriers to Design for Remanufacture

e Absence of guidelines
on lifecycle thinking

e Info. for design for reman
not available at design phase

e EoL issues hinder reman

®  Product must be retrieved
and EoL scenario should
be known
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On Reman Canvas

Discussion

Embedded Value

Business model for
core collection

Legislation

Application of digital
workflows

Reverse Logistics

Brand value
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Limitations in List of Criteria

Scope for future work

Lack of predecessor

Not an exhaustive
to evaluate

list but a
conversation
starter

TEST

Not a checklist but
set of options
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On Remanufacturing

RENEWABLES FINITE MATERIALS
RENEWABLES FLOW MANAGEMENT STOCK MANAGEMENT

o

PARTS MANUFACTURER

e Power of smaller loop
by Walter Stahel

REGENERATION BIOSPHERE

e Follows Thinking in
systems g erume

e Design out waste

® Think in cascades i

n p
diagram (February 2019) Iy MINIMISE SYSTEMATIC h ELLEN MACARTHUR
ation.org K LEAKAGE AND NEGATIVE \

; AECTEEALITIEY \ FOUNDATION

onough,

-~~~ Risk of creating more impact ~-=> transfer of enormous

====" . 1 ] . . 1 " ) . )
... thanvirgin production ... responsibility which was one's
csutomers!



Future work

Development of
workflows

Each criteria can be studied
further

® (Calculation of Embodied
carbon for all modules

® Trace meaningful conclusions
to design

® Map every lifecycle to check
feasibility
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Future work

Development of
workflows

« Each criteria can be studied
further

' W/  — ® Calculation of Embodied

carbon for all modules

® Trace meaningful conclusions
to design

® Map every lifecycle to check
feasibility
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Future work

Development of
workflows

i i . Each criteria can be studied

i E further

/= J= \ ® Calculation of Embodied
carbon for all modules

® Trace meaningful conclusions
to design

® Map every lifecycle to check
feasibility
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Future work

Development of
workflows

N\ L .
\) Each criteria can be studied

further

® (Calculation of Embodied
carbon for all modules

® Trace meaningful conclusions
to design

® Map every lifecycle to check
feasibility
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Future work

Development of
workflows

Each criteria can be studied
further

® (Calculation of Embodied

v carbon for all modules

® Trace meaningful conclusions
to design

® Map every lifecycle to check
feasibility
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.
De Satelliet Gelders office
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Thank you for your time!
Questions?




Assessments - Critically evaluate reman

to understand value of reman

: (2} 3
L : S
cOcol
. ............................................................................................. . ............................................................................................... ..
Thermal Cost Embodied Carbon
performance Analysis calculations
A hypothesis
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Assessments - Embodied Carbon

Assumed flows in the Reman process

— E
L G Added impact : . )
% ,G;J@ é =% [i] @ Recovering high value
c1 c2

Mitigated impact a1
- - B pact .. Aluminium & bronze for reman
Disassembly Transport & Storage Remanufacturing Recycle & eliminates its Al_A3
(on-site) (to reman facility) process Disposal
1
1
J ooo ' wh :ug @ i [
- H :

c1 o) &) ca A1 A2 A3 ,
Demolition Transport (to Processing/ Waste Disposal i i  Raw Material Transport Manufacturing !
recycling facility) Recycling %, extraction :
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Assessments - Cost Estimation

Assumed flows in the Reman process

@ Substitued EoL Module (C1-C4) forreman @ Awided Module (C1-C4) ¢ Awoided Module (A1-A3) @ Added Module (A1-A3)

— Total impact of
Reman process

**Inaccurate and will be
improved after P4
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Limitations in cost estimation

Scope for future work

. ............................................................. .
Lack of Lack of predecessor
available data to validate the

methodology

91



Design for remanufacture
canvas

-
- -
P Dom,

EMBEDDED The core product must be durable
1% VALUE and should contain a high value.

- -
£y
-~
-~

} RE-
; CONSTRUCTABILITY

“~ -a‘
-

! EVOLUTION
' RATE

“e _—‘
S



Criterias

TECHNOLOGY -..- e : capable of restoring
~---" the product

+~**< remain stable over
-1 @ s
.- multiple lifecycles

. LEGISLATION [ é@ o
{8 1 Guided by building a7 b
St tandard cemea @ )
o standares EVOLUTION - upgraded
/¢ Impact core collection, RATE o _
... material recovery & resale ... "¢ maintain functional

.-/ equivalence



Criterias REMEDIATION

--{ @ } environmentally
" feasible

--< @ economically viable

RE-

PROCESS CONSTRUCTABILITY

--{ @ standard
" interchangable parts

=)

L . ', process guided by
.-~ manuals & standard
+ protocols

KNOWLEDGE

---{ @ Skilled labour at
" single reman facility
ﬂ. s important to avoid new
.-~ channels for a
+  cost-effective process



Design for remanufacture
canvas

BUSINESS MODEL FOR

CORE COLLECTION

[ Ownership based | [ Buy back based | [ Voluntary based | Service contract

 Credit based | [ Deposit based | (Direct order based based BUSINESS
MODEL &

BUSINESS MODEL FOR PRODUCT

SLOWING PRODUCT LOOPS STRATEGY

Access & Encourage | | Extending
Performance model | | Sufficiency | | Producer value




Design for remanufacture

canvas

CLOSED LOOP
SUPPLY CHAIN

REVERSE
LOGISTICS

e | logistic channels
~* minimize waste

-*~. Viable resource stream
_." consistent customer base

v for reverse flow
-* of products

“*~. are also revenue
_.' streams

BUSINESS
MODEL &
PRODUCT
STRATEGY



Design for remanufacture

canvas

ICT & CUSTOMER
SUPPORT

BRAND
VALUE

' © Digitalization key
- component of upgradebility

-~ stay close to assets
_." return at/before EoL

‘o ! Sales & accounts
-~ team

e\ popularity in
-~ the market

-~ Consumer
_./ awareness

‘o Value
- proposition

BUSINESS
MODEL &
PRODUCT
STRATEGY



Parameters important
at Product level

(L
34 s
00 .. [
_________ ..._______________________________.‘._________________
Design for disassembly High Embedded
Standarized parts Value
2¥st
= L
O 4 O i i
_________ ‘________________________________..__________________
Cost Upgrade

Structure Potential

Ease of
Assessment

Technology




